


























































































































































































































102 REPAIRING TRANSISTOR RADIOS 

AUDIO DRIVER 
TRANSFORMER 2 ..!... -I NCH SPEAKER 

4 

AUDIO DRIVER 
TRANSISTOR-... 

VOLUME 
ON-OFF 
SWITCH 

2nd 1-F 
TRANSFORMER 

Fig. 8-1 (Al 

PUSH-PULL 
OUTPUT 

TRANSISTORS 

CONVERTER 
TRANSISTOR 

1st 1-F 
TRANSFORMER 

(A) Seven-transistor miniature radio (8) Miniaturized components used in 
receiver chassis removed from its case. pocket-size portable transistor radio. 
Westinghouse Model H-587P7. a. Two-gang variable capacitor. b. 

Transistor output transformer. c. Micro­

miniature transistor i-f transformer. d. 
Strip transistor antenna rod. e. Tran­
sistor loop antenna. f. Potentiometer. 
Parts, a, b, c, courtesy Argonne; d, e, 
courtesy J. W. Miller; f, courtesy Claro­

stat Mfg. Co. 

The antenna loop is tuned by the antenna tuning capacitor. The 
signal is then coupled to the first r-f transistor amplifier by the 
secondary winding on the antenna. The output of this stage is 
applied to the second r-f transistor amplifier by the first r-f trans­
former Tl, which is tuned by the r-f tuning capacitor. The output 
from this stage is transformer-coupled by a broadband second r-f 
transformer T2 to the 1N60A crystal diode detector. Age voltage 
is developed at the detector output and fed back to the base of 
the second r-f transistor. The audio signal from the detector is 
applied to the volume control and then R-C coupled to the audio 
transistor which drives the earphone unit directly. 
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Fig. 8-1 (8) 

One- or two-transistor receivers have one or two less r-f ampli­
fier stages, as the case may be. The receivers, because of their 
inherent design, have less sensitivity and selectivity than the 
superheterodyne receivers. Also, they are more difficult to tune. 

FOUR- AND FIVE-TRANSISTOR RECEIVERS 

The four- and five-transistor portable radio receiver represents 
an inexpensive approach in superheterodyne circuitry. These re­
ceivers have sufficient sensitivity and gain to drive a loudspeaker 
and provide easy tuning and greater selectivity than trf receivers. 
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2.6V 
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Fig. 8-2. Philco model T-3 three-transistor trf-type portoble AM radio receiver. 

A representative four-transistor receiver is shown in Fig. 8-3. 
Transistor Q 1 operates as a converter, performing the functions 
of local oscillator and mixer of r-f antenna and oscillator signals. 
In addition, it provides some gain for the i-f signal. The antenna 
is a ferrite-core loop with a secondary winding to couple the r-f 
signal to the base of transistor Q 1. The i-f signal is coupled to the 
base of the first i-f amplifier through T 1. 

Two stages of i-f amplification are provided by transistors Q2 
and Q3. The stages are neutralized by networks CS-RS and C 10-
R 12. Transformers T 1, T2, and T3 have tapped primaries to 
match the input and output impedances of the transistors and diode 
detector. The second i-f amplifier also serves as a reflexed audio 
amplifier. The audio signal developed across the detector load 
( R 15) is fed back to the base of Q3 through C 14. Resistor R 13 
acts as the audio load, with the signal coupled to the base of audio 
output amplifier transistor Q4, through C 16. The age voltage is 
fed to the base of the first i-f amplifier through filter network 
RS-C6. An overload diode, connected from the collector of Q2 to 
the collector of Q 1, extends the age control to prevent distortion 
on very strong signals. 
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Audio output transistor Q4 is operated class A and drives a 
2¾-inch loudspeaker through a matching transformer (T4 ). An 
open-circuit receptacle is used for earphone listening. When the 
earphone jack is inserted into the receptacle, the loudspeaker is 
removed from the circuit, and the E:arphone is connected across 
the secondary of T4. 

A five-transistor receiver is shown in Fig. 8-4. This receiver is 
similar to the four-transistor receiver. However, the diode detector 
and reflexed audio amplifier have been replaced by a power de­
tector. This circuit detects the audio signal and provides the 
necessary audio gain to drive the audio output transistor. 

PARTS LIST FOR TRAV-LER MODEL TR-250-A 

PART NO. SYMBOL 

CC-65 C-1 
CC-64 C-2 
CC-64 C-3 
CC-66 C-4 
CC-63 C-5 
CC-64 C-6 
CC-82 C-7 
CC-6b C-8 
CC-63 C-9 

CC-82 
EC-60 
CC-64 
CC-66 
EC-60 

EC-62 
CC-65 
l:.C-61 
LL-46 
L0-2 5 
I R-179 
I R-181 
IR-175 
I R-176 
I R-179 
I R-182 
I R-175 
I R·-177 

I R-179 
I R-178 
I R-175 
I R-174 

I R-179 
IR·· l 72 
I R-180 
I R-170 
VC-88 
: ~-174 
I R-174 
I R-176 
I R-171 

J- I 
SPK-52 
Ll-17 
ll-17 
Ll-18 
AT-22 
SC-2 
SC-3 
SC-3 
SC-4 
SC-5 

GC-22 

BA-2 

C-11 
C-12 
C-13 
C-14 
C-15 

C-16 
C-17 
C-18 
L- I 
L-2 
R- I 
R-2 
R-3 
R-4 
R-5 
R-6 
R-7 
R-8 

R-10 
R-11 
R-12 
R-13 

R-15 
R-16 
R-17 
R- 18 
R-19 
R-20 
R-21 
R-22 
R-2 3 
SW-1 
JK 
5 
T- I 
T-2 
T-3 
T-• 
TR-1 
TR-2 
TR-3 
TR-4 
TR- 5 

{
GC-1 
GC-2 

{" 

DESCRIPTION 

.02 MFD CERAMIC DISC 
• 01 MFD 
• 0 l MFD 
• 05 MFD 
. 1 MFD 
, 0 l MFD 
33 MMF0:!:10\ 
• 05 MFD 
.1 MFD 

33 MMFDtlO\ CERAMIC DISC 
8 MFD 25V MINIATURE ELECTROLYTIC 
.01 MFD CERAMIC DISC 
• 05 MFD 

8 l-1FD 25V Mft,,IA"TUQ.E ELECTROLYTIC 

sa MFD 3V MINIATURE ELECTROLYTIC 
.02 ,~FD CERA,'-',!C DISC 
15 MFD 12V ,'-1,fNIA"TL,'RE ELECTROLY"TIC 
ANTENNA CC IL 
OSCILLATOR COIL 
10Kl115\ 'iW CARBON RESISTOR 
68Kf,110\ 11 

2.2KQ110\ " 
6. 8Kl115\ 
lOKiHS\ 
47KQ110\ 
2, 2Kl1110\ " 
8.2Kl1110\ " 

;~~g~i~\ 'i~ CARBON RESISTOR 

2. 2KQ110\ " 
1Kll15\ 

~~~g!~~\ 'i~ CARBON RESISTOR 

33Ki'"l110\ 
10ll110\ 
5Ki1130\ VCL\JME CONTROL 
1K.ll15\ 1r;w CARBON RESISTOR 
lKr.!15\ 11 

6. 8K!l15\ 
1801,15\ 
SWITCH ON VOi..UME COJ',,TROL D.P.S.T. 
EARPHONE JACK 
P.M. SPEAKER 
1ST J.F. TRANSFORMER 
2ND '' 
3RD " 
OUTPUT TRANSFORMER 
2Nl36 CONVERTER TRANSISTOR 
2Nl35 1ST I .F. AMP. TRANSISTOR 
2Nl35 2ND 
4JD1A26 DET. A.V.C. AUDIO TRANSISTOR 
2Nl87A POWER OUTPUT TRANSISTOR 
ANTENNA SECTION GANG CONDENSER 
USC I LLATOR SECT ION GANG CONDENSER 
BATTERY-13½V EVEREADY 239 
BURGESS XX9 (OR EQUIVALENT) 

----------------------
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Fig, 8-4. Trav-ler made! TR-250A five-transistor AM portable radio receiver. Note the 
use of a transistor in place of a diode as detector. 
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Fig. 8-5 is a five-transistor receiver which makes use of a push­
pull power output circuit. The stages of this receiver consist of a 
converter, one stage of i-f amplification, a reflex circuit, a detector, 
and the output stage. 

The output portion of this superheterodyne receiver contains a 
matched pair of transistors. Transistor T-1504 is used as a reflex 
amplifier in that it provides both i-f amplification and audio 
amplification. After detection, the audio signal is returned to the 
base input of the reflex amplifier. The amplified audio signal 
appearing on the collector is then fed to the third i-f primary. 
The impedance of this winding, which is high with respect to the 
i-f signals, is negligible at audio frequencies. Therefore, the audio 
is passed to the primary of the output transformer T2. 

When signal tracing this circuit. the signal must be injected 
at the transistor collector and the input limited to keep the signal 
across the speaker below 1.7 volts. The value of RS is selected 
to allow the reflex transistor (the second i-f) collector to draw 
2 ma. This can be checked by measuring the voltage drop across 
the primary of T2. Dividing this voltage by the primary resistance 
of T2 gives the collector current. The value of RS falls within the 
limits of 18,000 to 33.000 ohms, 5%. 

SIX-, SEVEN-, AND E1GHT-TRANSISTOR RECEIVERS 

The six-transistor receiver generally introduces the use of class­
B push-pull output circuitry to drive the loudspeaker. This offers 
the well-known advantages of increased power output (increased 
volume), less distortion, lower power consumption, and longer 
battery life. The seven-transistor receiver introduces the added 
refinement of either an r-f amplifier or separate oscillator-mixer 
circuitry. This results in improved sensitivity and selectivity for 
the received signal. The eight-transistor receiver usually incorpo­
rates both the r-f amplifier and separate oscillator-mixer circuit. 

A typical six-transistor receiver is shown in Fig. 8-6. The circuitry 
of this receiver is similar to the preceding five-transistor radio, up 
through the detector circuit. However, from this point on, signifi­
cant differences become apparent. A separate audio driver is em­
ployed to first amplify the audio signal. Transformer coupling is 
used between the driver and output circuits. This provides imped­
ance matching and phase reversal of the signal to the push-pull 
output transistors. A 300-ohm loudspeaker having a centertapped 
winding is used, thereby eliminating the need for an output trans­
former (which would ordinarily be required for impedance match­
ing). The transistors are a matched pair so that conduction on 
each half-cycle is equal and balanced. An earphone jack is located 
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Fig. 8-6. A six-transistor 
portable radio receiver­
Molarolo 6X28 series. 
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m the collector circuit of the audio driver stage. When the ear­
phone jack is used, no signal is fed to the output circuit. Hence, 
the output transistors do not conduct, reducing the power con­
sumption further. 

Power consumption of receivers employing push-pull output 
circuits is generally lower than receivers employing single-ended 
class-A circuits. This is because, in the push-pull circuit, the tran­
sistors are held at cutoff ( or at a point close to cutoff) when no 
signal is being received. Since no signal is being received over a 
good part of any program material, the idling current is lower, 
extending the battery's useful life. 

Figure 8-7 illustrates a seven-transistor radio receiver. The basic 
difference between this and the foregoing unit is the incorporation 
of separate mixer and oscillator circuits. This makes it possible to 
also age-control the mixer stage, in addition to the first i-f amplifier, 
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Fig. 8-8. Seven-transistor radio receiver using an r-f amplifier 
-Motorola 7X28 series. 

thereby extending the age range from very weak to very strong 
signals. The separate oscillator circuit permits the oscillator to 
develop a more uniform output across the entire band, and thereby 
provide uniform sensitivity at both high and low ends of the 
band. This arrangement also provides better sensitivity at the 
high end of the band than is normally available using a converter 
type of circuit. 

A seven-transistor radio receiver employing an r-f amplifier is 
shown in Fig. 8-8. This circuit provides additional gain at radio 
frequencies, thereby increasing the receiver's sensitivity. Trans­
former Tl couples the output signal of the r-f amplifier to the base 
of the converter transistor. This transformer is a broadband type, 
fixed-tuned to cover the entire AM band. Resistor R4 shunts the 
transformer's primary, lowering its Q and thereby giving it a 
broadband characteristic. In some receivers, the primary of this 
transformer is tuned by an added section of the tuning capacitor 
to the incoming radio frequency. This arrangement provides an 
additional increase in sensitivity and selectivity. 
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INTEGRATED-CIRCUIT RECEIVERS 

As a sign of things to come, the General Electric Co. recently in­
troduced its model C2450 AM receiver, in which one integrated cir­
cuit contains all the transistors used in the receiver. The receiver 
schematic diagram is shown in Fig. 8-9, and the printed circuit and 
components layout is shown in Fig. 8-10. 

The receiver is a basic six-transistor receiver. Transistor TR7, 
labeled "driver," is really connected as a forward-biased diode to 
provide a stabilized bias for the push-pull output amplifier. As a 
further cost reduction, a high-impedance center-tapped loudspeaker 
is employed as the load for the audio-power transistors, thus elim­
inating the need for an impedance-matching output transformer. 

The receiver, which is portable, contains a 3.7-volt chargeable 
nickel-cadmium battery. The receiver can be plugged into a clock­
charger unit ( lower left of schematic). The charger is a low-voltage 
d-c power source that will charge the battery to full capacity in 
approximately 8 hours. 

The integrated circuit (IC-1) contains 15 pins. Since the IC con­
tains only transistors ( no resistors or capacitors), conventional 
troubleshooting procedures can be employed. If one transistor is 
defective, it can be disconnected by opening the appropriate IC 
terminals and a discrete transistor substituted in its place. Any 
standard npn replacement transistor should work satisfactorily and 
thus prevent the need for replacing the whole circuit if only one of the 
IC transistors is defective. 

IMPORTED TRANSISTOR RADIOS 

Transistor radios manufactured in other countries are being sold 
in very large numbers in the United States. Japan is the largest 
exporter of these receivers to this country. These radios are com­
parable, in most respects, to their American counterparts. Their 
construction, design, and performance matches that of the units 
manufactured in the United States. 

Generally, Japanese transistor radios are smaller in size than 
American radios. This is accomplished through the use of mini­
aturized components. One such radio is shown in Fig. 8-11. The 
radio contains many components which are somewhat smaller than 
those used in American radios. For example, the radio has a 1 ¾­
inch speaker ( compared to 2 ¼-inch American counterparts). In 
addition, the receiver employs an extremely compact tuning ca­
pacitor housed in its own plastic case. The tuning capacitor's 
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Fig. 8-11. A typical six-transistor Japanese radio chassis removed from its case. 

trimmer adjustments are readily available at the top of the 
capacitor's case, making it possible to align the receiver completely 
without removing the chassis from the case. The ferrite loop stick 
type antenna is also of more compact construction, having a 
smaller ferrite core and more compactly wound winding. The vol­
ume control, not visible in the photograph, is miniature in size 
and held in a plastic housing with the inside exposed. The remain­
ing components are of comparable size and construction to those 
used in American radios. 

The circuitry of a typical Japanese transistor radio is illustrated 
in Fig. 8-12. This receiver is a six-transistor unit with circuitry 
similar to an American six-transistor radio. A single transistor con­
verter stage is employed as a front end. 

The value of R2 is selected to compensate for variations in 
transistor characteristics, and therefore may differ from set to set. 
The value of this resistor determines the base bias and gain of the 
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transistor. The bias must be set so as to provide sufficient oscillator 
feedback gain to sustain oscillations throughout the broadcast band. 
Oscillation is sustained by feedback from a tap on the secondary 
of the oscillator coil ( necessary to match the input impedance of 
the transistor) through C3 to the base of the converter transistor. 

The i-f transformers employ tapped primaries for proper im­
pedance matching and maximum transfer of signal. The first i-f 
transistor is neutralized by capacitor C6. Resistor R20 is inserted, 
when necessary, to reduce the gain of the stage to prevent regen­
eration in the i-f system. A diode detector circuit recovers the 
audio modulation signal. The audio signal is filtered by R9-C14 
and used as an age-control voltage for the first i-f amplifier. 

Transformer coupling is employed between the audio driver 
and push-pull output circuit for impedance matching and to pro­
vide out-of-phase signals for push-pull operation. Diode D2 is a 
varistor to control the gain of the output circuit. An 8-ohm, 
2 ¼-inch speaker is used as the sound reproducer. An open-circuit­
ing jack is used to provide the earphone facility. 

Repairing Japanese Transistor Radios. The Japanese transistor 
radio presents two problems to the American service man: obtain­
ing replacement parts and obtaining service information. The ma­
jor components ( e.g., tuning capacitor, ferrite antenna, volume 
control, etc.) are nonstandard as far as American parts distributors 
are concerned. In some instances, the retailer ( in the cases of parts 
jobbers and mail-order houses) can supply the information and 
replacement parts. However, in most cases, it will be necessary to 
contact the radio distributor or importer. When requesting parts 
from these sources, always give the model number of the radio, a 
chassis number ( if it can be found), a description of the part 
needed, and any numbers found on the component part being re­
placed. All this information will ensure that you will receive just 
what you need as quickly as possible. 

The transistors used in the imported Japanese transistor radios 
are different from American-made transistors. However, many of 
these transistors are interchangeable with American units. The dis­
tributor or importer can usually supply information on transistor 
interchangeability. 

Since Japanese transistor radios are virtually identical to Ameri­
can receivers, the servicing procedures recommended in the earlier 
chapters of the book would be followed when servicing these units. 

MUL Tl BAND RADIO RECEIVERS 

The advent of the completely transistorized multiband receiver 
just a short while ago completely ended the vacuum tube's use in 
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portable AM receivers. Moreover, it highlights the increasing use 
of transistors in high-frequency applications and foretells what is 
to come. 

Over a half-dozen radio makers, including foreign sources, are 
currently manufacturing multiband radio receivers. Most of these 
radios can receive stations up through the 13-meter (up to 22 me) 
shortwave broadcast band. Moreover, they offer excellent sensitiv­
ity and selectivity. The use of transistors and their associated 
miniaturized components has greatly reduced the weight and size 
of the receivers. In addition, most of the transistorized receivers 
employ standard flashlight cells that are considerably smaller and 
less expensive than the vacuum tube receiver batteries, and are 
available anywhere flashlights are sold. 

Many of the multiband receivers are equipped with telescoping 
whip-type antennas for shortwave reception, earphone jacks, mo­
mentary dial-light, bandspread tuning, and provisions for connec­
tion of a phonograph ( using high-level cartridge). 

Most of the multiband receivers have a tuner-like front end, 
separate from the receiver chassis, and incorporate an r-f amplifier, 
mixer, and oscillator. Special high-frequency transistors are used. 
These transistors are specifically designed for use as r-f amplifier, 
oscillator, and mixer, at frequencies up to 23 me. They employ 
shielding between adjacent leads to minimize stray capacitance 
and coupling between leads. This shield consists of a fourth lead 
connected to the transistor case and situated between base and 
collector leads. Therefore, care should be used during servicing so 
that the case of these transistors does not touch any adjacent cir­
cuitry. 

A typical multiband receiver is shown schematically in Fig. 8-13. 
This is an eight-transistor receiver providing reception in four 
bands, from 200 kc to 20 me. The respective bands cover the fol­
lowing approximate frequency ranges: 200-400 kc, 550 kc-1.6 me, 
2-6 me, and 6.5-19.5 me. The i-f amplifiers, detector, and audio 
amplifier stages are basically the same as the circuits used in the 
single-band receivers discussed earlier. The receiver's front end, 
however, illustrates the different design approach required for high­
frequency reception. 

A simplified schematic diagram of the receiver's front end 
(switches and all circuits not functioning have been omitted) in 
the long-wave position (200-400 kc) is shown in Fig. 8-14. The 
ferrite-core-type antenna serves as a signal pickup loop with the 
r-f signal being tuned (selected) by the tuned circuit composed of 
L102-C105-C102. The r-f signal is fed from a low-impedance tap 
on L102, through C106, to the base of the r-f amplifier transistor. 
Coil L102 functions as an autotransformer, providing an impedance 
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match between the r-f tuned circuit and the input impedance of 
the transistor. 

The gain of the r-f amplifier is controlled by the age-control volt­
age. This can be seen by examining the operation of the first i-f 
amplifier. The age-control voltage is present on the base of this 
transistor. As the age voltage increases (becomes more negative as 
a result of higher detector output) the transistor is biased in a less 
forward direction. The emitter-to-collector current of the first i-f 
amplifier transistor decreases as the age voltage increases. This cur­
rent flows from emitter to collector, through the primary of T2, 
through R3, to ground (positive side of battery). The voltage 
drop across R3 thus becomes more negative as the age control volt­
age increases. This negative voltage is impressed on the base of the 
r-f amplifier transistor through the network composed of R 102-
C 107-R 103-C2 (filter networks). Thus, the r-f amplifier's gain is 
reduced to compensate for increases in incoming signal level. 

The amplified r-f signal is coupled to the base of the mixer through 
the autotransformer action of L109. The mixer is operated close to 
zero bias to ensure proper conversion through rectification and 
amplification. The oscillator signal is injected into the emitter 
through a small winding on the oscillator coil. 

The oscillator is a form of the Hartley circuit with feedback 
from collector to emitter to sustain oscillations. The circuit is sta­
bilized by the fixed base-bias network composed of R 108-R 107-
R 104, and emitter resistor R 105. 

When the broadcast band (BC) is selected, the mixer and oscil­
lator circuits operate in the same manner as in the long-wave (LW) 
band. However, the r-f amplifier circuit is now as shown in Fig. 
8-15 (A). The ferrite-core-type antenna is now tuned to the desired 
frequency by ClOS and ClOl. The selected r-f signal is then fed to 
the base of the transistor through an added winding on the antenna 
rod. 

When the shortwave bands are selected (S1 and S2 positions) 
the r-f amplifier is as shown in Fig. 8-lS(B). The ferrite-core an­
tenna is not used. Instead, the telescoping whip antenna is coupled 
to the base of the r-f amplifier transformer through the autotrans­
former action of Ll03. 

The action of the band-selector switches is such that sections 
SWlB, SW4B, and SW3 short and ground the unused coils as the 
selector switch is switched to progressively higher bands. 

FM TRANSISTOR RADIOS 

Nearly all FM receivers are combined with an AM receiver to 
form an AM-FM receiver. A table model AM-FM receiver is shown 
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Fig. 8-15. Simplified schematic al Sears Roebuck model 222. (A) R-F amplifier circuit 
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of tuned circuit changes). 

m Fig. 8-16. This unit operates from the 120-volt a-c power line 
through a-c power plug PSOl. The a-c voltage is rectified by CRSOl 
and filtered by C502 and R502. Resistor RSOl serves as both a 
current-limiting resistor and fuse. Should a short circuit develop in 
the receiver, this resistor should burn out to protect the other com­
ponents in the receiver. When repairing a receiver of this type that 
is completely "dead," check the fusible resistor first. 

Transistor Ql is the FM-RF amplifier. It has an untuned input 
that can be connected to an external antenna ( terminals F and G) 
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or to the a-c power line via capacitive coupling in the a-c power 
cord ( notice the "FM Line Cord Ant." that is part of the a-c plug 
PS0 1). The output of the RF amplifier is fed to the FM converter 
(Q2) through a tuned circuit (La, CS, Cl, C8). The oscillator tank 
for the converter (L4, C13, Cl 4, ClC, C12) is shunted by a varactor 
diode ( CR 1) to provide AFC. The output of the converter is fed to 
the IF amplifier (Q201) through a tuned transformer (T201). 
Three stages of FM-IF amplification are used (Q201, Q202, Q203). 
FM demodulation is accomplished by a ratio-detector circuit 
( CR202, CR203). 

The AM receiver section consists of a converter ( Q 101) whose 
output is transformer-coupled to two stages of IF amplification 
(Q201, Q202 ). CR201 is the AM detector with AGC voltage being 
fed back to Q201 and Q202 through resistors R218, R219, R220, 
and R206. Capacitor C222 filters the AGC line. 

Either the AM or FM signal is selected by switch S501 and fed to 
the audio amplifier. Switch S501 also provides power to either the 
FM-RF amplifier and converter or the AM-converter, depending on 
the position the switch is in. The center section of the switch controls 
the FM-AFC. When the switch is in the right-hand position, the input 
to the varactor diode ( CR 1) is grounded, turning off the AFC. 
When the switch is in the center position, the ground is removed, 
thereby feeding the control voltage to the diode and providing AFC. 

The audio-amplifier section consists of a driver amplifier (Q401) 
whose collector current is also the base-to-emitter current for the 
power amplifier (Q402 ). The power amplifier is a single-ended class 
A amplifier. 



9. Automobile Transistor Radios 

The advent of the 12-volt, negative-ground electrical system in 
automobiles and the introduction of power transistors led to the de­
velopment of, first, the hybrid radio ( vacuum tube and transistor) 
and then the all-transistor auto radio. Today, all auto radios sold are 
of the all-transistor type, although the hybrid type may be en­
countered in older automobiles. 

ALL-TRANSISTOR RADIOS 

All-transistor auto radios are basically the same as their portable 
radio brothers, but there are several differences. The auto radio re­
quires a substantially higher audio-power output to overcome the 
high ambient noise level in the automobile. Further, auto receivers 
employ less efficient rod antennas, mounted on the outside of the 
auto, and therefore include an r-f amplifier to improve signal sensi­
tivity and provide greater signal-to-noise characteristics. Further­
more, auto radios often have additional features such as push-button 
tuning, tone control, and front and rear speakers. 

AUDIO-POWER OUTPUT STAGE 

The audio-power output stage usually develops from 2 to 6 watts 
of audio power. The stage may be either single or double-ended. A 
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typical circuit is shown in Fig. 9-1. This is a single-ended class A 
power amplifier developing approximately 3 watts of audio power. 
Transformer T2 is an autotransformer tapped to provide the neces­
sary impedance match for the speaker. Resistors R 1, R2, R3, and R4 
form a voltage divider to provide the necessary forward bias for the 
power transistor. Resistor Rl is a positive-temperature-coefficient 
resistor whose resistance increases as temperature increases, thereby 
reducing excessive forward bias of the transistor and preventing 
overload and thermal runaway. Additional protection is provided by 
fusible-resistor R4, which will open if the collector current is exces­
sive. 

RI 
75.0. 

POSITIVE 
TEMP. 

COEFF. 

R3 
9.5.0. 

QI 

R4 
0.68.0. 
FUSIBLE 
RESISTOR 

\.r--..,..--<• + 

+ 

Fig. 9-1. Typical single-ended audio-power output stage for auto radios. 

SPEAKER 
( 8 .n) 

The circuit shown in Fig. 9-2 is that of a push-pull (double-ended) 
power amplifier. LS is a center-tapped audio choke that gives high 
impedance at audio frequencies at the collector terminals of the out­
put stage. The speaker, provided with a 40-ohm voice coil, is con­
nected directly across the choke, which matches the relatively low 
impedance of the transistor to the speaker without the need of an 
output matching transformer. D-C current in the speaker does not 
exceed 0.2 ma because of the relationship between the static resis­
tance of the choke ( 3 ohms) and the speaker ( 40 ohms). Under 
static d-c bias conditions, both collectors are at essentially the same 
positive voltage, resulting in a near-zero voltage drop across the 
speaker. 



AUTOMOBILE TRANSISTOR RADIOS 129 

SPEAKER 
R3I L5 (40n) 
0.47 

] +13.SV 

R30 
0.47 

Fig. 9-2. Typical push-pull audio-output stage for auto radios (Motorola type CTA63). 

The transistors in Fig. 9-2 are operated class AB with bias estab­
lished by R24 and R25. Stabilization and temperature compensation 
are achieved by the use of unbypassed emitter resistors, R30, R31, 
and PTC (positive-temperature-compensated) resistor R25. 

Control R33 is a rear-seat-speaker fader control. When only one 
speaker is used, a shorting bar bypasses this control. When a second 
speaker is connected to the radio, the control divides the output sig­
nal between the two speakers. 

R-F AMPLIFIER STAGE 

All auto receivers employ an r-f amplifier to improve sensitivity 
and selectivity. A typical circuit is shown in Fig. 9-3. The receiver 
uses a unipole-type antenna mounted on the outside of the auto­
mobile. The capacity of the antenna, together with Ll, forms a res­
onant tuned circuit. Capacitor C2 is adjusted to compensate for too 
much antenna capacitance. C2 is adjusted only once, when the re­
ceiver is installed: called the "antenna trimmer," it is usually located 
adjacent to the antenna receptacle. The receiver is then tuned to a 
weak station at the high end of the band, and C2 is adjusted for 
maximum signal output. 

The r-f signal is coupled by C3 to a second tuned circuit (Cl, 
L2 ), which transformer-couples incoming r-f signals to the base of 
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Fig. 9-3. Typical circuit far r-f amplifier. 

the r-f amplifier transistor. The transistor operates with a tuned load 
composed of C7-L3. 

With no signal, the transistor has a high forward bias for full­
gain operation. When a strong station is received, the AGC voltage 
reduces the forward bias of the transistor, reducing the gain accord­
ingly. C4 filters the audio signal from the AGC line. If C4 were to 
open, it would cause audio distortion on strong signals. In some cases, 
it may cause the receiver to block on strong signals. 

TYPICAL AUTOMOBILE RECEIVER 

A typical automobile AM-FM receiver-the Motorola Model FM-
108M-is shown in Fig. 9-4. This receiver operates directly from the 
auto's battery. The power lead is protected by a 5-amp fuse. A low­
pass filter (L15-C76) prevents engine noise and other auto-generated 
noise from entering the receiver through the power line. E6, a tran­
sistor used as a diode, is reverse biased and acts like a zener diode to 
regulate the voltage fed to either the AM-r-f converter and i-f ampli­
fier stages or the FM-r-f oscillator and mixer stages. 

The FM section includes an r-f amplifier, separate oscillator and 
mixer, four i-f amplifier stages, and a detector. Automatic frequency 
control of the oscillator circuit is provided by diode El. This is a 
varactor-type diode whose junction capacitance can be changed by 
varying the reverse current through the diode. The capacitance of 
the diode is effectively across the oscillator tank circuit through C25 
and C26. If the oscillator frequency shifts above the carrier resting 
frequency, the FM detector output becomes more positive, thus 
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decreasing the reverse bias of the diode, increasing its capacitance, 
and lowering the oscillator frequency to correct tuning. If the oscil­
lator shifts below the carrier center frequency, the FM detector out­
put goes negative, increasing the reverse bias of the diode, decreasing 
its capacitance, and increasing the oscillator frequency. 

The i-f amplifiers employ integrated-circuit amplifiers. The first 
three i-f amplifiers are identical. The last IF amplifier has a reduced 
supply voltage so that it provides limiting action. The servicing 
procedures for integrated circuits will be found in the chapter on 
"Troubleshooting Techniques." 

The AM section of the radio is fairly conventional. It contains an 
r-f amplifier, converter, i-f amplifier, and diode detector. Diode E4 
develops the A VC bias voltage that controls the gain of both the r-f 
and i-f amplifiers. 

The audio section consists of two small signal amplifiers and a 
power amplifier. Direct-coupling is used between stages to improve 
the low-frequency response. Choke TS is the load for the audio­
power amplifier with an impedance matching tap for the speaker. 
Negative feedback is provided by R69, R70, R71, and C73 to im­
prove the high frequency response, reduce distortion, and increase 
stability. 

HYBRID RECEIVERS 

The early transistor auto receivers utilized a hybrid system em­
ploying both tubes and transistors. Although no longer being manu­
factured, many of these receivers are still in use, and a service tech­
nician is bound to run into them. Therefore, this brief discussion on 
hybrid receivers is presented. 

A low-cost hybrid receiver is shown in Fig. 9-5. The radio em­
ploys conventional circuitry, with the incoming signal feeding into 
a 12BL6 r-f amplifier and then to a 12AD6 converter. The r-f signal 
is beat with the local oscillator signal to develop a 262.5-kc i-f 
signal. The r-f, oscillator, and mixer stages employ permeability 
tuning. The i-f signal is amplified by the 12BL6 i-f amplifier and 
transformer-coupled to the 12DL8 detector. The dual-diode por­
tions of this tube provide detection and develop the ave voltage 
which is fed back to the i-f, converter, and r-f amplifier tubes. The 
remaining section of the tube provides the audio drive for the 
transistor output stage. This section has four elements, but func­
tions as a triode. The first grid (pin 3) is really an auxiliary grid, 
next to the cathode and operates at a fixed positive potential. This 
enhances the control characteristics of the control grid (pin 7) and 
provides high transconductance in proportion to plate voltage. 
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The output of the driver section of the 12DL8 is transformer­
coupled to the base of the power audio output transistor. This 
transistor is operated in a class-A single-ended circuit to drive a 
low-impedance loudspeaker through an autotransformer load. The 
base bias of the transistor is adjusted by control Rl4, to set the 
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134 REPAIRING TRANSISTOR RADIOS 

best power sensitivity consistent with good operation. Resistor R16 
is a varistor to stabilize the circuit and prevent "runaway" due to 
temperature rise. 

All the stages derive their power directly from the automobile 
battery through the filter networks. Diode E3 is a selenium unit to 
protect the receiver from reverse power supply polarity and shunt 
any large negative voltage pulses to ground. 

Note that full ave voltages are not applied in the conventional 
manner. If this were done, severely strong signal distortion and grid 
blocking could result with low-plate-voltage tubes. The full ave 
voltage is utilized on the r-f amplifier by applying the ave to the 
control and suppressor grids through R 1 and R3. Hence strong 
signals which cut off the r-f amplifier tube are series-fed to the 
converter tube through the suppressor grid-to-plate capacitance. 
On some hybrid receivers the ave on the grid of the r-f amplifier 
is reduced, resulting in more continuous operation of the tube and 
affording maximum selectivity. 

SERVICING ALL-TRANSISTOR AND HYBRID AUTO RADIOS 

The servicing of transistor auto radios requires the same pro­
cedures described in the previous chapters, with the exceptions 
noted here. These exceptions pertain to the radio power supply 
circuits, power amplifier servicing, and noise-type interference. 

Automobile receivers, on the bench, may be operated from a d-c 
power supply having a minimum rating of 500 ma. A regulated 
power supply is desirable. If a regulated low-voltage power supply 
is not available, a battery eliminator may be used if the following 
precautions are taken. 

Battery eliminators, which are a-c operated, usually have a high 
surge voltage which can damage the transistors. To prevent this 
surge, connect a permanent load across the output terminals of 
the battery eliminator. For example, in a 12-volt receiver, a 20-ohm 
20-watt resistor or four 12-volt pilot lamps in parallel will provide 
the necessary load. Turn on the battery eliminator, adjust the 
voltage to 14 volts, and then turn on the radio. Do not turn on the 
receiver before adjusting the voltage output of the battery elimi­
nator. 

On the bench, the radio may be powered by a battery eliminator 
or a spare auto battery. Most battery eliminators have an ex­
tremely high a-c ripple content which may damage the transistors 
and other low-voltage components. The a-c ripple content of a 
battery eliminator should therefore be checked with a calibrated 
oscilloscope (Fig. 9-6). A good eliminator should have less than 
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Fig. 9-6. Checking the ripple content of a battery eliminator with an oscilloscope. 

a 1-volt (peak-to-peak) a-c ripple. Since transistor power supplies 
require low voltage output, high-capacitance electrolytic capacitors 
added to the filter system reduce the a-c ripple appreciably. Many 
so-called battery eliminators are unsuited to transistor power sup­
ply usage. 

Transistor equipment often has a wide range of power require­
ments from very low current at low output to very high current 
at maximum output. The supply must therefore have good regu­
lation, or the voltage will rise and fall as the load is varied. Such 
poor regulation will make analysis very difficult. if not impossible. 
Whenever possible, a battery power supply should be used. A battery 
shunted by a rectified a-c source makes an ideal supply ( see Fig. 
9-7 ). The battery will filter and stabilize the output from the 

BATTERY 
ELIMINATOR 

TO RADIO 
RECEIVER 

Fig. 9-7. A battery shunted by a rectified a-c source makes an ideal supply. 
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battery eliminator and the eliminator will ensure that the battery 
is always at full charge. 

With the set out of the car and on the bench, the chances of 
connecting the supply voltage backwards are very great, especially 
for those accustomed to working on vibrator-type sets. These re­
ceivers generally have no polarity or, in the case of the synchro­
nous vibrator, will not work if connected backwards. Transistor 
radios not only fail to work if the battery terminals are connected 
backwards but may be ruined while you are trying to locate the 
trouble. 

Transistor auto radios operated from a 6-volt battery source, 
which is insufficient for vacuum tube operation. usually employ a 
transistor power oscillator-rectifier circuit ( Fig. 9-8) to replace the 
vibrator. The a-c voltage developed in the transformer primary is 
rectified by the diode in the transformer secondary. The trans­
former steps the voltage up to the necessary value for the tube 
circuits. Power for the transistor circuits is taken off before the 
oscillator circuit. 

The power oscillator circuit can be checked using the procedures 
and methods given in Chapter 6. The rectifier circuit is simple and 
straightforward and can be checked using the standard voltage and 
resistance measurements. One exception, however, is the varistor 
used to provide voltage regulation. To check the varistor, remove 
all the tubes from the receiver, unsolder one end of the varistor 
from the circuit, and connect a milliammeter in series with the 
varistor. In such circuits, properly operating varistors will pass 
8-15 ma in this check. 

When installing a new transistor auto radio in a car, be sure that 
the battery lead polarity is correct. Most manufacturers provide 
a means for reversing polarity in the radio itself. One such example 
is shown in Fig. 9-9. In this receiver. the jumper from the on-off 
switch and ground lead is reversed between terminals 1 and 2. The 
manufacturer's instructions in this matter should be followed pre­
cisely, in order not to damage the transistors in the radio. 

Audio Power Transistor Circuits. There is a wa_rning which must 
precede any discussion of servicing audio power transistor circuits: 
Never operate a power transistor unless it is firmly bolted to its 
heat sink. The heat sink is usually made of aluminum and is 
generally mounted on the outside of the main chassis ( see Fig. 
9-10). The heat sink is really a radiator. serving the same purpose 
as the radiator in a gasoline engine. Operating an engine without 
its radiator is no more unthinkable than operating a power tran­
sistor without its heat sink. Overheating and permanent damage 
to the transistor will result if this rule is not observed. 
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Fig. 9-8. The Motorola model 406 AM auto radio is a typical circuit, used in hybrid 
auto radios (operated from a 6-valt battery) ta increase the voltage necessary for the 

vacuum tube circuits. Note the use of the varistor for voltage regulation. 

When replacing a power transistor, it is important to replace 
the mica washer which will almost always be found between the 
transistor and heat sink. This washer has a critical thickness and, 
if lost or damaged, replacing it with another having a much greater 
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Fig. 9-9. Motorola model 406 AM auto radio shows a typical method used ta reverse 
the input polarity of a transistor radio supply. 
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thickness or some other heat conducting characteristics may result 
in shortened transistor life. 

Be sure to bolt the transistor down onto the insulator securely. 
This is to insure proper heat transfer to the heat sink. A small 
amount of silicon compound or grease is sometimes applied to the 
two surfaces of the insulator to improve the heat transfer further. 
When replacing a transistor, be sure to reapply this compound. 

Fig. 9-10. The power au­

dio output transistor(s) is 

most often mounted on 
the outside of the re­
ceiver case in a special 
heat-dissipating device. 

HEAT 
SINK 

RADIO 
CHASSIS 

When replacing the transistor radio in the auto, be sure that 
the power transistor's case is not shorted to ground by the speed­
ometer shaft or other bare metal objects under the dashboard. Be 
sure that they are cleared away from the radio receiver case. 

NOISE IN AUTO RECEIVERS 

Auto transistor radios are more susceptible to noise interference 
than are other types of portable radios. This is because of their in­
efficient antennas, which pick up less signal, and the presence of 
strong noise signals in the automobile, most particularly the motor 
ignition system. In addition, the greater vibration, temperature range, 
and humidity encountered by automobiles often aggravate noise 
conditions. 

Noise interference is generally either of two types: static or oscil­
lation. Static is a "frying" noise that may occur regularly or ir­
regularly. Oscillation is a "whistling" noise that is usually very high 
in pitch. 

Static noise may originate outside the auto, as well as from inside 
the auto. Since the external sources usually are beyond our control, 
we will confine our discussion to internal static noise sources. Static 
noise is most often caused by arcing within the radio or the auto. 
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Arcing can occur in components such as IF transformers, tuning 
capacitors, pilot lamps, volume and tone controls, and loose or 
broken connections ( particularly on printed-circuit boards). The 
stage where trouble exists can be isolated by signal tracing. Merely 
disable one stage at a time (momentarily short emitter to base) 
until the static disappears. A signal tracer with demodulator probe 
may be very useful for this purpose. 

Oscillation noise, which usually originates in the radio, is caused 
by regeneration in a stage or between stages. The most likely culprits 
are the decoupling capacitors. Check the main filter capacitors in the 
power supply and all other electrolytic decoupling capacitors by 
bridging with a known good capacitor. Also check the decoupling 
capacitors in the RF, converter, and IF and AGC circuits by bridging 
with known good capacitors. 

Other sources of noise that usually fall into the static or oscil­
lation categories are: spark-plate capacitor, defective speaker, de­
fective antenna (poor ground or open inner-conductor) and auto­
mobile components. Auto noise can be caused by any auto com­
ponents that produce a high voltage transient. Such noise can be 
suppressed through the use of graphite radio-noise suppression wire 
in the ignition system; bypass capacitors at the ignition coil, genera­
tor, and regulator; and grounding straps between components and 
body. 

Effects of Air Temperature. There are two forms of transistor 
trouble which have created some perplexing problems and a few 
unnecessary return service calls. Transistors, being resistors of a 
very special sort, are greatly affected by temperature. When they 
are very cold, they lose some of their gain and most of their power 
output. When they are very hot, they react similarly. Some cus­
tomers in the northern parts of the country have awakened on a 
sub-zero morning to find the radios in their cars sounding very 
strange, and have immediately concluded that they needed repair. 
After the set gets into the warm shop or after driving a few miles 
with the heater on in the car, it appears to be quite normal again. 

A similar situation can result from the heat of a summer day 
at the beach or in the desert. The radio seems to be quite distorted 
and to have lost much of its sensitivity, particularly if it is an all­
transistor receiver. 

Both of these situations are normal to transistor sets and are 
corrected as soon as the equipment is restored to a more normal 
temperature. There is no solution to the problem with presently 
known techniques. In these cases, the situation should be explained 
to the customer so that he realizes that this is not due to trouble 
in the receiver. 
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VACUUM TUBES IN HYBRID RADIOS 

One additional precaution is appropriate at this point, even 
though it does not apply directly to transistors. Never measure the 
12-volt tubes found in hybrid auto radios in a standard tube checker 
unless the manufacturer definitely states that test voltages do not 
exceed the 30-volt maximum ratings on these tubes. Failure to 
comply with this rule will result in permanent tube damage. 



I 0. Troubleshooting Techniques 

Transistors are very stable devices and have, an exceptionally 
long life. However, they can be damaged by the application of too 
much heat, excessive or improper voltages, or mechanical abuse. 
The same conditions apply to the newly developed miniaturized 
components and printed circuit boards used in compact tran­
sistorized equipment. The servicing technician should, therefore, 
read this chapter through before beginning actual repair. 

SIGNAL TRACING 

The click test, as used in signal tracing vacuum tube radios, 
does not work with transistor radios. This is due to the low input 
impedances of transistorized circuits. In addition, grounding the 
base of a transistor may cause excessive conduction and damage 
the transistor. 

Modified Click Test Method. The i-f and audio stages of a tran­
sistorized radio n:iay be checked quickly with a modified form 
of the click test. This consists of placing a small momentary d-c 
voltage on the collector of the transistor used in the preceding 
stage. A special test lead ( Fig. 10-1 ) should be constructed for 
this purpose. 

To signal trace using the modified click test, connect the clip 
end of the lead to the positive side of the battery. Then touch the 
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resistor end of the test lead to the collector of each transistor. For 
example (Fig. 10-2 ), touching the lead to the collector of the con­
verter transistor checks the receiver from the first i-f amplifier 
stage to the loudspeaker. If a click is heard when the test is per­
formed, it indicates that the signal path is good from this point 
to the loudspeaker. When using this test on a dead receiver, start 
at the loudspeaker and work toward the antenna. 

Noise Generator Method. Another quick (and more reliable) 
method of signal tracing a transistor radio is provided by the 
noise generator. This device provides an a-f and an r-f signal rich 
in harmonics. A Motorola unit which is commercially available is 
shown in Fig. 10-3. 

This generator is a transistorized multivibrator, operating on a 
fundamental in the audio range at approximately 400 cycles and 
creating harmonics all through the broadcast band. This continuous 

12 TO 15K OHM 
RESISTOR 

/----'vV\r+ __ _ 
TOUCH THIS END s•------

' TO COLLECTORS 
ATTACH CLIP TO 
POSITIVE END OF 
BATTERY 

Fig. 10-1. Test lead for signal tracing transistorized radios using the click test method. 

range of frequencies will save a great deal of time in switching 
frequencies from audio to i-f, to r-f, etc., during radio servicing. 

Two types of output are available - direct and radiated. The 
direct output can be used to signal trace a dead radio and is espe­
cially useful on transistorized radios where the practice of shorting 
components to produce clicks, or a response, is to be avoided to 
prevent possible damage to transistors. 

Any enterprising do-it-yourselfer, however, can easily construct 
a noise generator. Two such units are shown in Figs. 10-4 and 10-5. 
The circuit shown in Fig. 10-4 is a blocking oscillator using a single 
transistor and transformer. The circuit values are not critical, and 
almost any low power transistor will work. In fact, an audio-power 
output transistor and its associated output transformer will do 
nicely. Rl should be adjusted for optimum frequency. If the circuit 
does not oscillate when you first connect it up, try reversing the 
transformer secondary; the phasing may be incorrect. When using 
an npn type transistor, merely reverse the polarity of the battery. 

The circuit shown in Fig. 10-5 is a two-transistor collector-coupled 
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Fig. 10-2. Click test for transistorized radios. When the end of the resistor is momen­
tarily touched to the collector of the converter transistor, a click is heard from the 
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RADIATION LOOP- LI - • 
STRAP (RETAINS LOOP) • • •• • 

15Kn CONTROL 
WITH SWITCH 

R4 

Fig. 10-3. Interior view of a noise generator. CourteJy Motorolo. 

multivibration circuit. Again, almost any switching or audio tran­
sistor will work. Reverse the battery when using npn-type tran­
sistors. 

Signal tracing with a noise generator is begun at the loudspeaker. 
Connect the generator across the loudspeaker winding. A tone will 
be heard from the speaker if it is operating properly. The intensity 
of the tone depends upon the impedance of the loudspeaker. High­
impedance loudspeakers yield a louder tone than low-impedance 
units. 

RI 
IBK 

Cl 
0.5pf 

+ 
1.5V 

C2 
0.0lµf 

LOW 
z 

OUTPUT 

Fig. 10-4. Circuit for a noise-type signal generator using a blocking oscillator circuit. 
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Fig. 10-5. A collector-coupled multivibrator circuit used as a noise-type generator. 

If the loudspeaker is operating, then proceed to touch the noise 
generator output lead to the base element of the radio output, 
audio driver, detector, and i-f amplifier transistors, in turn. In the 
case of commercial noise generators, a ground connection from the 
generator case to the radio chassis may be required for some cir­
cuits. 

The volume of the tone will be just audible when injected at 
the base of the audio output and second i-f amplifier transistors, 
since a minimum amount of gain for audio and i-f frequencies is 
present at these points. As the generator is moved to the audio 
driver, detector, and first i-f amplifier transistors, the tone's loudness 
will increase greatly. 

A check of the antenna can be made by forming a 6- to 8-turn 
coil of ordinary hookup wire and connecting it across the generator 
output. The diameter of the coil should be just large enough to 
fit over one end of the antenna's ferrite core. As the coil is brought 
near the antenna (holding it parallel to or over one end of the 
ferrite core), the generator tone will be heard. 

Failure to hear a signal at any point in the signal tracing pro­
cedure indicates that a circuit malfunction exists between the point 
where the tone was last heard and the point at which it is not heard. 

The loi.al oscillator section of the transistor radio can be checked 
with the following procedure: Using the loop coupling system 
described, couple the noise signal into the receiver's antenna. Ro­
tate the tuning capacitor to minimum capacitance (fully open). 
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Touch the oscillator adjustment screw on the tuning capacitor with 
your finger. This will cause the oscillator to stop functioning. The 
tone will also stop. Now, with your finger still on the trimmer, 
rotate the tuning capacitor to maximum capacitance (fully closed). 
A tone will now be heard. This indicates that the converter stage 
is passing the intermediate but not the radio frequencies ( oscillator 
inoperative). In other words, conversion is no longer taking place 
and the transistor is functioning only as an i-f amplifier. 

If the noise generator's signal is passed at both high and low 
ends of the tuning capacitor's range, the oscillator is operating. 
However, if the signal is heard only at the low end of the band, 
the converter circuit is operative at intermediate, but not at radio, 
frequencies ( oscillator not working). If the tone is not heard at 
either end of the band, the converter circuit is completely inop­
erative. 

The technician should first use the noise generator on a tran­
sistor radio which is operating properly, in order to become familiar 
with the instrument. For example, the user should know from 
experience the approximate loudness of the tone at all the test 
points in the standard transistor receiver. This will then indicate 
if the relative gains of the various stages are up to par. 

Signal Generator Method. The most reliable and accurate signal 
tracing device is, of course, a signal generator providing known 
audio, i-f, and r-f signals. The 400-cycle fixed frequency audio out­
put ( provided by most generators) is used to trace the audio cir­
cuitry. A 455-kc signal is used to signal trace the i-f stages (in a few 
rare exceptions, lower i-f's are used; the manufacturer's service 
information should be consulted in this case). Signals of 600 kc 
and 1.4 me should be used to check the operation ( sensitivity and 
calibration of dial) of the converter circuit. These tests are per­
formed using the procedures described in the preceding section on 
the noise generator method. 

When signal tracing with a signal generator, always connect a 
capacitor ( 0.01 to 0.1 1,f) in series with the generator's hot lead. 
This will avoid shorting out the bias voltage of the transistor. The 
ground lead of the generator may be connected to either side of 
the battery if the receiver uses a printed wiring board. If a metal 
chassis is used, connect the ground lead to the chassis. 

Keep the generator signal level as low as possible (just audible). 
Do not inject strong signals into a transistor circuit. This is par­
ticularly important in low-level stages. 

In converter circuits, do not inject the signal at the elements of 
the transistor as this will stop oscillator action. Rather, use a 
radiated signal as shown in Fig. 5-9. In an r-f amplifier stage, use 



TROUBLESHOOT/NG TECHNIQUES 147 

a radiated signal or clip the "hot" lead of the generator to the 
insulated body of a circuit resistor or capacitor ( capacitive coup­
ling). 

TESTING JUNCTION TRANSISTORS 

Transistors are usually either all-good or all-bad. It is rare that 
they will develop low gain or intermittent conditions, as does a 
vacuum tube. This characteristic makes transistor testing relatively 
simple. In fact, a good test of a transistor can be performed with 
just an ohmmeter. An ohmmeter test will detect an open or a 
shorted junction, the relative leakage current, and the relative gain 
of a transistor. 

To use an ohmmeter for transistor testing, it is first necessary 
to determine the polarity of the ohmmeter leads. To do so, connect 
the ohmmeter to a voltmeter or a known good semiconductor diode. 
Set the ohmmeter to either the R X 100-ohm or R X lK-ohm 
range ( the internal battery is usually 1.5 V for these ranges) and 
connect the "common" lead of the ohmmeter to the positive lead 
of the voltmeter. Connect the "ohms" lead to the negative lead of 
the voltmeter. If the voltmeter reads up-scale, then the ohmmeter's 
"common" lead is positive and its "ohms" lead is negative. If it 
reads down-scale, its polarity is just the opposite. 

When using a diode to determine ohmmeter polarity, set the 
ohmmeter to the R X 100-ohm or R X lK-ohm range, and con­
nect the "common" and "ohms" leads of the ohmmeter to the anode 
and cathode terminals, respectively, of the diode. A reading of less 
than 100 ohms indicates that the ohmmeter's "common" terminal 
is positive. A reading of lO0K ohms or more indicates that the 
ohmmeter's "common" terminal is negative. 

After establishing the polarity of the ohmmeter, set the ohm­
meter to the R X 100-ohm or R X lK-ohm range and check the 
forward-to-back resistance ( resistance in both directions) of the 
base-to-emitter junctions and base-to-collector junctions as shown 
in Figs. 10-6 and 10-7. A forward-to-back resistance ratio of a good 
low-power transistor junction is 100: 1 or better. The emitter-base 
resistance should be higher than the collector-base resistance. 

When checking power transistors, use the R X 10-ohm or R X 
100-ohm ranges. Power transistors have lower forward-to-back re­
sistance ratios than low-power transistors. 

If a transistor gives a low-resistance reading in both directions 
across a junction, that transistor junction is shorted. If a transistor 
gives a high-resistance reading in both directions across a junction, 
that transistor junction is open. After this reading has been taken, 
connect the transistor as shown in Fig. 10-8. This set-up tests both 
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LOW R HIGH R LOW R HIGH R 

+ + + + 

Fig. 10-6. Testing npn transistors with an ohmmeter. The low resistance should be 
50 lo 500 ohms. The high resistance should be SOK lo 5 megohms. The forward-to-back 

ratio should be 100: 1 or better. 

junctions simultaneously. With no connection made to the base, the 
ohmmeter should read a resistance between the forward ( approxi­
mately 100 ohms) and back resistance (greater than SOK ohms). 
If the resistance is less than SK ohms, the transistor has a high 
leakage current. The lower the resistance, the poorer the transistor's 
leakage-current rating. 

Now, connect a jumper from base-to-emitter, which should cut 
off the transistor, producing a resistance greater than SOK ohms. 
Next, connect a jumper from base-to-collector, which should satu­
rate the transistor ( approximately 100-ohms resistance). The ratio 

LOW R HIGH R LOW R HIGH R 

+ 

Fig. 10-7. Testing pnp transistors with an ohmmeter. The low resistance should be 50 lo 
500 ohms. The high resistrrnce should be 50K to 5 megohms. The forward-to-back ratio 

should be 100: 1 or better. 
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+ OHMMETER 
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(REVERSE FOR NPNl 

Fig. 10-8. Checking transistar with ohmmeter to determine approximate gain. 

between these two readings is a good indication of the d-c gain 
(beta) of the transistor. This test may be used to select high-gain 
transistors from among similar types of units. For example, a typi­
cal resistance ratio would be lOOK-ohms/SK-ohms, which equals a 
d-c gain of 20. 

IN-CIRCUIT JUNCTION TRANSISTOR TESTING 

Junction transistors can be tested without removing them from 
their respective circuits. These tests are d-c tests to increase or de­
crease the conduction of the transistor by changing the bias on the 
transistor. If the transistor responds to these changes, it is perform­
ing its basic transistor function. 

Figure 10-9 illustrates how to test a junction transistor in a cir­
cuit by increasing its conduction. Connect a voltmeter across the 
emitter resistor, or from collector to emitter if there is no emitter 
resistor. In receivers that are operated from an a-c power line, use 
only a high-impedance vom, differential voltmeter, or vtvm iso­
lated from the line. Then connect a lOK-ohm resistor between col­
lector and base to increase the forward bias of the transistor. The 
voltmeter connected across the emitter resistor should indicate 
greater voltage because of increased conduction. The voltmeter 
connected from collector to emitter would indicate less voltage. 

A more conclusive test is to decrease the conduction of the tran­
sistor by shorting the base-to-emitter. Now, the emitter-resistor volt­
age should decrease, and the collector-to-emitter voltage should 
increase. 

When testing power transistors, the decreased-conduction test is 
preferable to the increased-conduction test since the latter may 
cause the transistor to pass excessive current. 
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If the transistor uses a self-biasing base resistor, as shown in Fig. 
10-10, the increased-conduction test is performed by bridging Ri, 
with another resistor of equal value. Hence, if Ri, is lOK ohms, use 
a bridging resistor of lOK ohms. 

CHECKING FIELD-EFFECT TRANSISTORS 

FET's are physically similar in their construction to standard­
junction transistors and hence the usual precautions observed in 
working with bipolar transistors should be followed in FET cir­
cuits. Additional precautions are necessary when replacing MOS­
FET's because of their extremely high input resistance. 

In testing a J-FET, it is best to use a vtvm, particularly for re­
sistance measurements. The meter internal-voltage source should 
be low (3 volts maximum), and the current from the meter to the 
transistor must be limited. Either high voltage or high current can 
damage an FET. 

Caution: Do not measure the front-to-back gate ratio of MOS­
FET's (IG-FET's) with an ohmmeter. The gate-source or gate­
drain junction of a MOS-FET should never be forward biased, 
either in operation or during an ohmmeter test. 

,.c:.====7!voLTMETER 

I 
m 

+9V 

VOLTMETER 
Fig. 10-9. In-circuit transistor testing. 
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Fig. 10-10. In-circuit transistar testing af self-bias amplifier. 

The FET can readily be tested for operation in a circuit as 
described in the previous section or by measuring the bias voltage 
between source and ground ( refer to Fig. 10-11). If the gate has 
control of the channel current and limits the source voltage ( chan­
nel current through R,) to the indicated 2 volts, the FET is prob­
ably good. 

To check the gate control, measure the drain voltage while 
momentarily shorting R,. The drain voltage should drop as a result 

+ 
VOLTMETER 

VOLTAGE SHOULD DROP 
WHEN Rs IS JUMPERED 
IF FET IS OK 

Fig. 10-11. In-circuit testing of FET by momentarily shorting bias resistor. 
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of the increased current when the bias is removed. If the current 
increases and lowers the drain voltage, the gate controls the channel 
current, and the FET is probably good. 

To check the gate leakage, measure the gate-to-ground voltage. 
It should be zero. Any leakage will show up as gate voltage, assum­
ing the coupling capacitor is good. 

Caution: Do not attempt to "turn-on" an FET, as can be done 
with a junction transistor, by connecting a resistor between the 
supply ( or drain) and gate. This forward-biases the gate junction, 
and the resulting current can quickly destroy the transistor. The 
gate-channel junction cannot withstand any appreciable current. 
Even if the gate is not destroyed, it can damage the gate region, 
resulting in leakage. 

An out-of-circuit test of a J-FET or MOS-FET can be made us­
ing the circuit shown in Fig. 10-12. The voltmeter is connected to 
measure the source-to-drain voltage. When the switch is closed, 
the bias on the gate is decreased, the source-to-drain current de­
creases, and the source-to-drain voltage increases. The ratio of 
"ON" to "OFF" voltage readings is an indication of gain and can 
be used to compare transistors to find high gain units. Gate leakage 
can be determined by measuring the voltage across R~ with the 
switch closed. This voltage should be near zero. A transistor with 
a higher voltage across R~ has a higher gate leakage and a lower 
gain. When testing a MOS-FET with more than one gate, per­
form this test with each gate separately. 

VOLTMETER 

Fig. 10-12. Static lest of an N-channel FET (when checking P-channel FET, reverse baltery 
and voltmeter). 
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IDENTIFYING UNKNOWN TRANSISTORS 

When servicing a receiver without a schematic or one that does 
not employ standard "2n" type transistors, we still have to be able 
to identify whether we are dealing with pnp or npn type transistors. 
Furthermore, when buying unmarked bargain "surplus" transistors, 
we have the same problem. The problem is further compounded 
by manufacturers who do not use standard lead arrangements 
(standard lead arrangements are shown in Fig. 10-13). A method 
for identifying leads and transistor types is as follows: 

1. Using an ohmmeter, on the R X 1,000-ohm range, check the 
resistance between each pair of leads with both polarities of the 
meter leads until a pair is found that have high resistance in both 
directions. These are the collector and emitter leads. The remain­
ing lead is the base lead. 

2. Check the resistance from the base lead to each of the other 
leads with both polarities of the ohmmeter. The type of device, 
pnp or npn, can be identified by referring to Fig. 10-14. 

When checking J-FET's, a low resistance (usually 1,000 ohms or 
less) will be measured between source and drain with both polari-
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Fig. 10-13. Lead canfiguratians cammanly used on transistors. 
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Fig. 10-14. Resistance readings for low-power type transistors. 

ties of the ohmmeter. Then the source-to-gate and drain-to-gate 
resistances will be as indicated in Fig. 10-14. 

A MOS-FET transistor will have a low resistance between source 
and drain (usually less than 1,000 ohms). Then because of the ex­
tremely high resistance between the gate and the channel, the 
transistor can be checked using a battery and resistor to bias the 
device between high and low channel resistances, as shown in Fig. 
10-12. If the MOS-FET has more than one gate, perform the check 
on each gate. 

IDENTIFYING POWER TRANSISTORS 

The foregoing checks may also be performed on power tran­
sistors, with the following exception. The resistance between col­
lector and emitter will show a high resistance ratio, as shown in 
Fig. 10-15. The resistances should be checked against a known 
good power transistor since variation in ohmmeter designs will af­
fect this test. 
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FINDING A SUBSTITUTE TRANSISTOR 

The foregoing transistor tests will tell you if a transistor is good 
or bad. However, the actual replacement of a defective transistor 
can present a problem, particularly on foreign-made radios or 
transistors not using a standard identifying number. The problem 
can usually be solved by stocking a line of standard replacement 
type transistors, such as the Motorola HEP series, the RCA "Top­
Of-The-Line" series, or the Sylvania .replacement series. Substitu­
tion then proceeds as follows: 

1. It is often difficult to remove and replace a transistor on a 
printed circuit so that it is often better to cut the printed circuit 
tracks, as shown in Fig. 10-16, to remove the defective transistor 
from the circuit and temporarily solder the replacement transistor 
in place. Be sure the replacement is of the same type as the original 
(pnp or npn). With the replacement in place, check the perform­
ance of the radio. Try several different transistors to find the op­
timum device. If there are any squeals, howling, or poor sensitivity 
that cannot be corrected by retuning, try another transistor. 

2. When you have found the best replacement transistor, remove 
the old transistor and solder the new one in place. Apply a drop of 
solder across the cuts in the circuit tracks, or use wire jumpers to 
bridge the cuts. If the circuit board has a coating over the circuit, 
scape away the coating before soldering. 

The above procedure will usually work because bias requirements 
for transistor radios are not too critical. If you are concerned that 
the transistor rating may be exceeded, open the emitter circuit and 
check the emitter curr~nt to make sure that it is below the rating. 
With no signal, this current should be less than 2 ma for low-power 
transistors, less than 100 ma (peak) for power transistors in por­
table radios, and less than 1 amp (peak) in auto radios. In auto 

Fig. 10-15. Resistance readings for 
a power transistor (polarities are re­

versed for a pnp type). 
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Fig. 10-16. Easy substitution of new transistor in circuit by leaving old transistor in place, 
cutting tracks, and soldering replacement to tracks. 

radios, be careful that the transistor used can work at the higher 
voltages required. 

In selecting a replacement transistor, a replacement type r-f 
transistor will work well in any other transistor radio r-f, i-f, or 
audio-driver circuit. However, replacement i-f and a-f transistors 
do not usually work well in r-f circuits. 

In selecting power transistors, the mounting requirements, cur­
rent handling ability, and breakdown voltage rating are the para­
mount concerns. In replacing power transistors, it is a good idea to 
replace any insulating washers used. These washers are usually sup­
plied with the replacement transistor. Also apply silicon grease 
between the transistor and its heat-sink to increase heat transfer. 

TESTING DIODES 

Diodes can be tested using an ohmmeter as shown in Fig. 10-17. 
When the positive terminal of the ohmmeter battery is connected 
to the anode of the diode, it should show a low resistance. When 
the ohmmeter leads are reversed, it should show a high resistance. 
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A defective diode will show essentially the same reading m both 
directions. 

This test is the same for all types of diodes, including power 
diodes, detector diodes, varactor diodes, and zener diodes. When 

-hi R + 

Fig. 10-17. Resistance test of o 
diode with an ohmmeter. 

testing zener diodes, it is often advantageous to verify the correct­
ness of the zener voltage. This test, using the arrangement shown 
in Fig. 10-18, requires a variable d-c regulated power supply, a mil­
liammeter, and a voltmeter. The power supply must be able to pro­
vide a voltage greater than the zener voltage rating of the diode. 
The test is as follows: 

1. Connect equipment as indicated, with power off. 
2. Set power supply voltage to zero and turn on power supply. 
3. Monitoring the current and voltage on the meters, slowly in­

crease the supply voltage. When the zener voltage is passed, the 
milliammeter should indicate a sudden increase. Continue to increase 

ED ED 
- + - + 

) ) i I ) ) 

IK.Q I - A ' I_... -
VARIABLE - V I 

0-C 
REGULATED 

POWER 
SUPPLY + 

Fig. 10-18. Circuit orrongement for checking zener diodes. 
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the supply voltage until the diode current rating is reached ( as 
shown on the milliammeter). being careful not to exceed the diode's 
current rating. The voltage across the diode should increase until 
the zener voltage is reached; then it should remain constant as the 
supply voltage is increased further. 

SERVICING CIRCUITS USING IC's 

A few general points should be kept in mind when serv1cmg 
circuits utilizing IC's. First. all of the techniques and precautions 
of transistor service also apply to IC's. Second, because of the 
many internal circuits and because replacements are probably not 
readily available. it is important to be sure that a "suspected" IC is 
defective before actually replacing it. Third, some IC's are soldered 
onto printed-circuit boards. Hence, it is often inconvenient, if not 
impossible. to remove an IC. try another. and then reinstall the 
original. You will not be able to "try" IC's as you can tubes. 

Voltages. Each section of an IC is probably d-c coupled from 
input to output. Internal defects usually cause a considerable change 
in terminal voltages. Thus. measure those voltages and compare 
them with the recommended values. 

In taking voltage readings at IC terminals, be extremely careful 
about ''slipping'' and also about grounding or applying too much 
voltage to some IC circuits. The comparatively low-current, low­
voltage, low-power components in IC's are easily damaged or 
destroyed. 

Any drastic change in voltage at an IC terminal is usually a 
reliable indicator of IC failure. assuming the external circuitry is 
operating correctly. For example. in Fig. 10-19. we see the FM-i-f 
amplifier section of an AM-FM auto radio. Four IC's are used in 
the four stages of i-f amplification. Each stage uses the same IC. The 
supply voltage fed in on terminal 8 is normally 10.1 volts. IC 
terminals 1. 3. 5. and 7 are all supplied and controlled internally. 
Terminals 3 and 5 should be 1.4 to 1.6 volts. and terminals 1 and 7 
should be 9.2 to 9. 7 volts. These voltages should be independent of 
normal variations in the supply voltage at terminal 8. As long as 
the voltage on pin 8 is normal. any drastic change in the voltages at 
terminals 1. 3. 5. and 7 would indicate a defective IC. 

A low supply voltage on pin 8 could be due to a short within the 
IC. This can be located by cutting the track to terminal 8 of each 
IC and observing whether the voltage returns to normal. If the 
supply voltage returns to normal when the supply voltage to one 
particular IC is cut. it indicates that a short actually does exist in 
this particular IC. 
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Fig. 10-19. FM i-f amplifier section of AM-FM auto radio (Motorola model FM 108M). 
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Signal Tracing. Signal tracing is accomplished in the same man­
ner as it is for discrete component circuits, except that there are 
fewer accessible points. In Fig. 10-19, a 10.7-mc signal injected at 
terminal 3 of each i-f should produce an amplified 10.7-mc output 
at terminal 7. If there is a loss of signal or no gain, proceed to check 
the IC's voltages as described in the previous section. 

Replacement. Remember to check all external circuit compo­
nents to be absolutely sure the trouble is not external to the IC. If 
the IC's voltages are "off," and all external components check-out, 
then the IC can be replaced with reasonable assurance that it is 
defective. It should be replaced with one of an identical type; few 
alternative replacements for linear IC's exist at this time. 

When installing the new IC, be sure that all connections are 
good low-resistance connections. IC's are usually much higher 
gain devices than single transistors and hence are more subject to 
self-oscillation as a result of impedance in the ground circuit. 

IN-CIRCUIT VOLTAGE MEASUREMENTS 

The most important voltage to be measured on a transistor is 
the bias voltage between base and emitter. This voltage will gen­
erally range between 0.05 and 0.2 volt for germanium and 0.3 to 0.7 
volt for silicon transistors. If the voltage is incorrect by more than 
10-20%, distortion, low gain or excessive current drain will result. 
Generally, in transistor radios, the collector-to-emitter voltage 
ranges between 2 and 12 volts (this will. of course, vary with battery 
voltage and stage being measured). 

If the transistor is good and incorrect voltages are measured at 
transistor terminals, they are usually caused by .. cold-solder joints .. 
on the printed-circuit boards, shorted capacitors, open transformers 
or resistors. 

IN-CIRCUIT RESISTANCE MEASUREMENTS 

When resistance-checking a circuit, remove the transistor from 
the circuit. If the transistor is soldered to the printed wiring board. 
disconnect one terminal of the component to be checked from the 
board. This is necessary since the voltage that appears across the 
terminal leads of an ohmmeter can cause conduction of the tran­
sistor, and therefore erroneous ohmmeter readings. In addition, 
this voltage may also cause the transistor to conduct beyond its 
capabilities and permanently damage it. 
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CURRENT MEASUREMENTS 

A check of the current drain of a defective receiver will indicate 
whether some defective component in the receiver is causing ex­
cessive conduction. Typical defects which cause high current drain 
are a fused transistor, shorted or leaky electrolytic capacitor, incor­
rect bias on transistor or incorrect battery polarity. In these cases, 
the current may be double or triple the normal receiver current 
drain. 

To check the current drain, place a milliammeter ( approxi­
mately 100 ma) in series with the battery. An alternative is to turn 
the receiver off and connect the meter across the terminals of the 
on-off switch. 

Generally receivers with push-pull audio output stages have an 
idling current ranging from 5 to 10 ma (no signal being received). 
This will increase to as high as SO ma when a signal is being 
received. In receivers having class-A audio output stages, the cur­
rent drain remains fairly constant from signal to no-signal con­
ditions. The current drain will range from 10 to 20 ma, depending 
on the number of transistors used and the battery voltage. 

WORKING WITH TRANSISTORS AND INTEGRATED CIRCUITS 

Although transistors and integrated circuits have a life expectancy 
which can be considered infinite, they are easily damaged by exces­
sive heat and improper voltages. Permanent damage can be done to 
the crystal-lattice structure and the distribution of certain impurity 
atoms in the transistor. In addition, transistors and integrated cir­
cuits have limited heat-dissipating ability because of the extremely 
small dimensions. Therefore, they are sensitive to heat and current, 
and certain precautions must be observed when servicing transistor 
radio receivers. 

Heat. Use a low-wattage soldering iron for all soldering (such 
as the iron described in Chapter 11 ). If the transistor is in a 
socket, remove it from the socket prior to soldering components 
into the circuit. If the transistor cannot be removed from the cir­
cuit, use a needle-nose plier or a device similar to a heat sink at 
the element being soldered to absorb the conduction of heat. An 
example of this procedure is shown in Fig. 10-20. 

Always solder as quickly as possible. Use a low melting point, 
rosin-core solder- (e.g., eutectic solder consisting of 63% tin and 
37% lead). Tin the leads before soldering. Be sure the soldering 
iron is hot enough to melt the solder quickly before beginning. 
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Fig. 10-20. To prevent heat damage to the transistor, use a needle-nose plier as a heat 
sink at the transistor lead to conduct heat away from the transistor. 

Keep the transistor leads as long as possible to prevent conduction 
of heat to the transistor. Do not have battery voltage applied to 
the receiver at this time. 

When replacing integrated circuits, use a soldering iron with a 
special tip that heats all the connections simultaneously. Such an 
iron is shown in Chapter 11. 

Voltage and Current. Be careful when probing around in tran­
sistor radio receivers. Indiscriminate tugging, pushing, and touching 
of leads and components can create momentary current surges. 
These currents can do great damage in low-impedance transistor 
circuits. Likewise, touching the transistor terminals together will 
disrupt the existing bias and momentary current surges may cause 
the transistor to fuse. Do not have voltage applied to the receiver 
when installing or removing transistors from a circuit. 

WORKING WITH PRINTED CIRCUITS 

To replace a component on a printed circuit board, proceed as 
follows: Heat the solder joint on the printed side and draw the 
component lead through ( use a soldering aid tool, described in 
Chapter 11, to help loosen crimped leads). Heat and clean out 
the lead hole with the soldering aid and a wire brush. Form the 
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leads of the replacement component and insert leads into proper 
holes of the printed circuit board. Resolder the leads using a recom­
mended solder, and remove the excess flux with alcohol. Clip off 
any excess lead wire. 

Two methods of repairing breaks in the printed copper wiring 
are shown in Fig. 10-21. Cut a piece of hookup wire about ½ inch 
longer than the break. Tin both ends. Center the wire over the 
break, along the conductor. Heat both ends of the wire and the 
printed wiring to solder the wire ends to the ribbons. Clean off 
excess flux with alcohol. 

If the printed circuit wiring should become raised from the 
board, clip off the raised section, and replace it with a section of 
standard hookup wire. Secure each end at mechanically sturdy 
tie points. 

Broken printed circuit boards may be repaired with Pliobond 
cement. Apply the cement to both parts of the board, then press 
together and clamp in position. Allow the board to set for 24 
hours. After the board has been repaired, the printed wiring should 
be bridged with pretinned wire soldered to the printed wiring. If 

Fig. 10-21. A method of 
repoiring wiring on a 
printed circuit board. 

Courtesy RCA. 
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heavy components are mounted on the broken section of board, 
it may be necessary to strengthen the repair joint with an added 
piece of phenolic board material ( using cement). 

To check for cold-solder connections to the board, turn the 
receiver on and run an insulated tool over the wiring side of the 
board ( an alignment tool will do very well). Also, gently move 
the components on the other side of the board back and forth 
to find the bad connection. If these techniques do not prove success­
ful, try reheating the printed circuit connections of the inoperative 
circuit with a soldering iron. 

In the case of iritermittent operation of the receiver, the trouble 
may be due to a "microcrack" in the wiring on the printed board. 
This can often be located by flexing the printed board with the 
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receiver turned on. A close examination of the copper ribbon with 
a magnifying glass may also disclose the break. These cracks can 
be repaired easily by carefully flowing solder over the break. 

COMPONENT REPLACEMENT 

Batteries. When a battery nears the end of its useful life, its 
internal resistance rises rapidly. Therefore, the battery voltage 
should be measured under load ( in the receiver, with the unit 
turned on) as the first step in troubleshooting a transistor radio. 

If the battery voltage is found to be less than two-thirds its 
rated value, the battery should be replaced. A weak battery causes 
loss of sensitivity, distortion, and, in some cases, harmonic beats 
or audio oscillations (squeals). 

Be careful not to install batteries in a receiver backwards. This 
may permanently damage the receiver's transistors and low-voltage 
electrolytic capacitors. 

Batteries deteriorate rapidly in excessive heat. Therefore, do not 
leave the receiver turned on near a source of heat. 

Run-down batteries should be replaced as soon as possible. The 
chemical action, in very many cases, causes it to leak battery acid. 
This acid may permanently damage the receiver with its corrosive 
action. 

Electrolytic Capacitors. Electrolytic capacitors used in transistor 
radio receivers are of the low-voltage type and, therefore, can 
easily be damaged by mishandling. This point should be borne in 
mind when making ohmmeter checks in the receiver. Always main­
tain the correct voltage polarity across electrolytic capacitors. 

Transformers. Transformers used in transistor radio receivers 
( e.g., i-f and audio) are matching the medium impedance of the 
preceding transistor's collector circuit to the low impedance of 
the following transistor's base circuit. Therefore, all transformers 
are of the stepdown type. Hence, a definite loss of signal voltage 
(increase in signal current) will be measured during signal tracing 
between the primary and secondary of i-f and audio transformers. 

Replacements. Since impedance matching between stages in tran­
sistor radio receivers is very critical, use exact replacements for 
defective components which affect impedance matching ( e.g., oscil­
lator coils, antennas, i-f transformers, volume controls, audio driver, 
output transformers, and loudspeakers). 



I I. Tools and Test Equipment 

Good servicing is based on good tools, good techniques, and 
good test equipment. All three are musts before embarking on the 
servicing of transistorized equipment. Troubleshooting techniques 
for transistor radios were discussed in Chapter 10. Here we will 
discuss how the technician must adapt himself to this new field 
with some new tools and test equipment. 

HAND TOOLS 

When servicing compact transistor radio receivers, it is advan­
tageous to use smaller than normal servicing tools (Fig. 11-1). 
Note that most of these tools are of the type used in the servicing 
of printed circuitry. There is relatively little difference in the tools 
required in servicing transistorized and printed circuitry, with 
much of this circuitry found together in equipment. 

A small low-wattage soldering iron with a relatively narrow tip 
will be found very helpful. In addition, specialized soldering tips 
can further simplify removal of integrated circuits, transformers, 
coils, and other multi-lead components on printed-circuits boards. 
For direct chassis work. however, it may be necessary to use a larger 
100-watt iron or, a soldering gun. Small diagonal cutters and long­
nose pliers will be found useful for getting into tight spots. Curved 
needle-nose pliers can also act to an advantage. 

165 
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A small relatively stiff-bristled brush is a useful tool for cleaning 
excess solder from component terminals that need to be unsoldered 
cleanly. A small wire pick or soldering aid is useful for handling 
short leads on components. A thin-blade knife permits separation 
of flat component contacts from sealed wiring surfaces such as 
those which are to be found on some transformer cans. Solvent 
such as denatured alcohol or lacquer thinner should be used to 

Fig. 11-1. Small servicing teals far servicing compact transistor radios. Courtesy RCA. 

remove the protective coating of wax or silicon resin and to clean 
areas of circuitry before and after repairs have been made on the 
sealed wiring. When a protective coating has been removed in 
order to make a repair, be certain to recoat the area with silicon 
resin or lacquer to seal out moisture or dust. 

In addition to the above tools, a magnifying glass will often 
come in handy. A typical small soldering iron is shown in Fig. 
11-2. This unit is a heavy duty 40-watt unit having a tip diameter 
of only ¼ inch and an overall length of only 8 inches; it is ideal 
for transistorized circuitry work. For instant heat in close chassis 
work, a soldering gun such as that shown in Fi·g. 11-3 works well. 
While rated at 150 watts, it has a tip size of only ¼ inch. If pos­
sible, the soldering iron should have a temperature control to keep 
the iron from getting too hot while it is not being used. The 
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Fig. 11-2. Small, heavy duty, 40-watt soldering iron with tip diameter of ''• inch ond 

overall length of 8 inches. Courtesy We// Mfg. Co. 

soldering iron should be checked to be sure it has no a-c leakage, 
as leakage currents from a soldering iron can harm transistors. 
Where possible, a hand iron should be used in preference to solder­
ing guns to avoid the possible danger to transistors c!ue to induced 
currents. 

Figure 11-4 shows a set of soldering aids of considerable value 
to the technician doing tr.ansistor and printed circuit work. The 
forked ends are used to straddle the wire and permit easy unwinding 
and removal, or to guide it into another lug for soldering. The curved 
end may be used for scribing and for circuit tracing when tracing 
down loose connections. The pointed end makes a good solder 
reamer. The brush and knife are used as was described, 

Fig. 11-3. Soldering gun rated al 150 watts with tip size of 1, inch and overall length 
of 8 inches for instant heal in close chassis work. Courtesy Woll Mfg. Co. 



168 REPAIRING TRANSISTOR RADIOS 

5/32" FORK 

5/32"FORK 

1/8" FORK 

KNIFE a 
SCRAPER 

----~- -- - -- ----- --

- --_ - --= J 

Fig. 11-4. Soldering oids. Courtesy Erikson Tool Co. 

TEST EQUIPMENT 

CIRCUIT 
TRACER 

SOLDER 
REAMER 

STAINLESS STEEL 
WIRE BRUSH 

STAINLESS STEEL 
WIRE BRUSH 

All test equipment should contain transformer type power sup­
plies. Transformerless test equipment should be used only when 
an isolation transformer is placed between the equipment and the 
a-c power line. 

Voltmeter. A vacuum tube voltmeter ( vtvm) is recommended 
for all voltage measurements. The vtvm should have a sensitivity 
of 10 megohms or better. If a multimeter is used, it must have a 
sensitivity of 20,000 ohms per volt or better on all ranges; otherwise, 
excessive current will be drawn from the circuits being checked. 

The low voltage range of the voltmeter should be 1.5 volts or less 
full scale, with an accuracy of at least ::!: 1 %. This is necessary 
since the d-c voltage at the base of a transistor is of such small 
magnitude that comparatively small variations in voltage become 
large variations percentage-wise. For example, if the normal base 
bias of a transistor should be 0.05 volt, and the actual voltage 
measured is 0.09 volt, there is an 80% increase (0.04 volt). There­
fore, a very accurate and sensitive voltmeter should be used to 
measure voltages in transistorized equipment. One such instrument 
is shown in Fig. 11-5. Generally, circuit checks made with an accu­
rate voltmeter are more useful than resistance checks. 

A high input-impedance vom is very desirable. Today, the FET 
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has made this possible. Many battery-operated transistorized vom's, 
usually referred to as "FET-vom's" are available. Being battery­
operated, they are isolated from the a-c power line and can be used 
to take "floating" measurements (for example, across the collector 
load) without endangering the radio. Several are also a-c-line 
operated. 

The FET-vom usually has a d-c input resistance greater than 10 
megohms and a very sensitive input (for example, 1 volt full scale), 
both of which are useful in measuring the base-to-emitter bias volt­
age. The FET input circuit of the FET-vom should contain pro­
tection for the FET against over-voltage. 

Fig. 11-5. Typical vtvm 
recommended for use in 
servicing transistor radios 
-RCA model WV-98A. 
Note the very large 
meter face with a 1.5· 
volt full deflection scale. 

Ohmmeter. Ohmmeters must be of the low current type, not 
passing more than 1 ma on any range. This current should be 
checked by connecting a milliammeter (which must have a low 
resistance) in series with the ohmmeter's leads. The current drawn 
on all ranges should then be checked. Generally it is safe to use an 
ohmmeter with a battery rating of 3 volts or less, if used on the 
R X 1000 scale or higher. 

Transistor Testers. There are already over 15,000 registered 
transistors and probably another 15,000 that are unregistered "in­
house" transistors for which only the manufacturer and his supplier 
know the specifications. Therefore, transistor testers cannot be made 
to test specific types as tube testers do. Instead, the commercial 
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transistor tester provides essentially the same d-c tests that were 
described in the previous chapter. Most testers also provide a low­
frequency a-c gain test. It is questionable whether this provides any 
more reliable data than the d-c tests. No tester provides a high­
frequency gain test for r-f, i-f, and oscillator transistors. 

The transistor testers do provide a better indication of leakage 
since they generally test the transistor at a higher voltage than do 
the ohmmeter tests described previously. The great advantage of 
transistor testers is that they save considerable time for someone 
doing a great deal of transistor equipment repair. A typical transistor 
tester is shown in Fig. 11-6. 

Fig. 11-6. B & K model 
162 transistor tester. 

Oscilloscope. Oscilloscopes used in servicing transistorized equip­
ment must have a high sensitivity (0.1 volt per inch or better). This 
sensitivity is required since the signals present at the base of a tran­
sistor are generally of very low amplitude. The oscilloscope input 
impedance should be at least 1 megohm. A low-impedance probe is 
not required for signal tracing. since transistor circuitry is all low 
or medium impedance. 

Capacitor Checker. Capacitor checkers should not be used to 
test the low-voltage electrolytic capacitors used in miniaturized 
transistor radio receivers. Most capacitor checkers apply voltages 
far in excess of the ratings of these low-voltage capacitors, and can 
very easily damage them. 

Power Supplies. Battery eliminators are not recommended for 
use with transistorized equipment unless they have been specifically 
designed for the purpose (i.e., have low ripple content and good 
regulation). Power supplies for use with transistor radios should be 



Fig. 11-7. Low-voltoge 
power supply (Eico model 

1025). 
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capable of providing up to 30 VDC and 300 ma. They should be 
protected against overload by a fuse or current-limiter circuit. They 
should utilize a transformer to isolate the output from the power 
line (for safety). They should have less than 10-mv ripple, and 
although not absolutely necessary, a voltage-regulator circuit is de­
sirable. An additional convenience is a built-in voltmeter and am­
meter. An economical power supply that meets these basic speci­
fications is shown in Fig. 11-7. 

A simple power supply for servicing portable transistor radios 
can easily be constructed by the technician. One such unit is shown 
in Fig. 11-8. The power transformer was designed for use in tube 
tester service and provides a great number of low-voltage taps 
on the secondary. Only the voltages used in transistor receivers are 
used; however, if the power supply is also to be used for other 
purposes, these taps can be employed. The transformer primary 
provides three taps used to compensate for line voltage changes. 
A silicon rectifier is used because it provides better regulation. 
Large-value electrolytic capacitors provide the necessary filtering 
and low power-supply impedance. As an added convenience, the 
technician can incorporate a voltmeter across the output and a 
milliammeter (0-100 ma) in series with the output to provide 
indications of the receiver's operation. 

Signal Tracers. For those doing a large amount of transistor radio 
servicing, a signal tracer, such as the one shown in Figs. 11-9 and 
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Fig. 11-8. Power supply for servicing transistorized equipment. 

11-10, may prove to be a very valuable time-saver. The unit can be 
used to check the r-f, i-f, and audio sections of a receiver to de­
termine where a signal is being blocked because of a circuit defect, 
or where noise or oscillation is being introduced. Hence, it can 
quickly locate the stage where the defect exists. The unit contains 
a substitute loudspeaker and audio output transformer to check 
these components by substitution. 

Fig. 11°9. B & K model 970 Radio Analyst (including a d-c power supply, volt-amp-ohmmeter, 
signal generator, and transistor tester). 



Fig. 11-10. Signal tracer (Eico 
modal 150). 

TOOLS AND TEST EQUIPMENT 173 

Transistor Curve Tracers. Transistor curve tracers provide a 
more precise indication of the characteristics of transistors and 
diodes and are therefore very useful in the laboratory. Although it 
is questionable whether their relatively high cost is worth their 
use in a service shop, shops doing work on equipment for which a 
close match is required between transistors may wish to purchase 
this instrument. It will provide a precise indication of the transistor 
gain, leakage current, breakdown voltage, and input capacitance. 
However, transistor curve tracers that do not include the oscillo­
scope must be connected to an oscilloscope having a d-c input. 
Furthermore, interpretation of the displayed curves requires a good 
technical understanding and experience. 



Acceptors, 4 
AGC, 90ff 

servicing, 96f 
Alignment. 68f, 87f 

index 

Alloy junction transistors, 16 
AM receivers, 28f, 101,113 
Amplifiers; audio, 3 lff 

bandwidth, 60£ 
class A, 49 
class B, 49f 
complementary-symmetry, 54 
grounded-base, 3 lf 
grounded-collector, 38£ 
grounded-emitter, 32ff 
i-f, 59ff 
neutralization of, 61 
power, 48ff, 135£ 
reflexed, 62 
r-f, 62f 
transformerless power, 52£ 

Atomic structure, lff 
Audio amplifier service, 44£ 
Audio-power output stage, 128 
Auto receivers, 129ff 

servicing, 134ff 
Automatic frequency control, 79£ 

Batteries, 164 
Battery eliminators, 170 
Bias; fixed, 36f 

reverse, 7 
self, 36f 

Capacitors, electrolytic, 164 
Capacitor checkers, 170 
Click test, 14 lf 
Colpitts oscillator, 75 

Complementary-symmetry 
amplifiers, 54 

Component replacement, 164 
Converters, 76f 

servicing, 80f 
Controls; gain, 42 

tone, 43 
Coupling; direct, 41 

methods, 39ff 
R-C, 40f 
transformer, 39f 

Current measurements, 161 
Curve tracers, transistor, 173 

Detectors; AM, 89ff 
FM, 93f 
servicing, 95ff 

Diodes, 84, 156 
Zener, 157 

Distortion check, 56f 
Donors, 4 
Drift transistors, 17 

Epitaxial transistors, 18f 

Fet-vom, 168f 
Field-effect transistors, 19f 

checking, 150 
FM demodulation, 93f 
FM receivers, 30, 124ff 
Frequency cutoff, 13 

Gain check; audio amplifier, 45 
detector, 96 
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i-f amplifier, 65 
mixer, 82 
power amplifier, 56 



Gain controls, 42 
Germanium semiconductors, 3ff 
Grounded-base amplifier, 31£ 
Grounded-collector amplifier, 38f 
Grounded-emitter amplifier, 32 

Hartley oscillator, 74 
Holes, 5 
Hybrid auto receivers, 132ff 

I-F amplifiers, 59ff 
servicing, 64ff 

I-F transformers, 70 
IG-FET transistors, 21 
Imported receivers, 114f 
Impurities, 3 
Integrated circuits, 23f, 161£ 
Integrated circuit receivers, 114 

Junction transistor, 8ff 
testing, 14 7f 

Junction FET transistor, 19f 

MADT transistor, 17 
MAT transistor, 16 
Meissner oscillator, 73 
Mesa transistor, 17f 
Mixers, 78, 81£ 
MOS-FET transistors, 2 lf 
Multiband receivers, 28f, 119f 

N-type germanium, 4 
Noise, in auto radios, 138f 
Noise generator, 142 
NPN transistor, 9 

Ohmmeters, 169 
Oscillators, 73ff 

Colpitts, 75 
Hartley, 74 
Meissner, 73 
servicing, 80f 
sine-wave, 73ff 

Oscillator-mixer circuits, 78 
Oscilloscopes, 170 

P-type germanium, 5 
PN junction, 6 
PNP transistor, 9f 
Point-contact transistors, 16 
Power amplifiers, 48ff, 135f 

servicing, 55f 
Power supplies, 170f 

INDEX 175 

Power transistors, 47f, 154 
Printed circuits, 162f 

Ratio detector, 89 
Receivers; AM, 28f, 113 

auto, 129ff 
FM, 24, 30, 124ff 
four- and five-transistor, 103 
hybrid, 132ff 
imported, 114f 
integrated-circuit, 114 
multi band, 28f, 119f 
portable, l0lff 
six-, seven-, and 

eight-transistor, 109ff 
superheterodyne, 26ff 

Reflexed amplifier, 62 
Resistance measurement, 160 
R-F amplifier, 62f, 129f 

servicing, 71 

Servicing; of audio amplifiers, 44£ 
of auto receivers, 134ff 
of circuits using IC's, 158 
of detector-age, 96f 
of i-f amplifiers, 64ff 
of imported receivers, 119 
of integrated circuits, 161f 
of oscillator-converter, 80f 
of power amplifiers, 55f 
of r-f amplifiers, 71 

Signal generators, 146 
Signal tracer, 172 
Signal tracing, 14 lff 
Soldering, 161f 
Soldering irons, 165ff 
Superheterodyne principle, 26£ 

Temperature, effects of, 13, 139 
Test equipment, 168ff 
Tone controls, 43f 
Tools, 165ff 
Transformerless power 

amplifier, 52ff 
Transformers, 164 

i-f, 70 
Transistors; alloy-junction type, 16 

characteristics of, 12 
checking, I47ff 
curve tracers, 173 
drift-type, 17 
epitaxial, 18f 
field-effect, 19f 
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identifying, 153f 
IG-FET, 21 
in-circuit testing of, 149f 
junction, 8ff 
junction FET, 19f 
MADT, 17 
MAT, 16 
Mesa, 17f 
MOS, 21£ 
npn-type, 9 
pnp-type, 9f 
point-contact type, 16 
power-type, 47f 
substitutions, 155 

Transistor symbols, 8f 
Transistor testers, 169f 
Troubles; distortion, 46, 58, 67, 87, 99f 

interference, 138 
intermittent, 84f 
low sensitivity, 85 
low volume, 46, 58, 67, 98f 
noise, 72, 138 
no sound, 45f, 57f, 66f, 71, 83f, 97f 
oscillation, 46, 67f, 72, 86, 100 
temperature, 139 

Troubleshooting techniques, 14 lff 

Vacuum tubes, in auto 
radios, 132, 140 

Voltage measurements, 160 
Voltmeters, 168f 
Volume controls, 42 

Zener diodes, 157 


