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AUTHOR'S PREFACE 

Few technical books have received a response as great as that 
accorded Coyne's first "Pin-Point" book, Pin-Point TV Troubles in 10 
Minutes. The overwhelming response of practical servicemen and 
technicians to this publication, as well as the success of later volumes 
<:overing color TV and record changers, emphasized the practical 
man's need for useful, down-to-earth service information that could 
be put to immediate use in the workshop. 

Too often, a servicing book or manual gets bogged down in a mass 
of theoretical details or obscure mathematics which is of little immedi
ate value in solving the service technician's more urgent problem 
... that of repairing a specific piece of equipment. The "Pin-Point" 
books have been unique among servicing texts in that they have out
lined practical "how to" techniques which the trained technician 
could put to immediate use without exhaustive study, but which, at 
the same time, were of equal value to students, apprentices, begin
ners, and others with less background or limited theoretical 
knowledge. 

In a sense, then, the "Pin-Point" books are really shop manuals 
rather than training textbooks and, as such, are as an important "tool" 
as the technician's soldering iron, multitester, or diagonal cutters. 
Properly used, any of the "Pin-Point" books can save good-sized 
chunks of the practical technician's most valuable commodity . . . 
his time. 

The present volume continues the practical tradition established 
by the earlier manuals in the series. Here, however, the "Pin-Point" 
system has been applied to the diagnosis and repair of troubles 
encountered in all types of transistorized equipment. To a few service 
technicians, such coverage may seem somewhat premature, for they 
may have encountered relatively little in the way of transistorized 
gear in their day-to-day work. The vast majority, on the other hand, 
have felt the need for practical service data for some time. While the 
amount of vacuum-tube operated equipment in common use far 
exceeds the quantity of transistorized gear in consumer hands, the 
use of transistors is increasing by leaps and bounds, with the day not 
far distant when the majority of electronic equipment will use one 
or more transistors. 

Of perhaps equal ... if not greater ... importance to the prac
tical service technician is the mushrooming growth of transistor appli-
cations in non-entertainment (phonographs, radio and TV sets) de-
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vices. Today, transistors are being used in automobile ignition systems 
in Geiger Counters, in light flashers, in photoflash equipment, in power 
converters, and in a grand array of other types of equipment. The 
repair and maintenance of "non-entertainment" transistorized equip
ment may, one day, be as important a source of revenue to the prac
tical technician as is radio and TV repair today. 

Since the present volume deals with all kinds of electronic equip
ment rather than with a specific type (such as TV sets or record 
changers), and, further, since the average technician may be consider
ably less familiar with transistor circuitry and test techniques than 
he is with the circuits encountered or test-methods used in his past 
day-to-day work, the author has found it necessary to vary slightly 
from the approach used in the earlier books. This has been done 
without deviating from the basic philosophy of the "Pin-Point" 
series, however, and the present book, like the earlier manuals, em
phasizes practical techniques, and makes liberal use of the popular 
Troubleshooting Chart method of presentation. 

First, since conventional "vacuum tube" test methods and diag
nostic techniques often give misleading results when applied directly 
to transistor circuitry, a part of the volume (Section 1) has been 
devoted to a discussion of basic test equipment and troubleshooting 
techniques, with special emphasis on how these techniques must be 
changed when applied to transistor work. 

Second, inasmuch as the practical technician's most valuable 
"tool" in his knowledge of circuit behavior and his ability to reason 
back to the cause of a trouble from the nature of the complaint, 
somewhat greater emphasis has been placed on the discussion of basic 
circuit operation. Again, however, care has been taken to show how 
transistor circuits differ from their vacuum tube counterparts. 

Third, since all types of transistorized equipment are discussed, 
it has been fouad impracticable, in most cases, to prepare Trouble
shooting Charts which apply to a specific piece of equipment or to a 
specific circuit. Instead, general Troubleshooting Charts are given 
which apply to entire classes of equipment. The exception has been 
where a specific piece of equipment is considered as fairly typical of a 
class ... here, a more detailed method of presentation has been used. 

Finally, recognizing that the service technician undertaking tran
sistor work for the first time may have limited access to the detailed 
reference data often needed in service work, the author has included 
a section ( Section 10) covering such topics as transistor character
istics, lead connections, parameter definitions, transformer and battery 
specifications, and specialized test and repair methods. Also included 
in this section is data on transistor interchangeability. 

- Louis E. Gamer, Jr. 
Wheaton, Maryland 
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HOW TO USE THIS BOOK 

This manual is primarily a tool. Properly used, it should enable 
you to isolate troubles in transistorized equipment in a matter of 
minutes ... in some instances, in seconds. Like any tool, however, 
its value depends, to a large extent, upon the skill of the user, and 
his familiarity with its application. And, like any tool, it can be 
abused. 

To get the most from this manual, then, you should become 
familiar with it . . . with the material covered, with the method of 
presentation, and with the location of the specific material you use 
the most in your own work. If you specialize in the repair of Hi Fi 
audio equipment, for example, you may refer to Sections 2 and 3 
regularly, turning to other Sections only on rare occasions. If car 
radios are "your meat," you may find that Sections 6 and 7 are of 
maximum value. Finally, if you've had considerable experience in 
transistor work, you may turn to the manual only when stuck with a 
"dog" or when you encounter an unfamiliar piece of gear. 

There is no one "right" way to use this manual. Rather, there 
are many "right" ways, depending on the needs and requirements of 
the individual reader. Just as you learn new and better ways to use 
your soldering iron, long nose pliers, and other shop tools as you gain 
experience, so will you learn different ways to use this manual as you 
become familiar with its application. 

As a start, however, you'll find it worthwhile to read through the 
entire book. This "first reading" can be detailed . . . or just a cursory 
glance through the various Sections, as dictated by your own back
ground and needs. If you've had a moderate amount of experience with 
transistorized equipment and know transistor circuitry fairly well, you 
may wish to skim through the book quickly, reading only those sec
tions of immediate interest in your work. On the other hand, if your 
background in transistor work is limited, you may wish to read 
through the entire book carefully, returning to reread and to study 
those sections of major interest. 

Now that you're generally familiar with the manual, you're ready 
to use it to simplify your service work. Getting down to specific 
cases, you'll find the following Step-by-Step outline a useful guide. 
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STEP 1: Determine the type of equipment. Chances are this 
will be obvious. The equipment may be an amplifier, receiver, radio 
transmitter, test instrument, electronic control, TV set, tape recorder, 
or any of the other types listed in Table AA. If you are unable to 
identify the equipment exactly, identify its general type . . . for 
example, a special "control amplifier" may be, basically, an audio 
amplifier with a narrow frequency response. For servicing, it can be 
treated as an audio amplifier. 

STEP 2: Refer to Table AA. With the type of equipment identi
fied, Table AA will tell you where to find applicable Troubleshooting 
Charts. If you are not too familiar with this general class of equip
ment . . . perhaps it is a transistorized photoflash, and you've never 
worked on such a unit before . . . refer to the Section of the manual 
dealing with this type of equipment and read through the text briefly 
to become familiar with circuit operation. 

STEP 3: Use the appropriate Troubleshooting Chart . . . as 
identified in Table AA . . . as a guide in servicing the equipment. 
In some cases, the Troubleshooting Chart may outline a definite test 
procedure; in other cases, the Chart may suggest specific defects which 
can cause various complaints. Generally, there will be more than one 
Chart which applies to a specific piece of equipment. Use the Chart 
(or Charts) appropriate to the complaint encountered. 

STEP 4: Refer to Table BB ... for additional service information 
on various types of commercially manufactured equipment. In pre
paring this manual, many types of commercial equipment were used 
to provide examples of transistor circuitry. In most cases, the complete 
schematic diagram of the equipment is given and, often, additional 
service data in the way of alignment instructions, layout diagrams, and 
interior or exterior photographs. 

STEP 5: For general Technical Data, refer to Table CC. If 
you need data on transistor or component specifications, or need to 
refresh your memory on specific test techniques or repair methods, 
refer to Table CC for the location of such data in this manual. 

STEP 6: Make a note of any unusual or unique defects you 
encounter in Table 10-0 (Section 10). In this way, you can build 
up your own personal file of valuable "Service Tips" applying to the 
specific equipment encountered in your own work. This will be many 
times more valuable than a general file which might include "tips" on 
equipment never encountered in your field of specialization. 

X 



TROUBLESHOOTING CHARTS QUICK-REFERENCE TABLE 

FOR CHARTS ON REFER TO --
CLASS EQUIPMENT SECTION(S) TABLE(S) PAGE(S) 

2-A, 2-8, 2-C, 2-D, 64-65-66-67-92-
Audio 2, 3 3-A, 3-B, 3-C, 3-D, 97-94-95-96 

3-E 
~ 

3-A, 3-8, 3-C, 3-D, 92-93-94-95-
Booster 3 3-E 96 - +---
Control 9 9-N 362 

-

2 
2-A, 2-8, 2-C, 

64-65-66-67 Hearing Aid 2-D --
2-A, 2-B, 2-C, 2-D, 64-65-66-67-92-

High Fidelity 2, 3 3-A, 3-B, 3-C, 3-D, I 93-94-95-96 
3-E 

: 2-A, 2-B, 2-C, 2-D, 64-65-66-67-377 
Instrument 2, 9 9-0 
~ ~ 

3-A, 3-B, 3-C, 3-D, 92-93-94-95-96 
Intercom 3 3-E 

- t-- ---
2-A, 2-B, 2-C, 2-0, 

92-93-94-95-96 Labo1atory 2, 3, 9 3-A, 3-B, 3-C, 3-0, 
64-65-66-67-377 

3-E, 9-0 
r---- - f---- --- l 

Megaphone 3 
3-A, 3-B, 3-C, 3-D, 

92-93-94-95-96 

+ 3-E 

1377 
AMPLIFIERS 

~ 
~ 

9 9-0 
~ 

i 

12-A,2-8,2-C,2-D Microphone 2 64-65-66-67 

I Mixer 2 2-A, 2-B, 2-C, 2-D 
I~ 
, 64-65-66-67 

'----- - ~ 

Phonograph 3, 9 
I 3-A, 3-B, 3-C, 3-D, 92-93-94-95-96 
3-E, 9-C 325 I ---

'. Power 3 13-A, 3-8, 3-C, 3-D, 92-93-94-95-96 
- f----

3-E ---f-------

Preamplifiers (Preamps) 2 2-A, 2-B, 2-C, 2-D 64-65-66-67 
r---- ~ 

Public Address 3 3-A, 3-8, 3-C, 3-0, 92-93-94-95-96 
3-E ---

Recorder 3, 9 
3-A, 3-B, 3-C, 3-D, 92-93-94-95-96-
~~ R I 389 

~ 
- - -

9 9-N 362 - -
3-A, 3-8, 3-C, 3-D, 92-93-94-95-96-

Servo 1, 3, 9 3-E, 9-V, 1-A, 1-B, 42-43-40-399 
1-C - - ----

Stereophonic (Stereo) 3 3-A,3-8,3-C ,3-D,3-E 92-93-94-95-96 
Stethoscope 2 i 2-A, 2-8, 2-C, 2-0 64-65-66-67 

--
Automobile (car) 

-;---
7 7-B 7-C, 7-D 2.lll=271-?7d 

I Automobile(car), "Hybrid" 6 6-L, 6-M, 6-N 251-252-253 
Broadcast Band 5 5-G, 5-H, 5-1, 5-J, 185-183-1 S4-186 

RADIO 5-K, 5-L, 5-M l 87-188-189 
- I---- ---

RECEIVERS Broadcast Band, "Hybrid" 4 4-A, 4-B, 4-C, 4-0 110-l ll-112-113 

_l_ TABLE AA CONTINUED ON NEXT PAGE 

-
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-- TROUBLESHOOTING CHARTS-~K~EFERENCE-TABL!;:= ~ 
FOR CHARTS ON :f REFER TO 

----=i~ss_ -- -~U~ME_N_T ___ - S~Tl~~S) T~L~ - ~~ 
I 5-G, 5-H, 5-1, 5-J, 185-183-184-18]-

Communicat1ons _ __ _ , _ 5 -~K, 5-L, 5-M _ 187-188-189 _ 

Conel~-- ___ -4- 9 _ µ::!I _ __ 323 _ _ 
Converter, Amateur Band 9 I 9-H 335 
Converter,FMtoTV ___ _ 9 ~J - __ -~ __ _ 

~5-1 5-J I 
Direction Finder I 5, 9 !J~( 5-L'. 5-M, ' 185-183-184-186- \ -----1- -I ::. 5-H, 5-1,-5-J, t=-~-189-33~ 

Long-wave 5, 9 5-K, 5-L, 5-M, 185-183-184-189-
1---------- _ _ _j~E ____ ~-187-188-330 

I 5-G, 5-H, 5-1, s-J, I 185-183-184-186-
Marine _ __ 5, 9 5-K, 5-L, 5-M, 9-E ~-188-189-330 

Multi-band 5-G, 5-H, 5-1, 5-J, J lSS-183-184-186-
5-K, 5-L, 5-M 187-189-189 

RADIO 

RECEIVERS 

Navi ator __ J _ 9 __ ~ _. ---- 330 

Pocket j 
5 

J 5-G, 5-H, 5-1, 5-J, \ 185-183-184-186-
5-K, 5-L, 5-M 187-188-189 I 

Radio-Phonograph-----1- 9--~ ---- 325 ----i 

Short--=----
5 9 

j 5-G, 5-H, 5-1, 5-~ 185-183-184-186-__ _:_e_____ _ _ • --\ 5-K, 5-L, 5-M, 9-H 187-188-189-335 

Television L 8 j 8-A, 8-8, 8-C, 8-0, 309-311-313-314-
- 8-E, 8-F . 315-3..,16'------i 

I==== __ Tr•~- = = =I= = 6 =! ~~• 6.::~ 6-N _ =-4 251-2~2~ _ 

Conventional__ __ 9 ·--1 J-K _____ f-3"'4,.,,6 ______ -I 
RADIO Modulators . 1- 3-A, 3-8, 3-C, 3-D, 92-93-94-95-

-~ :::~ ~:::::·" = ~~ = I ~j~j •L~~ i~~--
Converter, D.C, to A.C. __ - ± -: 1 ~ ~~ __ _ 

~erter, D.C. to A.C. __ __ L __ 9 j 9-l,_ __ _ __ 351 

~meter Charger _L ~9 

3 
9-Q _____ 1.8L __ _ 

High voltage (~fla;,- Strobe) = ---1--- =-9 ~ 9-U - ____ 397 
Inverter, D.C. to A. C. ___ --+- _ 9 9.=_l_ _ _____ 351 _ j 

I 
Photoflash _ _ ____ -=-j__ ___ 9 9-U _ ___ __ __ )J2....__ _ = 

=====a¾-R:c;,ec;;:e1~--- ____ -=j=-~ 5-N ___ --l--!2L _ __ ' 
Amplifiers I 3 9 / 3-A, 3~-C, 3-o-:-J 92-93-94-95-96-

-/---- • -!- 3-E, 9-0 J97-377 '''""'· ,~""" ~ =~= I " 7 ~, = = l" = INSTRUMENTS Curve Tracers ____ __ _ __ 9 ---+ H.__ ___ 377 ___ _ 

Field Sirength Meter L j 5-G, 5-H, 5-1, 5-J, 185-184-183-185-
(Service as receiver)____ ~ 9 _J 5~-L, 5-M, 9-0_j ~-188-189-377 

SUPPLIES 

TEST 

TABLE AA- CONTINUED ON NEXT PAGE 
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____ TROUBLESHOOTrnG CHARTS QU~K-REFERENCE TABLE 

CLASS 

TEST 

INSTRUMENTS 

FOR CHARTS ON REFER TO 

EQUIPMENT SECTION(S) TAB L E(S)~----i==P=A=G=E(~S,,,) ==I 
Frequency Meter 
Meters 

Preamplifiers 

Pulse Generators 
Radiation Instruments 

Signal Generator, Audio 

Signal Generator, Radio 
(Service as small Transmitter) 

Signal Tracer, Tuned 
(Service as radio Receiver) 

, Signal Tracer, Untuned 
(Service as audio Amplifier) 

Sound Leve I Meter 
(Service as audio Preamp) 

Square-wave Generator 

Stethoscope 
(Service as audio Preamp) 

Sweep Generator 
(Service as small Transm~ 

9 9-0 377 
9 9-0 377 

+----+,. -2-A, 2-8, 2-C, 2-D, +-3-7-7--64---6-5--66-=s, 
2, 9 9-0 

9 

+---~ 

+----+I 

9-0 
9-P~-

377 
382-384 

9-0 I 377 

9 9-K, 9-0 , 347 377 

~~-r 5-G,-5--H-, 5~ 5-J, r--~184-183-186-
, I 5-K, 5-L, 5-M, 9-0 I ::~~188-189-379 

t- -~3-A-, 3--8-, 3-C, 3-D, 92,93-94-95-96-
+i,· __ 

3_, _9 --+-3-E, 9-0 c.E}____ __ 
2-A, 2-8, 2-C, 2-D, 64-65-66-67-

t, 2,99 9-0 --- . ,.ll1_ 
9-0___ '377 

2-A, 2-8, 2-C, 2-D, I 64-65-66-67---
+---2•_9--,_9-0___ ,-c-3~77 ____ _ 

9-K, 9-0 
+-,---+---- - ~ --

377 
1 Waveform Generator ___ _ 

~~====>I Wave~ 
~ Alarms, Burglar 

Alarms, Fire 

9_ 9-0,c_ __ _ 
-I 9 9 o I 3n - --

!_m__ --

SPECIAL 

EQUIPMENT 

Alarms, Flood 

[ Automobile Ignition systems 
)Service as Power Supply) 

I Computers 

1 Conelrad Alarm Receiver 
--

1 Controls 
I Controls, Radio Remote=== 

Dosimeter Charger __ _ 

-1_9 9-N 
9 9 N 

+--~9--+~9-~N __ 

I 9 9-L 1 :~ 

+--1_, 9_+1-A, 1-8, 1-C, 9-W 140-42-43-405 
1 
__ 9_-+-9-8 _jli__ ---
1 9 9-N +----+- -

9 9-M 

-,-'-~9--,9-Q ___ ---"-"''---

tfil= --

--
384 --

1 Flashers, Lamp _ ,_____i_ I 9-T ___ _ 

I :6: 
--

GeigerCounter _ .. 9 __ 9-P __ ---
1 Humidity Controls ------+--- 9 9-N __ 
Instruments +--9--+-9-0 ____ ~ 

--

Organs, Electronic 
(Service as Audio Amplifiers) 

Photoelectric Controls 
Photoflash 
Radio Direction Finders 
Radio Navigators 

l Radio logica I Survey Meter 

Servo Systems 
(Service as Audio Amplifiers) 

Tape Recorders 

3 

-, 9 

377 --

~=L:::.s~_. 3-D, 92-93-94-9~ 

9-N __ '-'">l<,.__? __ 

+--~9--+9-U ___ _ 397 
9 9-E___ ~3~30.,__ ____ _ 

:=:=--- 1-:---- --
1-A, 1-8, 1-C, 3-A, 40-42-43-92-93-
3-8, 3-C, 3-D, 3-E, 194-95-96-399 
9-V ____ _ 

9-R,l::L__ 399 39n __ 
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TRADE NAME 
OR 

MANUFACTURER 

AUTOMATIC 
RADIO MFG. 

AUTOMATIC 
RADIO MFG. 

TT -600 

SERVICE DATA 
REFERENCE 

FIG. NOS. PAGES 

5·18, 5-19, 5-20 
139-140-
141 

, 4-4, 4-5 101-102 

DA TA 

T 
~ 

5 ~:"' 
4 -D , 113 Receiver 

Automobile 
~~r 

- -

- '' ,_,, ,,,_,,. BENDIX 
RADIO 

BENDIX 
RADIO 
BENDIX 
RADIO 

----+--
BENDIX 
RADIO 

BENDIX 
RADIO 

BENDIX 
RADIO 

FM88BH 

R74BT 

R84BC 

R84BF 

R84BT 

R85BM-S 

Truck 
Receiver 

Automobile 
Receiver 

Automobile 
Receiver 

Truck 
Receiver 

Automollile 
Receiver 

BOGEN, 
DAVID 

BT12 
Pulll ic Address 

----+-
Amplifier 

Automollile CADILLAC 72 68085 BROUGHAM 
CENTR_A_L~A-B---,--T-A~--6~--f----

CENTRALAB TA-7---+-

Receiver 
Preamplifier 

___ _,__ 

CENTRALAB TA-11 

CHEVROLET 
CORVETTE 

CHEVROLET 

CUBIC 
CORPORATION 

CUBIC 
CORPORATION 

CUBIC 
CORPORATION 

DELCO 
RADIO 
DELCO 
RADIO 
DELCO 
RADIO 
DU MONT, 
ALLEN B. 

372156 

987575 

500 

502 

504 

372156 

987575 

7268085 

1210(RA-902) 

EMERSON 838 
RADIO ___ +--------f-

EMERSON 
RADIO 
FIRESTONE 

FIRESTONE 

FIRESTONE 

843 

4-C-29 

4-C-33 

4-C-34 
-

---
Preamplifier 

Hearing Aid 
Amplifier 

Automobile 
Receiver 

Automobile 
Receiver 
Waveform 
Generator 

Pulse 
Generator 
---

Curve 
Tracer 
~-

Automollite 
Receiver ----

Automobile 
Receiver 

Automobile 

---

Receiver 

Receiver 

Receiver 

Receiver 

Receiver 

Receiver 

-

6-25, 6-26 221-222 6 

6-21, 6-22 217-218 6 
6-23, 6-24 219 

-E 220 

I 6-14, 6-15, ,208-2091' 6--C-- 213 
6-16, 6-17 12J0-2l! I 

6-5, 6-6, 6-7,6- 198-199-200 --~ 
6-9,6-10, 6-11 ~~j-202-203 6-_A __ ' 205 

6-21, 6-22 217-218 6-E 
6-23, 6-24 219 

6-29, 6-30, 
6-31, 6-32 

3-5,3-6 

-+-----1 
230-231 
235 

75-76 

6-1 

220 

236 

7-1, 7-2, 7-3 
258-259- 7-A,7-B, 266-270 
264 7-C,7-D 273-274 
46 

2-1 46 

2-14, 2-15 159-60 

6-27, 6-28 

6-12, 6-13 
-

227-228 

206-207 

6-H : 229 

6-~ 208 

9-30, 9-31 368-369 
9-32 370 

-+-----'-----+ 

9-33, 9-34 371-372 

9-35 374 

6-27, 6-28 227-228 6-H 229 

6-12, 6-13 206-207 6-B 208 

7
_ 1, 

7
_ 2, 

7
_

3 
258-259 7-A,7-B 

-f-------~2~64~---17-C,7-D 
5-26, 5-27, 148-149 
5-28, 5-29 150-151 

4-6, 4-7 104-105 
-

4-8 106 
-

4-4,4-5 101-102 4-0 113 

5-18,5-19,5-20 l 39-l40 5-A 
- _14_1__ 1----1 

142 

I 5-34 ~-15_5 --~---=--
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COMMERCIAL - EQUIPMENT SERVICE DATA 

TRADE NAME MODEL TYPE OF REFERENCE DATA 
OR -

MANUFACTURER NUMBER EQUIPMENT FIG. NOS. PAGES TAB LES PAGES 

199-200-

FORD B8A-18805-B Automobile 6-5, 6-6, 6-7, 201-202-
Receiver 6-8, 6-9, 6-10, I 203-204 6-A 205 

6-11 205 

6-33, 6-34, 

FORD FEG-18806-G Automobile 6-35, 6-36, 241 to 245 6-J, 6-K 239 Receiver 6-37, 6-38, 
6-39, 6-40 

FEM-18805-A Truck 6-21, 6-22, 
FORD FEM-18805-8 6-23, 6-24 217 to 219 6-E 220 

GE (GENERAL 5-11, 5-12, 131-132-
ELECTRIC) 675 Receiver 5-13 133 -- --
GE P-715D Receiver 

5-30, 5-31, 152-153-
5-32, 5-33 154-155 -- --

HEATH DF-2 Radio 9-4, 9-5, 326-327- 9-D 329 
Navigator 9-6 ; 328 

HEATH PC-I 
Power 

9-17, 9-18 I 347-348 Converter -- --

HEATH XR-1 Receiver 
5-14, 5-15, 134-135-
5-16, 5-17 136 -- --

KNIGHT 93 S 283 
Audio 

2-7, 2-8, 2-9 51-52-53 (Al lied Roolo) Mixer -- --
Power t 

LAFAYETTE KT-96 3-3, 3-4 72-73 -- --
Amplifier 

LAFAYETTE KT-104 Hi Fi 3-10 I 80 -- --Amplifier 

LAFAYETTE KT-117 
Hi Fi 

Preamplifier 2-13 57 -- --

LAFAYETTE 
SB-201 Phonograph 

9-13, 9-14 341-342 "Stereo-Bug" Oscillator -- --
LEL Wrist Radio Receiver 5-4 l ll9 -- --

LINCOLN FCC 15491-B I Automobile 
6-25, 6-26 221-222 6-F, 6-G I 223-224 

' FM Tuner 
~ 

MADISON- 30 Hi Fi 
2-5, 2-6 50 -- --FIELDING 41 Micamp" Preamplifier 

MAGNAVOX u50 Series" 
Multi-band 
Receiver 5-42 168 5-C, 5-D 169-171 

- -
MAGNAVOX C R-744 Receiver 5-21 143 -- ---

&29, &30, Automobile 
MERCURY FEW-18805-T Receiver &31, &32 230 to 235 6-1 236 

-
Tape 1

208 ' I.KlHAWK "Midgetape'' Recorder 9-41, 9-42 9-R, 9-S 389-390 

MOHAWK 402 
Booster 

9-43 388 Amplifier -- --
- -

MOPAR 851 
Automobile 6-14, 6-15, 208 to 111 6-C 113 Receiver 6-16, 6-17 -

MOTOROLA 78MF Automobile 
Receiver 

6-p 6-3f 6-3~ 6- 6;6-3 :6-3 ; 137 to 145 
6-39,6-40 

6-J,6-K 139-246 
-

6-18, 6-19, 1118-119-MOTOROLA 397X 
Automobile 

6-D 216 6-10 110 

TABLE BB - CONTINUED ON NEXT PAGE 
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TRAD~ NAME MODEL 

OR 
TYPE OF REFERENCE DATA 

MANUFACTU888 NUMBER EQUIPMENT FIG. NOS. PAGES TABLES PAGES 

MOTOROLA TK-74 
Remote Control 

Transmitter 9-21 353 6-D 216 

PHILCO T-3 Receiver 5-5 120 -- --
PHILCO T-9 Multi-band 5-43 172 5-E 177 Receiver 

PHILCO TPAl Portable 3-8, 3-9 78-79 -- --TPA2 Phonograph 
-

RCA l-BT-3 Receiver 5-40, 5-41 164-166 5-B 167 

RCA 7-BT-9J Receiver 
5-22, 5-23, 144 to 
5-24, 5-25 147 -- --

RCA 8-BT-lOK Receiver 5-35, 5-36, 157-158 -- --5-37 159 
RCA 9-TX-2 Receiver 5-38, 5-39 161-163 -- --
REGENCY High Fidelity 2-10, 2-11 54-55-56 -- --(l,D.E.A., Inc.) --- Preamplifier 2-12 

REGENCY ATC-I Amate11t.Sand 9-7, 9-8, 331-332 9-F,9-G, 333-334 
Converter 9-9 336 9-H 335 

REGENCY CD-2 
Cone.I-rad 
Receiver 9-1, 9-2 319-320 9-A, 9-B 321-323 

REGENCY RC-103 FM to TV Radio 9-10,9-11,9-12 337-338 9-1, 9-J 339-340 11 Tele Verter" Converter 

5-6, 5-7, 5-8, 124-125-
REGENCY TR-JG Receiver 5-9, 5-10 126-129- -- --

130 -

ROCKLAND -- Radiophonograph 9-3 324 -- --
UNIVERSAL 750 Dosimeter Charge I 9-39, 9-40 383-384 9-Q 384 ATOMICS 

UNIVERSAL V-700 
Survey Meter 9-36, 9-37, 378-379-

9-P 382 ATOMICS (Geiger Counter) 9-38 380 

ZENITH "Royal 1000" 
Multi-band 
Receiver 5-44 175 5-F 179 

TABLE BB - CONCLUDED 

xvi 



TECHNICAL DATA REFERENCE TABLt:. 
INFORMATION NEEDED REFER TO 

CLASS TYPE SECTION FIG. or TABLES PAGES 

Amplifier Characteristics 10 
10-5, 10-6, 433-434 
10-G, 10-H 432-435 

lnterchangeabil ity 10 10-D, 10-E 426-427 
Lead Connections 10 10-C 422 
~ 

TRANSISTOR Manufacturers 10 10-F 431 
Outlines 10 10-C 422 

DATA Parameter Definitions 10 10-A 412 
---

Specifications 10 10-B 415 
Symbols 10 10-1 440 

1-9, 1-10, 11-12-13-
Test Techniques 1, 10 1-11, 10-2, 418-410-

10-3, 10-4 411 

Battery Specifications 10 10-1 438 
COMPONENT Battery Tests 1, 10 10-7 436 

DATA Transformer Specifications 10 10-J 440 

STATIC Current Measurements 1 1-8, 1-19 10-26 

TEST ~ce Checks 1 1-19 - 26 
Voltage Measurements 1 1-19 26 

TECHNIQUES 
Visual Inspection 1 1-18 24 

"Brute Force" 1 1-25 34 
Circuit Disturbance 1 1-22, 1-23 30-31 

DYNAMIC Signal Injection 1 1-22, 1-23 30-31 

TEST 
Signal Tracing 1 1-20, 1-21 27-28 

TECHNIQUES 1, 10 1-12. 1-13, 14-16 
10-8, 10-9, 442-443 

Waveform Analysis 10-10, 10-K, 446-444 
10-11, 10-L, 445-447 
10-M, 10-N 448 

1-23, 10-8, i 

SPECIAL 
Sine-wave Tests 1, 10 10-9, 10-10, I 31-442-

10-K 443-444 

TEST 3-E, 10-8, 96-442 
Square-wave Tests 1, 3, 10-11, 10-L, 446-445 

TECHNIQUES 10 10-M, 10-N 447-448 

Substitution 1 1-14 1-26 17-37 

Alignme,t 1, 4, 5, 6, 7, 
1-17, 1-24 20-33 8, 9 

---

1, 10 1-3, 10-14, 

REPAIR Etched circuit repair 10-15, 10-16, 4-
10-17, 10-18, 452 to 459 
10-19, 10-20 

METHODS General 1 1-1, 1-2 2-3 
~s 1, 10 10-12, 10-13 450-451 
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Section 

BASIC TEST PROCEDURES 

TRANSISTORIZED equipment, in general, performs the same func
tions as does corresponding types of tube-operated gear. A transistor 
receiver, like a tube set, picks up, selects, amplifies and detects 
incoming radio signals. A transistorized phono amplifier, like a tube
operated unit, takes the weak audio signal delivered by a pick-up 
cartridge and amplifies it sufficiently to drive a loudspeaker. Both 
types of equipment use similar components . . . resistors, capacitors, 
coils, volume controls, and transformers. Finally, both types may be 
similar in external appearance, although transistorized gear is usually 
smaller and more compact. But with this the similarity ends. 

Transistors are not like vacuum tubes. They are different me
chanically, electrically, in their power requirements, and in their prin
ciple of operation. In a great majority of the cases, trouble in vacuum 
tube equipment is the result of a defective tube or tubes; secondary 
defects may be caused by tubes. In transistorized equipment, on the 
other hand, poor operation is seldom due to defective transistors, and 
these are the l,ast components suspected. 

The basic shop tools and test instruments needed for transistor 
work are similar, but not necessarily identical, to those used in tube 
equipment maintenance. In most cases, test instruments intended 
primarily for vacuum tube work can be used for troubleshooting tran
sistor devices if the instruments' limitations are known; in a few in
stances, however, the technician needs equipment design9d especially 
for transistor work. 

Finally, familiar test techniques may fail if applied to transis
torized equipment without modification, either by giving misleading 
results or by physically damaging transistors in the equipment under 
test. The author has seen top service men with years of vacuum tube 
experience stumped for hours by comparatively simple defects . . . 
not because they were using the wrong techniques or were faced with 
particularly tough "dogs," but because they were interpreting their 
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test results in terms of their vacuum tube experience rather than in 
terms of transistor operation. 

TOOLS, A high percentage of transistor-operated equipment is 
miniaturized; some units are sub-miniaturized, and approach a fine 
watch in complexity and in the size of components used. To repair 
such gear efficiently, the technician needs hand tools smaller than 
those used in general electronic maintenance. 

The soldering tool should have a small, moderately long tip to 
permit the worker to reach and to solder ( or unsolder) closely spaced 
connections without burning adjacent components. A standard solder
ing "gun" is excellent, but a miniature transformer-powered solder
ing iron with a one-eighth inch ( or smaller) tip may be needed for 
work on sub-miniature equipment. Where the equipment uses Surface
Barrier transistors, a small A.C. leakage between a soldering iron's 
heating element and its shell or tip can damage the transistors. There 
is little danger of this where transformer-type soldering tools are 
employed, but if a standard (or "pencil") soldering iron is used, its 
shell should be grounded through a length of shielding braid. Solder
ing tools suitable for transistor work are illustrated in Fig. 1-1. 

Fig. 1-1: A small soldering instrument is needed for working on the miniaturized 
circuits in which transistors ore used. A soldering gun is satisfoctory, os is a "pencil" 
type iron or o miniature soldering tool. 
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As far as hand tools are concerned, the basic units needed are a 
set of "jeweler's" screwdrivers and a pair each of miniature long-nose 
pliers and diagonal cutters. A specialist in sub-miniature work should 
have, in addition to these, miniature equivalents of most other hand 
tools, such as a small hammer, standard and duck-bill pliers, needles 
nose pliers, a set of miniature wrenches, a set of small "Spin-tites," 
miniature punches and chisels, a set of Swiss files, and so on. Typical 
miniature tools are compared to a standard pair of long-nose pliers 
in Fig. 1-2. 

Fig. 1-2: You should have small "jeweler's type" hand tools for transistor work. Here, 
a standard sized pair of long-nose pliers is compared with miniature long-nosed pliers 
and diagonal cutters. 

An extremely useful, but not absolutely essential tool, is a large 
illuminated bench magnifier . . . or, as a substitute, a fair-sized 
magnifying type "reading glass." 

Today, etched and printed circuit boards are used extensively in 
the manufacture of all types of electronic equipment. Special tools, 
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such as straight and curved probes, a wire brush, and a knife-edge 
scraper, are needed for the repair of these boards. These tools, along 
with a basic supply of such essential materials as low-melting point 
solder, non-corrosive flux, resin solvent, silicone resin, and conductive 
ink are available in Printed Circuit Repair Kits; one such kit is shown 
in Fig. 1-3. The physical techniques used to repair etched circuit 
boards are essentially the same whether the boards are found in 
transistor or tube-operated equipment; these are outlined in detail 
in Section 10. 

Fig. 1-3: Since etched circuit boards are used extensively in the manufacture of tran
sistorized equipment, you should add a PRINTED CIRCUIT REPAIR KIT to your work
shop. A General Cement kit is shown here. 

TEST EQUIPMENT CONSIDERATIONS 

With but few exceptions, the test instruments needed for tran
sistor work corresponds to that used in servicing similar tube-operated 
equipment, although modified specifications may be desirable. A Tube 
Tester is not needed, of course, except for tests of "hybrid" equip
ment.* Let's examine basic test instruments in terms of transistor 
applications. 

MULTITESTERS. The multi-range Volt-Ohm-Milliammeter (or 
Multitester) is an essential instrument. Although high sensitivity 
is not as important as in vacuum tube work, many equipment man
ufacturers specify voltage readings and other service data in terms 
of measurements made with 10,000 ohms/volt or 20,000 ohms/volt 
meters; hence, such instruments are preferred to less sensitive units 
(5,000 or 1,000 ohms/volt). 

Most transistorized equipment is designed for battery operation, 

*NOTE - "Hybrid" equipment uses both tubes and transistors. 
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requiring from 1.5 to about 22.5 volts. Aircraft and military equip
ment may be designed for 28 volt operation. Therefore, the Multi
tester should have adequate ranges for D.C. voltage measurements 
up to 30 volts. Two or three higher ranges (up to 1,000 volts) should 
be available. Corresponding A.C. ranges are needed for tests of line
operated equipment. 

Current measurements are seldom made in day-to-day tube equip
ment servicing, and instruments designed specifically for such work 
may not have current ranges. In transistorized equipment, on the 
other hand, circuit currents may be more significant, if anything, 
than operating voltages. In some cases, circuit currents must be 
checked and bias adjustments made whenever a transistor is replaced. 
The currents encountered range from less than one milliamp to about 
half an amp ( or 500 MA). Some equipment . . . high power audio 
amplifiers, servo amplifiers, radio modulators, power converters, and 
car radios, for example ... may require currents up to several amperes. 
The Multitester, then, should permit D.C. measurements from less 
than a milliamp (MA) to about 500 MA, and, preferably, up to 12 
or 15 amps. 

Since resistance measurements are made frequently, and an 
Ohmmeter can be used to check transistors ( see Section 10) , the 
Multitester should have several Ohmmeter ranges, permitting accurate 
measurements from under 50 ohms to several megohms. To avoid 
transistor damage, however, the Ohmmeter should use a series-type 
rather than a shunt-type circuit. A number of older instruments use 
shunt-type circuits, particularly on their lower ranges. Generally, 
these can be identified by their mode of operation . . . the "zero" 
resistance reading is on the left-hand (instead of right-hand) side of 
the scale, with the needle swinging to a full-scale reading on an 
"infinite" resistance measurement. Finally, a low-voltage (3 volts) 
battery should be used. 

VTVMs. As mentioned above, a high sensitivity instrument is not 
essential for most transistor work. Hence a Vacuum-Tube-Voltmeter 
(VTVM) is not as important for transistor servicing as it is for tube 
circuit tests. A VTVM may be needed for tests of industrial or 
laboratory equipment, however. Here, the ranges needed correspond 
to those desirable in a conventional Multitester, with emphasis on 
the low voltage ranges (from under 1.0 to about 30.0 volts). 

Unless adequate precautions are taken, the use of a line-operated 
VTVM may damage transistors in equipment using Surface-Barrier 
transistors. These units are quite sensitive to transient voltage surges 
and may be burnt out by a relatively small static accumulation on 
line-powered instruments. To avoid damage, remove transistors before 
making tests, or, if this is impracticable due to the design of the 
equipment or the nature of the tests needed, "bond" the VTVM 
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chassis and equipment ground to a common earth ground prior to 
turning the power "ON." Where junction transistors and related 
types are used, such precautions are less important. 

For general transistor service work, a combination battery
operated VTVM and Volt-Ohm-Milliammeter will meet most test 
requirements. Such an instrument is shown in Fig. 1-5. 

Fig. 1-4: A Multitester chosen #or transistor work should include several low current 
ranges as well as the usual AC and DC Voltage and Ohmmeter ranges. The TRIPLETT 
instrument shown here is useful #or both shop and field work. 

SIGNAL GENERATORS. Supplying test signals of known frequen
cy, waveshape, and easily controlled amplitude, Signal Generators are 
used for frequency response measurements, distortion analysis, Signal 
Injection tests, and Alignment. The type of Signal Generator needed 
and its general specifications depends more on the equipment serv
iced . . . radio receiver, TV set, audio amplifier, etc. . . . than on 
whether tubes or transistors are used. 

For troubleshooting and aligning radio receivers, a standard R.F. 
Signal Generator is needed. It should be able to supply both mod
ulated and unmodulated (CW) R.F. signals from 160 KC to 220 MC, 
and should have a low impedance output, with the signal level easily 
adjusted from close to zero to at least 25 millivolts. Preferably, the 
instrument should have a blocking capacitor in series with its output 
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Fig. 1-5: A VTV M is needed for some tests, but is not as essential to servicing tran
sistorized equipment as it is in the repair o# vacuum tube operated gear. The TRIPLETT 
Model 631 is a combination VTVM-VOM and hence may be used for all types o# tests. 

terminal; this last point is not critical, however, for an external 
capacitor may be added when required. 

An R.F. Sweep Generator covering approximately the same range 
(160 KC to 220 MC), and with a frequency deviation of 0 to about 
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1 MC is needed for the Alignment of some short-wave receivers (see 
Section 5), Hi-Fi Tuners, and, occasionally, for checks of FM sets. 

Transistorized TV receivers are aligned and serviced with essen
tially the same instruments used in repairing tube-operated sets. 
Needed here are a TV Sweep Generator covering from 3 to 220 MC, 
with a sweep width of up to 12 MC, and a crystal calibrated Marker 
Generator covering approximately the same range; an R.F. Signal 
Generator may be used as a "marker" for most applications. In 
addition to these instruments, a Dot-Bar Generator is needed for 
linearity adjustments on B/W and convergence adjustments on color 
TV sets. 

The Audio (Sine-Wave) Generator is used for Signal Injection 
tests, frequency response measurements, and distortion tests of Hear
ing Aids, phonographs, Hi-Fi systems, P.A. installations, intercoms, 
and other audio amplifiers, and can be valuable for servicing servo 
amplifiers. This instrument should supply good quality sine-wave 
signals from 20 cps to 100 KC with an accuracy of 5% (or better). 
It should have a low output impedance (600 ohms, or less), with its 
output level easily adjusted from under 1.0 millivolt to several volts. 

A Square-Wave Generator is valuable for transient response tests, 
quick frequency response and phase shift checks, and for tests of the 
clipper, gate, flip-flop, pulse and counter circuits found in computers 
and industrial equipment. This instrument should supply square-wave 
signals with negligible tilt and overshoot, and with a rise-time of less 
than 0.1 micro-seconds, from 20 cps to at least 50 KC. Like the Sine
Wave Generator, it should have a low impedance output, with its 
output level easily controlled from zero to several volts. 

In addition to the instruments discussed above, special Signal 
Generators may be needed for tests of computers and industrial or 
military equipment. Here, the type of Signal Generator required and 
its electrical specifications are generally outlined in the manufacturer's 
Service Manual. Typical special purpose Signal Generators are . . . 
Pulse Generators, Waveform Generators, UHF R.F. Signal Generators, 
and Ultrasonic Generators. 

POWER SUPPLIES. Most transistorized equipment is designed for 
battery operation, requiring voltages of from 1.5 to about 20 volts, 
and currents from less than 1.0 MA to 5 or 10 amps. While final tests 
should always be made with the battery (or power pack) which the 
equipment is designed to use, a line-operated Power Supply is pre
ferred for preliminary bench work. Using such a Power Supply, the 
technician can adjust supply voltages above and below the equip
ment's "normal" (battery) operating voltage; this may aid in the 
isolation of obscure circuit defects. For example, a slightly leaky com
ponent may be difficult to locate under normal conditions, but, when 
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the supply voltage is raised, it will become "more leaky" and can 
be isolated quite easily. By the same token, a "borderline" oscillator 
may quit entirely if the supply voltage is dropped slightly, again 
permitting quick isolation of the defective stage. 

Fig. 1-6: As in other types ol servicing, o generol purpose R.F. Signo/ Generotor is 
needed lor the test ond olignment ol tronsistorized rodio equipment. 

For transistor work, the Power Supply should meet the following 
requirements: (a) current rating of at least 5 amperes, or up to 10 
amperes on intermittent service, (b) output voltage easily adjusted 
from 0 to 20 volts, (c) ripple (hum) less than 0.5%, and (d) panel 
meters provided to indicate output voltage and current. 

As a general rule, equipment using only small transistors requires 
less than 75.0 MA, while equipment using one or more multi-watt 
power transistors requires from half an amp to several amperes. Since 
a constant check of circuit current is desirable in many operations, 
a Power Supply designed specifically for transistor work should have 
two outputs . . . one metered for currents up to 75.0 MA, and the 
second metered for currents up to 10 amps. The instrument shown 
in Fig. 1-8 meets these basic specifications. 

TRANSISTOR TESTERS. As high as 80% of the "troubles" en
countered in tube-operated electronic equipment are due to defective 
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Fig. 1-7: Another type of R.F. Signal Generator suitable for transistor work. 

Fig. 1-8: A line-operated D.C. power supply or "battery eliminator" rs valuable in 
transistor work. The unit shown here is suitable for serv1C1ng smaff receivers, preamps, 
and hearing aids as well as devices requiring high currents, such as car radios and 
transistorized P.A. systems. 
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tubes. Vacuum tubes may burn out, short, become leaky or gassy, lose 
emission, or change their electrical characteristics. Often, when a tube 
fails, some other component is damaged; a gassy or shorted tube, 
for example, may burn out a plate resistor or overheat a transformer. 
Since tubes are expected to fail after a certain amount of use, one of 
the first steps in servicing is to "check the tubes." 

Transistors, diodes, and other semiconductor devices, on the 
other hand, should have a "service life" as long as any other com
ponent used in electronic equipment. They may be considered as 
permanent a part of the circuit as are resistors, capacitors, and coils, 
and, like these parts, often are wired permanently in place. 

Transistor breakdown can occur, of course, and may be caused 
by poor circuit design, abuse (such as electrical overload, exposure 
to excessive operating temperatures, etc.), or latent defects in the 
component itself. No manufacturer has yet achieved 100% "relia
bility" for his products. Transistor defects include opens, internal 
shorts, high leakage, low gain, or an overall change in operating 
characteristics. When a transistor defect is suspected, the unit can 
be "checked" by substitution, by testing in a Transistor Tester, and, 
often, by a simple Ohmmeter test (see Section 10). 

Commercial Transistor Testers are of three general types: (a) in
expensive units which provide a quick check for "leakage" and an 
approximation of gain, (b) more elaborate instruments roughly com
parable to good quality Tube Testers, and (c) expensive laboratory
type Transistor Analyzers which permit an accurate check of the 
transistor's most important characteristics. 

Typical low-cost Transistor Testers are shown in Fig. 1-9. De
signed to check small transistors, these instruments apply a D.C. 

Fig. 1-9: Small low-power transistors may be given a quick qualitative check with 
any of the inexpensive Transistor Testers shown here. 
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voltage across one pair of electrodes ( usually emitter and collector) 
and monitor the resulting current as a check for "leakage." A "gain" 
test is made by applying a fixed bias current to the transistor's third 
electrode (base) and noting the change in collector current. These 
instruments provide a rough qualitative check for transistors, and 
are useful for selecting similar types and "matched" pairs. 

Fig. 1-10: For fairly extensive tests of bath low-power ancf hi-power transistors, a more 
elaborate instrument is needed. The tester shown here, available in kit form, can be 
used to check diodes as well as all types of transistors. 

A more elaborate instrument is shown in Fig. 1-10. Apparatus 
of this type is more versatile than the instruments shown in Fig. 1-9, 
and can handle multi-watt power transistors as well as low-power 
units. In addition, it provides a more accurate check of a transistor's 
characteristics. 

For extremely accurate tests of transistor characteristics, a lab
oratory-type Transistor Analyzer is needed. Such an instrument is 
shown in Fig. 1-11. Ranging in cost from a few hundred to over a 
thousand dollars, depending on manufacturer and model, these in
struments are not needed in routine service work. However, they are 
necessary for the service of industrial and commercial instruments, 
computers, precision controls, and similar equipment requiring ac
curate calibration or having stringent performance specifications. 
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Fig. 1-11: If precise tests must be made, a laboratory-type Transistor Analyzer is 
needed. The instrument shown here is suitable for most work, and would be a valuable 
addition to the shop specializing in the maintenance of transistorized industrial con
trols and instrumentation. 
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OSCILLOSCOPES. One of the most versatile of test instruments, 
the Oscilloscope provides a graphical display of electrical signals. 
It may be used as a voltmeter, Signal Tracer, frequency comparator, 
or waveform analyzer, and is valuable for troubleshooting all types 
of electronic equipment. A 2" or 3" Oscilloscope (or, simply, 'Scope) 
is preferred for "field" tests, while a 5" instrument is best for bench 
and shop work. The minimum performance specifications needed 
depend on the type of equipment tested. 

Fig. 1-12: A good general-purpose Oscilloscope, while essential only for a few service 
jobs, is valuable for signal-tracing and waveform checks in transistorized instruments, 
TV sets, and similar gear. 
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If used primarily to service audio amplifiers, Hearing Aids, and 
similar equipment, the instrument's vertical amplifier should have 
a sensitivity of at least 0.1 volts/inch, with its frequency response 
flat within 3 db from 20 cps to 200 KC. A higher sensitivity may 
be needed for checking pickups and some types of preamplifiers. Its 
built-in horizontal sweep should cover from 20 cps to at least 40 KC. 

Where a 'Scope is used for TV repair, its vertical amplifier should 
have a sensitivity of at least 1.0 volt/inch, with a frequency response 
flat within 6 db from 10 cps to 4.5 MC; again, a higher sensitivity 
may be needed for some tests. Calibrated vertical attenuators should 
be provided, or, in lieu of these, some other means of determining 
input signal amplitudes. The vertical amplifier should be able to 
handle a 60 cycle square-wave without tilt or distortion, and a 100 KC 
square-wave without excessive overshoot or rounding. The horizontal 
sweep should cover from 10 cps to at least 60 KC, with coverage to 
100 KC desirable for Square-Wave Tests of video amplifiers or for 
pulse analysis. 

Finally, where the 'Scope is used for servicing medical electronic 
equipment, test instruments, computers, controls, and similar ap
paratus, it should be equipped with a direct-coupled vertical amplifier 
reasonably flat from D.C. to 4.5 MC, and with a sensitivity of at 
least 0.25 volts/inch. The vertical attenuators should be calibrated 
in terms of volts/inch (or volts/CM). The horizontal sweep should 
be calibrated in terms of time/inch (or time/CM), and should be 
designed for repetitive and triggered ("slave") operation. 

The Oscilloscope shown in Fig. 1-12 is designed for all-around 
service work, and features a unique "dual-range" vertical amplifier 
which can be used as a narrow band (10 cps to 200 KC), high gain 
unit for checking audio equipment or as a wide-band (10 cps to 
4.5 MC) amplifier for TV and video service applications; also in
cluded is a built-in peak-to-peak Voltmeter for checking input signal 
amplitudes. The 'Scope shown in Fig. 1-13 is designed for laboratory 
applications, and is useful for servicing computers, medical electronic 
apparatus, and precision instruments and controls; it features cali
brated direct-coupled amplifiers flat from D.C. to 4.5 MC, and is 
equipped with a calibrated horizontal sweep. 

There are a number of special accessories available which in
crease a 'Scope's overall versatility. Included here are the Electronic 
Switch ( used for observing two signals simultaneously) , the Voltage 
Calibrator (which supplies a test signal of known amplitude), Low 
Capacity and R.F. Demodulator (Detector) Probes, and various 
Instrument Preamplifiers. Which of these accessory instruments are 
needed depends on the work handled and individual preferences. 
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Fig. 1-13: If you specialize in serv,c1ng transistorized industrial controls, computers, 
medical electronic equipment, and related units, you'll need a professional type Lab
oratory Oscilloscope similar to the unit shown here. 

OTHER TEST EQUIPMENT. In addition to the basic instruments 
discussed above, there are a number of units available which are 
designed for special applications. Included here are instruments 
intended for checking specinc types of equipment as well as general
purpose units such as "substitution" type devices and component 
checkers. 

Used primarily for troubleshooting radio receivers and audio 
ampliners, the Signal Tracer is basically a high-gain audio amplifier 
equipped with calibrated input attenuators, an R.F. Detector Probe, 
and both audible (loudspeaker or earphone) and visual (tuning "eye" 
or meter) output indicators. In practice, this instrument is used to 
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follow a signal stage-by-stage through a piece of equipment, and can 
be used to isolate noise, hum, and distortion, as well as "dead" and 
"weak" stages. 

Several special instruments are needed for the proper mainte
nance of radio transmitters and related communications equipment. 
Aside from a suitable Communications Receiver, a Crystal Cali
brator or Secondary Frequency Standard is needed for accurate 
frequency measurements. Either a Frequency Meter or Wavemeter may 
be used for quick frequency checks. A Grid-Dip Meter is valuable 
for checking tuned circuits in transmitters, matching networks, and 
receivers. Both the Reflected Power Meter and Antenna Impedance 
Bridge are used for adjusting and checking transmission lines and 
antenna systems. Finally, a Field Strength Meter is needed for 
checking the radiation pattern and relative power output of antennas. 

The audio specialist needs an AC. VTVM for checking the out
puts of phono cartridges, microphones, and similar pickup devices, 
as well as signal levels in audio amplifiers. For power output tests, 
and Audio Wattmeter is needed; this instrument should be equipped 
with built-in loads of 4, 8, 16 and 500 (or 600) ohms. Distortion 
measurements may be made with an Audio Analyzer and a Harmonic 
Distortion Meter. Finally, a Sound Level Meter is needed for check
ing room acoustics prior to making an audio installation, and is 
valuable for balancing stereophonic systems. 

For transistor work, Resistor and Condenser Substitution Boxes 
(see Fig. 1-14) are extremely valuable. Other "substitution" type 

Fig. 1-14: Resistor and capacitor Substitution Boxes similar to the units shown are 
time-savers in repair work, and especially valuable for SUBSTITUTION tests. 
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Fig. 1-15: An external Power Supply Filter, designed for use with line-operated Power 
Supplies, reduces ripple to a minimum for checking critical circuits and high-gain 
audio equipment. 

devices which are great time-savers are the Test Loudspeaker, Decade 
Boxes, and, for TV work, the Test CRT. For industrial control serv
icing, computer repair, and similar work, a Zener Diode Substitution 
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Box (for example, International Rectifier's "Zeniac") is extremely 
useful. 

While components may be checked by substitution or with other 
instruments, such as the Volt-Ohm-Milliammeter (VOM), special
ized "component testers" may be needed where a large volume of 
service work is handled. Included here are the Capacitor-Resistor 
(C-R) Checker (see Fig. 1-16) and Battery Tester (see Section 10). 

Fig. 1-16: A general-purpose C-R Checker will be found valuable in larger service 
shops. 

For TV work, a CRT Tester-Rejuvenator and a Flyback Tester are 
useful. The Impedance Bridge and Q Meter are needed for advanced 
work and for the maintenance of precision control or communications 
equipment. 

EQUIPMENT ANALYSIS 

A composite block diagram which can be applied to virtually 
any type of transistorized electronic equipment is given in Fig. 1-17. 
This diagram is useful for basic equipment analysis, and may be 
used as a guide in selecting suitable test techniques. Each "block" 
in the diagram may represent one or more stages. The names used 
for identification in the illustration are arbitrary and will vary with 
the type of equipment studied, as indicated by the following examples. 
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Fig. 1-17: This composite block diagram can be applied to almost any type of transistorized electronic equipment, and is valuable for deter
mining servicing techniques and for isolating trouble. 
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In a Public Address Amplifier, the INPUT DEVICE becomes a 
Microphone, the AMPLIFIER STAGES are the Preamplifier, the 
MODIFICATION CIRCUITS are the Tone Controls, the CONTROL 
CIRCUITS are the Gain (or Fader) controls, the OUTPUT AMPLI
FIER is the Power Amplifier, and the OUTPUT DEVICE is a Loud
speaker. The POWER SUPPLY, of course, may be a battery or a 
line-operated power pack. 

In a Radio Receiver, the INPUT DEVICE becomes the R.F. 
Front End, which includes the antenna, R.F. amplifier, and converter. 
Continuing, the AMPLIFIER STAGES are the I.F. Amplifiers, the 
MODIFICATION CIRCUITS the Second Detector, the CONTROL 
CIRCUITS the Volume control, the OUTPUT AMPLIFIER the 
Audio Section, and, finally, the OUTPUT DEVICE is a Loudspeaker 
(or earphones). 

In a Radio Transmitter, the INPUT DEVICE becomes the 
Crystal Oscillator, the AMPLIFIER STAGES the Buffer Amplifier, 
the MODIFICATION CIRCUITS the Modulator, the CONTROL 
CIRCUITS are the necessary Impedance Matching Networhs, the 
OUTPUT AMPLIFIER is the Final Amplifier, and the OUTPUT 
DEVICE is the Antenna. 

In a piece of Industrial Control Equipment, the INPUT DEVICE 
is a Sensor of some type, such as a thermistor, photoelectric cell, 
moisture detection plate, or Microswitch. The functions of the AM
PLIFIER STAGES, MODIFICATION CIRCUITS, CONTROL 
CIRCUITS, and OUTPUT AMPLIFIER may be combined in a two 
or three stage Direct-coupled Amplifier. Finally, the OUTPUT 
DEVICE is generally an Electromagnetic Relay or, in some cases, a 
control Motor. 

An analysis similar to the four given may be applied to any 
type of signal handling equipment. If the equipment is very complex, 
however, as in the case of TV sets and computers, it would be 
necessary to break down its circuitry in terms of several intercon
nected block diagrams, each similar to the one given in Fig. 1-17. 

COMPLAINT-TO-CAUSE ANALYSIS. The service technician's 
most effective diagnostic tool is not his VOM, his 'Scope, nor his 
Signal Tracer, but his brain, coupled with his knowledge of circuit 
behavior. Often, he can eliminate many "possible" defects by a quick 
mental analysis of the complaint in terms of expected performance 
and equipment circuitry, and can reason back from the complaint to 
... (a) where the defect is likely to be, and (b) what parts are 
probably defective. This technique of complaint-to-cause analysis 
may be applied at every step of the service procedure. Let's see how 
it works in a typical service job. 
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THE EQUIPMENT - a 6-transistor portabl,e receiver. 
THE COMPLAINT - distortion (sound "garbled"). 

By applying complaint-to-cause analysis, we know immediately 
that the complaint is not due to such defects as "open" or "shorted" 
transistors, an "open" loudspeaker, or a "dead" battery, for any of 
these defects would "kill" the set. By simple mental analysis, then, 
and without making a singl,e test, we have eliminated many possible 
defects. Further, we can be sure that the trouble is one which changes 
the operating characteristics of a stage, such as a changed value 
bias resistor, leaky capacitor, leaky transistor, or weak battery, for 
our knowledge of circuit behavior tells us that these are the defects 
which cause distortion. 

Having come this far, we are ready for our first tests. Weak 
batteries are a common source of trouble - so we check the battery, 
either by using a Battery Tester or by installing a replacement. If 
the complaint is still present, we use a Signal Tracer, 'Scope, or 
similar instrument to check the output of the 2nd detector. If normal, 
we have eliminated the R.F. amplifier, converter, I.F. amplifier, and 
2nd detector as possible sources of the trouble, and know that the 
defect is in the audio section. 

For further isolation, the Signal Tracer is used to check, in turn, 
the input and output signals of the audio driver and power output 
stages. Let's say that all signals are normal except the output of the 
power stage. Fine! We have isolated the defect to a specific stage, 
and can again apply our complaint-to-cause analysis. Since distortion 
(the complaint) is the result of a change in operating characteristics 
(the cause), our next step is to check the stage's operating voltages 
(or currents). Suppose we find that base bias voltage is high, collector 
voltage low. This checks with our knowledge of transistor behavior, 
for a high bias voltage results in high collector current flow which, 
in turn, causes an increased voltage drop across the collector load, 
reducing collector voltage. 

Examining the base circuit, we find that bias is supplied by a 
voltage divider made up of a series resistor and a "bleeder" resistor 
to circuit ground. A decrease in the value of the series resistor or 
an increase in the value of the bleeder will cause an increase in base 
bias. Turning off the set's power, we check both resistors with an 
Ohmmeter and find that the bleeder is "open." Replacement of this 
component clears up the complaint. 

The complaint-to-cause analysis technique is made up of the 
following steps: 

1) Analyze the complaint in terms of expected equipment per
formance. 
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2) Eliminate immediately all defects which cannot cause the 
specific complaint encountered. 

3) Eliminate, too, those sections which are obviously operating 
normal. 

4) Determine, by quick circuit analysis, what defects are likely 
to cause the complaint, and in which sections the defect is 
probably located. 

5) Make preliminary tests of those sections to isolate the de
fect to an individual stage. 

6) Analyze the test results, and make any final tests needed 
to isolate the trouble to a specific component (s). 

7) Confirm these results by checking and/or replacing the sus
pected component. 

In actual practice, complaint-to-cause analysis, when combined 
with professional test techniques, and used with the Troubleshooting 
Charts given in later Sections of this book, permits defects to be pin
pointed in just a few minutes, except in the most stubborn cases. 
In the example given above, the total bench time required to isolate 
the defect (open bleeder resistor) may be less than five minutes. 

PROFESSIONAL TEST TECHNIQUES 

Regardless of the effectiveness of non-physical diagnostic tech
niques such as complaint-to-cause analysis and the use of Trouble
shooting Charts, actual electrical or mechanical tests are necessary, 
both for isolation and for final confirmation of a defect, once found. 
Many test methods are available, of course, but, for practical discus
sion, they may be grouped into three general classes ... Static Tests, 
Dynamic Tests, and, finally, a broad group of Special Techniques. 

STATIC TESTS. In this group are tests which may be used whether 
or not a signal is present. Such tests are valuable for isolating defects 
which affect a circuit's operating conditions, such as open or shorted 
resistors and leaky or shorted capacitors. They are less useful for 
finding defects which affect only the signal, such as detuning and 
partially open capacitors. Frequently, these tests are used alone, but, 
more often, are used in conjunction with Dynamic Tests, and serve 
to isolate the defect to a specific component once the trouble has been 
isolated to a single stage. 

A "mechanical" method requiring no instruments, Visual In
spection is perhaps the simplest yet, often, the most effective of all 
"tests." It is useful where the defect is partially mechanical or where 
the defect has caused physical damage, and consists of the following 
steps ... 
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1) Inspect the equipment with the power "Off." Watch for 
charred insulation, burnt resistors or other components, bulg
ing capacitors, open connections (as illustrated in Fig. 1-18), 
broken leads, melted wax, and obvious shorts. 

Fig. 1-18: VISUAL INSPECTION of the defective equipment often permits an im
mediate isolation of the defect. Here, the pencil points to an open connection in a 
small radio receiver. . . one lead of the 1 N51 diode has broken loose fram the I.F. 
transformer terminal. 

2) With the power "On," reinspect the circuit. Watch for smok
ing components, arcing or sparking, etc. 

3) Note any odors, such as may be caused, say, by overheated 
insulation. 

4) Listen for "frying" or arcing sounds. 
5) Lightly touch suspected components to see if they are over

heated ... but don't touch bare leads or terminals carrying 
high voltages. 

Where sub-miniature equipment is checked, a bench magnifier or 
large reading glass is useful for Visual Inspection, and a small mirror 
is handy for checking the underside of components. 

Point-to-point Resistance Tests are useful for isolating defects 
which cause a change in D.C. resistance values, such as open, shorted, 
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or changed value resistors, shorted capacitors, and open coils or 
transformers. When servicing tube-operated equipment, Resistance 
Tests are made with the tubes still in their sockets. A modified 
technique is needed for checking transistorized equipment to avoid 
misleading results, for there is a direct resistive connection between 
a transistor's various electrodes. To make Resistance Tests, then, 
use the following technique: 

1) Turn the equipment "Off." 
2) Discharge any large filter or by-pass capacitors, using a short 

piece of hook-up wire or a clip lead. 
3) Remove the transistors, if sockets are used. If soldered in 

place, remove the transistors only from the stages to be 
checked. 

4) Using an Ohmmeter, measure the D.C. resistances between 
each transistor's electrode connection points (each socket 
pin, for example, if sockets are used) and either circuit ground 
or the common power connection. 

5) Compare the readings obtained with those given in the 
equipment's Service Manual or expected from an inspection 
of the schematic diagram. 

6) Ignore minor differences between the "actual" and "expected" 
values. Major differences indicate trouble. 

D.C. Voltage Analysis is perhaps the oldest of all test techniques, 
and is valuable for isolating defects which cause a change in the 
equipment's operating voltages. A leaky transistor, for example, draws 
considerably more current than normal; this results in a larger 
voltage drop across its load, decreasing its collector voltage. 

To avoid misleading results, it is necessary to make several 
modifications in the Voltage Analysis technique as used in vacuum 
tube work. In tube circuits, for example, it is customary to connect 
the negative side of the power supply to circuit ground. In transistor 
work, either the positive or the negative side of the power source 
may be "grounded," depending on whether PNP or NPN transistors 
are used and on the circuit arrangement employed. Further, in tube 
circuitry, D.C. voltages are reasonably high, ranging from a half-volt 
to several hundred volts; even the "low" half-volt value is easy to 
spot on, say, a 5-volt scale. In transistor circuits, operating voltages 
are much lower, and base bias voltages, in some cases, may be well 
under a tenth of a volt. A value this low causes very little needle 
deflection on the 5-volt or 10-volt scale of the average D.C. Voltmeter. 
Unless you are aware of this, your reaction might be ... "Oops, no 
bias" . . . when, in fact, a stage has normal bias and is operating 
properly 
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To use the Voltage Analysis technique: 

1) Turn the equipment "On," and adjust any controls for normal 
operation. 

2) Using a D.C. Voltmeter, check voltages between each tran
sistor's electrodes and circuit "ground," taking care to observe 
correct polarity. See Fig. 1-19. 

Fig. 1-19: A multirange Volt-Ohm-Milliammeter or Multitester is used for both 
RESISTANCE and VOLT AGE (or CURRENT) tests. 

3) Compare the readings obtained with those specified in the 
equipment's Service Manual or expected in the type of cir
cuit checked. 

4) Major discrepancies between "actual" and "expected" values 
indicate trouble in the stage tested. 

Generally speaking, transistor operating currents are more im
portant in determining operation than electrode voltages. Because 
of this, Current Tests may be used in lieu of Voltage Analysis for 
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locating obscure troubles or for checking precision control devices and 
instruments. These tests are made in much the same way as voltage 
measurements, except that a Milliammeter ( or Microammeter) is 
used, and the circuit connection must be opened, with the meter 
inserted in series between the power source and the transistor's elec
trodes. Current Tests are less popular than Voltage Analysis, how
ever; first, because the circuit must be opened for meter insertion . . . 
this can be quite time-consuming . . . and, second, because relatively 
few equipment manufacturers provide typical current data in their 
Service Manuals. 

An overall Current Test may be made as a check on equipment 
efficiency, and is often recommended by equipment manufacturers. 
Here, the meter is inserted in series with one of the power supply 
(or battery) leads. An 0-10, 0-50, or 0-100 Milliammeter is used for 
checking the currents of small receivers, Hearing Aids, and amplifiers, 
while an 0-10 or 0-20 Ammeter is needed for checking the currents 
of car radios, high power P.A. amplifiers, and power converters. 

DYNAMIC TESTS. In this group are equipment tests made under 
actual operating conditions. These tests may be used to isolate all 
types of troubles, including not only serious component defects caus
ing a major change in equipment operation, but minor defects which 
affect circuit efficiency and performance, but permit "nearly normal" 

Fig. 1-20: Using a Signal Tracer to check the performance of a small transistorized 
receiver. 
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operation. Dynamic Tests are also valuable for tracking down that 
bugaboo of the service man, the "intermittent" defect. 

Signal Tracing is, perhaps, the most powerful of the Dynamic 
Test techniques and, as the name implies, involves "tracing" a signal 
stage-by-stage as it passes through the equipment. The instrument 
used to follow the signal may be an A.C. Voltmeter, a Signal Tracer, 
or an Oscilloscope. Generally, a Signal Tracer is used to follow sig
nals through receivers and audio amplifiers (see Fig. 1-20), while 
an Oscilloscope is used when servicing audio or servo amplifiers (see 
Fig. 1-21), computers, instruments, industrial controls, or other equip-

Fig. 1-21 : An Oscilloscope may be used for SIGNAL TRACING in many types of 
equipment. Here tests are being made on a small preamplifier. 

ment. But a 'Scope can be used to check receivers if equipped with 
an RF. Demodulator Probe. 

Refer to the composite block diagram given in Fig. 1-17. To use 
the Signal Tracing technique: 

1) Turn the equipment "On." 
2) Apply an adequate test signal to the equipment's input. In a 

receiver, this signal may be obtained from an RF. Signal 
Generator or by tuning in a local station. In an audio am-
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plifier, this signal may be obtained from a record player, 
Tuner, or Audio Generator. In other cases, depending on the 
equipment tested, the signal may be obtained from a Pulse 
Generator, Square-Wave Generator, saw-tooth oscillator, or 
other device. If the equipment generates its own signal . . . 
as in a radio transmitter, for example ... a separate signal 
source is not needed. 

3) Make sure the connection of the signal source does not dis
turb the circuit ... where necessary, insert a D.C. blocking 
capacitor in series with the "input" lead. 

4) Make sure that the test signal does not overload the equip
ment . . . use the minimum signal needed for useable output 

5) Use a signal tracing instrument (Signal Tracer, 'Scope, etc.) 
to check the relative amplitude and quality of the signal at 
the input and output of each stage ... in Fig. 1-17, at points 
@, ®, ©, ®, ® and ®· Depending on the instrument used, 
the signal may be ... (a) heard in a loudspeaker, (b) ob
served as the closure of a "tuning eye," (c) indicated by the 
deflection of a meter needle, or (d) seen as a pattern on the 
screen of a CRT. 

6) The test signal should be modified by each stage. In the case 
of an amplifier stage, for example, the signal should be in
creased in amplitude. In a clipper stage, a portion of the 
signal may be removed or "clipped" off. 

7) If the signal is changed in an unexpected fashion ... for in
stance, if amplitude drops when it passes through an ampli
fier stage . . . trouble is indicated, and the defective stage 
has been isolated. 

8) Where necessary, change the type of pick-up (or Probe) as 
the signal is followed through the equipment. For example, 
an R.F. Detector Probe is used for checking the R.F. and 
1.F. stages of a receiver, a Direct Probe in the audio section. 

In addition to isolating a defective stage, the Signal Tracing 
technique may be used for other jobs. An open coupling capacitor 
may be identified by comparing signal amplitudes on each side of 
the unit. An open bypass may be found by checking across it for the 
presence of a signal. Stage gain may be measured by comparing 
the relative amplitudes of its "input" and "output" signals, taking 
circuit impedances into account. And undesired signals . . . hum, 
noise, interference, oscillation, etc .... may be tracked down and 
identified. 

Waveform Analysis is a specialized technique corollary to Signal 
Tracing. Its primary application is in detecting minor (rather than 
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major) changes in equipment performance . . . a deterioration in 
frequency response characteristics, for example. Here, an Oscilloscope 
is used. The test signal may be a sine-wave, square-wave, pulse, an AM 
or FM R.F. carrier, or other signal, depending on the equipment. To 
use this technique, apply a test signal of accurately known character
istics and, using a 'Scope, observe the signal waveform at the "input" 
and "output" of each stage. Changes in the signal waveform are 
indicative of stage operation; a "rounding" of a square-wave or pulse 
signal, for example, indicates a falling off of an amplifier's high 
frequency response. See Section 10 for a detailed discussion of Sine
Wave and Square-Wave analysis techniques. 

Signal Injection is the second of the Dynamic Test techniques. 
It is complementary to Signal Tracing and is almost as powerful for 
tracking down trouble; in some equipment, it is even more effective. 
As the name indicates, this technique involves "injecting" a test 
signal into the equipment. Refer to Fig. 1-17. To use the Signal 
Injection technique: 

1) Connect an "INDICATOR" to the equipment's output stage. 
This may be an A.C. Voltmeter, Oscilloscope, or even the 
equipment's own OUTPUT DEVICE (loudspeaker, meter, or 
earphones) . 

2) Turn the equipment "On." 
3) Apply an appropriate test signal to the "input" of the output 

stage (point ®, Fig. 17). The test signal may be ob
tained from an R.F. Signal Generator when checking the I.F. 
and R.F. stages of radio receivers (see Fig. 1-22), from an 

Fig. 1-22: Using a Signal Generator to carry out SIGNAL INJECTION tests. 
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Audio Generator when checking the audio sections of re
ceivers, P.A. amplifiers, Hi-Fi gear, and similar equipment 
(see Fig. 1-23), or from a Pulse or Square-Wave Generator 

Fig. 1-23: An Audio Generator is used for SIGNAL INJECTION tests of P.A., Hi-Fi, and 
other audio equipment, and is also useful for frequency response and distortion 
measurements. 

when testing computers, counters, or other types of equipment. 
4) Make sure that the connection of the signal source does not 

change the normal operation of the stage; use a small coupling 
capacitor in series with the input lead if necessary. 

5) Adjust the input signal level to the minimum signal needed 
for a normal output indication; later, readjust this signal level 
as necessary to prevent overload. Do this by adjusting the 
Signal Generator's Attenuator control. 

6) Transfer the signal injection point back, stage-by-stage, from 
the equipment's output stage (point ®, Fig. 1-17) to its input 
(point ®, Fig. 1-17). 

7) Change to a different type of test signal where necessary. 
For example, an audio signal is used in the audio stages of 
a receiver ... a modulated R.F. signal at the I.F. frequency 
in the I.F. and converter stages, and a modulated R.F. signal 
at the set's R.F. frequency in the converter, R.F., and antenna 
stages. 

8) Note changes in the equipment's output, as shown on the IN
DICATOR. Normally, output level will go up as the signal 
injection point is transferred back, requiring readjustment 
of the Signal Generator's Attenuator. 

9) Unexpected changes in the equipment's output signal indicate 
that the defective stage has been isolated. In the case of a 
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"dead" stage, for example, the output signal will drop to zero 
when the injection point is shifted from the "output" to the 
"input" side of the stage. 

Like Signal Tracing, the Signal Injection technique may be used 
for other jobs. An open coupling capacitor may be identified by 
comparing the output levels obtained as the test signal is injected 
on each side of the unit . . . a sudden drop in output indicates an 
"open" unit. Stage gain may be approximated by noting the Signal 
Generator Attenuator setting needed to maintain a constant output 
level as the injection point is transferred from the stage's "output" 
to its "input" side. 

Frequently, Signal Tracing and Signal Injection techniques are 
combined for tests of a single stage or section. For example, referring 
to Fig. 1-17, a test signal might be injected at point ®, with a 
'Scope or other instrument used to observe the signal at point ©, 
thus providing a check of the AMPLIFIER STAGES alone. 

The Circuit Disturbance Test is a modified form of the Signal 
Injection technique. Here, a random noise pulse is used as a test 
signal. Its primary application is in the isolation of a "dead" stage 
in a receiver or audio amplifier. It is of limited value for the isolation 
of more obscure troubles. In vacuum tube service work, this test is 
applied by momentarily touching the grid terminals ( or by removing 
and replacing a grid top cap) of individual tubes, starting with the 
output stage, and working back toward the equipment's "front end." 
The technician listens for a click, hum, or noise in the equipment's 
loudspeaker. When he first fails to obtain a signal as he "disturbs" 
a particular stage, lie has isolated the dead stage. 

A somewhat similar technique may be used in transistor work, 
but is much less effective due to the low input impedance of transistor 
amplifiers. And care must be taken that this test is not used where a 
pulse is likely to cause damage. Surface-Barrier transistors, for 
example, are quite sensitive to transients, and may be ruined by 
pulses of excessive amplitude. 

Perhaps the most difficult of all service jobs are those involving 
"intermittent" troubles. The equipment works properly for a while, 
then develops trouble; the trouble is not permanent, but disappears 
temporarily, with the equipment operating normally in the interim. 
The "intermittent" trouble may be any of the common complaints . . . 
the equipment may be intermittently dead, weak, distorted, or noisy, 
or may break into oscillation at intervals. If the trouble is present 
for long enough periods, the defect can be isolated using conventional 
techniques. Unfortunately, most equipment seems to have an innate 
"stubborn" streak and, when placed on the workbench, decides to 
"behave." Since it is almost impossible to "troubleshoot" equipment 
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which is working properly, the technician is faced with the choice of 
waiting . . . perhaps for an indefinite period . . . until the trouble 
recurs "on its own," or of trying to stimulate the defect. It is for 
this last job that the third Dynamic Test technique is used. The 
"Brute Force" method is a "mechanical" technique especially suited 
to troubleshooting intermittent defects. To use it . . . 

Fig. 1-24: Using a Signal Generator to ALIGN a transistorized pocket radio. 

1) Turn the equipment "On." 
2) Make any control adjustments necessary for normal operation. 
3) Using a pair of plastic tweezers, plastic pliers, or similar in

sulated tool, carefully wiggle and move each part and con
nection. See Fig. 1-25. Take care not to short adjacent wires 
or to apply so much leverage as to break a connection. 

4) If you can cause the intermittent complaint to "come and 
go" as you move a particular part or connection, you have 
isolated the defect. 

5) An intermittent part, such as a resistor, coil, or capacitor, 
should be replaced. An intermittent or loose connection is 
resoldered. If the intermittent is due to poor contact in a 
socket or jack, the contact surfaces should be cleaned and 
the contact springs tightened. 
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Fig. 1-25: An example of the "BRUTE FORCE" test method. Here, a pair of plastic 
tweezers is used to move components in order to isolate an intermittent connection 
or part. 

A variation of the "Brute Force" technique is used for isolating 
microphonic components. Here, the rubber eraser end of a pencil is 
used to lightly tap suspected components until the microphonic part 
( or connection) is found. 

Occasionally, an intermittent complaint will involve temperature 
sensitivity . . . for example, "the set works fine on cool days, but 
the sound is garbled on hot days." Where this is the case, it is 
necessary to duplicate the operating conditions causing the defect for 
proper isolation. Equipment may be warmed above room temperature 
by placing it under a large cardboard box, together with, but not next 
to, a small (40-60 watt) lighted lamp bulb. Insert a thermometer 
through a small hole in the box to keep a constant check on tem
perature, and do not allow the temperature to rise above the max
imum specified for the transistors used in the equipment under test. 
At the opposite extreme, equipment may be cooled below room tem
perature by placing it in a refrigerator for a few minutes. 

SPECIAL TECHNIQUES. While other test techniques are available, 
a majority of these require specialized test instruments or are suitable 
only for certain types of equipment or specific defects. There are 
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three techniques which have wide application, however. These are: 
Alignment, Substitution Tests, and various Component Tests. Of these, 
Alignment is more a "repair method" than a test technique, but, 
often, must be used in lieu of actual tests. 

In general, any equipment using a number of fixed tuned stages 
will require Alignment . . . for example, AM and FM radio receivers, 
TV sets, tuned amplifiers, and some radio transmitters. In a few cases, 
the equipment may be aligned by the manufacturer, and may never 
require realignment during its service life; here, the tuning adjust
ments may be sealed. More often, however, the equipment will have to 
be realigned from time to time . . . either when components are 
replaced, after the parts have "aged" for a few months (or years), 
or when the equipment is subjected to extreme environmental 
conditions. 

A shift in Alignment may cause a number of service complaints. 
In receivers, these complaints range from dead, weak, or noisy to 
poor tracking, oscillation (squealing or motorboating), or poor selec
tivity (interference) . In TV sets, misalignment may cause the picture 
to be smeared or blurred, may cause tearing or rolling (poor sync), 
poor contrast or snow (low sensitivity), and streaks or hash ( oscil
lation); in the audio section, poor Alignment may cause weak opera
tion, noise, buzz, squealing, or distortion. In radio transmitters, mis
alignment may cause a shift in output frequency, lowered efficiency 
stances, incorrect adjustment of a transmitter's tuned circuits may 
(with a drop in power output), or parasitic oscillations; in some in
result in physical damage to circuit components. Misalignment of 
instrument or control circuits may result in poor sensitivity, erratic 
operation, or inaccurate calibration. 

There is no single Alignment technique that can be applied, 
without change, to all types of equipment. Each unit has its own 
technique, as outlined by the equipment's manufacturer in his Service 
Manual. The basic technique outlined below may be applied in a 
general way to receivers, tuned amplifiers, and related types of 
equipment. Refer to Fig. 1-17. 

1) Connect an appropriate Signal Generator to the equipment's 
"input," taking care that the connection does not alter circuit 
operation; to insure this, one of several methods may be 
used ... (a) the connection may be made through a small 
coupling capacitor, (b) a "dummy antenna" may be used, 
and (c) coupling may be through a small inductive loop 
The type of Signal Generator used depends on the equip
ment - and Audio Sine-Wave Generator may be used in the 
case of tuned amplifiers, an R.F. Signal Generator for radio 
receivers. 
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2) Connect a suitable output indicator (A.C. Voltmeter, 'Scope, 
etc.) at the proper point in the equipment's circuit. 

3) Turn the equipment "On," and adjust its controls for normal 
operation. 

4) Set the Signal Generator to the desired test frequency and 
adjust its output level to the minimum needed for a satis
factory indication on the "output indicator." 

5) Using a fiber, plastic, or insulated Alignment tool, adjust 
fixed tuned circuits in the equipment for an appropriate 
reading on the "output indicator." Often, this will be for a 
peak (or maximum) reading but, in some cases, the adjust
ment will be for a null (or minimum) reading. 

6) Repeat the adjustments made above to correct for interaction. 
7) Shift the Signal Generator's connection and/or frequency 

setting as may be necessary for additional adjustments. In 
some cases, it may be necessary to shift the "output indica
tor" connections as well. 

8) Using a suitable tool, make additional adjustments at the 
new frequency settings . . . again, for an appropriate reading 
on the "output indicator." Repeat the adjustments two or 
three times to correct for interaction. 

The Alignment of a pocket-sized transistorized superhet receiver 
is shown in Fig. 1-24. Here, the receiver's earphone is used as an 
"output indicator," and the I.F. transformers and other tuned circuits 
are adjusted for maximum output volume. 

TV sets, some radio receivers, and other equipment having a broad 
frequency response may be aligned using a Sweep Generator. Here, 
an Oscilloscope is used as the output indicator. In the case of a 
receiver, the 'Scope is generally connected to the 2nd detector. An 
interconnection is made between the 'Scope and the Sweep Generator 
to obtain a horizontal sweep with a repetition rate equal to the 
generator's sweep rate. A separate Marker Generator (generally an 
R.F. Signal Generator) is used to identify the Sweep Generator's 
center frequency and sweep limits. The 'Scope pattern, then, repre
sents the overall frequency response of the equipment, with the 
Marker Generator signal showing up as small "pips." Circuit Align
ment is for the response pattern recommended by the equipment 
manufacturer. In some cases, individual circuits may be adjusted to 
specific frequencies, as indicated by the Marker Generator. 

The Substitution Test is useful where a component is thought to 
be defective and where test instrument limitations or other conditions 
prevent an accurate test of the component itself. In essence, a part 
known to be in good condition is substituted for the suspected part, 
and equipment operation checked. If the trouble has disappeared, 
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the defect has been found . . . and corrected! This technique may 
be applied with equal facility to coils, capacitors, resistors, transform
ers, or even to the transistors themselves. Frequently, a Substitu
tion Test is the only really adequate test for a suspected transistor, 
for the unit may check "Good" in an inexpensive tester, yet fail to 
work in a critical circuit. 

Where a component such as a resistor or capacitor is thought 
to be "open," a quick check may be made simply by "bridging" the 
part with a replacement, as shown in Fig. 1-26. This technique is a 

Fig. 1-26: "Open" capacitors and similar components may be given a quick SUBSTITU
TION test by bridging a good part across their terminals as shown here. Use a part 
with similar or identical electrical characteristics. 

popular way of checking electrolytic filter and bypass capacitors, but 
care must be taken to observe D.C. polarities. 

Standard Component Tests are made after the defect has been 
isolated to a specific stage using Static or Dynamic Test techniques. 
Often, the isolation test used (or Troubleshooting Chart) will point 
to a specific component. In other cases, it may be necessary to check 
two or three parts. Resistors may be checked for value with an 
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Ohmmeter or C-R Checker; capacitors may be checked with a C-R 
Checker, or for shorts (and leakage) with an Ohmmeter; coils and 
transformers may be checked for continuity and "shorts" with an 
Ohmmeter. A Q Meter or an Impedance Bridge is needed for an 
overall quality check of a coil. Since these are "laboratory" rather 
than "service" instruments, and seldom available in the average shop, 
the technician generally assumes that a coil is "good" if it checks 
O.K. for continuity and has no shorts; otherwise, he will try a re
placement. 

As a general rule, a suspected part must be removed from its 
circuit before it can be tested, or at least one of its leads must be 
disconnected, to avoid inaccurate readings caused by components in 
parallel with the unit. In recent years, however, several manu
facturers have introduced test equipment which permits "in circuit" 
tests. The use of a Capacitor Checker designed for such applica
tions is illustrated in Fig. 1-27. 

Fig. 1-27: Using a Capacitor Checker to perform "in-circuit" component tests. 

"UNIVERSAL" TROUBLESHOOTING CHARTS 

Many servicemen hesitate to tackle repair jobs on electronic 
equipment with which they are not familiar, feeling that the task 
may prove beyond their skills and knowledge. The experienced "old 
timer," on the other hand, may take on such jobs without hesitation, 
for he realizes that all electronic equipment of a given general type 
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(tube-operated, transistor-operated, etc.) works on the same principles, 
uses the same basic components (resistors, capacitors, coils, etc.), 
can suffer the same defects, and, in general, can be serviced using 
the same troubleshooting techniques. In fact, if we consider com
plaints in broad rather than limited terms, specific defects may cause 
the same complaints in all types of equipment. The physical mani
festation of the "complaint" may vary considerably from one type 
of equipment to another, however. Let's examine a practical example. 

A defect such as a "leaky" transistor in an amplifier stage can 
cause distortion. This broad complaint (distortion) may manifest 
itself in different ways in different types of equipment, as follows: 

(a) In the video section of a TV set, the distortion may show 
up as a smeared picture. 

(b) In an audio amplifier or radio receiver, it may show up as 
garbled sound. 

( c) In a radio transmitter, it may show up as excessive harmonic 
radiation. 

(d) In an instrument, it may show up as inaccurate readings. 
(e) In an item of industrial control equipment, it may show up 

as erratic operation. 

But in every case, the defect is the same (leaky transistor), the 
basic circuit is the same (amplifier), the broad complaint is the same 
(distortion), and the defect can be found using the same general 
troubleshooting techniques (Signal Tracing, for example). 

Thus, it is possible to design a set of "Universal" Troubleshooting 
Charts which apply to all types of electronic equipment. Three such 
charts are given in Tables 1-A, 1-B, and 1-C. Detailed Troubleshoot
ing Charts applying to specific types of equipment are given in later 
Sections. These charts, then, should be used only where specific test 
charts are not available . . . for example, where the equipment serv
iced is a newly developed type or highly specialized instrument not 
discussed in this manual. 

Table 1-A is used to select a suitable diagnostic test technique. 
To use this chart, first determine the general complaint. To do this, 
you'll have to interpret the specific "physical" complaint in terms 
of its broad technical nature, as was done in the examples given 
above. For instance, if the equipment doesn't work at all, it is DEAD, 
whether the item is a receiver, audio amplifier, industrial control, 
transmitter, or test instrument. If the equipment works, but lacks its 
usual response, it is "WEAK." In a radio transmitter, this may show 
up as lowered power output, in a receiver as lack of sensitivity, in 
control equipment as sluggish operation. If the equipment works 
"now and then," or if some other complaint "comes and goes," it is 
considered INTERMITTENT. If the equipment works, but not 
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TABLE 1-A: A "Universal" Troubleshooting Chart which con be used to choose diagnostic techniques for the most common complaints in 
ALL TYPES of transistorized equipment. The techniques identified by diagonal shading are used regardless of complaint. The techniques 
identified by round dots may be used for the complaints listed . • . those identified by stars or asterisks (*) are the best. The BEST 
technique to use in any single case depends on the type of equipment serviced, test equipment available, and the technician's prerious ex
perience with the equipment. Where the trouble is an unusual one, or represents a "combination" of complaints (such as "intermittent 
distortion"), two or more test methods may be employed before the defect is finally isolated. 
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quite properly, the complaint is DISTORTION; in a radio trans
mitter, this may show up as excessive harmonic radiation or a shift 
in output frequency, in a receiver or amplifier as "garbled sound," in 
a TV set as a deterioration of picture quality, or in control equip
ment as erratic operation. If the equipment is unstable, the com
plaint is OSCILLATION; the test methods used for this last general 
complaint also apply where circuit operation is upset by an undesired 
signal, such as hum, noise, or interference. 

In most cases, any of several test techniques may be used, de
pending on the test instruments available and the type of equipment 
serviced. Two general checks should be made regardless of complaint 
... the equipment should be given a quick VISUAL INSPECTION 
for obvious defects or physical and mechanical damage, and the 
batteries (or Power Supply) should be checked; incorrect supply 
voltages can cause a variety of complaints. Where ALIGNMENT 
is indicated by the table, this is necessary only for equipment which 
utilizes fixed tuned circuits. Finally, the transistors should be tested 
only if other techniques have failed to isolate the defect. 

Table 1-B serves as a general guide to the defects which may cause 
the general complaints listed. The listing for DEFECTIVE MAJOR 
COMPONENT refers to parts which are not resistors, capacitors, 
coils, or transistors; depending on the equipment serviced, these may 
be such components as relays, loudspeakers, solenoids, transducers, 
meters, motors, Geiger tubes, sensors, and so on. Generally, a major 
component defect will be obvious from the equipment's operation. 

Finally, Table 1-C outlines, in block diagram form, basic service 
procedure for all equipment. The first step, of course, is a quick 
VISUAL INSPECTION of the equipment, watching for discolored 
insulation, charred resistors, broken components, or other obvious 
physical or electrical damage. This, in itself, may permit a quick 
isolation of the defect. At this time check with the "customer" to 
see if the equipment has been subjected to unusual operating con
ditions ... to excessively high temperatures, high humidity, and 
so on. 

Always CONFIRM THE COMPLAINT; in general, to do this, 
try out the equipment and make sure that the "complaint" is as 
described by the "customer." Too often, a layman will use the catch
all expression . . . "it doesn't work" . . . to cover everything from 
weak operation to distortion. The technician, on the other hand, 
may use the same expression only to describe a dead set. 

Afterwards, a quick check may be made of the POWER SUP
PLY (Batteries) and, if desirable, of any "plug-in" components used. 
In most cases, an equipment manufacturer will use plug-in parts only 
where the components are likely to fail after extended service. 
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TABLE 1 B: This "Universal" Troubleshooting Chart identilies the various defects which may cause common complaints in ALL TYPES of elec
tronic equipment. In some instances, one defect may cause another. For example, a shorted capacitor may result in a resistor heating and either 
burning out or changing value. In rare instances, one defect may "act" like another ... lor example, an "open" resistor in a voltage divider 
circuit may have the same effect on equipment operation as a "changed value" resistor in another part of the circuit. Use this table as a 

N general guide, referring to specific tables and Troubleshooting Charts in later Sections . 
.... 
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TABLE 1-C: This chart outlines the basic steps in semc,ng ANY TYPE of transis
torized electronic gear. Most of the steps require but a few seconds . . . a minute or 
two at the mast. Where the technician is personally familiar with the equipment. 
serviced, he can sometimes "skip" one or more steps. Frequent reference to the Trouble
shooting Charts in this book will keep diagnosis time to a minimum. 



PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES 

Next, use DYNAMIC and/or STATIC Tests appropriate to the 
equipment and to the nature of the complaint to isolate the trouble 
to a particular stage and section. Refer to Table 1-A for suggestions, 
and to earlier parts of this Section for details of specific techniques. 
After stage isolation, COMPONENT TESTS may be applied to 
suspected parts. 

With the defective part (or parts) isolated, REPAIR OR RE
PLACE it. At this point, depending on the type of equipment and 
the nature of the defect, it may be necessary to REALIGN tuned 
circuits or to READJUST fixed controls for optimum performance. 
Finally, CHECK EQUIPMENT OPERATION for normal per
formance and to determine if any obscure defects are present which 
were "masked" by the major complaint. For example, a radio re
ceiver may have lacked sensitivity or been weak for months before a 
second defect caused the set to become dead. The receiver's owner 
may have tolerated the weak operation, and may fail to mention 
this prior condition to the service technician. Obviously, the set 
cannot be serviced for weak operation until after the defect causing 
it to be dead has been isolated and corrected. If a second complaint 
is discovered, the basic service procedure may be repeated, but this 
time "skipping" the first few steps. 



Section 2 

SERVICING PREAMPLIFIERS 
AND HEARING AIDS 

THE TRANSISTOR's first important commercial application was in 
Hearing Aids ... basically high-gain, low-level audio amplifiers. In 
this field, the transistor completely displaced the sub-miniature 
vacuum tube in a matter of months and, today, all commercially man
ufactured Hearing Aids use transistors. The transistor's small physical 
size, light weight, and ability to operate on a single power source 
(tubes require two sources ... filament and plate voltages) have 
influenced its use here, but are not the only factors contributing to its 
predominance in this application. Other factors are its long, almost 
infinite, service life and its overall ruggedness . . . transistors can 
sustain, without damage, physical shocks many times greater than 
the typical vacuum tube can handle. 

Quite aside from its physical characteristics, however, the tran
sistor is superior to the vacuum tube in low-level audio work on other 
counts. First, a carefully manufactured and selected transistor has 
a much lower inherent noise level than a vacuum tube of similar 
quality. Second, a transistor's power supply requirements are more 
nearly comparable to its signal-handling capacity, leading to much 
more efficient circuit operation. A vacuum tube may require from 100 
milliwatts to several watts power to handle millivolt signal levels . . . 
a transistor may require but a milliwatt or two to handle the same 
signal. This second factor contributes to long battery life in portable 
equipment. Third, low-power transistors run "cool," and will not 
overheat adjacent components; in tube-operated equipment, the heat 
developed by the tubes may cause electrolytic capacitors to dry out, 
shortening their service life, or may cause a gradual deterioration of 
circuit insulation. Finally, transistors can operate efficiently on very 
low supply voltages. This permits the use of less costly components, 

45 
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reduces the possibility of voltage breakdown, and makes battery 
operation much more practical. 

All of these factors have affected the transistor's use in low
level audio equipment, with the result that, today, more and more 
equipment manufacturers are switching from tube to transistor cir
cuitry. This trend is likely to continue in the future, with the tran
sistor finding broader uses in various types of preamplifiers, P.A. 
microphone mixers, Hi-Fi gear, medical electronic apparatus, and 
audio test instruments. 

THE BASIC PREAMPLIFIER. As the name indicates, the pream
plifier (or, simply, "preamp") is a device intended for use ahead of 
some other type of equipment. As an accessory instrument, it may 
be used for any of several jobs. Generally, it serves to boost a rela
tively weak signal to a level sufficient to insure adequate drive to an 
amplifier or other unit. However, it also may be used as an impedance
matching device, or may serve as a compensating amplifier to correct 
for line losses. Preamps are used extensively in Hi-Fi and P.A. audio 
work, in medical equipment, in broadcast and recording studios, in 
control and alarm devices, and in some test instruments. 

It is simplest form, a preamp is a single-stage resistance-coupled 
amplifier, as shown schematically in Fig. 2-1 (a). Although the circuit 
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Fig. 2-1: A single stage transistorized preamplifier available in encapsulated farm. The 
schematic diagram is given at (a), lead connections far the CENTRALAB TA-6 (and 
T A-7) amplifier at (b). 
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shown applies specifically to that used in Centralab's type TA-6 en
capsulated amplifier, it is typical of those used in many types of pre
amps. The lead identification numbers (1, 2, 3, and 4) refer to the 
terminal connections of the Centralab unit, shown in outline form 
in Fig. 2-1 (b). The TA-6 amplifier is a sub-miniaturized unit measur
ing approximately one-fifth of an inch long by a little over one-quarter 
of an inch in diameter; all three resistors (Rl, R2, R3) , the input 
coupling capacitor (Cl), and the transistor itself are wired and 
sealed within this small volume. Electrically, the TA-6 provides a 
gain of 21 db, has an input impedance of 1,000 ohms, and a frequency 
response flat within 2 db from 250 cps to 20 KC; it requires approx
imately 0.5 MA at 1.3 volts for operation, supplied by an external 
battery (Bl, shown dotted in the diagram). A companion amplifier, 
the TA-7, is similar, except for the omission of R3; it is designed 
to use an external load, such as an output transformer, earphones, or 
a small audio choke. Intended for use as a "power" amplifier, the 
TA-7 delivers a maximum output of 1 milliwatt, has a rated gain 
of 26 db, and requires approximately 2.0 MA at 1.3 volts. 

Referring to Fig. 2-1 (a), a PNP transistor is used in the com
mon-emitter circuit configuration. In operation, Cl serves as the input 
coupling capacitor and to block any D.C. present in the input signal. 
Base bias is supplied by voltage divider Rl-R2. R3 serves as the 
collector load. Since R2 is returned to the transistor's collector elec
trode rather than to the power source, the amplified signal developed 
across R3 is fed back through R2 (along with the D.C. bias cun-ent) 
to serve as a degenerative feedback signal. This reduces stage gain 
slightly, but improves circuit stability with changes in ambient tem
peratures, variations in supply voltage, or differences in the charac
teristics of individual transistors. 

The circuit given in Fig. 2-1 (a) is used for conventionally wired 
preamps as well as for encapsulated units (like the TA-6 and TA-7). 
Relatively few defects can develop in such units. Cl may become 
leaky if a high D.C. voltage is applied to the input terminal; if the 
leakage is small, the output signal may be distorted . . . if large, the 
amplifier's output may drop to zero (stage dead) and the transistor 
may be damaged. The transistor can also be damaged by physical or 
electrical abuse . . . for example, by exposure to excessively high 
temperatures or by the application of a high D.C. supply voltage. 
Since very low currents pass through the three resistors, these com
ponents are not likely to fail in normal use. 

Where a small preamp is assembled on an etched circuit board 
or wired on a small chassis, circuit repairs are relatively easy; the 
defective component, once isolated, is simply replaced. If a defect 
develops in a sealed or encapsulated preamp, on the other hand, the 
entire unit must be replaced. 
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Fig. 2-2: Encapsulated amplifiers. A single stage unit is shown at (a) (see Fig. 2-1 
for schematic ond lead connections); a four-stage unit at (b) (see Fig. 2-14 for 
schematic, Fig. 2-15 for lead connections) .. . a matchstick is included in the latter 
photo for size comparison. 

MICROPHONE PREAMPS. Carbon microphones have a relatively 
high output level compared to crystal, dynamic, ribbon, or magnetic 
units, and, for this reason, are used extensively in radio communica
tions work, even though they are inherently noisy ("hiss") and have 
a tendency to "age" when used under conditions of vibration. As a 
carbon microphone ages, its sensitivity and output level drops, its 
noise level increases, and its distortion goes up. In order to obtain 
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Fig. 2-3: Sketch showing interior of a transistorized microphone. 

the high output level of a carbon microphone while retaining the 
low noise characteristics of magnetic and dynamic units, several 
manufacturers have introduced "transistorized" microphones. Gener
ally, these units consist of a magnetic microphone cartridge and a 
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single-stage transistor preamp mounted in single case, as diagrammed 
in Fig. 2-3. A typical "mike" cartridge and preamp are shown 
separately in Fig. 2-4. The circuits used may be similar to that given 

Fig. 2-4: Photograph of the cartridge (top) and self-contained amplifier used in the 
transistorized microphone diagrammed in Fig. 2-3. 

in Fig. 2-1 (a), except that an external load resistor (R3) is used, 
and component values are chosen to permit operation on higher D.C. 
voltages (6 to 12 volts), permitting the transistorized microphone 
to be used as a direct replacement for carbon units. These micro
phones are used by Ham operators, and in police, taxicab, Marine, 
and other two-way mobile radio installations. 

PHONOGRAPH PREAMPS. The Madison Fielding Model 30 
MICAMP is shown in Fig. 2-5; its schematic diagram is given in 
Fig. 2-6. This single-stage amplifier is typical of the simple preamps 
used to boost the low-level output of magnetic phono cartridges. 
With a nominal input impedance of 125 ohms to match the low 
impedance of magnetic cartridges, this unit has an output impedance 
of 18,000 ohms and provides a voltage gain of at least 30 db; its 
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Fig. 2-5: The MADISON FIELDING Model 30 "micamp," a single stage transis
torized amplifier used as a preamp in Hi-Fi work. 

signal to noise ratio is better than 50 db. The amplifier has a fre
quency response flat to within 1.5 db from 20 cps to 20 KC, with a 
distortion level of less than 0.75% at full output. A 2.6 volt mercury 
battery (Bl) furnishes operating power and has a service life of well 
over one year under normal intermittent operating conditions. 

Referring to Fig. 2-6, a PNP transistor is used in the common
base circuit configuration. Cl serves as the input coupling capacitor, 
and Rl as the emitter load resistor. Base bias is furnished through 
voltage divider R2-R3. A 22K resistor, R4, is used as a collector load, 
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Fig. 2-6: Schematic wiring diagram of the "micamp" amplifier shown in Fig. 2-5. The 
common-base circuit configuration is used, providing a low input and moderately high 
output impedance. 
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Fig. 2-7: The KNIGHT Transistor Mixer. Designed primarily lor use in Public Address 
applications, this unit permits the output of three microphones ( or other pick-ups) to 
be combined, while providing individual control over each input. 

with the amplified signal developed across this load coupled through 
D.C. blocking capacitor C2 to output jack J2. Operating power is 
controlled by a SPST switch, SWl. 

In operation, the magnetic cartridge is connected to Input jack 
Jl through a single-conductor shielded cable. A second shielded 
cable is connected between Output jack J2 and the audio amplifier 
with which the preamp is used. Physically, the preamp may be 
mounted in the record player's base or attached to its back with small 
wood screws. Its exact location is relatively unimportant, as long as 
the "ON-OFF" switch is accessible, and as long as the unit is kept 
away from hot vacuum tubes or other sources of external heat. 

Aside from the battery becoming exhausted, relatively little can 
go wrong with a preamp of this type as long as it is not subjected 
to excessive operating temperatures. Like all electrolytics, Cl can dry 
out, losing capacity, or may become leaky, after years of operation. 
A loss of capacity will show up as a drop in the unit's low frequency 
response. Excessive leakage may cause the output signal to become 
distorted. 

MICROPHONE MIXERS. In Public Address and recording work, 
it is sometimes necessary to combine ( or "mix") the output of 
several microphones, while retaining a separate control over each and, 
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at the same time, preventing interaction or cross-coupling between the 
units. A comparatively simple resistance network may be used for 
this job. However, such a network, if effective in preventing interac
tion, will introduce an appreciable signal loss. To compensate for 
this, a single-stage transistorized preamp may be used with the 
"mixer" network. 

Exterior and interior views of a commercially manufactured 
Microphone Mixer based on this approach are shown in Figs. 2-7 and 
2-9, respectively. The instrument's schematic wiring diagram is 

Fig. 2-9: Interior view ol the KNIGHT Mixer. The transistor is soldered permanently 
in place in the circuit. 

given in Fig. 2-8. Designed to combine the outputs of as many as 
three high-impedance microphones and to provide a separate gain 
control for each, this unit uses a PNP transistor in the common-emitter 
circuit configuration. The amplifier's gain is more than adequate to 
compensate for circuit losses, resulting in an actual boost of each 
microphone's "effective" signal level to twice its normal value. In use, 
the different microphones are connected to input jacks Jl, J2, and 
J3, and the instrument's shielded output cable is connected to the 
Input jack of the amplifier or recorder with which it is used. 

Referring to Fig. 2-8, isolation resistors Rl, R2 and R3, together 
with gain controls R4, R5 and R6 make up the basic "mixer" network. 
In operation, Cl and C2 serve as the amplifier's input and output 
coupling capacitors, respectively. Base bias current is supplied through 
voltage divider R7-R8, operating in conjunction with emitter resistor 
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R9. Since R9 is not by-passed, a small degenerative feedback voltage 
is developed across it which aids in circuit stabilization. Additional 
degenerative feedback is provided through R8, which feeds back a 
small portion of the amplified output signal developed across col
lector load resistor RlO. Operating power is supplied by a single 
4.0 volt mercury battery (Bl). This battery is permanently connected 
into the circuit and is not provided with an "ON-OFF" switch; how
ever, due to the low current requirements of the transistor amplifier, 
the battery's service life approximates its normal "shelf" life. 

This type of equipment develops few defects and requires rela
tively little maintenance. The battery has to be replaced at intervals, 
of course, and electrolytic capacitors Cl and C2 have to be replaced 
if they dry out (losing capacity) or become leaky after several years 
service. Gain controls R4, R5, and R6 may become noisy if sub
jected to considerably more than "normal" use. Finally, the shielded 
ouput cable may develop an intermittent open after repeated flexing. 

HI-Fl PREAMPLIFIER$. The preamps we have discussed thus far 
have used relatively simple single-stage circuits. In Hi-Fi audio work, 
a more complex amplifier is needed, for the preamps used here must 
supply higher gain, must permit frequency response equalization for 
different inputs, and must provide the user with adequate control over 
the unit's bass and treble response characteristics. In addition, equip
ment designed for Hi-Fi applications must meet tighter performance 
specifications than units intended for P.A., voice communications, or 
general audio work. Intermodulation and harmonic distortion, micro
phonics, and noise levels must be kept to minimum values. Good 

Fig. 2-10: The REGENCY "All Transistor" pre-amplifier. Designed for use in Hi-Fi 
installations, this multi-stage unit features several inputs and both Treble and Bass 
controls. 
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frequency response, low hum levels, and excellent long-term stability 
are other important characteristics. 

Exterior and interior views of the Regency Model HFT-1 pre
amplifier-equalizer are given in Figs. 2-10 and 2-12. The instrument's 
schematic diagram is shown in Fig. 2-11. Two high-level, high im
pedance and two low-level, low-impedance inputs are provided. The 
high-level inputs are designed to accept signals from AM or FM 
Tuners, crystal or ceramic phono cartridges, or a Tape Recorder. One 
low level input is designed to match the output of a magnetic phono 
cartridge, the other to accept signals from low impedance dynamic 
or ribbon microphones. With a maximum output level of over 2 volts 
(RMS) across a 10,000 ohm impedance, the unit can be used to 

H.. tn • 

All c,pcitors 1, ml,rafards 
Allrmstorsl,.,• 1 

Fig. 2-11: Schematic wiring diagram of the REGENCY amplifier shown in Figs. 2-10 
and 2-12. Three PNP transistors are used. 

drive any standard Hi-Fi Power Amplifier. With maximum gain, an 
output level of 1.0 volt is obtained with high level inputs of 0.5 volt, 
a magnetic phono input of 11 millivolts, or a low level microphone 
input of only 0.2 millivolts; at this output level (1 volt), noise is 
70 db down. The unit's intermodulation distortion level averages 
less than 0.5%. With the Bass and Treble controls in their center 
(flat) position, the instrument's frequency response is flat within 
0.5 db from 20 cps to 20 KC. 

Using low-noise PNP transistors, the HFT-1 is basically a three
stage resistance-coupled amplifier. The common-emitter circuit con
figuration is used in all stages. Operating power is supplied by two 
9-volt batteries (BAl, BA2) connected in series to supply 18 volts. 
Since the unit requires only 2.5 MA for operation, battery life is quite 
long ... well over 500 hours. 

Referring to Fig. 2-11, we see that Selector switch SWl serves 
three functions. One section (SWlA) selects the input signal to be 
applied to the first stage (Xl) through coupling capacitor Cl. A 
second section (SWlB) shorts out the unused input jacks to prevent 
"cross-talk" and noise pick-up. Finally, a third section (SWlC) 
switches in different coupling networks (R8-C4 and R9-C5) between the 
emitter electrode of the second (X2) and base of the first (Xl) stage 
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to provide the response equalization needed for each input. Thus, the 
signal voltage appearing across unbypassed emitter resistor R14 is 
fed back to Xl to serve as a control over the amplifier's frequency 
response characteristic. 

In operation, Xl's base bias current is supplied by voltage di
vider R4-R5, working in conjunction with emitter resistor R7, by
passed by C3. A portion of the amplified signal voltage appearing 
across collector load R6 is coupled back through R5 as a degenerative 
feedback signal, insuring good circuit stability. Rll and C6 form a 
simple decoupling filter. Xl's output signal is coupled through C2 
to X2's base electrode. Base bias for the second stage (X2) is sup
plied by voltage divider R10-R12, in conjunction with emitter resistor 

Fig. 2-12: Interior view of the REGENCY pre-amplifier. All components, except for 
the controls and batteries, are assembled on an etched circuit board. 

R14; R12 is returned to X2's collector to obtain the degenerative 
feedback signal needed to insure good stability. The amplified signal 
appearing across X2's collector load, R13, is coupled through C7 to 
the Bass and Treble tone control network, consisting of R16, Bass 
control R15, C8, C9, Rl 7, Cll, Treble control R18, and C12; from 
here, the signal is coupled through ClO and compensation network 
C13-R19 to Level control R20, and then to X3's base. X3's base 
bias is supplied by voltage divider R20-R21, in conjunction with 
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emitter resistor R24, bypassed by C15; a degenerative feedback volt
age is obtained from X3's collector and fed back to its base through 
R22. The final output signal appears across X3's collector load, 
R23, and is coupled through D.C. blocking capacitor C14 to the unit's 
Output jack, J5. C16 serves as a general bypass across the power 
supply. 

The schematic diagram of Lafayette Radio's Model KT-117 pre
amplifier is given in Fig. 2-13. This popular instrument has a reason-
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Fig. 2-13: Schematic wiring diagram ol the LAFAYETTE Model KT-117 audio pre
amplifier. Using PNP transistors in the common-emitter configuration, this unit may 
be used for general purpose as well as Hi-Fi applications. 

ably flat frequency response from 20 cps to 20 KC, and can supply 
a maximum gain of 40 db. Its noise level is 48 db below a 10 millivolt 
input for high impedance (crystal or ceramic) cartridges, or better 
than 52 db below a 2 millivolt input for low impedance (magnetic) 
pickups. Supplying output signals up to 1.0 volt, the unit is powered 
by a single 9-volt battery. Separate Bass and Treble controls are 
provided, together with switches to adjust for "High" and "Low" 
level input signals (SWl) and to change circuit equalization for 
"Microphone" or "Phonograph" operation (SW2). The overall circuit 
arrangement is similar to that in the Regency preamp in that PNP 
transistors are employed in a three-stage resistance-coupled amplifier, 
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with the common-emitter configuration used in all stages. However, 
the input switching circuit and frequency equalization networks are 
somewhat simpler than those used in the HFT-1. 

Assuming the equipment hasn't been abused, the most common 
service complaints associated with Hi-Fi preamps are those resulting 
from weak, dead, or high resistance batteries. Next are those result
ing from defective jacks, plugs, and interconnection cables. After the 
equipment has been in use for a number of years, other defects may 
be encountered, including open and leaky electrolytic capacitors, and 
noisy controls. 

SPECIAL PREAMPS. As a class, Hi-Fi preamplifiers are the most 
complex encountered in normal service work. However, modified 
versions of Hi-Fi preamps are used in a number of fields. Most of 
these use similar basic circuits, but employ simplified equalization, 
compensation, and tone control networks. The Electronic Stethoscope 
is a typical example. Used by both the Medical Profession and by 
Industry (to track down vibrations in heavy machinery), these in
struments are basically three or four-transistor amplifiers with circuits 
very similar to those used in a Hi-Fi preamp, but with the equaliza
tion network designed to extend their low frequency response. These 
devices are used with a Vibration Pickup (basically, a special type 
of microphone); their output is used to drive a pair of earphones 
(instead of a Power Amplifier). 

The Sound Level Meter is another example. Essentially a Hi-Fi 
preamp circuit-wise, but with a permanently installed microphone and 
an A.C. Voltmeter to indicate output signal level, these instruments 
are used to check sound and noise levels in factories, schools, hos
pitals, stores, and office buildings. They are also valuable for check
ing the acoustics of concert halls and theaters. In research work, the 
Sound Level Meter is used to determine the noise levels generated 
by jet engines, air hammers, turbines, or other machinery, and for 
measuring the effectiveness of sound dampening techniques. Finally, 
with stereophonic sound increasing in popularity, these instruments 
may be used to check to acoustic characteristics of rooms in homes 
or apartments, and for balancing dual-channel Hi-Fi systems. 

Instrument Preamplifiers are used extensively in experimental 
laboratory and research work. These units are connected to the input 
terminals of such instruments as Recording Oscillographs, Voltmeters, 
Oscilloscopes, and Null Indicators, and serve to boost the instrument's 
overall sensitivity. Again, the circuits used are much like those in 
the Hi-Fi preamps discussed above, except that the continuously 
variable tone controls are omitted and replaced by fixed compensa
tion circuits to obtain a flat frequency response characteristic. 
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Since similar circuits are used, the service complaints associated 
with special purpose preamps are essentially like those encountered 
in Hi-Fi equipment, and are caused by similar defects. The same 
troubleshooting techniques may be used to check such units. Aside 
from circuit troubles, there may be service problems connected with 
the accessory equipment used with the instruments . . . with the 
Vibration Pickup and earphones used with the Electronic Stetho
scope, or with the microphone used in a Sound Level Meter, for 
example. These troubles are frequently mechanical in nature, and 
may be spotted by Visual Inspection or the simplest of tests. They 
include damaged connector, plugs, broken cables, defective cartridges 
(in pickups and microphones), broken glass ( on meter faces) , and 
dented cases. Generally, these defects are the result of accidental 
damage in field work. 

HEARING AIDS. The typical Hearing Aid employs a three or 
four-stage resistance-coupled amplifier having a gain of from 65 to 
85 db and a power output of from 0.5 to 2.0 milliwatts. Most are 
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designed for operation on from 1.3 to 4.0 volts, and require operating 
currents of less than 5.0 MA. Their medium and high frequency 
response characteristics are generally quite good, with some units 
"flat" within a few db to as high as 20 or 30 KC; this insures 
excellent reproduction of voice frequencies. Their ultra-small physical 
size prevents the use of other than sub-miniature components, how-
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ever, and this, in turn, limits their low frequency response. Relatively 
few Hearing Aids are "flat" much below 300 cps. Most Hearing Aid 
amplifiers are designed to use moderate impedance magnetic or 
dynamic microphones and earphones, and have input and output 
impedances from 500 to about 2500 ohms. 

The schematic diagram of the Centralab Type TA-11 amplifier 
is given in Fig. 2-14. Although this is a general purpose unit, its 
circuit is typical of those used in Hearing Aids. The TA-11 is a true 
printed circuit amplifier, in that not only the wiring, but its electrical 

Fig. 2-16: A commercial transistorized Hearing Aid. The unit is smaller than a 
package of cigarettes. Some Hearing Aids are even smaller and weigh but a fraction 
of an ounce. 

components (resistors and capacitors) are manufactured using printed 
circuit techniques. The entire amplifier, exluding only its volume 
control (V.C., Fig. 2-14), microphone (MIC.), earphone (PHONE), 
and battery (Bl), is sealed with epoxy resin on a steatite plate 
measuring a little over an inch by about two-thirds of an inch, as 
shown in outline form in Fig. 2-15; the unit is less than a quarter
inch thick. Input, output, volume control, and power supply leads 
are identified in both illustrations. 
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Electrically, the TA-11 has a gain of 73 db at 1 KC, input and 
output impedances of 1,000 ohms, and a signal to noise ratio 20 db 
below a 30 microvolt input signal. When powered with a 1.3 volt 
mercury cell, the unit draws a current of approximately 4.0 MA, and 
can deliver a maximum power output of 1.0 milliwatt at a 15% 
distortion level. Its frequency response is flat within 5 db from 250 
cps to 20 KC. 

Referring to Fig. 2-14, we see that four PNP transistors are used 
in the amplifier. Cl serves as an input coupling capacitor, and C2, 
C3, and C4 as interstage coupling capacitors. Base bias currents are 
furnished by resistive voltage dividers in each stage ... Rl-R2 in the 
first, R4-R5 in the second, R8-R9 in the third, and, finally Rll-R12 in 
the power output stage. In each case, the "high" side of the bias voltage 
divider is returned to the transistor's collector electrode; this provides a 
degenerative feedback signal which insures good circuit stability with 
respect to ambient temperature and supply voltage variations. The 
common-emitter circuit configuration is used in all stages, with R3, 
R6, and RIO serving as collector loads for the first three stages, and 
a magnetic earphone as a load for the final power stage. C5 and R7 
form a simple decoupling filter for the first two stages. 

Fig. 2-17: Interior view of the Hearing Aid shown in Fig. 2-16. The printed circuit 
transistor amplifier fills a little over half the interior. Power is provided by a pair ol 
standard penlight cells. 
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While similar circuit arrangements are used in most Hearing 
Aids, a variety of construction techniques are employed. Some are 
manufactured using printed circuit components and wiring (like the 
TA-11), others are wired using "conventional" construction, and still 
others, perhaps a majority, are assembled using standard sub-mini
ature components assembled on an etched circuit board. The latter 
type of construction is used in the Hearing Aid shown in Figs. 2-16 
(exterior) and 2-17 (interior). If a component defect develops in a 
sealed printed circuit amplifier, repairs are not feasible, and the entire 
assembly must be replaced. Where standard parts are used, on the 
other hand, component replacement is a practical technique. 

Circuit component defects in Hearing Aid amplifiers are a rela
tively rare occurrence, however, with the great majority of service 
complaints the result of defective batteries, noisy controls, broken 
switches, or mechanical defects in the microphone, earphone socket 
or plug, earphone cord, or earphone itself. An intermittent "open" 
in an earphone cord, for example, is a fairly common defect. Tran
sistor or component defects may develop, of course, if the Hearing 
Aid is abused or exposed to excessively high temperatures. 
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TROUBLESHOOTING CHARTS 

The Troubleshooting Charts given in Tables 2-A, 2-B, 2-C, and 
2-D have been carefully designed to apply to all types of transistor
ized low-level audio amplifiers, including Microphone and Phono 
Preamps, Mixers, Hi-Fi Preamplifiers, Electronic Stethoscopes, Sound 
Level Meters, Instrument Preamps, or Hearing Aids. They may be 
applied with equal facility to single or multi-stage devices. Table 
2-A outlines typical complaints and indicates preliminary tests which 
should be made before other, more complex, tests are used; often, 
these tests will isolate the defect almost immediately. Table 2-B 
outlines general complaints and indicates probable defects. Table 
2-C is similar to 2-B, but refers specifically to "intermittent" troubles. 
Finally, Table 2-D indicates various defects which may cause dif
ferent types of distortion . . . that is, changes in the "quality" of 
the amplified signal. 
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TABLE 2-A: PRELIMINARY TEST TROUBLESHOOTING CHART. Carry out the basic 
tests shown first. Often, the defect will be found within a minute or so. 
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Section 3 

SERVICING AUDIO AMPLIFIERS 

TO DO AN EFFECTIVE job, audio amplifiers designed to operate 
loudspeakers should deliver power levels from 50 milliwatts* to as 
high as 50 or 100 watts. In the preceding Section, we discussed low
level audio amplifier circuitry and troubleshooting techniques. Two 
basic types of amplifiers were covered ... (a) devices designed for 
use with other types of equipment, such as preamplifiers and Mixers, 
and, ( b) , instruments which are complete in themselves, such as 
Hearing Aids and Sound Level Meters. While a number of different 
circuits were examined, all shared one important feature . . . they 
could deliver very little output power. Even Hearing Aids designed 
to drive moderate output dynamic earphones can supply output levels 
of only one to five milliwatts. This is considerably less power than 
is needed to drive a standard loudspeaker to normal room volume. 

Power levels ranging from fifty to several hundred milliwatts are 
needed in equipment designed for limited coverage, such as "personal" 
portable receivers, some phonographs, and small intercommunication 
(intercom) amplifiers. Audio powers of from a half-watt to several 
watts are required for better coverage and by equipment used in areas 
having a high background noise level. Finally, multi-watt amplifiers 
are needed for Public Address and High Fidelity installations, or 
for driving the motors used in servo systems. To obtain these power 
levels, we must use medium and high power transistors. 

Historically, the transistor was produced for many months be
fore semiconductor manufacturers developed and introduced units 
capable of handling medium and high power levels. For this reason, 
the transistor's first industrial and commercial use was in low-level 
equipment; even today, with moderate and high power transistors 
available from many manufacturers, some of the unit's most important 
applications are found in low power devices. Power transistor applica-

*Milliwatt: One thousandth of a watt, or 0.001 watts. 

68 
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tions are increasing daily, however. As we shall see in this and 
later ... Sections, the power transistor can be used for as great 
a variety of jobs as can small (milliwatt) units. 

From a theoretical viewpoint alone, there is relatively little dif
ference between low, medium and high power transistors. All three 
types are made from both germanium and silicon semiconductors. All 
three are available as either PNP or NPN types. All three can be 
operated at low D.C. voltages. They are all identified with the same 
schematic symbol (s) and have the same basic electrode connections 
(emitter, base, collector). All three have varying degrees of temper
ature sensitivity. They are all subject to the same general types of 
defects. Finally, all three may be used in the same basic circuit 
configurations. 

At the practical level, however, there are several important dif
ferences between milliwatt and multi-watt types, quite aside from 
their power handling capabilities. Physically, high power transistors 
are much larger than low power units; medium power transistors, on 
the other hand, may be housed in the same size cases as milliwatt 
types. Continuing, high and low power transistor input impedances, 
operating currents, and electrical characteristics are on different orders 
of magnitude. In a single-ended Class A amplifier stage, for example, 
a low power transistor would have a typical input impedance of 
1,500 ohms, an output impedance of 10,000 ohms, and might require 
a collector current of 0.5 milliamperes. By contrast, a multi-watt 
power transistor in a similar circuit arrangement would have an input 
impedance of 10 ohms, an output impedance of 50 ohms, and a 
collector current of 500 milliamperes. But both might supply the 
same amount of gain (in db). 

Low and high power transistor types differ in other electrical 
characteristics. The cut-off or saturation current (sometimes called 
"leakage") of a small transistor may be a few microamperes ... of a 
power transistor, as much as several milliamperes. Power transistors 
have much larger interelectrode capacities and, because of this and 
other factors, generally have much lower cut-off frequencies; relatively 
few power transistor types are currently available which can be used 
at frequencies much above 50 KC . . . but there are a number of 
small transistors which can be used as amplifiers at frequencies from 
50 to as high as 1,000 MC. 

Finally, small transistors develop little internal heat. Power 
transistors, since they handle fairly large currents, may become quite 
warm in operation. This heat, if not dissipated by a suitable heat 
sink or external radiator (such as a metal plate or chassis), can cause 
a change in the transistor's characteristics. The change is generally 
a drop in the transistor's internal impedances, resulting in an in
crease in collector current flow; this, in turn, will cause further heat-
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ing and a still greater increase in collector current. If not checked, 
collector current may increase to the point where the transistor's 
junction is destroyed. This condition is called either collector current 
"runaway" or, since excessive heat is a contributing factor, thermal 
"runaway." 

Let's see how medium and high power transistors are used in 
typical audio amplifiers ... 

Fig. 3-1: One of the simplest of transistorized audio amplifier, ... a Power Megaphone. 

A POWER MEGAPHONE. Perhaps the simplest power amplifier 
circuit is one in which the power stage is driven directly by a signal 
source and, in turn, is transformer-coupled to its load (loudspeaker) . 
Such an arrangement is used in the Power Megaphone shown in Fig. 
3-1; the unit's schematic diagram is given in Fig. 3-2. Instruments 
using similar (as well as more complex) circuits are employed exten
sively by life-guards, policemen, firemen, coaches, construction fore
men, CD workers, and military personnel, and are valuable for such 
tasks as directing traffic, supervising athletic events, delivering in
structions and warnings, and for general person-to-person communi
cations during floods, fires, or other disasters. 
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Fig. 3-2: Schematic wmng diagram ol the Power Megaphone shown in Fig. 3-1. A 
single PNP power transistor is used. The common-emitter circuit configuration is 
employed. 

Referring to Fig. 3-2, a multi-watt PNP power transistor is used 
as a single-ended Class A amplifier in the common-emitter circuit 
configuration; signal power output is on the order of several hundred 
milliwatts. Base bias current is determined by emitter resistor R2 
and by a series resistance made up of bias control Rl, bypassed by 
C2, plus the D.C. resistance of the carbon microphone. A small 
capacitor, Cl, is connected across the microphone (MIKE) to bypass 
hiss and noise. In addition to its role in establishing base bias, 
emitter resistor R2 serves to introduce a small degenerative signal 
voltage (negative feedback) which helps reduce distortion and to 
stabilize circuit operation; finally, R2 provides a maximum limit on 
emitter-collector current and thus acts to prevent thermal runaway. 
Output transformer Tl matches the transistor's moderate output im
pedance (24 ohms) to the low impedance (8 ohms) of the trumpet
type loudspeaker's voice coil, assuring an efficient transfer of the 
amplified signal. Operating power is supplied by a single 9-volt 
battery, Bl, controlled by a SPST push-button switch (SWl). 

The carbon microphone, while quite sensitive and capable of 
delivering a moderately high output signal, is a relatively noisy 
device. To avoid the disadvantages of these units, some manufac
turers employ dynamic or magnetic cartridges, using a one or two 
stage preamplifier ahead of the power output stage to compensate 
for the lower sensitivity of the better quality microphones (see 
Section 2). 

A Power Megaphone with an audio output of several hundred 
milliwatts is quite adequate for many industrial, commercial, and 
governmental applications. If the instrument is used where back
ground noise levels are high, however, or where the maximum in voice 
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projection is needed, a power output of from 3 to as high as 15 watts 
may be necessary. Units designed for these applications generally 
employ push-pull power amplifiers (instead of a single-ended stage); 
their circuits are essentially like those used in transistorized P.A. 
amplifiers (see Fig. 3-6). 

The most common service complaints are those resulting from 
weak or defective batteries, from physical damage, or caused by 
exposure to extreme environmental conditions. Power Megaphones, 
although ruggedly built, are subjected to quite severe operating con
ditions. They may be used by inexperienced personnel, may be 
dropped, kicked, or slammed about, and, quite often, are used out
doors in rain, sleet, snow and dust. Referring to Fig. 3-2, weak or 
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Fig. 3-3: Schematic diagram of a compact push-pull power amplifier. This unit, 
LAFAYETTE Model KT-96, is used as a booster amplifier for receivers designed for 
earphone operation. 

distorted operation may be caused by a defective battery, by misad
justment of Rl, by leakage or an open in C2, by a defective micro
phone, or by a change in the transistor's characteristics after 
exposure to excessive heat (for example, during firefighting work). 
Excessive noise may be caused by a defective microphone, an open in 
Cl, poor battery contacts, or an intermittent switch (SWl). Failure 
to operate may be caused by a dead battery, defective switch, or 
open circuit. 
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BOOSTER AMPLIFIERS. Some pocket radio receivers, miniature 
tape recorders (see Section 9) and other types of transistorized 
equipment are designed for earphone output only. Occasionally, the 
user of such equipment finds it desirable to obtain loudspeaker opera
tion. To meet this need, several manufacturers have introduced 
compact "Booster Amplifiers." These are essentially self-contained 
audio power amplifiers having built-in loudspeakers and operating 
on their own batteries. Their design permits their use as a direct 
electrical replacement for magnetic and dynamic earphones; this is 
important for, in some cases, the earphone serves as a transistor's 
output load. Most of these units deliver power outputs ranging from 
100 milliwatts to slightly over 1.0 watt. 

The Lafayette KT-96 Amplifier is a typical unit; its schematic 
diagram is given in Fig. 3-3, while interior and exterior views are 
shown in Figs. 3-4 (a) and 3-4 ( b) , respectively. Referring to the 

(b) 

(a) 

Fig. 3-4: Interior (a) and exterior (b) views of the LAFAYETTE KT-96 amplifier 
assembly. 

schematic, this instrument uses two medium power transistors (TRl, 
TR2) as a Class B push-pull power amplifier, both transistors are 
PNP units. A common-emitter configuration is used. In operation, 
base bias current is supplied through voltage divider Rl-R2. Un
bypassed emitter resistor R3 serves to correct for minor differences 
in the characteristics of the two transistors, thus insuring balanced 
operation and minimum distortion. Input transformer Tl matches the 
output impedance of the equipment with which the KT-96 is used to 
the input impedance of the push-pull amplifier and, by virtue of its 
center-tapped secondary winding, converts the single-ended "input" 
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signal into the push-pull signal required by the transistors; the output 
transformer, T2, matches the amplifier to the loudspeaker's voice coil 
winding. Operating power is supplied by a single 9-volt battery; a 
long battery life is insured by the use of a special open circuit input 
jack which serves to close the battery connection only when a minia
ture plug is inserted. Thus, battery switching is automatic and no 
separate "ON-OFF" switch is needed. 

Aside from a defective battery, the most common service com
plaint is the result of improper operation rather than a defect in the 
amplifier itself. In an effort to obtain greater output volume, the user 
may "overdrive" the amplifier; this will happen if the Volume control 
of the equipment with which the KT-96 is used is turned too high. 
The result is distortion. Such a condition, in general, will not cause 
permanent damage, and normal operation can be restored simply by 
reducing the input signal level. After prolonged use, the input jack's 
contacts may have to be cleaned. 

P.~ AMPLIFIERS. From a broad viewpoint, Public Address 
(P.A.) systems are employed for the same type of applications as are 
Power Megaphones; an individual uses the equipment to amplify his 
voice so that he can address a group, or can talk to persons spread 
over a wide area. Where similar audio power levels are involved, 
almost identical circuits are used in the two types of equipment. 
The differences, then, are in actual construction and in installation 
and operational details. Power Megaphones are self-contained units; 
the loudspeaker, microphone, and amplifier (and, frequently, the 
battery power pack) are assembled into a single piece of equipment 
which may be carried about by the user, even while the gear is in 
operation. P.A. systems, on the other hand, are made up of separate 
components; here, the loudspeaker (s), microphone, and amplifier are 
individual pieces of equipment which must be interconnected with 
appropriate cables before the system can be used. Thus, P.A. systems 
are intended for permanent or semi-permanent installations ... even 
a portable P.A. system, for example, must be "set-up" (installed) 
before it can be used. 

The Bogen Model BT12 is a typical P.A. amplifier. This unit is 
illustrated in Fig. 3-5; its schematic wiring diagram is given in Fig. 
3-6. Measuring 6%" x 3¾" x 4%" overall, the BT12 weighs only 
3½ lbs. With a rated audio power output of 4 watts, the amplifier 
has a maximum gain of 102 db. It is designed for operation on any 
standard 12-volt D.C. power source (such as 12-volt automobile 
storage battery) and requires from 90 MA, at O watts output, to 
600 MA, when delivering a full 4 watts. Its input circuit is designed 
to accept any standard low impedance (200 to 500 ohms) microphone. 
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Fig. 3-5: The BOGEN Model 8112 P.A. amplifier, a lully transistorized unit deliver
ing four watts. 

Referring to Fig. 3-6, we see that the BT12 consists of a three
stage resistance-coupled preamplifier transformer-coupled to, and driv
ing, a Class B push-pull power amplifier. The common-emitter cir
cuit configuration is used in all stages. Low-level PNP transistor 
types are used in the preamplifier, with a pair of multi-watt PNP 
types in the output stage. A 100 ohm resistor and 100 Mfd. capacitor 
form a decoupling filter for the entire preamplifier, with additional 
R-C decoupling filters provided for each of the first two stages. 
Power supply and amplifier protection is provided by a 1 ampere 
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fuse and a thermostat connected in series with the negative power 
line; in operation, the fuse protects against shorts due to insulation 
or component breakdown, while the thermostat prevents operation of 
the amplifier at high ambient temperatures (which might initiate 
thermal runaway). The thermostat is preset at the factory to "kick 
out" at 135° F. 

Most commercially manufactured P.A. amplifiers employ circuits 
basically similar to that given in Fig. 3-6. Electrically, the chief 
differences encountered will be in the exact types of transistors used, 
with, of course, corresponding changes in component values. Different 
transistors may be used as a result of individual preferences, to 
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Fig. 3-6: Schematic wiring diagram ol the BOGEN BT12 P.A. amplifier. PNP transis
tors in the common-emitter configuration are used in all stages. 

obtain greater (or lesser) gain, to provide more (or less) power 
output, or to permit operation on different supply voltages. In some 
instances, a "mixer" circuit may be incorporated in the amplifier 
(see Section 2) to permit the use of several microphones (or of a 
microphone and record player) simultaneously. 

While different amplifiers may be similar as far as basic circuitry 
is concerned, they may vary widely in mechanical design. Different 
types of input and output connectors may be employed; panel arrange
ments may differ; and various types of cabinets may be used. Often, 
a basic amplifier will be mounted in a portable carrying case together 
with a loudspeaker and built-in power supply, forming a complete 
portable system; such a system is shown in use in Fig. 3-7. 

Unless P.A. amplifiers are subjected to excessive operating tem
peratures, connected to incorrect power sources, or physically abused 
in some other way, the chief service complaints encountered are the 
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Fig. 3-7: Using a transistorized portable P -4 system. 

result of defects in "mechanical" components ... switches, connectors, 
and so on. After years of operation, electrolytic capacitors can dry 
out or become leaky, and may have to be replaced. If the equipment 
is used in excessively damp or dusty areas, dirt or moisture accumula
tions can cause leakage, with a resulting deterioration of overall 
performance. Periodic cleaning and overall maintenance will prevent 
such trouble, however. 

PHONOGRAPHS. The expression "portable record player" is 
often applied to any phonograph equipped with a carrying handle, 
regardless of its size, weight, or power requirements. Most of these 
units, in the past at least, were designed for A.C. power line operation, 
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and, hence, were "portable" only in the sense that they could be 
carried. A truly portable electric phonograph, of course, like a port
able radio receiver, should be completely self-contained. With tran
sistors, such designs are feasible. 

As a general rule, transistorized phonographs are smaller and 
lighter than tube-operated units; their turntables may be powered 
either by spring motors or by low-drain D.C. motors. Where battery
powered motors are used, the record player is usually designed to 
handle only the slower speed records (45, 33½, and 16% RPM). 
Relatively short, light-weight tone arms are used, and these are fitted 
with high output crystal or ceramic pickup cartridges. Since compara
tively high signal levels are available, fairly simple amplifier circuits 
are used, and most units employ only two to four transistors. 

The amplifier used in the Philco Model TPAl (and TPA2) 
portable phonograph is typical. The TP Al's schematic diagram is 
given in Fig. 3-8, with the etched circuit board amplifier itself shown 

T2 R7 

MOTOR 

Fig. 3-8: Schematic wiring diagram ol the PHILCO Model TPA1 transistorized phono
graph. Powered by lour 1.5 volt 1/ash/ight cells, this instrument features direct-coupling 
to the loudspeaker. 

in Fig. 3-9; the Volume control (Rl), loudspeaker (SPKR), motor 
speed control (Rll), battery power supply (Bl and B2), and DPST 
"ON-OFF" switch (SWl) are mounted in the instrument's cabinet 
and are not part of the amplifier "chassis." SWl is ganged to the 
tone arm to provide semi-automatic operation ... power is used, then, 
only while a record is actually being played. The power pack is made 
up of four standard flashlight cells. 

As we can see by reference to the schematic diagram, a two
stage transformer-coupled amplifier is used in the instrument. PNP 
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Fig. 3-9: The amplifier "chassis" used in the PHILCO TPA1 phonograph. All com
ponents are mounted on an etched circuit board. 

transistors are used, with the common-emitter configuration employed 
in both stages. In operation, the signal obtained from the crystal 
pickup cartridge appears across Volume control Rl and, from here, 
is coupled through input transformer Tl to the first stage. Tl serves 
to match the high impedance of the pickup and volume control circuit 
to the transistor's moderately low input impedance. After amplifica
tion, the signal is coupled through T2 to a push-pull power output 
stage which, in turn, is direct-coupled to the PM loudspeaker. The 
output stage is rather unique, then, in that no output transformer is 
used. To permit this mode of operation, a "center-tapped" power 
supply (Bl, B2) is used, and a two winding secondary is provided 
on the drive transformer (T2) to insure proper signal phasing. 

The service complaints most often associated with transistorized 
phonographs are the result of defective batteries or of defects in the 
turntable and tone arm components. The small battery-powered 
motors used can deliver relatively little power; as a result, turntable 
speeds vary or may be much lower than normal with excessive loading 
or as dust and grease deposits accumulate. Generally, normal opera
tion can be restored by a general cleaning and lubrication job and 
by the installation of fresh batteries. A complaint of distortion is 
often caused by a worn needle or defective phono cartridge. In the 
amplifier chassis itself, relatively little can go wrong . . . connections 
may break if the phonograph is dropped are subjected to other abuse, 
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and, in damp areas, leakage paths can develop across the etched cir
cuit board, but these defects can be corrected with standard main
tenance procedure. 

GENERAL PURPOSE AMPLIFIER. The schematic wiring diagram 
of Lafayette Radio's Model KT-104 (and KT-105) Audio Amplifier 
is given in Fig. 3-10. The circuit used in this instrument is typical 
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Fig. 3-10: Schematic wmng diagram of the LAFAYETTE Model KT-104 Audia Am
plifier. Designed for Hi-Fi applications, this unit includes its own preamp circuit and 
delivers three-quarters of a watt output. 

of that found, with but minor changes, in many types of equipment 
(see paragraphs on SPECIAL AMPLIFIERS later in this Section). Using 
five PNP transistors, the KT-104 has a frequency response reasonably 
flat from 30 cps to 10 KC and a peak power output of 750 milliwatts. 
Equipped with independent Treble and Bass tone controls, the unit 
has enough gain to permit its use with magnetic phono cartridges; 
thus, the amplifier is suitable for low-power Hi-Fi applications. 

Basically, the KT-104 is a three-stage resistance-coupled pre
amplifier, with its last stage transformer-coupled to a Class B push
pull power output stage. The common-emitter circuit configuration 
is used throughout. Referring to Fig. 3-10, we see that two inputs 
are provided; the "LO IMP" input is for low-level, low-impedance 
devices, such as dynamic microphones and magnetic phono cartridges 
... the "HI IMP" input, which by passes the first stage (TRl), is 
for high-level pick-ups, such as crystal and ceramic cartridges. D.C. 
power is supplied by a single 9-volt battery, controlled by a SPST 
switch ganged to the Treble tone control (R3). 
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In operation, the signal appearing across input load resistor R4 is 
coupled through Cl to TRl's base electrode. TRl is operated without 
externally applied base bias, and R5 serves as its base return resistor. 
The amplified output signal appearing across TRl's collector load 
R6 is coupled through C2 and C3 to Volume Rl; two capacitors 
(C2 and C3) are used in series here to permit the application of 
an external signal from the "HI IMP" terminals while, at the same 
time, maintaining adequate D.C. isolation. From Rl the signal is 
applied to a tone control network consisting of Bass control R2, C4, 
C5, R7, RB, C6, Treble control R3, and C7, then through coupling 
capacitor C9 to TR2's base electrode. TR2's base bias is supplied 
through R9, connected back to its collector electrode; as we have seen 
earlier, this arrangement improves circuit A.C. and D.C. stabilization. 

Continuing, the amplified output signal appearing across TR2's 
collector load, Rll, is coupled through ClO to TR3's base. Bias for 
this stage is supplied by voltage divider R12-Rl3, working in conjunc
tion with emitter resistor Rl4, by-passed by Cl2. TR3's amplified 
output signal is coupled through interstage transformer Tl to the 
push-pull output stage; Tl serves the dual purpose of matching TR3's 
output impedance to the moderate input impedance of the Class B 
amplifier and of providing the two oppositely phased signals needed 
to drive a push-pull stage. 

Two medium power transistors, TR4 and TR5, are used in the 
power output stage. The small base bias required for minimum
distortion operation is supplied by the D.C. drop across Rl6, in series 
with the positive power bus. Unbypassed emitter resistors Rl 7 and 
R18 serve to stabilize circuit performance and to insure balanced 
operation. The power stage is coupled through impedance matching 
transformer T2 to the instrument's output terminals ... and, from 
here, to the voice coil (VC) winding of a standard PM loudspeaker. 
The chief difference between the KT-104 and KT-105 amplifiers is 
in the type of output transformer (T2) used ... the KT-104 has a 
3.2 ohm output, the KT-105 an 8 ohm output. Negative feedback 
is supplied from T2's secondary to Tl's primary through coupling 
capacitor Cl4; this reduces harmonic distortion and improves overall 
amplifier performance. Cl3 serves as a bypass for series bias resistor 
R16. Decoupling for the entire three-stage preamplifier circuit is 
furnished by an "L" type filter made up of Rl5 and Cll, with addi
tional decoupling for the first two stages (TRl and TR2) furnished 
by RlO and C8. 

In general, the service complaints encountered in this type of 
amplifier are caused by the following defects, in order of importance 
... (a) defective batteries, (b) defective "mechanical" components, 
such as defective switches, noisy controls, and poor contact in con
nectors, sockets, and plugs, (c) leaky or partially open electrolytic 
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capacitors, and, finally, (d) defective transistors or other circuit com
ponents caused by physical or electrical abuse. Signal Tracing is the 
most effective troubleshooting technique for isolating a defective 
stage, and Sine-Wave or Square-Wave Analysis the best techniques 
for checking overall circuit performance (see Section 10). Line
operated D.C. Power Supplies are excellent for bench tests of am
plifiers of this general class; where the minimum in hum and noise 
levels is needed, an external Filter may be used with the Power 
Supply ... see Fig. 3-11. 

Fig. 3-11: Bench checking a transistorized audio amplifier. D.C. operating power is 
obtained from a HEATH BE-2 line-operated Battery Eliminator, with extra littering 
provided by a BF-1 Filter to obtain minimum ripple. The amplilier shown is a LAFA
YETTE type KT-104. 

HIGH FIDELITY AMPLIFIERS. From design and construction 
viewpoints, the only real differences between Hi-Fi and "standard" 
audio amplifiers are the steps taken, in the former, to keep distortion 
levels to a minimum, to insure a flat, broad frequency response with 
good transient characteristics, and, finally, to eliminate hum, noise, 
and other undesired signals. In general, this means more care and 
attention to layout, better shielding, the use of higher quality com
ponents, and a more precise control of component values and specifi
cations. Thus, the same type of circuit used in a P.A. Amplifier, as 
shown in Fig. 3-6, may be used in a Hi-Fi amplifier, provided suitable 
transformers are chosen, and special pains are exercised in the choice 
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of exact component values and in circuit layout and lead dress. 
Occasionally, negative (or degenerative) feedback will be used to 
improve overall frequency response and to insure circuit stability. 

There is one further difference between P.A. and Hi-Fi ampli
fiers at the practical level. In P.A. equipment, it is standard practice, 
as we have seen, to combine the "preamplifier" circuits on a single 
chassis. The preamp circuitry, in general, is relatively simple; only 
one or two types of "inputs" are provided, and tone controls, if used 
at all, are of the simplest variety. In Hi-Fi equipment, by contrast, 
the preamp and power amplifiers are often assembled as separate 
piece of equipment, and preamp circuitry is quite complex, with a 
variety of "inputs" available, with separate Treble and Bass tone 
controls provided, and with special circuitry to insure proper fre
quency response equalization for each type of equipment (pick-ups, 
Tuners, Tape Decks, etc.) used as signal sources. Hi-Fi Preamps 
are discussed in detail in Section 2. 

The large currents and low voltages used in transistor power 
amplifiers make Hi-Fi transformer design extremely difficult ... 
and the resulting components quite large and expensive. To avoid 
magnetic saturation on current peaks, a considerable amount of iron 
must be used in the transformer cores; in addition, relatively large 
wire must be used in the windings to keep D.C. resistances (and re
sulting D.C. voltage drops) to a minimum. These considerations 
have led a number of manufacturers to design transformerless Hi-Fi 
power amplifiers. A typical amplifier circuit of this type is shown 
in Fig. 3-12. Such an amplifier is used in conjunction with a standard 
Hi-Fi preamp. 
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Fig. 3-12: Schematic diagram of a basic 10 watt Hi-Fi audio amplifier. This unit is 
designed to use an external power supply and a separate preamplifier. For suitable 
preamp circuits, see Section 2. A suitable power supply circuit is given in Fig. 3-14(b). 
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Referring to the schematic diagram, low-level transistors are 
used for three of the stages and multi-watt power transistors for the 
output stage; in practice, the latter units (TR4 and TR6) are nor
mally mounted on a suitable heat sink. The first stage, TRl, is a 
PNP transistor used as a common-collector (or emitter-follower) 
amplifier, with a 1.5 K resistor serving as its load. The signal appear
ing on its emitter electrode (across the 1.5 K resistor) is direct
coupled to the second stage, TR2, a Class A common-emitter driver 
using a PNP transistor. TR2's amplified output signal, in turn, is 
direct-coupled to a push-pull phase-inverter stage using PNP (TR3) 
and NPN (TR5) transistors. Phase inversion takes place due to the 
complementary characteristics of PNP and NPN types. The 1N91 
diode used as part of TR2's load is included for temperature com
pensation and to adjust the drive level to TR5 to compensate for 
slight differences in its characteristics (as compared to TR3); thus, 
the diode serves as load resistor rather than as a rectifier or detector 
and, in fact, can be replaced with a small fixed resistor if temperature 
compensation is not needed. The output signals appearing across 
the phase inverter's lK load resistors are direct-coupled to the 
Class B push-pull power amplifier stage (TR4 and TR6). Note the 
similarity of this stage to the one used in the Phonograph Amplifier 
described earlier (Fig. 3-8). Finally, the amplified signal supplied 
by the power stage is coupled through a 1,000 Mfd. D.C. blocking 
capacitor to the loudspeaker's voice coil. 

Several compensation circuits are included to insure good circuit 
stability, to prevent thermal runaway, and to keep distortion to a 
minimum while maintaining a flat overall frequency response. The 
5K Level control is a semi-fixed adjustment rather than a "Volume" 
control; it is preset according to the type of preamplifier used with the 
amplifier, and is adjusted to prevent overdrive. The 100 K bias 
adjustment control (BIAS ADJ) is preset so that half the D.C. 
supply voltage appears across TR6, insuring proper balance in the 
power and phase inverter stages. The 220 MMF capacitor across the 
bias control network, the 0.001 Mfd. capacitor between TR2's base 
and collector, and the 0.005 Mfd. capacitors connected across the 
phase inverter's load resistors are included to reduce the amplifier's 
response to high frequency (above 30 KC) signals and thus to reduce 
the possibility of overdrive at these frequencies which could initiate 
thermal runaway. A series network consisting of a 22 ohm resistor 
and a 0.2 Mfd. capacitor is shunted across the amplifier's output 
(that is, in parallel with the loudspeaker's voice coil) to compensate 
for phase shift beyond the audio spectrum caused by the inductive 
characteristics of the speaker's voice coil winding. Finally, a 20K 
resistor is connected between the amplifier's "output" and TRl's base 
to supply inverse (negative) voltage feedback. 
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This amplifier is designed for operation on a 50 volt D.C. power 
supply and requires from 15 MA under "No Signal" conditions to 
400 MA when delivering its rated output of 10 watts. 

From a servicing viewpoint, Hi-Fi amplifiers suffer from the same 
types of defects as do the P.A. and General Purpose amplifiers 
discussed earlier, and can be checked in much the same way. Since 
high quality components are used in most commercially manufactured 
Hi-Fi equipment, major defects are less likely to occur; on the other 
hand, Hi-Fi gear (and its owners) may be less tolerant of minor 
defects which can cause a slight deterioration of overall performance. 
As a general rule, Hi-Fi equipment should be given an overall per
formance check whenever repairs are made; this check should include 
quick tests of such characteristics as frequency response, power out
put, and distortion. When transformerless amplifiers are bench-tested, 
power supply currents should be carefully monitored; this step is 
especially important when maximum power, high frequency, sine
wave tests are conducted. A gradual increase in current requirements 
may indicate the start of thermal runaway. 

STEREOPHONIC SYSTEMS. Multiple channel audio systems are 
becoming increasingly popular among audiophiles, good music lovers, 
and other Hi-Fi enthusiasts. By providing two (or more) sound 
sources, such systems add the quality of spatial perspective to re
produced sound and create the illusion of depth. This adds increased 
realism . . . the various instruments in an orchestra, for example, 
sound as if they were located in different parts of the room, just as 
they do at a "live" concert; in a conventional Hi-Fi system, all the 
instruments seem to be squeezed into a single spot ( the loudspeaker
enclosure system). Since the quality added to the reproduced music 
is roughly analogous to that added to a picture by a stereoscope, 
such systems are called stereophonic (or, simply, stereo) installa
tions. This is a coined term meaning "solid-sound." Another ex
pression used to describe such systems is binaural (meaning, "two
eared"); by contrast, a conventional Hi-Fi installation is called 
a monaural system. 

Theoretically, any number of channels may be used in a stereo 
installation, but most home systems use two channels; theater systems 
may employ three, five, or seven channels. A typical two channel 
system is illustrated in block diagram form in Fig. 3-13. Each chan
nel includes a preamp, power amplifier, and loudspeaker-enclosure 
assembly. Individual or common power supplies may be used, 
depending on personal preferences. The input signals supplied to 
such an installation may be obtained from a dual-output stereo phono 
cartridge, from a dual-channel tape playback deck, or from a stereo 
radio tuner. 
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As far as transistor circuitry is concerned, there is no difference 
between the type of equipment used in a stereo installation and that 
used in a conventional Hi-Fi system; the preamp circuits used are 
essentially like those described in Section 2, and the power ampli
fiers employed are similar to those discussed earlier in this Section. 
Each item of equipment is simply duplicated. Occasionally, a manu
facturer may assemble two preamps ( or two power amplifiers) on a 
single chassis or in a single cabinet specifically for stereo installa
tions; where this is done, standard practice is to provide a common 
power supply and to "gang" the tone and volume controls, generally 
by means of concentric shafts. 

The service complaints encountered in stereo installations ... 
and troubleshooting techniques used . . . are like those encountered 
in single channel Hi-Fi installations. When servicing a stereo system, 
however, one final check is needed ... the system should be "bal
anced" so that each channel is delivering the same power output. This 
is accomplished by adjusting appropriate "level" or "balance" controls 
on the equipment itself for equal output indications on a suitable test 
meter. An Audio Output Meter may be used for this test where 
identical speaker systems are used for each channel, a Sound Level 
Meter may be used where different speakers are employed. 
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Fig. 3-13: The basic components of a STEREOPHONIC installation are shown here 
in block diagram form. Two complete audio channels are provided. The input signals 
may be obtained from a stereo phonograph, a tape playback machine, or radio tuners. 

SPECIAL AMPLIFIERS. Slightly modified versions of the basic 
audio amplifier circuits given in Figs. 3-2, 3-3, 3-6, 3-10 and 3-12 
may be used in a number of different types of equipment. Generally, 
the modifications used do not alter basic circuit operation; instead, 
they simply adapt the basic circuit to handle specific jobs. Typical 
modifications may be changes in the type of signal source or output 
load, the addition of switching or control circuits, and minor changes 
in component values to obtain different values of gain or power out
put, or, in some cases, a variation in frequency response. Let's examine 
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typical special purpose amplifiers to see how the circuits discussed 
earlier are used ... 

Electronic Organs use multi-watt audio amplifiers similar to those 
used in Hi-Fi installations. The modifications include . . . (a) the 
substitution of electromechanical or electronic tone generators in 
place of a phono cartridge or Tuner signal source, and (b) an elabora
tion of the tone control circuits to permit a greater variation in 
frequency response characteristics. 

Guitar Amplifiers or other Musical Instrument Amplifiers employ 
circuits like those used in P.A. amplifiers and Hi-Fi systems. The 
chief modification is the substitution of a contact microphone or 
magnetic pickup for a standard microphone. In most cases, of course, 
a Guitar Amplifier, its loudspeaker, and its power supply are mounted 
together in a single portable carrying case. 

Intercom Amplifiers used in homes and offices are designed around 
circuits similar to that shown in Fig. 3-10. The modifications in
clude ... (a) the omission of the tone control network, and (b) 
the addition of input and output switching to permit the amplifier's 
output to be fed to any of several loudspeakers and to permit any 
loudspeaker to serve as an input signal source (microphone). 

Laboratory or Instrument Amplifiers use circuits similar to those 
shown in Figs. 3-6 or 3-10, depending on the output power levels 
needed. Any of many modifications may be used, depending on the 
amplifier's specific application; often, circuit modifications are made 
"on the spot." Generally, instrument transducers are used in place 
of a microphone as a signal source, and the amplifier's output may be 
fed to a recording device instead of a loudspeaker. Tone control 
circuits are usually omitted, but the amplifier's basic frequency 
response may be altered by small filters to emphasize ( or cancel) 
certain frequencies. 

Paging and Talkback Amplifiers are similar in application to 
Intercom Amplifiers. Here, circuits similar to those used in P.A. 
systems are employed, but with the addition of suitable input and 
output switching networks. In contrast to a small Intercom, which 
may require a power level of only a few hundred milliwatts, a Paging 
Amplifier may require from 3 to as high as 50 watts. 

Radio Transmitter Modulators (see Section 9) use circuits like 
those found in P.A. amplifiers (Fig. 3-6), but with the output trans
former replaced with a modulator transformer to match the trans
mitter with which they are used. 

Servo Systems (see Section 9) use amplifiers delivering from 3 to 
as high as 100 watts. Their basic circuits are similar to those used 
in P.A. installations, but their output load is generally a small motor 
instead of a loudspeaker. Often, a Servo Amplifier has a much 
narrower frequency response than a standard audio amplifier. 
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Signal Tracers use circuits similar to the one given in Fig. 3-10, 
but with the tone control network omitted. An R.F. Detector Probe 
is used for tests in I.F. and R.F. circuits; a shielded direct probe with 
a series blocking capacitor for tests in audio circuits. Often, an A.C. 
Voltmeter will be connected in parallel with the instrument's loud
speaker to serve as a visual output indicator. 

Tuned Amplifiers are used as null indicators or for industrial 
control work. The basic circuits used may be similar to those given 
in Figs. 3-6 or 3-10, depending on the power levels needed. Band
pass filter networks are added between stages to limit the amplifier's 
frequency response characteristic. 

If we exclude troubles in the auxiliary equipment with which 
special purpose amplifiers are used, service complaints are caused by 
defects identical to those encountered in corresponding types of audio 
amplifiers, and similar troubleshooting methods may be used. This 
is not too surprising, of course, in view of the similarity of circuits. 
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Fig. 3-14: Schematic wmng diagrams of Power Supplies designed for use with tran
sistorized audio amplifiers. The circuit shown at (a) has a single output; the circuit 
at (b) has two isolated outputs and may be used to power the dual amplifiers needed 
in stereo installations. In critical applications a filter choke and additional capacitor 
may be added to reduce ripple to an absolute minimum. 
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When servicing such equipment, then, one of the first steps is to 
check out any auxiliary gear used with the basic amplifier . . . such 
as transducers, probes, recorders, and so on. Afterwards, the ampli
fier itself may be tested using the standard techniques discussed 
earlier (as well as the techniques described in Section 1), together 
with the Troubleshooting Charts given at the end of this Section. 

AMPLIFIER POWER SUPPLIES. All transistorized equipment may 
be operated with suitable battery power packs. Battery operation is 
preferred, of course, for portable equipment and, often, for perma
nently installed units have very low current drains* or instruments 
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Fig. 3-15: Circuit of a REGULATED power supply. Here, a power transistor (TRJ) is 
used as a series current regulator, improving circuit operation and reducing ripple. 

extremely sensitive to hum or noise, such as high gain preamplifiers 
and some types of instrument amplifiers. On the other hand, if the 
equipment requires relatively high currents ... such as P.A. ampli
fiers, Hi-Fi systems, and similar gear ... and is permanently in
stalled in a home, factory, or office, A.C. power line operation is 
much more economical and convenient than batteries. 

The schematic diagrams of three line-operated power supplies 
designed for use with multi-watt audio amplifiers are given in Figs. 
3-14(a), 3-14(b), and 3-15. The circuit shown in Fig. 3-14(a) sup
plies from 38 volts (D.C.) under no load conditions to 34 volts when 
supplying its rated output of 400 MA; it consists of a step-down 
transformer, ON-OFF switch, bridge-type rectifier, and a single filter 
capacitor (Cl) . . . a simple neon pilot lamp is connected across 
the transformer's primary (along with a small series current limiting 
resistor). The circuit given in Fig. 3-14(b) is similar, except that 
two outputs are provided for the operation of two independent am
plifiers in a stereo installation; here, the output voltage ranges from 
50 volts (no load) to 45 volts with a drain of 400 MA. In the second 

•Where battery life may equal its normal "shelf" life. 
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circuit, small series resistors and additional filtering are added to 
prevent cross-coupling between the two amplifiers through the power 
supply circuit. Both circuits are fused for protection against overloads 
and accidental shorts. 

The power supply circuit shown in Fig. 3-15 is designed for use 
with amplifiers requiring good voltage regulation. As in the other 
circuits, a step-down transformer, a full-wave bridge rectifier, and a 
large filter capacitor (Cl) serve as a basic D.C. source. However, 
in order to improve voltage regulation, a power transistor (TRl) is 
used as a series regulator, with small mercury batteries (Bl) serving 
to supply a reference control voltage; these batteries also serve to 
stabilize the voltage supplied to a preamplifier. Since relatively little 
current is drawn from the mercury batteries, their operating life is 
equal to their normal "shelf" life. C2 serves as an output filter. 
Separate switches are provided for both the preamplifier and power 
amplifier outputs. 

Power supply service complaints are similar to those encountered 
in any type of line-operated power supply, whether designed for use 
with transistorized or tube-operated equipment. The most common 
defect, of course, is a defective filter capacitor. An open capacitor 
can cause excessive ripple and hum; a leaky capacitor will cause a 
drop in output voltage and overheating. Basic troubleshooting pro
cedures are Voltage Analysis and Parts Substitution Tests. 

TROUBLESHOOTING CHARTS 

The block diagram given in Fig. 3-16 may be applied to virtually 
any type of audio amplifier, whether used in a Power Megaphone, 
P.A. system, or Hi-Fi installation. It is useful for analyzing circuit 
operation and for determining suitable test procedures. Referring to 
the diagram, the POWER AMPLIFIER may be a single transistor 
or a pair used in push-pull; similarly, the DRIVER STAGE may be 
a single unit or a pair in push-pull. One or more PREAMP STAGES 
may be used, depending on the equipment and its application. 
Finally, the POWER SUPPLY may be batteries or a line-operated 
power source. In some cases, the functions of the PREAMP and 
DRIVER may be combined in a single stage; in still others ... as, 
for example, the circuit given in Fig. 3-2 ... the functions of all three 
sections may be combined in a single transistor. In general, however, 
the PREAMP serves to boost the weak incoming signal to a sufficient 
level to operate the driver; the PREAMP STAGES are often called 
"gain" stages. Next, the DRIVER takes this signal and, serving as 
a low power amplifier, furnishes a signal adequate to drive the 
POWER stage. Multiwatt Class B amplifiers, for example, may re
quire as much as 50 to 100 milliwatts drive. Finally, the POWER 
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the stages shown. In some amplifiers, for example, the "preamp" and "driver" functions may be combined in a single stage; in others, 
batteries may be used in place of the line-operated "power supply." Some amplifiers may have but a single input ("Microphone" for example). '° .. 
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AMPLIFIER gives the signal the final boost needed, and delivers 
its output to the load (Loudspeaker, for example). 

Any of several devices may furnish an input signal . . . four are 
shown: Microphone, Tape Recorder, Record P/,ayer and Tuner. In 
some equipment ... a Hi-Fi system, for example ... all four may be 
provided. In other types of gear, only one may be used; in a P.A. 
installation, for instance, only a Microphone may be employed. 

Audio amplifier Troubleshooting Charts are given in Tables 3-A, 
3-B, 3-C, 3-D, and 3-E. These are designed to apply to any of the 
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DEAD 
{"Doesn't work") 

l 3 2 4 2a Voltage or current measurDments; Signal Injection; 
Check transistors. 

WEAK 
Voltage or current measurements; Apply test signal 

l 3 2 4 5 and use Signal Tracer to check gain of individual 
"Low Voluma" stages. Check transistors. 

NOISE 
Try by-passing power supply or battery with large eluc-

l 2 3 4 5 trolytic capacitor; use Signal Tracing to isolate; check 
(or Hum) shielding. 

OSCILLATION Try substitute filter and by-poss capacitors; check 
Squealing, perhaps l 2 3 4 5 shielding; Voltage (or current) measurements to see if 

mot::>rbooting all stages ore normal; use Signal Tracing to isolate. 

INTERMITTENT 
Wriggle interconnecting leads; check for loose components 

4 2 l 3 la in sockets, or for broken connections using "Brute 
"Works now and then " Force" technique. 

MICROPHONIC 
Check for loose connections; tap components with eraser 

3 la 2 l 4 tip of pencil to isolate; pay particular attention to input 
Squeals on peaks circuits and pre,,amp. 

DISTORTION 
Apply test signal to input, checking each stage with 

l 3 2 5 4 Signal Tracer or Oscilloscope; check operating Voltages 
Sound garbled (or current) Check transistors. 

TABLE 3-A: ISOLATION TEST TROUBLESHOOTING CHART - Use this chart as a 
guide when isolating trouble to a specific stage or section, Check the various sections 
in the numerical order shown for various basic complaints. Make the checks identified 
by letters (la, 2a, etc.) ONLY it necessary ... see text for details. Refer to Section 1 
for information on basic test techniques (Signal Tracing, etc.). 

audio amplifiers discussed in this Section, as well as to special purpose 
amplifiers which are based on audio amplifier circuitry. Table 3-A 
outlines basic troubleshooting procedures for isolating troubles caus
ing common complaints; it may be used in conjunction with the 
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TABLE 3-C: NOISE COMPLAINT TROUBLESHOOTING CHART - Where the complaint is "hum," "hiss," or a similar noise, use this chart 
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TABLE 3-D: POWER SUPPLY TROUBLESHOOTING CHART - Where supply voltages are obtained from a line
operated power supply instead of batteries, the power supply itself may be a source of trouble. Here, common 
power supply complaints and corresponding defects are listed. 
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CHECK FOR PROCEDURE 

Using Audio Gonetator, apply sine .. wave signals @SO, 100,500, 1,000, 5,000 
and 10,000 cps, Observe input end output on Oscilloscope, noting any devic-

Distortion tion in wave-form. Very jnput level from minimum to specified maximum at 
eoch frequency. Adjust Loudness, Level and other controls over operating 
range. 

I, Using Square-Wove Generator as signal source and Oscilloscope to check 
output wove .. form, check performance with 50, 100, 1,000 cps signals, 
watching for excessive rounding of high frequency signals, tilt of low 
frequency signals. 

Frequency Response II. Use Audio Generator os sfgnal source, applying sine-wove signals over 
range from 50 cps to 20 KC. Keep input signal constant, checking output 
level with VTVM or Oscilloscope. 

With either test technique, adjust tone controls over full range, noting chOnges 
in equipment operation. 

Transient Response 
Use Squore .. Wove Generator and Osc:ilJoscope. Check with I KC and 5 KC 
signals, watching for overshooh. 

Use Audio Generator as signal source. Connect 20 watt resistor across out-
put terminals ... value equal to 1-oudspeaker impedance. Mecisure power output 

Power Output using VTVM and formula (P = E 2/R) with normal input Gnd maximum signals .. 

Stereo 
In addition to basic tests outlined above, check system for overall balance, 
using Output Meter. 

TABLE 3-E: HI-Fl CHECK CHART - When servicing high fidelity audio gear, the 
equipment should be given a quick check of overall performance whenever major repairs 
are made. These checks serve to "catch" obscure defects which may not be ap
parent in a routine operational test. Use this chart as a guide for checking such 
equipment. For detailed information on square-wave tests, refer to Section 10. 

general block diagram given in Fig. 3-16. The different sections of 
the amplifier system are checked in the numerical order given for 
each of the major complaints. Where a letter subscript is used, it 
means that the section identified may be checked simultaneously 
with another section; for example, if the complaint is DEAD, the 
Power Amplifier and Loudspeaker will be checked out together if a 
sound is heard from the speaker when a test signal is applied to the 
Power Amplifier's input (using the Signal Injection Test). Tables 
3-B and 3-C outline typical component defects causing various "Dis
tortion" and "Noise' complaints, respectively, and are useful for 
isolating a defect to a specific component. Table 3-D is used as a 
guide for troubleshooting line-operated Power Supplies. Finally, 
table 3-E serves as a check-list for overall performance tests of High 
Fidelity equipment; as mentioned earlier, all Hi-Fi gear should be 
given a general check whenever major repairs are made. 



Section 4 

SERVICING "HYBRID" PORTABLE 
RECEIVERS 

THE TRANSISTOR was invented well over a decade ago. The first 
unit was a hand-made point-contact type, consisting of a minute block 
of germanium and two very fine, closely-spaced "cat's-whisker" wire 
leads; the small block of semiconductor served as the base, with the 
wire tips held against it under spring pressure and serving as the 
emitter and collector electrodes. This type of construction was also 
used in the first commercially manufactured (mass-produced) tran
sistors. 

Now obsolete, the point-contact transistor had high gain, was 
quite efficient, and could be used at both R.F. and audio frequencies. 
Some of the early types, for example, could be used as oscillators at 
frequencies up to 50 MC. But the point-contact transistor was noisy, 
unstable, of varying electrical characteristics, and, because it was 
difficult to manufacture, very expensive. As a result, this type of tran
sistor was used in relatively limited quantities; it found its way into 
a few types of high-priced special purpose military and industrial 
equipment but, for practical purposes, was never used in mass-pro
duced products intended for the commercial market. 

Introduced in 1951, some three years after the invention of the 
point-contact type, the junction transistor offered most of the ad
vantages of the earlier type and few of its disadvantages. Essentially 
a three-layer "sandwich" of alternate P and N type semiconductors, 
this new type had low noise, was quite stable, could be made with 
consistent characteristics, and, most important, was relatively inex
pensive to manufacture. But the junction type had one disadvantage 
... at least in its early forms ... with greater interelectrode capac
ities and somewhat lower gain than point-contact types, this unit 
could not be used effectively at R.F. frequencies; it was essentially 
an audio transistor. Nevertheless, its advantages outweighed its one 
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Fig. 4-1: Block diagram of typical "hybrid" portable radio receivers. Tubes are used in the R.F., I.F. and (often) first audio stages; transis
tors in the audio output stage. In some sets, transistors may be used in the entire audio system. In a few sets, a transistorized 11811 (high 
voltage) power supply may be used in place of 11811 batteries . 
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drawback and mass-production of junction transistors was started in 
1952, and has continued to the present day. As we have seen, junc
tion transistors soon found their way into all types of low-level audio 
equipment and, here at least, completely supplanted the subminiature 
vacuum tube (see Section 2). 

Radio receiver manufacturers, anxious to take advantage of the 
transistor's small size, light weight, long life, and low power require
ments, and, in a sense, to "cash in" on the transistor's favorable 
publicity in the public press, were confronted with a major "stumbling 
block" in the unit's limited R.F. capabilities. A solution to this prob
lem was found in the development of "hybrid" receiver designs; with 
this approach, subminiature vacuum tubes were used in the equip-

Fig 4-2: CROSLEY's "Book Radio" - a popular hybrid receiver. 
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ment's R.F. and 1.F. stages and transistors in the audio section. 
Hybrid circuits, then, are those using both tubes and transistors. 

The basic circuit used in typical hybrid portable radio receivers 
is shown in block diagram form in Fig. 4-1. Exterior and interior 
views of the Crosley "Book" Radio, a typical hybrid set, are given 
in Figs. 4-2 and 4-3, respectively. Referring to the diagram (Fig. 4-1), 
vacuum tubes are used in the receivers CONVERTER and I.F. AM
PLIFIER stages and, often, in the 2nd DETECTOR and FIRST 
AUDIO stages as well. Transistors are used in the AUDIO OUTPUT 
stage, and, occasionally, in one of the preceding audio amplifier 
stages. A low voltage "A" battery supplies filament power to the 
vacuum tube stages and bias and operating currents to the transistor 

Fig. 4-3: Interior view of CROSLEY's "Book Radio" - note the 45 volt 11811 battery. 
The receiver's II A" battery, which supplies lilament voltage for the tubes as well as 
operating power for the transistors, is under a clamp at the left end of the chassis. 

stage(s). High voltage "B" batteries supply plate and screen voltages 
to the tubes. In a few sets of foreign manufacture, a transistorized 
"B" supply was used as a substitute for separate high voltage bat
teries; these sets required only "A" batteries (supplying from 1.5 to 
6.3 volts, depending on circuit design) for operation. 

Today, hybrid portable receivers are no longer produced in seri
ous quantities ... no major manufacturer, for example, has such 
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sets in current production. However, there are a number of these 
receivers in the hands of consumers and the practical service tech
nician will encounter them from time to time in his daily work. Let's 
take a look, then, at typical hybrid receiver circuits. 

TWO-TRANSISTOR "HYBRIDS." The schematic wiring diagram, 
chassis layout, and cabinet arrangement used in the Automatic Radio 
Model TT 600 receiver are given in Figs. 4-4(a), 4-4(b), and 4-4(c), 
respectively. An exterior view of this radio set is shown in Fig. 4-5. 

(Cl 

Fig. 4-4: AUTOMATIC RAD/O's Model TT-600 receiver. The schematic wiring diagram 
is given at (a), chassis loyout at (b), and an interior view of the receiver, showing 
battery location, is given at (c). This set uses transistors only in the output stage. 

The Firestone Model 4-C-29 receiver is, for practical purposes, 
identical to the TT 600. These receivers were small "personal" sized 
portables covering the standard AM Broadcast Band from 540 to 
1610 KC. Operating power was supplied by a 45 volt "B" battery and 
a 4 volt mercury or alkaline cell "A" battery; in normal use, the "B" 
battery would last approximately twice as long as the "A" battery. 

Referring to the schematic diagram, we see that this receiver 
uses three vacuum tubes and two transistors. The vacuum tube 
filaments are connected in series and powered by the 4-volt "A" 
battery; plate and screen voltages are furnished by the "B" battery. 
The transistors are powered solely by the 4-volt battery. 

In operation, loop antenna coil Ll, tuned by a standard variable 
capacitor, serves to pick up and select incoming R.F. signals. These 
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are coupled directly to the first stage, a type 1 V6 subminiature triode
pentode vacuum tube; the triode section serves as a local oscillator, 
with the pentode serving as a mixer to convert the picked up signal 
to the 455 KC I.F. value. Next, the I.F. signal developed by the mixer 
is coupled through I.F. transformer Tl to the I.F. amplifier stage, a 
type 1AH4 subminiature tube. After additional amplification here, 
the I.F. signal is coupled through the 2nd I.F. transformer (T2) to 
the diode section of a type IAJ5 diode-pentode; the diode serves as 
the receiver's second detector, with its load made up of fixed resistor 
R5 and Volume control R6. R5 and R6 are bypassed for R.F. by a 

Fig. 4-5: An exterior photo of AUTOMATIC RAD/O's Model TT-600 receiver. This 
set is almost identical to FIRESTONE's Model 4-C-29 radio receiver. 

150 MMF capacitor. The D.C. component of the detected I.F. signal 
is coupled back through R4 and appears across Rl as an A VC control 
signal for the R.F. mixer. RI is bypassed by Cl, providing a slight 
delay in A VC operation. 

Continuing, the audio component of the detected signal is coupled 
through a 0.001 Mfd. capacitor to the grid of the 1AJ5's pentode 
section; this pentode serves as the set's first audio amplifier, with its 
amplified output signal transformer-coupled through T3 to the tran
sistorized push-pull power output stage. Grid bias for the 1AJ5's 
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pentode is obtained by returning its 6.8 Megohm grid resistor to the 
"hot" side of the 1 V6's filament. 

The audio power stage consists of two PNP transistors connected 
as a Class B push-pull amplifier; base bias current is furnished by 
voltage divider R7-R8. The common-emitter configuration is used. 
Output transformer T4 matches the moderate output impedance of 
the transistor stage to the low impedance of the loudspeaker voice 
coil, assuring an efficient transfer of signal power. 

A rather unique biasing arrangement is used in the I.F. amplifier 
stage. Returning to the 1AH4, a small portion of the amplified I.F. 
signal appearing across T2's primary is coupled back through C3 and 
Tl's secondary to the tube's grid. Here, the grid acts like a diode and 
the fed-back signal is rectified, charging C2 and developing a D.C. bias 
voltage across R3. This bias voltage varies with the amplitude of the 
fed-back signal and hence with the amplitude of the original R.F. signal 
picked up by Ll. As stronger stations are tuned in, a greater signal 
voltage appears across T2, feeding back a stronger signal through C3, 
and developing a higher bias for the stage, thus reducing stage gain 
and compensating for the increased input signal level. Conversely, a 
drop in input signal level will cause stage bias to be reduced, in
creasing stage gain. The net effect, then, is a self-contained AVC 
action in the I.F. stage alone. 

The circuit arrangement used in the TT-600 (and Firestone 
4-C-29) is basic to most hybrid personal portable receivers. Referring 
to the schematic diagram of the Emerson Model 838 receiver given 
in Fig. 4-6 (a) as a practical example, we find that the same tube 
line-up is used, same battery voltages are employed, and, except for 
minor changes in exact component values, that the circuit is virtually 
identical to the one we have just discussed. An exterior view of the 
Emerson 838 is shown in Fig. 4-7. 

THREE-TRANSISTOR "HYBRIDS," The design approach used in 
the receiver circuits we have discussed thus far was not confined just 
to miniature personal portables, where overall size had to be kept as 
small as practicable. Hybrid circuits were sometimes used in "full
size" portable receivers. A typical example is the Emerson Model 
843 portable radio; this set's schematic wiring diagram is given in 
Fig. 4-8 (a). These receivers differed from the compact "personal" 
sets not only in physical size, but in a number of other construction 
details. As a general rule, subminiature tubes were used in personal 
portables, standard miniature tubes in the larger sets; larger loud
speakers were used to obtain improved sound quality . . . 4" to 6" 
diameter speakers in "full-size" radios versus 11/2" to 2¾" units in 
"personals." Often, higher "B" voltages were used to obtain in
creased sensitivity. Finally, the larger radios often employed a 
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Fig. 4-6: EMERSON's Model 838 radio receiver. 
at (b), and the chassis layout at (c). 

The set's schematic diagram is given at (a), printed circuit "couplate" connections 
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transistor driver stage ahead of the output amplifier to obtain in
creased power output and greater gain. 

Referring to Fig. 4-S(a), we see that the Model 843 is a superhet 
receiver employing three miniature tubes and three transistors. The 
set receives the AM Broadcast Band from 540 to 1620 KC. Operating 
power is furnished by 6-volt "A" and 67½-volt "R" batteries; the 
"A" battery drain is from 50 MA to about 110 MA, depending on 
output volume ... "B" drain averages about 3.2 MA. 

In operation, incoming R.F. signals are picked up and selected 
by a ferrite core antenna coil, Ll, tuned by variable capacitor CL 
From here, the signal is applied to a type 1R5 pentagrid converter. 
L2, tuned by C3, serves as the local oscillator coil. The 455 KC I.F. 

Fig. 4-7: Exterior view of EMERSON's Model 838 receiver. 

signal obtained from the 1R5 is coupled through I.F. transformer Tl 
to the 104 I.F. stage, with its amplified output signal coupled through 
T2 to the diode section of a 105 diode-pentode vacuum tube. RS and 
Volume control R9 serve as the diode's load, with the D.C. portion 
of the detected I.F. signal coupled back through R7 to the 1R5 as 
an A VC control signal. The audio portion of the detected signal is 
coupled through C14 to the 1O5's control grid. Thus, the 105 serves 
both as the receiver's second detector and as its first audio amplifier; 
the tube's screen grid and plate are tied together to obtain triode 
operation. 

The amplified audio signal appearing across the 1O5's plate load 
resistor, R11, is coupled through C15 to the base electrode of tran
sistor V-4, serving as the second audio amplifier. C16 serves as a 
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plate R.F. bypass. V-4's base bias is furnished by voltage divider 
R12-R14, operating in conjunction with emitter resistor R15, bypassed 
by C18, R13 and Cl 7 form a decoupling filter in the bias supply 
circuit. V-4's amplified output signal is coupled through interstage 
transformer T3 to the push-pull output stage, V-5 and V-6, with its 
output, in turn, coupled through output transformer T4 to the loud
speaker's voice coil. R17, between T4's secondary and V-4's base, 
serves to introduce negative (inverse) feedback across the transistor 
audio amplifier, thus reducing distortion and improving overall sta
bility. The output stage is operated as a Class B amplifier, with base 
bias supplied through voltage divider R16-R18; unbypassed emitter 
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Fig. 4-8: Schematic diagram (a) and resistance chart (b) ot EMERSON's Model 843 
portable radio. A tu/I-sized receiver (as opposed to the smaller "personal portables"), 
this set employs three transistors in its audio system. 

resistor R19, common to both V-5 and V-6, serves to reduce distortion 
and to insure balanced operation. All three transistors ... V-4, V-5, 
and V-6 ... are PNP units; the common-emitter circuit configuration 
is used in both transistor stages. 

TRANSISTORIZED 118 11 SUPPLY. As mentioned earlier, the tran
sistor's application in hybrid receiver circuits was not confined solely 
to the audio sections. Occasionally, the transistor was used in a high 
voltage power supply circuit to eliminate the need for a separate 
"B" battery for tube plate and screen supply voltages. A typical 
circuit arrangement is shown schematically in Fig. 4-9. In operation, 
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a PNP transistor is used as a 15 KC blocking oscillator, with trans
former Tl serving both to provide the feedback necessary to start and 
sustain oscillation and as a "step-up" transformer to obtain a relatively 
high output voltage. Base bias current is supplied by voltage divider 
Rl-R2, with Rl bypassed by C3 to prevent attenuation of the feed
back signal and resulting drop in oscillator efficiency. A modified 
common-collector circuit configuration is used. C4, L2, C5, and C6 
serve as a filter network for the 4.5 volt D.C. source ("A" battery) 
and prevent the accidental feedback of the oscillator signal into the 
audio and R.F.-1.F. circuits through common-coupling in the battery. 
The stepped up voltage obtained from Tl is rectified by a semicon
ductor diode, Dl, and filtered by a "Pi" network made up of C2, 
Ll, and Cl. Due to the high operating frequency (15 KC), the 
"ripple" filter, Ll-Cl, can be made up of relatively small components; 
C2 is made moderately large, however, to insure good voltage regula
tion. The D.C. output voltage (B+) obtained ranges from about 
40 to 100 volts, depending on Tl's design. In practice, the entire 
power supply is generally assembled in a well-shielded case to prevent 
electromagnetic and electrostatic coupling to other receiver circuits. 

Since transistorized "B Eliminator" power supplies were seldom, 
if ever, used in hybrid receivers of domestic (U.S.) manufacture, they 
may seem to be of academic interest only, except to technicians 
specializing in the maintenance of imported radio sets. But this is not 
the case. While such power supplies are seldom found in U.S.-made 
receivers, modified versions of the basic circuit are used extensively 
in other types of equipment ... in Geiger Counters, Dosimeter 
Chargers, and so on. These special applications are discussed in 
detail in Section 9. 

SERVICE NOTES. Even if he has encountered relatively few 
hybrid receivers in his work, the experienced radio service technician 
probably sensed a familiar "air" about the circuits shown in Figs. 
4-4 (a), 4-6 (a), and 4-8 ( a) . This is not too surprising, of course, for 
the Converter, I.F. Amplifier, Second Detector, and First Audio stages 
in these receivers . . . and in most hybrid portables, for that matter 
. . . are almost identical to corresponding stages in the "all tube" 
receivers which the technician may have serviced for years. Since the 
circuits are similar, the service complaints and component defects 
encountered are like those found in the same stages in conventional 
"all tube" sets, and similar troubleshooting procedures may be used. 
The most common service complaints, of course, are the result of 
"weak" or "dead" batteries, followed closely by defective tubes. Since 
all tube filaments are connected in series, an "open" in any one 
filament will cause all the tubes to go dark. As far as the transistor 
stages are concerned, trouble here should be an exception, rather than 
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the rule. However, the following general notes . . . which apply to 
all hybrid portables . . . will be found useful . . . 

1) Resistance checks - before making such tests, turn the set 
"Off,'' and, preferably, remove the batteries . . . then remove 
the transistors. 

2) Battery repl,acement - "mercury" batteries are used as "A" 
batteries in many hybrid sets. These are more expensive than 
conventional zinc-carbon batteries, but have a much longer 
operating life, with the advantage that they maintain an 
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Fig. 4-9: Schematic wiring diagram of a transistorized "B" supply. Such supplies were 
used in relatively few receivers, but may be encountered from time to time in general 
service work. 

almost constant output voltage until exhausted. But the outer 
case of a mercury battery is its positive terminal . . . the 
center button is its negative terminal; this is just the opposite 
of familiar zinc-carbon batteries ( case negative, button pos
itive, and may cause trouble. Take care to observe proper 
powity when repl,acing batteries. 

3) Transistor repl,acement - as mentioned in earlier Sections, 
transistors seldom "go bad" unless abused. H you suspect 
the transistors, first remove from their sockets and check for 
normal operating voltages. In the case of transistors used in 
a push-pull output stage, most hybrid sets employ matched 
pairs in this application. These can be obtained, as a set, 
from the receiver manufacturer or his local distributor. If 
unmatched transistors are used, general result is lowered out
put (volume) and distortion. Finally, always turn the set 
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"Off" before removing or replacing transistors. Do not solder 
to a transistor socket with the transistor in place. 

4) Filter capacitors - large value electrolytics are used across the 
"A" batteries to eliminate cross-coupling through common 
power supply impedances. Refer to C6, Fig. 4-4 (a), C21 in 
Fig. 4-6 (a), and C13 in Fig. 4-8 (a). Loss of capacity or 
"open" may cause distortion or oscillation, depending on bat
tery condition. 

TROUBLESHOOTING CHARTS 

The Troubleshooting Charts given in Tables 4-A, 4-B, and 4-C 
apply to all types of American-made hybrid receivers, and may be ap
plied to imported types as well if a transistorized "B" supply is 
treated as a "B" battery. Table 4-A outlines common complaints and 
indicates basic isolation procedures. Table 4-B applies to typical 
complaints resulting from troubles in the R.F. or I.F. sections of 
receivers; in general, these are the "tube" stages. Table 4-C applies 
to troubles in the audio section, and, like Table 4-B, lists typical 
complaints and indicates component defects which may be the cause; 
the audio section of most hybrid sets, as we have seen, includes both 
tubes and transistors ... a tube is used as the 1st Audio Amplifier, 
and transistors in the driver and output stages. 

ALIGNMENT. Table 4-D outlines the basic Alignment Procedure 
for the Automatic TT-600 receiver. However, it can be applied, with 
but minor changes, to virtually any hybrid receiver. The chief modi
fication is the selection of the correct I.F. value ... most sets use 
455 or 456 KC, but an occasional set may use some other value. 
A few receivers may require an additional adjustment at 600 KC. 
This step is carried out between Steps "3" and "4" in the table, as 
outlined in the following steps ... 

1) Set Receiver Dial to 600 KC. 
2) Set Signal ~nerator to 600 KC., connections as for Step 

"3." 
3) "Rocking" the Receiver Dial about 600 KC., adjust the oscil

lator coil "slug" (or series padder condenser, if used) for 
maximum output. 

To couple the Signal Genera tor "loosely" to a loop antenna coil, 
any of several techniques may be used. A popular method is to con
nect the Signal Generator to a standard ferrite antenna coil and to 
use this as a "radiating loop." This may be moved about the work
bench or rotated at will to achieve the degree of coupling needed. 
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ISOLATION ___,.._..._ 
CHECK IN ORDER PROCEDURE 

LOOK FOR 

l GENERAL 1 2 3 4 
COMPLAINT 

a. D•fective battery, tubes. 
DEAD Batteries Tubes Audio System R,F,-1,F. Stages b. Open or shorted capacitors. 

c, Defective converter stage. 

a, Weak battery, tubes, 
WEAK Batteries Tubes R,F,-1,F. Audio System b. Leaky by-poss capacitors, 

Stagi,s c. Misalignment. 

R,F.-1.F. a. Shorting tuning capacitor. 
NOISE Stagea Audio System Shielding Alignment b. Noisy control. 

c. Open brpou; defective shielding. 

a, Defective tubes. 
INTERFERENCE TubH R.F. Stogo• I.F. Stages Al lgnm• nt b. Miullgnm•nt. 

c. Defective converter. 

R.F.-1.F, a, Weak battery. 
OSCILLATION Batteries By.pass Shielding Alignment b. Open by•pass capacitors. 

c. Defective shielding. 

R.F. I.F. Tuned circuit a. Ga11y R.F.-1.F. tubes, 
POOR SELECTIVITY Alignment Alignment AVC Circuit Components b. Improper alignment. 

c, Defective coils, capacitors, 

a. Weak battery, gassy tubes, 
DISTORTION Batteries Tubes Audio System Loudspeaker b. Leaky coupling, by•pass cap. 

c, Improper bias, 

a. Defective battery, tubes. 
INTERMITTENT Battery Tubes Capacitors Wiring b. Intermittent Capacitors, 

c. Oefecti\'e wi,ring, sockets. 

-- --

TABLE 4-A: GENERAL COMPLAINT TROUBLESHOOTING CHART - Use this as a guide when servicing "hybrid" 
receivers, carrying out the suggested checks in order. 
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Tunes or1ly one station. . . . • • • • . 
Oeod at high end of band. * * • • * 

Dead ot low end of bond. * . • . • • . 
Squealing on station. . • . . • 

Oscillcttion off station. . . . • • 
Poor selectivity. . • • • • 

"Blasting" on station. • • 
Does not track dial. • . . 

Drift with time, . • . • . • . 
Noise as set is tuned. • • 

Works for while, cuts out, . • • • 

TABLE 4-B: R.F.-t.F. TROUBLESHOOTING CHART - If the trouble is in the R.F., converter, or I.F. stages, 
chances are you'll encounter one of the co,.,ploints listed. The more common defects ore identified with an 
asterisk (*); less common defects with o dqt. 
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Audio section dead, • • . • • • • . 
Low gain. . • • • • • • * 

Low power output, . • • • • * 

Generol '"garbling". • * • • • • • • • • • • • . 
Distortion on peaks, * * • • • • • • • • • * 

Distortion at low volume. • • • • 
Poor low freq. response. • * * • • . • 
Poor high freq, response, • . • • 

Noise when volume is varie'd, • • 
Squealing - motorboating. • . • . 
Sensitive to temperature. • • . • • . 

Hiss or other noise, • • . • * 

TABLE 4-C: AUDIO TROUBLESHOOT/NG CHART - In "hybrid" receivers, delects which affect sound (audio) 
quality may be in EITHER tube OR transistor stages. Use this chart as a guide when isolating trouble to a 
specific component. 
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In most cases, Alignment is for maximum loudspeaker volume 
(using a modulated R.F. or I.F. signal). For more accurate adjust
ment, an Output Meter should be connected across the receiver's 
loudspeaker voice coil, with all adjustments made for maximum meter 
reading. But always use the minimum signal which will deliver a 
useful output indication ( tone from loudspeaker or Output Meter 
reading) to limit AVC action; readjust the Signal Generator's Output 
( or Level) control as necessary. 

SERVICE DATA FOR PROFESSIONAL SERVICE MEN 

ALIGNMENT PROCEDURE 

Vohm1<" ,·ontroJ · - llaximum, all ailju1&tmenlfl. 

Di•I Setting Generator Dummy 
Frequency Ant. 

1. Full~- opt•n i:;:. KC . I llFll 

2. Full~· op,·11 1:;,'i Kt: .I lJFf) 

3. Fully op1•11 lhlll KC .I lJFJ> 

4. Tmw in i-i~uul J.1011 KC 
from ,tt."tft•r.1tor 

Repeat alignment procedure•• a linal check. 

Connt'Ct dunuuy auh•mrn iu ,;1'rics with output lt•ad 
of 11i1t11al ~t•tu•ratnr. 

Comwct p:rmuul l,•,ul of ~il!n.tl l!r1u-rutur to rlrn:i.-:i:-o. 

Genarator Trim:n,Jr Trimmer 
Connection Adju!;.lmont Function 

!All-I (;ri,J .\la~imum 011111111 I.F . 
ToJ>& Bottom 

l\'h (;ritl .\l,1xi11111111 Input 1.F. 
Top & Bottom 

l \'h Grit! ,tuximum l):-t'illalot' 
Triumu-r 

Loosely coupfo 
1ignaJ f[enerator l(ax:imum .Ant,rnna 
to ·•Ma,rna l..oop·~ Trimmer 

TABLE 4-D: ALIGNMENT CHART - Although this chart applies specifically to the 
AUTOMATIC Model TT-600 and FIRESTONE Model 4-C-29 receivers, it may be used 
as a general guide lor the alignment of ANY portable "hybrid" receiver. Be sure to 
use the correct I.F. value for the set being serviced. 



Section 5 

SERVICING TRANSISTORIZED PORTABLE 

RECEIVERS 

JUST AS THE INVENTION of the junction transistor obsoleted 
tube-operated Hearing Aid designs, so did the development of eco
nomical and practical R.F. transistor types eliminate the need for 
hybrid portable receiver circuitry. Thus, fully transistorized portable 
receivers became feasible both economically and technically, and, 
today, represent standard design practice throughout the industry. 
Although hybrid portables have largely disappeared from the manu
facturing scene, all-tube circuits are still used to some extent; however, 
each passing year sees a reduction in the number of tube-operated 
designs in current production and an increase in the variety and 
quantity of fully transistorized receivers offered to the general public. 
Nor is this trend confined strictly to portable receiver designs. The 
transistor's many advantages over the vacuum tube have led more and 
more manufacturers to offer transistorized table model sets and "semi
portables." The latter are receivers designed for use both as portables 
and as home receivers; often, they include a built-in line-operated 
power supply or battery recharger. 

Practical R.F. transistors were made possible by a number of 
industry developments. These included refinements in construction 
techniques and more precise controls over manufacturing processes, 
plus better selection methods based on desirable high frequency 
characteristics. In addition, a number of new transistor types were 
developed, including Surface-Barrier (SB) units, Micro-Alloy Dif
fused Types (MAIYI'), Drift transistors, junction Tetrodes, and dif
fused-junction Mesa types. Of these, the Mesa and MADT types 
have the best UHF characteristics, with some units useful as R.F. 
amplifiers and oscillators to frequencies as high as 1,000 MC. General
ly speaking, these special high frequency transistors are the result of 
radically modified construction methods which emphasize such 

114 
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characteristics as minimum interelectrode capacities, high beta (gain), 
short internal transit times, and low lead inductances. As far as 
practical circuitry is concerned, however, these high frequency units 
may be handled like conventional junction transistors . . . they are 
used in the same basic circuit configurations, require similar operat
ing voltages and currents, are specified in the same technical terms, 
and are identified by the same symbols. Thus, they do not represent 
as great a change from the familiar junction transistor as the junc
tion type did compared to the original point-contact unit. 

From a practical servicing viewpoint, conventional junction and 
Drift transistors are the typ<ils most often encountered in commer
cially built Broadcast-Band radio sets, although Surface-Barrier units 
are used in some Short-Wave receivers and high-frequency converters 
(see Section 9). UHF types, such as MADT, Mesa, and Tetrode 
units, may be found in transistorized TV sets (see Section 8), in 
special purpose Military equipment, and, occasionally, in electronic 
computers. Externally, there is little or no difference between various 
types, with essentially the same case designs and lead ( or pin) con
nections used for junction, SB, MADT, Drift, and Mesa units. This 
fact, plus the added knowledge that similar circuit arrangements are 
used for all types of transistors, makes an exact knowledge of a tran
sistor's internal construction not too important to the service tech
nician's work. Where a replacement transistor is needed, it is suf
ficient to obtain one having the same type number as the original 
unit . . . or, if an exact replacement is unobtainable, a unit having 
almost identical electrical characteristics (see the Interchangeability 
Chart, Section 10). 

For discussion and circuit analysis purposes, currently available 
transistorized portable receivers may be divided into four broad 
classes ... (a) low-cost T.R.F. Receivers, (b) Broadcast-Band Super
hets, (c) Multi-Band Receivers, and (d) a general group of Special 
Receivers; the last class is discussed in detail in Section 9. For the 
moment, then, let's examine receiver circuits in the first three classes. 

T.R.F. RECEIVERS 

Several decades ago, when the vacuum tube itself was in its 
infancy, the Tuned Radio Frequency (T.R.F.) circuit was the ac
cepted standard in radio receiver design. Here, all R.F. stages are 
tuned to the same frequency as the incoming signal. When the 
super-heterodyne circuit (briefly, superhet) was invented by Arm
strong in the early '20s, its performance was so superior to that of 
T.R.F. receivers that it soon supplanted the earlier design and became 
the industry standard. Today, then, the overwhelming majority of 
all radio receivers . . . tube or transistor operated . . . are superhets. 
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In the superhet, of course, all incoming R.F. signals, after preliminary 
selection in the antenna (and, if used, R.F. stages), are converted to 
a fixed intermediate frequency (I.F.) and amplified at this value 
before demodulation. Basic T.R.F. circuits are still encountered from 
time to time, however, principally in low-cost receivers. In transistor
ized radio sets, T.R.F. circuits are used most often in two and three 
stage "pocket" receivers designed for earphone operation only; such 
sets are available in both factory-assembled and "kit" forms, as shown 
in Figs. 5-2 and 5-3, respectively. 

Fig. 5-1: Bench testing a transistorized portable receiver. A line-operated Power 
Supply is used as a power source in ploce of batteries. 

A "WRIST" RADIO. The schematic diagram of a novel receiver 
using non-superhet circuitry is given in Fig. 5-4. Manufactured by 
LEL, this interesting set is smaller than a package of cigarettes and 
is equipped with a flexible strap, pemitting it to be mounted on one's 
wrist. Using three PNP transistors, this unit is powered by a small 
6-volt mercury battery (Bl) and feeds its output to a permanently 
connected miniature dynamic earphone. It is designed to tune the 
AM Broadcast Band, and has adequate sensitivity for the reception 
of stronger local stations. 

In operation, R.F. signals are picked up and selected by tuned 
circuit Cl-Ll; individual stations are selected by adjustment of Ll's 
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"slug." A tap on Ll matches the high impedance of the tuned circuit 
to the moderate input impedance of the first stage's base-emitter 
circuit. Using the basic common-emitter circuit configuration, the 
first transistor serves as a regenerative R.F. detector. Regeneration 
is controlled by adjusting base bias current, and hence stage gain; 

Fig. 5-2: A small REGENCY receiver. This is typical of the two ond three transistor 
"pocket" receivers designed for earphone operation. 

this is accomplished by bias control R2. The audio signal appearing 
in the detector's collector circuit is coupled through interstage trans
former Tl to the second stage. After amplification here, the audio 
signal is coupled through a second interstage transformer (T2) to the 
output stage, and this, in turn, drives the earphones. The common
emitter configuration is used in both audio stages; base bias currents 
in the second and output stages are furnished through R5 and R6, 
respectively. 
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A POCKET RADIO. Slightly larger than a package of cigarettes, 
the Philco Model T-3 receiver uses more conventional T.R.F. circuitry 
than that found in the "Wrist" radio discussed above. The T-3's 
schematic diagram is given in Fig. 5-5. Using three PNP transistors 
and a crystal diode, this set is powered by two mercury cells sup
plying 1.3 volts each; the battery arrangement is rather unique in 
that the two cells are connected in series with a "center-tap" to cir
cuit ground. The T-3 tunes the AM Broadcast Band and drives a 
permanently connected "Hearing Aid" type earphone. 

Referring to Fig. 5-5, we see that the common-emitter circuit 
configuration is used throughout the set. Essentially, the T-3 consists 
of two R.F. amplifier stages, a diode detector, and a single audio 
output stage. In operation, R.F. signals are picked up and selected 

Fig. 5-3: Another typical pocket radio, this KNIGHT receiver is sold in kit form. 

by antenna coil LAl, tuned by variable capacitor Cl. The selected 
R.F. signal is coupled through a step-down secondary winding on LAl 
to the base-emitter circuit of the 1st R.F. amplifier. The output of 
this stage is applied to interstage R.F. transformer Tl, which is tuned 
by variable capacitor C2. From here, the amplified signal is coupled 
by a step-down secondary to the 2nd R.F. amplifier stage. Tuning 
capacitors Cl and C2 are mechanically "interlocked," but not ganged; 
independent adjustment of these two units is possible to permit "fine 
tuning" for optimum selectivity. The output signal delivered by the 
second R.F. stage is coupled through a broad-band (untuned) R.F. 
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transformer (T2) to a conventional diode detector. Both A.C. (audio) 
and D.C. components appear across the detector's load resistor, 
Volume control R4. The D.C. component of the detected signal is 
fed through R2 and combined with a fixed bias obtained from the 
power supply through R3; the combined D.C. bias is applied to the 
base of the 2nd R.F. stage as an A VC control signal. The audio 
signal is coupled through CS to the output stage and, after additional 
amplification, is applied to the earphone. 

The T-3 was manufactured in several different versions, each 
identified by its "Code Number." The chief difference between versions 
is the type of audio transistor used; a corresponding change was made 
in the value of the base bias resistor (R5, Fig. 5-5) to obtain similar 
performance in all units. A table in Fig. 5-5 lists the different versions 

R4 

Fig. 5-4: Schematic wiring diagram of LEL's "wrist radio." The circuit shown is typical 
of those used in non-supe,het pocket receivers. 

by Code, and indicates the value of the base resistor used in each case. 
While "Alignment" is most often associated with superhet re

ceiver circuitry, multi-stage T.R.F. receivers also must be aligned if 
the maximum in performance is to be realized. The Alignment pro
cedure for the T-3 is as follows: 

1) Turn on a standard AM Signal Generator. While it warms 
up, make up a radiating loop by coiling 6 to 8 turns of in
&Ilated wire into a loop six inches in diameter; connect this 
to the generator's output and place the coil about one foot 
from the receiver's antenna. 

2) Connect an Output Meter across the T-3's earphone terminals; 
turn the set on, and adjust the Volume control to maximum. 

3) Adjust the Signal Generator to deliver a 600 KC modulated 
R.F. signal. 

4) Set T-3's antenna tuning knob (Cl) to 600 KC, then without 
disturbing antenna tuning, adjuf'!t the R.F. tuning control 
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(C2) to its midposition. These controls are left untouched 
after initial setting. 

5) Adjust the Signal Generator's output so that 0.63 volts is 
indicated on the Output Meter. Readjust as necessary to 
maintain this output during alignment. 

6) Adjust Tl's core for a peak reading on the Output Meter. 
Afterwards, "rock" the Signal Generator's tuning slightly, 
readjusting for maximum output. 

7) Adjust T2's core for a peak reading on the Output Meter. 
The peak will be slight, as T2's response is quite broad. 

With Step (7), the receiver's Alignment is complete. 

BROADCAST-BAND SUPERHETS 

All superhet receivers, whether tube or transistor-operated, and 
whether designed for the reception of AM or FM Broadcasts, TV 
channels, long-wave or short-wave stations, communications service 
(such as Police radio), or for special jobs (such as satellite tele
metering), are based on the same general principles. R.F. signals are 
picked up by an antenna system (or loop antenna coil) and selected 
by one or more tuned circuits. The selected signal may be amplified 
by a T.R.F. stage, but, more often in small receivers, is applied 
directly to a mixer or converter stage (often called the "first detec
tor"); here, the signal is combined with a locally generated CW R.F. 
signal supplied by a local oscill,ator. The mixer's output contains the 
two original signals and their sum and difference frequency signals, 
both of which contain the original modulation of the picked-up R.F. 
signal. One of these . . . usually the difference frequency signal . . . 
is selected by a tuned transformer and becomes the receiver's inter
mediate frequency (l.F.) signal. If the receiver is designed to tune 
over a range of frequencies, its local oscillator tuning is varied at the 
same time so that the difference frequency between the incoming 
R.F. and locally generated signals always remains constant at the 
I.F. value. Next, the I.F. signal is amplified by one or more tuned 
I.F. amplifier stages; afterwards, it is applied to a suitable demodulator 
or detector (the "second detector"). The detector's output signal, 
representing the modulation on the original picked-up R.F. signal, is 
applied to audio or video amplifiers, and these, in turn, drive an 
output device of some type. Depending on the receiver's design and 
application, the output device may be a loudspeaker, earphones, 
cathode ray tube, recording oscillograph, relay, or meter. 

Of course, every service technician should already be familiar 
with the basic operation of the superhet receiver, as outlined above. 
The outline is given, then, both as a quick review of overall operation 
and to minimize the need for repetition in our later discussion of 
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typical transistorized receivers. As we shall see, Broadcast-Band 
superhets are manufactured in a variety of shapes, sizes and circuit 
designs, and may use from as few as four to as many as six, seven, 
or even more transistors. Circuits vary considerably from one manu
facturer to another and even between similar appearing models of the 
same manufacturer . . . for example, two receivers mounted in almost 
identical cabinets, but carrying slightly different model numbers, may 
employ different types of transistors and circuits. A component which 
may be a common source of trouble in one may be missing entirely 
from the other! 

As the experienced radio-TV service man will recognize, this is 
in direct contrast to the situation encountered in tube-operated Broad
cast-Band receivers. While scores of different models have been 
produced by, literally, dozens of different manufacturers, the vast 
majority of tube receivers are 4 or 5-tube AC-DC sets using almost 
identical basic circuits and very similar (if not identical) tube line
ups ... a pentagrid converter, pentode I.F. amplifier, diode-triode (or 
diode-pentode) 2nd detector-first audio amplifier, beam power or 
pentode audio output tube, and either a selenium rectifier or half
wave tube. The major differences encountered between models (aside 
from cabinetry) are usually in chassis layout and in the exact values 
of small components. 

The situation in tube radio circuit design is the natural result 
of the receiver industry's long experience in manufacturing such sets. 
Eventually, designs become optimized and standardized, and it is to 
the manufacturer's advantage to deviate as little as possible from his 
proven circuits unless a new design offers improved performance or 
production economies. At some future date, when transistor types 
are more standardized than at present, and when the industry has 
had much more experience with transistor circuits, we can expect a 
similar degree of standardization among transistor radio circuits. 

For discussion purposes, it is convenient to group Broadcast-Band 
receivers together according to the number of transistors used in their 
circuits. Within this general framework, there is some degree of 
standardization (although not even approaching that of tube-operated 
sets); as a result, the circuit of, say, one four-transistor set may be 
used as a general guide in servicing another four-transistor set . . . 
but not as an exact plan. 

FOUR-TRANSISTOR RECEIVERS. The first fully-transistorized, 
mass-produced receiver manufactured in the world was introduced 
well under a decade ago ... and its production has continued, in 
modified forms, till the present day. This receiver, the Regency 
Model TR-1, is a four-transistor pocket-sized set featuring a built-in 
loudspeaker and powered by a 22.5 volt Hearing Aid-type battery; a 
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Rig. 5-6: ~EGENCY's "TR-1" pocket radio. One of the first transistor superhets manu
factured commercially, this popular receiver employs four transistors and has a built-in 
loudspeaker as well as provision for earphone operation. 
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photo of the TR-I is given in Fig. 5-6. Later versions of the TR-I 
are very similar to it in external appearance and even in chassis lay
out, but use somewhat modified circuitry. For example, the original 
TR-I used all NPN transistors; the TR-IG, a later version, uses 
NPN transistors in the R.F. and I.F. stages and a PNP transistor in 
its audio stage. The schematic wiring diagram of the TR-IG is given 
in Fig. 5-7. Different versions of the TR-I receiver are distinguished 
by a letter suffix added to the basic Model number. However, even 
within a given version, there may be circuit variations in different 
production runs. For example, referring to Fig. 5-7, R18, RI9, RI2 
and C16 are not used in all models, and CI2 (listed as 0.01 Mfd.) 
may be 0.05 Mfd. in some units. Such variations are not all unusual 
in transistor receiver design and, frequently, are the result of dif
ferences in the individual electrical characteristics of the transistors 
used. Let's examine this first circuit in some detail. 

Turning to the schematic diagram, we note that the common
emitter circuit configuration is used in all stages. In operation, R.F. 
signals are picked up by antenna coil LI, tuned by variable capacitor 
CIA; a step-down secondary winding on the antenna core, L2, serves 
to match the high impedance of the tuned circuit to the moderate 
input impedance of the transistor, minimizing circuit loading and 
assuring not only an efficient transfer of signal energy to the tran
sistor, but good selectivity. The signal supplied by L2 is coupled 
through D.C. blocking capacitor C2 to the base-emitter circuit of the 
transistor. Stage base bias is furnished through voltage divider 
R1-R2, operating in conjunction with emitter resistor R3. The first 
transistor is operated as a converter; IA, in series with the collector, 
feeds back energy to L3, connected through C4 to the emitter, to 
start and maintain oscillation. A tap is provided on L3 to minimize 
the loading effect of emitter resistor R3 and thus to insure good 
circuit Q; this coil is tuned by variable capacitor CIB, ganged with 
CIA ... both series padder (C3) and trimmer (A5) capacitors are 
provided. An I.F. signal at 262 KC is developed by the converter 
stage and selected by its output load, tuned I.F. transformer Tl. R4 
and C5 form a decoupling filter in the collector supply circuit. 

In a transistorized receiver, an interstage I.F. transformer serves 
a dual role. It not only selects the I.F. signal, by virtue of its tuned 
p:rimary winding, but, at the same time, acts as a step-down trans
former to match the high output impedance of the tuned circuit to 
the low or moderate input impedance of the succeeding stage. As a 
general rule, only the transformer's primary is tuned. This is in con
trast to the I.F. transformer design used in typical tube circuits; in 
a tube-operated receiver, both the primary and secondary windings 
are likely to be tuned, and there is often a one-to-one ratio between 
the two windings. 
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Continuing, the I.F. signal obtained from Tl's secondary is 
applied to the base-emitter circuit of the second stage, an NPN R.F. 
transistor serving as the receiver's first I.F. amplifier. Its amplified 
output signal appears across the tuned primary winding of second 
I.F. transformer T2. An R-C network, C21-Rl8, is connected from 
T2's secondary to the first I.F. amplifier's base, and serves to feed back 
an out-of-phase signal to cancel signals fed back from the collector to 
base through the transistor's interelectrode capacities; thus, network 
C21-Rl8 serves to neutralize the stage. "Old-timers" will recall that 
stage neutralization was used often in the early days of radio, when 
only triode vacuum tubes were available. Collector current is furnished 
through a decoupling filter made up of R7 and C9. Base bias is 
determined by a combination of a fixed bias obtained from the battery 
through R5, by emitter resistor R6, and by a variable bias obtained 
from the receiver's second detector and serving as an AVC control 
voltage. More about A VC action later. 

The amplified I.F. signal is coupled by T2's secondary to the 
second I.F. amplifier stage, with its output signal, in turn, developed 
across T3's tuned primary winding. The operation of the second 
I.F. stage is very similar to that of the first, except that a fixed, 
rather than a variable, base bias current is supplied. Thus, base bias 
is established by voltage-divider R8-R9, bypassed by Cll and Cl2, 
in conjunction with emitter resistor RlO. Collector current is fur
nished through decoupling filter Rll-Cl3. Stage neutralization is 
provided by network C22-Rl9, connected between T3's secondary ai:1d 
the transistor's base. 

From T3's secondary, the amplified I.F. signal is applied to a 
conventional diode detector, Dl, with the detected signal appearing 
across the diode load resistor, Volume control Rl4. Series resistor 
Rl2 and shunt capacitors C15 and Cl6 serve as an R.F. filter to remove 
the I.F. components of the detected signal. The signal appearing 
across Rl4 has an A.C. (audio) component representing the modula
tion on the original picked-up R.F. signal, and a D.C. component 
representing the average amplitude of that signal. The audio signal 
is coupled through a moderate-sized electrolytic, D.C. blocking ca
pacitor Cl 7, to the base-emitter circuit of the audio output stage, 
which, in turn, amplifies the signal further and applies it through 
output transformer T4 to the miniature loudspeaker's voice coil wind
ing (LSl). The output stage is a PNP transistor operated as a single
ended Class A amplifier; base bias current is furnished through 
voltage-divider Rl5-Rl6, in conjunction with emitter resistor Rl7, 
bypassed by C19. A small capacitor, C20, is connected from the 
transistor's collector to circuit ground and serves as a by-pass for 
higher frequency audio signals, reducing the effects of harmonic 
distortion. A closed-circuit jack, Jl, is connected in series with the 
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loudspeaker and permits a dynamic earphone to be used in place of 
the built-in speaker for "personal" listening. Operating power for 
the entire receiver is furnished by the single 22.5 volt battery, con
trolled by SPST switch SWl, ganged to Volume control R14, and 
bypassed by C18. Normal current drain is about 5 MA. 

The A VC action in a transistorized receiver is different from 
that of a tube-operated receiver. Hence, a closer examination of the 
AVC circuit ... and its operation ... is in order. But first, let's 
review tube A VC operation. 

In a vacuum tube, stage gain, in general, is inversely proportional 
to grid bias. The bias voltage is always negative. As the bias voltage 
is increased, stage gain is reduced ... and vice versa. Thus, the A VC 
circuit used in vacuum tube-operated receivers is designed to increase 
the bias of the controlled stages with increases in the signal strength 

Fig. 5-8: In many pocket receivers, the tuning dial is removed by first removing a 
decorative center screw, as shown here. In a few sets, the dial just "pulls off" as in 
most table model sets. 
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of the picked-up R.F. signal, reducing stage gain and keeping overall 
gain ... and output volume ... at a reasonably constant value. This 
reduces "blasting" and "fading" to a minimum as stations of varying 
signal strength are tuned. 

In a transistor amplifier, stage gain is directly proportional to base 
bias current within reasonable limits. The bias current may be either 
positive or negative, depending on the type of transistor. In a PNP 
transistor, a negative base bias is used; in an NPN unit, a positive bias 
is employed. But in either case, as bias current is reduced, stage gain 
is reduced . . . and vice versa. In effect, then, the A VC circuit used 
in a transistorized receiver operates oppositely to that used in tube 
sets. Here, the bias current of the controlled stages is reduced with 
increases in signal strength, reducing stage gain and maintaining a 
constant output volume. 

Returning, now, to Fig. 5-7, we see that an NPN transistor is used 
as the 1st I.F. amplifier. Such a transistor requires a positive bias 
current for "normal" maximum gain operation, and this current is 
supplied from the positive side of the power supply battery through 
R5, bypassed by C7 and CS. With the diode (DI) connection used 
in the second detector, the D.C. component of the detected I.F. signal 
is negative with respect to circuit ground; its amplitude, of course, 
depends on the amplitude of the I.F. signal, and hence on the average 
amplitude of the original picked-up R.F. signal. This negative-going 
signal is coupled back through R13 to combine with the positive bias 
supplied through R5 and to reduce the transistor's base bias current, 
thus reducing stage gain. CS, at the juncture of R5 and R13, serves 
both as a by-pass and to provide a slight delay in the application 
of the A VC control signal. As stronger signals are picked up, the 
D.C. signal developed across R14 increases, and this, fed back through 
R13, reduces stage bias still more, dropping the amplifier's gain to 
compensate for the stronger signal. If no stations are being received, 
no D.C. voltage is developed by detector action; under these condi
tions, the small positive voltage available at the juncture of R5 and 
R13 is fed through R13 and appears across R14, its amplitude deter
mined by the ratio of R5, R13, and R14. Thus, under "no signal" 
conditions, the D.C. voltage across R14 is 0.2 volts positive ... under 
"full signal" conditions, this voltage changes to 1.0 volts negative 
with respect to circuit ground. 

To Align the TR-lG receiver, first snap off its back cover and 
connect an Output Meter across the receiver's loudspeaker's voice 
coil (this connection is accessible at the earphone jack Jl). Set to 
the 0.1 Volt scale. A standard R.F. Signal Generator is coupled to 
the receiver through a small radiating loop (as described earlier); use 
minimum coupling and minimum generator output to obtain a use
able indication on the Output Meter, readjusting the generator's level 
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control as necessary. Turn the receiver on and set its Volume control 
to maximum. Adjust the Signal Generator to supply a 262 KC 
modulated signal. Next, using a small insulated Alignment tool, adjust 
each of the I.F. transformers (Tl, T2, T3), in turn, for a peak read
ing on the Output Meter. Next, shift the Signal Generator to 535 KC 
and set TR-l's dial to its maximum counterclockwise position. Adjust 
the oscillator coil's core (A4, Fig. 5-7) for maximum output. Shift the 
Signal Generator to 1630 KC and the receiver's dial to its full clock
wise position; adjust the oscillator trimmer (A5) for maximum output. 
Finally, set the Signal Generator to 1500 KC, tune the receiver dial 
to this frequency, and adjust the antenna trimmer (A6) for maximum 
output. As a check, repeat the last three Alignment steps and check 
dial tracking. 

Fig. 5-9: Front view of the TR-l's chassis, with case removed. The chassis is held in 
its case with a single screw. 

The Alignment procedure outlined, except for exact I.F. value 
employed (some sets use 455 or 456 KC I.F. values), may be applied 
to virtually any small transistorized receiver. Just remember to use 
the minimum signal needed for a useful indication on the Output 
Meter. Lacking an Output Meter, an A.C. Voltmeter or Oscilloscope 
may be used as an output indicator. In a "pinch," Alignment can be 
for maximum volume, as heard from the set's loudspeaker. 

Many small pocket-sized transistorized receivers are mounted 
in cabinets similar to that used in the TR-1 series of receivers. In 
general, the back of the chassis may be reached simply by snapping 
the set's back cover off. In a few instances, a small screw may be 
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used to secure the cover in place. To remove the chassis from its 
cabinet, first remove the center screw holding the tuning dial in place, 
as shown in Fig. 5-8. Next, remove the single screw that secures the 
chassis to the cabinet ... in the illustration, this is the upper left
hand screw. Front and rear views of the TR-l's chassis are given in 
Figs. 5-9 and 5-10, respectively. 

Fig. 5-10: Rear view of the TR-1 chassis. Antenna coil is on extreme left, with the set's 
tuning capacitor and volume control next to it. Battery is on extreme right. The set's 
I.F. transformers are in a line in the center of the chassis. 

FIVE-TRANSISTOR RECEIVERS. The GE Model 675 receiver is 
shown in Fig. 5-11; its schematic diagram is given in Fig. 5-12, and 
a rear view of the set, with back cover removed, in Fig. 5-13. Identical 
circuits were used in the Models 676, 677 and 678, the essential dif
ference between models being the color of the cabinet, knob, and 
tuning knob insert. Physically, the Model 675 is about the same 
size as the TR-1 discussed above and, externally at least, resembles 
the earlier receiver. However, as a study of the schematic diagram 
reveals, the circuits are entirely different. The 675 series use three 
PNP R.F. transistors, one NPN unit, and one PNP audio type. 
Operating power is supplied by a "tapped" battery furnishing voltages 
of -13.5 volts and --4.5 volts with respect to circuit ground; the battery 
is controlled by a DPST switch (S1) ganged to the Volume control 
(Rll). The common-emitter configuration is used in all stages. 

A number of component changes were made during various 
production runs of this receiver. During early runs, type 2N136 and 
2N137 transistors were used for converter and 1st I.F. amplifiers, 
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respectively. In later runs, type 2N135 transistors were used in the 
converter and both I.F. stages. Either type 2N78 or 2N169 may be 
used in the first audio (detector) stage. A small diode, Yl, was used 
in some late production runs to improve detector action, but is not 
found in earlier sets. R9's value may be either 47K or 39K, with 
22K used here when the diode (Yl) is included in the circuit. C13 
is omitted in many later sets. Finally, R7's value may vary with the 
exact characteristics of R.F.-I.F. transistors used. 

Since we examined basic stage functions in considerable detail in 
reviewing the operation of the Regency TR-lG receiver, we needn't 
apply as exhaustive an analysis to the 675 receiver. Rather, we will 
examine the more important differences between the two circuits. 

Fig. 5-11: GE's Model 675 pocket receiver. This small receiver is a five transistor 
superhet. 

Referring, then, to Fig. 5-12, we find that the first three stages cor
respond approximately to those used in the TR-lG, and consist of 
(in order), a converter, 1st I.F. amplifier, and 2nd I.F. amplifier. As 
in the other set, the interstage I.F. transformers have tuned primaries 
and untuned secondaries, and provide a step-down turns ratio for 
impedance matching. PNP (rather than NPN) transistors are used 
in the R.F. and I.F. stages. The local oscillator circuit is different ... 
in the TR-lG, the feedback necessary to start and maintain oscilla
tion was provided between the collector and emitter circuits; here, 
this feedback takes place between collector and base circuits, with the 
oscillator coil's (T2) feedback winding connected in series with the 
antenna coil's (Tl) secondary and driving the converter's base 
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through D.C. blocking capacitor C2. A different I.F. is used ... 455 
KC instead of 262 KC. Neutralization is provided for the first I.F. 
amplifier (by C15), but is not needed for the second due to R7's 
loading effect. 

The audio amplifier used is quite different from that found in the 
TR-1 series. The power output stage, X5, is basically a single-ended 
Class A amplifier coupled to its load, the loudspeaker voice coil, by 
impedance matching transformer T6. However, the output stage's 
base bias varies with the amplitude of the received signal and with the 
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Fig. 5-12: Schematic wiring diagram of the GE Model 675. Note that this set features 
a two-transistor direct-coupled audio amplifier system. 

setting of the Volume control (Rll); as stronger signals are received, 
or as Rll is turned up for greater volume, stage bias is increased, 
resulting in an increase in collector current flow, and, thus, an in
crease in the current drawn from the power supply. This circuit 
action results from the direct-coupling used between the detector
first audio stage (X4) and the power output stage. Direct-coupling is 
made possible in this case, by the complementary* characteristics 
of PNP and NPN transistors; as we have seen, X4 is an NPN unit. 

As we observed, the TR-1 used an AVC (or AGC) circuit in 
which the control signal obtained from the 2nd detector was applied 
to the 1st I.F. amplifier stage. A far different arrangement is used 

•Complementary ... similar, but with opposite D.C. polarities. 
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in the 675. In operation, the detector-first audio stage (X4) obtains 
its emitter bias from the battery through series resistor R12, bypassed 
by ClO. The base and collector bias currents supplied to the converter 
and I.F. stages is furnished through this same resistor. X4 does not 
draw current until a signal is received, and the voltage drop across 
R12 is due only to the bias currents drawn by the first three stages; 
bias voltage, then, is at a maximum, and the converter and I.F. stages 
operate at maximum gain. When a station is tuned in, X4 draws a 
current directly proportional to signal strength, increasing the voltage 
drop across R12, and dropping the negative bias supplied to the 
first three stages. This, in turn, reduces the gain (sensitivity) of 
these stages, compensating automatically for increases in signal 
strength, and providing the desired A VC action. 

Fig. 5-13: Rear view ... with back cover removed ... of the Model 675 receiver shown 
in Fig. 5-11. The dual-voltage battery is on the right. 

The general Alignment procedure used is virtually identical to 
that employed for aligning the TR-1 series, except that the I.F. 
transformers are peaked at 455 KC, the oscillator coil's (T2) core 
at 600 KC, and the oscillator's trimmer (ClD) at 1620 KC. Two 
different peaks may be obtained when adjusting T2's core; the 
correct point is the one which moves the core farthest into the coil. 
If the receiver cannot be peaked at 1500 KC, check the shield be
tween the antenna coil and other components; moving this shield 
closer to Tl sometimes increases set sensitivity at the high end of the 
band. If the 600 KC peak is strong and the 1500 KC peak weak, 
and cannot be improved by the adjustment suggested, it may indicate 
that the converter transistor (Xl) is "weak" and should be replaced. 
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If any of the R.F.-1.F. transistors are replaced (Xl, X2, or X3), 
R7's value may have to be readjusted for optimum performance. 
Before doing this, check that a fresh battery is used in the power 
supply. Start with a value of 470 ohms for R7 (½ or ¼ watt); try 
values to either side. When regeneration (oscillation) occurs, use the 
resistor value just below the lowest value where this takes place. This 
step will insure maximum circuit gain consistent with good overall 
stability. 

SIX-TRANSISTOR RECEIVERS. As a general rule, the 6-transistor 
receiver has a sensitivity, selectivity, and power output quite com
parable to . . . if not slightly better than . . . that of a typical five
tube line-operated table model or better quality tube-operated portable 
receiver. Thus, the 6-transistor set, considered as a broad class, rep-

Fig. 5-14: Qyera/1 Yiew ol the HEATH Model XR-1 receiyer. This "lull size" portable 
receiYer uses a moderate size oyal loudspeaker and is powered by standard llashtlght 
batteries. It is sold in "kit" form. 
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resents about the closest approach to a "standard" as one encounters 
in transistorized receivers. These sets are manufactured in a great 
variety of sizes, cabinet designs, and price ranges, and employ a 
number of different circuit arrangements. Statistically, there are 
probably more 6-transistor receivers in consumer hands than any other 
class, and the practical radio-TV service technician will encounter 
such sets most often in his daily work. For this reason, we will ex
amine the circuits of several popular 6-transistor sets. 

The Heath XR-1 is a "full-size" portable receiver distributed in 
kit form. An exterior view of this set is shown in Fig. 5-14, a rear 
view of the set, with back cover removed, in Fig. 5-16, and an interior 

Fig. 5-16: Rear view of the XR-1 receiver, with back cover removed. Note that "con
ventional" chassis-type construction is used instead of an etched circuit board. 

front view of the receiver in Fig. 5-17; its schematic wiring diagram 
is given in Fig. 5-15. * Using six transistors and two diodes, the XR-1 
is powered by six size "D" flashlight cells connected in series to sup
ply 9 volts; these batteries provide from 500 to 1,000 hours service 

• (See Page 137) . 
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in normal operation. The set is equipped with a high gain ferrite 
core antenna coil and receives the AM Broadcast Band from 538 to 
1680 KC; its output is obtained through a 4" x 6" oval PM loud
speaker, assuring good tone quality. The receiver is assembled using 
conventional "chassis" type construction rather than an etched 
circuit board. 

An examination of the schematic diagram given in Fig. 5-15 
reveals that the XR-l's circuit bears a strong resemblance to the 
basic circuit of the TR-1 receiver analyzed several pages back, but 
with the addition of a Class B push-pull power amplifier after the 
audio stage. As in the TR-lG, NPN transistors are used in the con-

Fig. 5-17: Front view of the XR-1 receiver, with cabinet and speaker grill removed 
The long loopstick antenna is mounted on insulating clamps across the top of the 
chassis. 

verter and two I.F. amplifier stages, with PNP units employed in the 
audio section. The common-emitter configuration is used in all stages. 
A further study indicates that the basic operation of the converter, 
including the local oscillator section, of the two I.F. stages, of the 
detector, and of the first audio amplifier is quite similar to that of the 
earlier receiver. The operation of the push-pull output amplifier, of 
course, is standard (for a detailed discussion of such circuits, refer to 
Section 3). For example, AVC control bias is obtained from the 2nd 



SERVICING TRANSISTORIZED PORTABLE RECEIVERS 

,.._ 
I 

, r•l•l•f~I•· 

~ ...... 

,; 
"Q,---~--M----t---1· H1,, 

,1 
i-------vWtv----t-1· H11 

.f.io]. -~-

j 
:f 

I ;i ·j 
I 
I 

_ ~.: 

1

if i 
--- . :i:! 

I I 
·1 

J, 

137 



138 PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES 

detector and is coupled back and appliea only to the base of the 
1st I.F. stage. The chief differences are in the operating voltages, in 
exact component values, and in the individual stage decoupling 
methods employed; and we note that I.F. stage neutralization is not 
used. Neutralization is not needed in this circuit due to the operat
ing parameters of the specific transistor types employed, the circuit 
layout used, and the characteristics of the I.F. transformers and other 
components. 

But there is an "extra" diode in the XR-1 . . . it is connected 
between the "hot" side of the first I.F. transformer and the emitter 
of the first I.F. stage. To understand the reason for this diode, we 
must recall a basic difference between the operation of vacuum tubes 
and transistors. In both types of devices, stage gain may be con
trolled by adjusting operating bias; the vacuum tube, however, has 
a much wider range of control. Thus, the A VC circuit of a tube
operated receiver can handle, without overload, much stronger signals 
than can be handled by a comparable transistorized radio set. To 
compensate for this, a diode may be added to the transistor circuit 
to provide an extra measure of control over stage gain when strong 
signals are received; in essence, the diode increases the effectiveness 
of the receiver's A VC circuit. 

To see how the diode does its job, let's consider its operation. 
Under "normal" conditions, the I.F. stage has a reasonable bias, as 
furnished to its base through the 27K base bias resistor. Collector 
current is normal, and a small voltage is developed across the I.F. 
stage's lK emitter resistor. This voltage bias the diode in its non
conducting or "high-resistance" direction. For practical purposes, then, 
the diode is simply a high-resistance shunt across the primary wind
ing of the first I.F. transformer; since its resistance is quite large, it 
has little or no effect on circuit operation. Suppose, now, that a 
very strong signal is picked up. When this happens, an appreciable 
A VC control signal can be developed by the second detector. Applied 
back to the 1st I.F. stage, this A VC control reduces stage bias and 
causes the transistor's collector current to drop. A reduction in col
lector current, in turn, causes a drop in the D.C. voltage developed 
across the emitter resistor, reducing the "reverse" bias voltage applied 
to the diode. When this happens, the diode's effective resistance drops, 
and it acts more and more like a resistive shunt across the first I.F. 
transformer. This, of course, reduces the overall gain of the converter 
stage, and drops the level of the signal applied to the first I.F. stage, 
compensating for the increased amplitude of the strong signal. Since 
the diode is most effective against vecy strong "overload" signals, 
it is frequently called an overload diode. As we shall see, overload 
diodes are used in a number of circuits, although their exact connec-
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tions may vary from one set to another. In every case, however, their 
basic function is the same. 

As far as Alignment is concerned, the XR-1 may be adjusted 
using essentially the same techniques described in our discussion of 
the Regency TR-lG and GE Model 675 receivers. The set's I.F. is 
455 KC. 

While the XR-1 uses NPN transistor types in its R.F.-I.F. stages 
and PNP in its audio section, another popular 6-transistor receiver, 
the Automatic Radio Model PTR-15, uses PNP units in all stages; 
R.F. types are used in the converter and I.F. stages, audio types in 
the audio section. This receiver is shown in Fig. 5-18, with its 

Fig. 5-18: AUTOMATIC RAD/O's Model PTR-15 "all-transistor" receiver. Such a 
designation was adopted by some manufacturers to distinguish their receivers from 
the "hybrid" transistor sets discussed in Section 4. 

schematic diagram given in Fig. 5-19; the set's interior layout is 
shown in Fig. 5-20. Transistor socket voltages and general Alignment 
data are given in Table 5-A. The PTR-15 tunes from 540 to 1610• 
KC and has a sensitivity of 150 microvolts per meter for an average 
output of 50 milliwatts. Operating on six size "D" flashlight cells 
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connected in series to supply 9 volts, this set can deliver an unidis
torted output of 250 milliwatts to its built-in 5" PM loudspeaker An 
almost identical circuit is used in the Firestone Model 4-C-33 receiver. 

Referring to Fig. 5-19, we note both similarities ... and dif
ferences ... in this circuit as compared to that of the XR-1. Com
ponent values are different, of course, since different types of tran
sistors are employed; and the polarity of the D.C. bias voltages 
applied to the first three stages is reversed, since PNP units are used 
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Fig. 5-19: Schematic diagram of the PTR-15 receiver. 

here. However, the common-emitter configuration is used in all stages, 
and overall circuit functions are similar; the set includes a converter, 
two I.F. amplifiers, a diode detector, single-ended Class A audio 
amplifier, and push-pull Class B power output stage. An AVC control 
voltage is obtained from the 2nd detector and coupled back through 
R9, bypassed by C4, to the 1st I.F. amplifier; in this case, however, 
a positive-going control signal is used, due to the different bias re
quirements of the PNP transistor. The 1st and 2nd I.F. stages are 
neutralized by signals coupled back from their respective I.F. trans
formers through C5 and C9, in order. An overload diode is used, but, 
in the PTR-15, is connected between the first I.F. transformer (Tl) 
and the juncture of the 1st I.F. stage's decoupling resistor, R6, and its 
bypass capacitor, C7; its basic operation is similar to that of the 
overload diode used in the XR-1, however, since the voltage drop 
across R6 will vary with the stage's A VC bias (and collector current). 
Under normal conditions, the voltage drop across R6 is greater than 
that across the converter's decoupling resistor, R4, and the diode 
is biased in its high resistance direction. When a strong signal is 
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received, the AVC signal applied to the 1st 1.F. amplifier causes a 
drop in its collector current, reducing the voltage drop across R6 and, 
eventually, permitting the diode to become an effective shunt across 
Tl's primary, reducing converter gain. 

There is one other difference between this circuit and the ones 
we have examined earlier. Note that the I.F. transformers (Tl, T2, 
and T3) have tapped primaries. This is done for two reasons . . . 
first, by "tapping down" on the coil, auto-transformer action provides 
a better overall match between the very high impedance of the tuned 
circuit and the moderately high output impedance of the transistor's 
collector circuit, thus minimizing circuit loading and insuring higher 
Q and better selectivity; second, the signal available from the "far" 
side of the tap may be used for neutralization purposes. 

CAUTION 
USE LEAKPROOF 
BATTERIES ONLY 

Fig. 5-20: Chassis and battery layout used in the PTR-15 receiver. 

The schematic diagram of another popular 6-transistor receiver 
is given in Fig. 5-21. This set, the Magnavox Model CR-744, is 
similar to the PTR-15 we have just discussed in overall circuitry, but 
differs from it in physical size and in several circuit details. Like the 
PTR-15, the CR-744 uses PNP transistors in the common-emitter 
configuration in all stages, and includes a converter, two I.F. stages, 
a diode 2nd detector, a single-ended Class A audio driver, and a 
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Class B push-pull power output stage driving a PM loudspeaker. 
Further, it employs "tapped" I.F. transformers, and obtains its AVC 
control signal from the 2nd detector, with this signal applied only 
to the base of the first I.F. amplifier (through Rll, bypassed by C6). 

TRANSISTOR SOCKET VOLTAGES* 

Sot·krt T ransisl01' in : Transistor Out 
CB E•CIBIE 

2~ll2 -6.5 -1.5 -1.5. i -9.0 1-2.0 I 0 

2:'i ll 1A -4.0 -1.0 -0. i --9.0 0 0 
-"'---------·-- --
2Nl IIA -i.O --1.4 -1.I -9.0 I -2.0 0 
~ --- --· -- __ , __ 
2Nl32 -a.a -1.0 -1.0 -9.0 I O 0 
-- -- -··-- --1--- --
2Nl38A -9.0 -0.5 0 -9.0 I O I 0 

* !'1'01e: \ olt,1j?r>' niea~11red with lit1J1ply voltage 9,0 \"DC 
111d <'h;1,.,-i,,. al 11lu~ 1--i-> potential. 

(O..) 

ALIGNMENT PROCEDUBE 

Volume Coritrol: .Maximum, all adjustments 

Dllmmy Antenna: .11\fFD in !!-Cries with gcner.1tor 
output lead · 

Signal Generator ground connection to cl1assis. 

Generator Tuner Genera.tor 
Fn:quency 5enin,; Connet'lion 

455 KC Fully open 2~11:! B.a,,e 
---· ---- l----

Adju,at 
for Max 
Output 

T3 slug 

ti5 KC Fully 011en :!::\Jl~ Dn~e T2 ~111~ 
--- ----·-·-····--- ----1----

455 KC Fully open :2~112 llase Tl slu,=: 
-~- ·--·-- ----

1610 KC Fn!ly open 2~112 Ba~ OM: trimmer 
el pn,; 

(CV 1-B) 
--- Loosely Antenna -

Tune in t:ouple trimmer 
1400 KC siinal a:en. to or ,:ang 

from gen. Anlcnnil (CV 1-A) 
r.oo, 

Cb) 
TABLE 5-A: Service data for the PTR-15 radio set. Transistor socket voltages are 
given at (a), alignment data at (b). The alignment table given, while applying specifi
cally to the PTR-15, may be used as a guide for aligning virtually ANY six transistor 
AM 9roadcast Band. 

However, unlike the other receiver, the CR-744 is a "personal" 
sized portable, is equipped with a 2¾ inch PM loudspeaker, and can 
deliver a maximum power output of 90 milliwatts. It is powered 
with a 4-volt mercury battery, and has its component values adjusted 
accordingly. Its I.F. is 455 KC. The overload diode is not used here, 
and a different neutralization arrangement is employed. In the CR-
7 44, the neutralization networks are connected between the base of 
one stage and the secondary of the following I.F. transformer; thus, 
Q2's neutralization is provided by C9 and R9, and Q3's by CIO and 
RIO. 

RCA's Model 7-BT-9J represents another approach in the design 
of a 6-transistor pocket-sized "personal" set. An exterior view of this 
set is given in Fig. 5-22, with an interior view, showing battery 
replacement technique, given in Fig. 5-24; chassis layout is illustrated 
in Fig. 5-25. The set's schematic diagram is given in Fig. 5-23. Using 
an I.F. of 455 KC, this receiver tunes from 540 to 1600 KC, and can 
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supply an undistorted power output of 65 milliwatts to its built-in 
2¾ inch PM loudspeaker; maximum power output is 100 milliwatts. 
It uses a 9 volt battery and requires approximately 6 MA for opera
tion under "no signal" conditions, giving a battery life of about 75 
hours under intermittent service. 

Referring to Fig. 5-23, we see that the 7-BT-9J uses NPN tran
sistors in its converter and I.F. stages and PNP units in its audio 
section. With the common-emitter configuration used in all stages, 
the set includes a converter, two I.F. amplifiers, a diode detector, 
a single-ended Class A audio stage, and a push-pull Class B power 
amplifier. Using tapped I.F. transformers, and with an AVC control 

Fig. 5-22:-0verall view of the RCA Model 7-BT-91 superhet receiver. 

signal obtained from the 2nd detector and applied, through R12, 
bypassed by C8, to the base of its 1st I.F. stage, the receiver's cir
cuitry is generally similar to that used in the other receivers we 
have reviewed. However, the 7-BT-9J has several interesting circuit 
features not found in the other sets. 

First, a thermistor is used in the bias circuit of the push-pull 
power amplifier. This component, R19, automatically adjusts stage 
bias with changes in ambient temperature conditions and thus assures 
distortion-free operation at all times. 

Second, I.F. neutralization is obtained by using tapped secondary 
windings on interstage I.F. transformers T2 and T3, with the "far" 
side of the winding returned through appropriate D.C. blocking 
capacitors (C5 and C9) to the emitter electrodes of the I.F. stages. 
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Third, A VC control is applied to the converter stage as well as 
the 1st I.F. amplifier. This is accomplished by obtaining the con
verter's base bias from the emitter electrode of the I.F. amplifier. 
Thus, the D.C. voltage appearing across emitter resistor R7 is applied 
through R3, bypassed by C4, as Ql's base bias. Since this voltage 
varies with changes in Q2's collector current, and hence with the A VC 
signal applied to Q2's base through R12, it becomes an effective 
control signal. In essence, the 1st I.F. stage, Q2, serves as a D.C. 
A VC amplifier for the converter, Ql. 

Fig. 5-24: Rear view a# the 7-BT-91 receiver with back cover removed. Proper tech
nique for battery replacement is shown. 

As commonly occurs in the manufacture of transistorized re
ceivers, a number of circuit changes were made in the 7-BT-9J during 
its various production runs. In a few receivers, Rll was replaced by 
a jumper. In some sets, R5 had a value of 22K; when it was changed 
to 47K, as shown in Fig. 5-23, R6 was omitted. R17 has a value of 
12K in some sets, lOK in others. C18, shown in parallel with C15 in 
the schematic, was added during later production runs, and may not 
be found in early sets. R2 has a value of 390 ohms in some sets, 
560 ohms (as shown) in others. In late model receivers, R3 was re
moved and replaced by a 150K resistor connected between the 
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juncture of C4 and the antenna lead and the junction Rl-R18. This 
last change, of course, removed A VC control from the converter 
stage; to compensate for this, an overload diode was connected between 
Q2's collector and the junction Cll-Rll, with its cathode connected 
to Q2. 

Intermediate in size between "pocket" receivers like the RCA 
7-BT-9J and Magnavox CR-744 and "full-size" portables like the 
Heath XR-1 and Automatic Radio PTR-15, the Dumont Model 1210 
(RA-902) is equipped with a 3½" PM loudspeaker and delivers a 
peak audio output of 500 milliwatts. An exterior view of this receiver 
is given in Fig. 5-26, and interior views with battery compartment in 

Rl3 
04 

2NI09 
A·F AMP 

03 CRI 
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2~1~9 ~ 
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Fig. 5-25: Chassis layout used in the 7-BT-91 receiver. Compare this with the schematic 
diagram given in Fig. 5-23 and the rear view given in Fig. 5-24. 

place and removed in Figs. 5-28 and 5-29, respectively. The set's 
schematic diagram is given in Fig. 5-27. With an I.F. of 455 KC, 
this receiver covers from 540 to 1620 KC. It is powered by six 
standard size "C" flashlight cells connected in series to supply 9 volts, 
but, in most cases, will continue to operate even if the supply voltage 
drops as low as 5 volts; under these conditions, sensitivity and power 
output are reduced somewhat, and some distortion may be evident. 
Requiring a current of approximately 8 to 10 MA under "no signal" 
conditions, the Model 1210 has a rated battery life of 300 hours. 
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Referring to the schematic diagram (Fig. 5-27), we find that the 
set uses six transistors and two diodes, with the common-emitter con
figuration used in all transistor stages. NPN types are used in the 
converter and two I.F. stages, and PNP units in the audio driver and 
push-pull power output stage. One diode ( CR02) serves as the 2nd 
detector, the other (CROl) as an overload diode. A close examination 
of the circuit reveals many of the features we have observed in the 
other receivers studied. Tapped I.F. transformers are used (TlOl, 
T102, and Tl03). The second detector serves not only to demodulate 
the amplified I.F. signal, but to provide a D.C. signal for A VC 
control; this is coupled through R108, bypassed by C113, and com-

Fig. 5-26: Photo of the DUMONT Model 1210 (RA-902) receiver. 

bined with a fixed bias obtained through Rl05, to control the gain of 
the 1st I.F. amplifier. Finally, we note that a thermistor, R126, is 
used to control the base bias current of the push-pull Class B output 
amplifier. 

The GE Model P715D is a six-transistor receiver which typifies 
one approach to the design of a "semi-portable" ... that is, a receiver 
which can serve equally well as a regular portable or as a table model 
receiver in the home or office. The Model P716D is identical except 
for cabinet finish. Physically, the P715D is only slightly longer and 
about the same width and depth as a pocket-sized "personal" por-
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table. It is equipped with a 2¾" PM loudspeaker and has a max
imum power output of 130 milliwatts ( or 100 milliwatts with not 
over 10% distortion). With an I.F. of 455 KC, this set covers the 
tuning range of 540 to 1620 KC. It may be powered by any of several 
battery combinations furnishing from 2.5 to 3.0 volts, including a pair 
of size AA penlight cells, type RM502 (or E502) mercury cells, or 
rechargeable nickel-cadmium cells; current drain is from 9 to 15 MA, 
depending on output volume. 

DETECTOR 
CR02 

CK706A OR 
IN87G OR IN60G 
OR IN 295 

Cll5 

• IOV 

VOLUME -
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~------IK<~I----~ 

IST.AUDIO 
AMP. 
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Fig. 5-27: Schematic wiring diagram o# the DUMONT 1210 (RA-902) receiver shown 
in Fig. 5-26. 
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Basically a portable receiver, then, the P715D is designed to be 
used with an optional "carrying case." This case, in turn, is fitted 
with line-operated battery-charger which can deliver an output of 2.7 
volts at up to 45 MA, D.C. The receiver may be folded flat within 
the case for traveling, or may be placed upright, in which position the 
entire assembly becomes a small, but attractive, "table model" re
ceiver, as shown in Fig. 5-30. The circuit design is such that the 

Fig. 5-28: Rear view al the 1210 (RA-902) receiver, with back caver open, showing 
battery compartment. Antenna coil is across the top of the chassis, tuning capacitor 
at upper left. 

nickel-cadmium batteries (supplied with the case, but installed in 
the receiver itself) can be recharged even while the receiver is being 
used. Of course, the receiver may be removed from its case at any 
time and used as a conventional portable. 

The Model P715D's schematic wiring diagram, together with that 
of its optional Model P-715C charger, is given in Fig. 5-31. A close
up interior view of the case, showing an exterior view of the charger 
section, is given in Fig. 5-32, with an interior view of the charger 
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given in Fig. 5-33. The charger itself is a relatively simple assembly, 
consisting of a standard line cord, step-down transformer, diode rec
tifier (D2), current limiting resistor (R13), and a short output cable 
fitted with a plug designed to fit the charger jack mounted in the 
receiver. 

An examination of the receiver's schematic diagram reveals that 
a fairly conventional circuit is employed. NPN R.F. transistors are 
used in the converter, (TRl), 1st I.F. (TR2), and 2nd I.F. (TR3) 

Fig. 5-29: Another rear view of the 1210 (RA-902) receiver, but this time the battery 
compartment has been removed, providing a clear view of the receiver chassis and the 
rear of the loudspeaker. 

stages. A standard diode (Dl) 2nd detector is employed. PNP tran
sistors are used in the Class A audio driver (TR4) and Class B push
pull power output (TR5, TR6) stages. The common-emitter configu
fation is used throughout. An A VC control signal is obtained from 
the 2nd detector and coupled through R5, bypassed by C3, to the base 
bias circuit of the 1st I.F. amplifier (TR2). 

The receiver has one unusual circuit feature not encountered 
in the other circuits we have analyzed. The second I.F. transformer, 
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T3, is equipped with a capacitive voltage-divider, C6-C7, rather than 
a "conventional" step-down secondary winding. In practice, the ratio 
of the capacitors used here is chosen to provide a proper match be
tween the fairly high output impedance of the tuned circuit and the 
moderate input impedance of the 2nd I.F. stage, with their total 
series capacity designed to tune T3 to 455 KC. This unique coupling 
method does not affect overall performance nor change the Alignment 
technique used. The P715D (and P716D) may be aligned using the 
methods described earlier. 

Fig. 5-30: The GE Model P-715D receiver, setting upright in its "travel case." Many 
portable receivers are designed to serve both as "portables" and as "table model" sets. 

SEVEN-TRANSISTOR RECEIVERS. The schematic wiring diagram 
of the Firestone Model 4-C-34 radio receiver is given in Fig. 5-34. 
This is a "full-size" portable; for practical purposes, it is virtually 
identical to the Arvin Model 9562. Powered by six size "D" flash
light cells connected in series, with a "tap" to circuit ground, the set 
draws 6 MA from its 7.5 volt "positive" supply and 2 MA from its 
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1.5 volt "negative" supply under zero signal conditions. It can supply 
125 milliwatts of undistorted audio power to its 5¼" PM loudspeaker, 
or a maximum output of 250 milliwatts. With an I.F. of 455 KC, the 
radio tunes the standard AM band from 540 to 1620 KC. 

Referring to Fig. 5-34, we note an overall similarity in the 
schematic to those of the scr-transistor receivers discussed earlier. 
For example, the Model 4-C-34 has two neutralized I.F. stages, a 
diode type 2nd detector, a Class A audio driver, and a Class B push
pull power output stage; as before, a D.C. A VC bias voltage is ob
tained from the 2nd detector (at the junction Rll-R14) and coupled 
back as a control over the gain of the 1st I.F. stage. Like most of 
the other sets we have examined, the common-emitter configuration 
is used in all stages. 

A closer examination of the schematic, however, reveals many 
circuit refinements. First, of course, NPN transistors are used in all 
stages. As you will recall, a majority of the other sets used NPN 
types only in the R.F.-I.F. stages, with PNP units in their audio 
sections. The use of a "tapped" power supply circuit represents an 
innovation. And a "losser" type Tone control has been added to the 

1'00.IAHS ·-· ..... nn u ,u .... ;_ UU" 
•ft...«••o.«o--••·<11 .., .. u .. ., 
.. ,.,..,,_ <-Uff -•••U - .... .,...q; 

Vlll.fflOflt[IIWISEM>lO 
K•- M•IJIOOJJOO 
~ MOM: "'"" .l•IIW' 
CANalORS \£SS ""'" l•IIIF; 

IIESlffl)IIS -•-=----

Fig. 5-31: Schematic diagram ol the GE P-715D receiver. Featuring a 3.0 volt power 
supply, this set may be powered with standard penlight cells, mercury batteries, or 
rechargeable nickel-cadmium cells, at the option ol the owner. The "charging unit" 
shown is part ol the receiver's separate travel case. 

audio amplifier; this is made up of capacitor C15 in series with 
R13A from collector-to-collector across the push-pull output stage. 
In operation, as R13A is reduced in value, C15 becomes more and 
more effective as a high frequency by-pass, reducing the receiver's 
"treble" response. 
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Most of the innovations are found in the R.F.-1.F. stages, how
ever. Let's examine these in some detail. The converter, used almost 
universally in the receivers discussed previously, has been replaced 
by a mixer and separate local oscillator. The injection of the oscillator 
signal is accomplished in the mixer's emitter circuit, with this signal 
obtained from L2's secondary and coupled through C3 to unbypassed 
emitter resistor R2. A variable base bias is applied to the mixer as an 
A VC control signal; this is obtained from the 1st I.F. stage's emitter 
resistor, R7, and coupled back to the mixer through voltage divider 
RI-R5, bypassed by C2. The voltage developed across R7 varies with 
the 1st I.F.'s collector current, of course, and this, in turn, is de-

Fig. 5-32: The GE Model P-715C Charger. Mounted in one corner of the travel case 
for the P-715D receiver, this unit serves to recharge penlight sized nickel-cadmium 
cells. See Fig. 5-31 for the schematic diagram. 

pendent on the AVC base bias obtained from the 2nd detector. In 
effect, the 1st I.F. amplifier, in addition to serving its normal func
tion, also serves as an A VC D.C. amplifier for the mixer. 

Continuing, a double-tuned first I.F. transformer (Tl) is used. 
This represents another departure from earlier circuitry; as you'll 
recall, only the primary windings were tuned in the I.F. transformers 
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used in the other sets studied. Tl's tuned secondary is tapped to 
provide a match to the 1st I.F. amplifier's moderate input impedance, 
and thus to minimize loading of the tuned circuit, with resulting loss 
of "Q" and selectivity. A more "conventional" second I.F. trans
former (T2) is employed; it has a tuned, tapped primary, and an 
untuned step-down secondary winding. The 1st I.F. stage is neutral
ized by a signal obtained from T2's primary and coupled back to its 
base through CS. A familiar design is used in the third I.F. trans
former; T3; it has a tuned, but untapped, primary, and an untuned 
step-down secondary. The 2nd I.F. stage is neutralized by a signal 

Fig. 5-33: Close-up of the P-71 SC Charger, after removal from the P-715D's travel 
case. The Charger is held in the case with two screws. 

obtained from T3's secondary and fed back to its base through ClO. 
The remainder of the receiver's circuit is fairly conventional and, 
except for exact component values, similar to other circuits we have 
examined. The set may be aligned using standard techniques 
an Alignment table is given in Fig. 5-34. 

RCA's Model 8-BT-lOK is another "full-size" portable receiver 
using a seven-transistor circuit. An exterior view of this set is given 
in Fig. 5-35 and its chassis layout is diagrammed in Fig. 5-37. The 
receiver's schematic is given in Fig. 5-36. Using a 4" x 6" oval PM 
loudspeaker, the set has an undistorted power output of 250 milliwatts, 
a maximum output of 300 milliwatts. It is powered by a special 
9-velt battery having taps at 6 and 3 volts; current consumption 
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rises from 8 MA under zero signal conditions to 29 MA with an out
put of 50 milliwatts, giving a battery life of approximately 500 hours 
intermittent service. The set's I.F. is 455 KC; tuning range from 
540 to 1600 KC. 

Referring to the schematic diagram, we find that the 8-BT-lOK 
uses PNP transistors in the common-emitter configuration in all stages 
except the first audio amplifier, Q4; here, a common-collector circuit 
is employed. In operation, Q1 serves as a standard converter, and 
Q2 and Q3 as the 1st and 2nd I.F. amplifiers, respectively. A con
ventional diode detector, CR1, is used, with its output direct-coupled 

Fig. 5-35: Photo of the RCA Model 8-BT-l0K, a "lull-size" seven-transistor portable 
receiver. 

to the 1st audio amplifier, Q4. A VC control bias is coupled back from 
the 2nd detector circuit through R2, bypassed by C4, to the 1st I.F. 
stage, and through R4, bypassed by C5, to the 2nd I.F. amplifier 
( Q3) . The audio signal developed across Q4' s emitter load, Volume 
control R8, is coupled through C9 to the 2nd audio stage, a single
ended Class A driver ( Q5), and, from here, through interstage 
coupling transformer T5 to the Class B push-pull power output stage 
( Q6 and Q7) . The final amplified signal is delivered to the loud
speaker's voice coil through impedance matching transformer T6. 
Inverse (negative) feedback is provided across the output amplifier 
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by R20, reducing distortion and improving circuit stability. The 
output stage's base bias is determined, in part, by thermistor R14, 
insuring consistent operation with changes in ambient temperature 
conditions. The receiver may be aligned using standard techniques. 

The seven-transistor receivers discussed thus far have all been 
"portable" receivers. In contrast, the RCA Model 9TX-2 "Starliner" 
is designed specifically as a table-model battery-operated radio ... 
it is not equipped with a carrying handle. This set's schematic wiring 
diagram is given in Fig. 5-38; its chassis layout is shown in Fig. 5-39. 
The 9TX-2 can furnish an undistorted power output of 200 milliwatts 
or a peak output of 300 milliwatts to its 4" x 6" oval PM loudspeaker. 
Designed to cover the range of 540 to 1600 KC, the set uses an I.F. 
of 455 KC. Operating power is furnished by a single 4.5 volt battery, 
but the set will operate with reduced sensitivity and output power (and 
slightly more distortion) on as low as 3.0 volts; operating current 
varies from 11.5 MA with zero output to 82 MA at the 200 milliwatt 
level. Under typical operating conditions, the specified battery has a 
useful life of 1500 hours. 

An examination of the schematic diagram, Fig. 5-38, reveals that 
PNP transistors are used in all stages, with the common-emitter con
figuration used throughout. In operation, Ql serves as a converter 
and Q2 and Q3 as the 1st and 2nd I.F. amplifiers, respectively. Tapped 
interstage I.F. transformers are used (T2, T3, and T4). Q2 is neutral
ized by a signal coupled from T3 to its base through C7; a similar 
arrangement is used for Q3, with neutralization provided by ClO. 
An overload diode, CRl, is used between the converter and 1st I.F. 
stages. The amplified I.F. signal obtained from the last I.F. trans
former, T4, is applied to Q4, a transistor used as a combination detec
tor-first audio amplifier. Its audio output is developed across Volume 
control R17. From here, the signal is coupled through C17 to a 
single-ended Class A driver, Q5, which, in turn, is coupled to the 
Class B push-pull output stage (Q6 and Q7) through interstage 
transformer T5. The audio power amplifier is coupled to the loud
speaker through impedance-matching output transformer T6. A neg
ative feedback signal is obtained from T6's secondary and coupled 
back to Q5's emitter through a network consisting of R22, R21, and 
D.C. blocking capacitor C19. The familiar thermistor, RTl, is used 
as part of the power amplifier's bias network. 

The AVC circuit used in the 9TX-2 is rather unique compared 
to that used in the receivers discussed earlier, and requires further 
study. The AVC control bias, as in other sets, is applied to the 1st 
I.F. amplifier, but, unlike the others, is applied to the stage's emitter 
rather than its base circuit. Note that RS, bypassed by CS and C14, 
serves as a common emitter resistor for both the 1st I.F. stage, Q2, 
and the detector, Q4. Under "zero signal" conditions, Q4 draws little, 
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if any, current, and the voltage drop across R8 is due entirely to 
Q2's "idling" current; this current, in turn, is determined by Q2's 
normal fixed bias, applied through voltage divider R6-R7, bypassed 
by C6. Under these conditions, then, Q2 has fairly high gain. 

When a strong signal is received, Q4 starts to draw current, 
with its current requirements directly proportional to the amplitude 
of the signal it is detecting. This added current through RS increases 
the voltage drop developed across it and reduces the effective bias 
applied to Q2, thus reducing Q2's gain. The net result, then, is typical 
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A VC action, and the output signal is held at a reasonably constant 
level. Other circuit operation is conventional, and the 9TX-2 may be 
aligned using the methods described earlier. 

RCA's Model l-BT-3, in a sense, is a "semi-portable" designed for 
use both as a conventional portable and as a table-model receiver 
for the home and office. In this respect, it is generally similar to 
GE's P715D, discussed earlier in this Section, and, like the GE set, 
is a self-contained receiver wired so that it can be used with a line
operated battery charger, available as an optional accessory. Unlike 
the GE, however, the chargers designed for use with the 1-BT-3 are 
intended for semi-permanent installation on a table or desk and not 
for use (as in the GE set) as carrying cases. 

The receiver's schematic diagram is given in Fig. 5-40(a) and 
its general chassis layout in Fig. 5-41. Using an I.F. of 455 KC, the 
Model 1-BT-3 tunes from 540 to 1600 KC, and delivers an undistorted 
power output of 85 milliwatts (or peak output of 110 milliwatts) to 
its built-in 2¾" PM loudspeaker. It is designed to be operated from 
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four penlight cells connected in series to supply 6 volts or fzom 
a special 4.8 volt rechargeable battery; current drain varies from a 
little under 9 MA with zero output to about 43 MA with maximum 
output, giving a battery life of about 22 hours when penlight cells 
are used, or 25 hours per charge when the special battery is installed. 

Two different charger assemblies are available for use with the 

r UTTERY . 

0 

0 

~ BATTERY L@ 

Fig. 5-41: Chassis layout used in the 1-BT-3 receiver. 

l-BT-3 ... Models BC-3 and BCS-4. Both employ the same basic 
charging circuit, as shown in Fig. 5-40(b); this includes a line-cord 
and plug (Pl), step-down power transformer (Tl), semiconductor 
half-wave rectifier (CRl), current limiting resistor (Rl), and output 
cable and male jack (Jl) to fit the battery charger receptacle 
mounted on the receiver itself . . . J2, Fig. 5-40 (a). Designed for 
operation on a standard A.C. power line, the charger delivers an 
output of 40 MA at 5.4 volts, D.C. In addition to housing the 
charger, the BC-3 serves as a table stand for the radio set, holding 
it in an upright position. The BCS-4 serves in a similar capacity, 
but is larger and includes a 4" PM loudspeaker for use in place of 
the set's small built-in unit; connection is made through the receiver's 
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earphone jack. The larger loudspeaker is more efficient than the 
miniature unit and provides both improved tone quality and greater 
sound output. 

Referring to Fig. 5-40 (a), PNP transitors are used throughout. 
The first audio amplifier, Q4, uses the common-collector configura
tion; the common-emitter arrangement is used in all other stages. 
In operation, Q1 serves as a converter, and Q2 and Q3 as the 1st 
and 2nd I.F. amplifiers, respectively. An overload diode, CR1, is used 
between the converter and 1st I.F. stages. Tapped I.F. transformers 
(T2, T3, and T4) are employed. Q2 and Q3 are neutralized by 
coupling a small signal from their respective output transformers 
back to their base electrodes through C7 and C8, in order. An AVC 
control bias is applied to Q2's base through R13, bypassed by C4. A 
conventional diode-type 2nd detector is used (CR2), with its output 
applied to the first audio amplifier, Q4. The audio signal appearing 
across Q4's emitter load, Volume control R15, is coupled through C12 
to a Class A audio driver, Q5, which, in turn, drives the Class B 
push-pull power amplifier (Q6, Q7) through interstage audio trans
former T5. The output stage is coupled to the PM loudspeaker 
through output transformer T6. Inverse feedback is provided in the 
output stage by connecting small capacitors, C14 and C15, between 
the collector and base electrodes of their respective transistors; this 
reduces harmonic distortion and insures good circuit stability. Align
ment data for the Model 1-BT-3 is given in Table 5-B (page 167). 

OTHER SUPERHETS. More and more stages may be added to a 
basic receiver circuit to obtain better sensitivity, greater power output, 
or improved selectivity. If we ignore circuit details and consider 
overall circuit functions only, the typical six-transistor receiver is 
basically a four-transistor set (similar to the original Regency TR-1) 
with a push-pull power output stage added. Similarly, a seven-tran
sistor receiver may be fundamentally like an average six-transistor 
set, but with an extra audio amplifier ... or, in some cases, with the 
converter replaced by two transistors serving the separate functions 
of mixer and local oscillator. By the same token, then, an additional 
I.F. amplifier stage could be added to any of the seven-transistor 
circuits we've discussed, resulting in an eight-transistor set. For ex
ample, the popular Emerson 888 Series are eight-transistor sets using 
a converter, three I.F. amplifiers, an audio amplifier, an audio driver, 
and a push-pull power output stage (requiring, of course, two tran
sistors) . The Raytheon 8TP Series, as a further example, are eight
transistor sets using a mixer, separate local oscillator, two I.F. stages, 
a combination detector-first audio amplifier, an audio driver, and 
a push-pull output stage. 

Since the non-technical consumer will often "rate" a product 
according to its size or "technical horsepower," some manufacturers 
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may introduce multi-transistor receivers for their sales appeal rather 
than for reasons of engineering superiority. An "old timer" in the 
radio service field may recall the days when fifteen, eighteen, and 
even twenty tube Broadcast Band receivers were merchandised suc
cessfully, even though these sets were not appreciably better, tech
nically, than receivers using six or seven tubes in conventional 
circuit arrangements. If the same approach were applied to the 
design of a transistor receiver, it wouldn't be too difficult for a manu
facturer to introduce a set using ... an R.F. stage, mixer, separate 
local oscillator, three I.F. amplifiers, transistor detector (rather than 
a diode), separate two-stage AVC amplifier, an audio stage, a "pre
driver" stage, a push-pull medium power driver stage, and a "hi 
power" output stage using multi-watt transistors. If a transistor
regulated, line-operated power supply were added to such a set, the 
instrument would require a total of eighteen to twenty transistors! 

Occasionally, a basic receiver chassis may be combined with some 
other piece of equipment. For example, a battery-operated or spring
driven clock may be added to a standard Broadcast-Band receiver 
to form a Clock-Radio. In another case, a multi-circuit switch may 
be added to a receiver's audio section, and the assembly used with 
an external loudspeaker to form a two-station Radio-Intercom. At 
least one manufacturer (DeWald) has produced a "personal" sized 
portable in which the loudspeaker could be switched to the input 
of the audio section for use as a microphone; with a standard ear
phone connected, the unit could be used as a moderate gain "Hearing 
Aid." And, of course, a turntable and pick-up arm may be added 
to a standard receiver to produce a Radio-phonograph (see Section 
9). 

But regardless of the number of transistors used in a radio set 
or the auxiliary equipment added to it ( such as a clock), the func
tions of individual stages remains essentially the same as those in 
the receivers we've discussed in the preceding pages. From a servic
ing and maintenance viewpoint, then, the same types of complaints 
are encountered, similar defects occur, and essentially the same 
troubleshooting and repair techniques are used. 

MULTI-BAND RECEIVERS 

AM Broadcast-Band receivers are by far the most popular type, 
with the repair of such sets representing perhaps as high as 85 to 95 
per cent of the average radio-repairman's daily work load. Multi-Band 
transistorized receivers are manufactured, however, and are becoming 
increasingly popular with radio Hams, SWLs, small-boat operators, 
pilots, and others interested in short-wave radio, either as a hobby or 
as a necessary adjunct to their work. While such receivers may not 
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be encountered too often, their repair can represent a worthwhile 
source of income, particularly to the service technician who specializes 
in such work and who actively solicits repair jobs. 

As a general rule, Multi-Band receivers are larger, physically, 
than Broadcast-Band sets, employ more transistors and components, 
and are much more expensive. The majority are designed to tune the 
AM Broadcast-Band in addition to several short-wave bands. Most 
are equipped with a pilot lamp serving as a dial light, but controlled 
by a momentary-contact push-button or slide switch to minimize 
current drain; thus, the pilot lamp is used only while actually needed. 

ALIGNMENT PROCEDURE 
Test Oscillator-For all alignment operations, connect the low side 

of the test oscillator to the "common negative" wiring and keep the 
oscillator output' as low as possible to avoid AGC action. 

Connect High Sig. Dial Adjust for 
Step Side of Sig. Gen. Pointer 

Max. Output Gen. to- Output Setting 

' Quiet T4 3rd I-F 
1 #2 terminal 455 kc point T3 2nd I-F 

of ant. near T2 1st I-F 
assembly LI 1600 kc 

2 Repeat Step 1 

Gang osc. trimmer 
3 1620 kc fully C20 open 

Short wire 

4 placed near 1400 kc 1400 kc ant. trimmer 

antenna for Cl9 
radiated signal 600 kc Tl 

5 600 kc rock gang osc. coil 

6 Repeat Steps 3, 4 and 5 

TABLE 5-B: AUgnment data for the RCA 1-BT-3 radio set. This may be used as a 
general guide for the alignment of ANY seven-transistor Broadcast Band receiver. 

Circuitwise, these receivers use I.F. amplifiers, 2nd detectors, and 
audio sections very similar . . . if not identical . . . to those found 
in the standard Broadcast-Band receivers discussed earlier. For 
example, most of these sets use a two stage, transformer-coupled 
I.F. amplifier operating at 455 KC, and neutralized using conventional 
techniques. In most cases, a one or two stage audio amplifier is used, 
with a Class B push-pull stage serving as a power amplifier and driv
ing a moderate-sized ( 4" to 6") PM loudspeaker. 

The real difference between Multi-Band and Broadcast-Band 
receivers, then, is found in the R.F. "front-end." Here, Multi-Band 
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IF ALIGNMENT 

Equipment required: 
1, Signal Generator with AM Modulation 
2, Oscilloscope 
3, Alignment Tool, fabricated from square bakelite dowel 

tapered almost to a point ( tapered end to be .060" 
square). 

Connect a 10,000 ohm resistor lo pin 5 of Tl. Connect the 
signal generator through a .01 mid. capacitor to the other 
end of this resistor. Set volume control at minimum and 
adjust output of generator to produce approximately .l volt 
peak to peak on scope. Maintain generator output at low 
level through alignment to prevent overload, Connect scope 

to high side of volume control. 
A peak adjustment can be found at two "slug" locations on 
these coils. The correct peak is the first one reached when 
tuning the "slug" in from the extreme out position. 

SET 
STEP GENERATOR ADJUST 

TO, 

1 455KC Top of T3-T2-Tl for maxi-
mum output 

2 455KC - Boitom ·01 Tl for minimum 
output 

RF ALIGNMENT 

Equipment required: 

1, AM signal generator having frequency range of 550KC 
to 22MC. 

2, Oscilloscope 

3. Sweep generator having frequency range of SSOKC to 
22.SMC. Available frequency deviation between IOOKC 
and IMC. 

Disconnect the 'telescoping antenna from the receptacle on 
the rear of Band Switch. When using either the AM signal 
generator or the sweep generator it is to be connected to the 
screw beside the receptacle for the telescopic antenna. This 
is the external antenna connection. Also, when using the 
sweep generator, the horizontal sweep from the generator 
is to be fed into the horizontal input connection on the scope, 
Before proceeding with the alignment instructions as out• 

lined, the tuning gang should be completely closed and the 
dial pointer calibrated at the extreme low end of the dial. 

IM~9IOKC SIG~AL 

I ~ 
IMAGE RESPONSE SHOULD BE 
APPROXIMATELY 9IOKC HIGHER 
THAN SIGNAL RESPONSE 

TABLE 5-C: Factory alignment data for the MAGNAVOX "50 Series" multi-band receiver, A SWEEP GEN
ERATOR is needed for the R.F. alignment. 
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TABLE 5-C (Continued) 

RF ALIGNMENT CHART 

I BAND SET TUNING 
iSElECTOR GANG GE~~R!~oR ; J~:i!~R ! 

ADJUST 

STEP i SETTING TO TO TO REMARKS 
~ 

B I400KC 
-~=========~===~=========--=-o==I 

1400KC C29 for Maximwn amplitude 

I 4.2MC 4.2MC 1 C25 for maximum amplitude 
-----

IIMC 
2 - -- -e-- 3 - - 22MC 

I IMC C22 for maximum amplitude 
ZZMC I CIS I imum am litude Swing generator across ~d width 

---·· or max P to check and make sure image fre-

2 

B 600KC 

l I.BMC 

2 SMC 
I---- -~---· I3MC 

3 

600KC ; LIZ for maximum amplitude quency is higher than signal 
:::·i~sMC r__ Lil for maximum amplitude frequency. 

----- 5MC · LlO for maximum amplitude 
t---------
. 13MC LS for maximum amplilude 

Repeat Steps 1 and 2 until no further adjustment is required . 

l400KC --- i 1400KC [ C!S & CS for maximum response 

' 4.2M~ ~ \ CI4 & CS ;:e,:.;~~m response I 

2 - t-- ·- llMC , I IMC i Gl3 & C4 !~e,:.;~:":.m response 
.. .... _ __ __ I See Figure Sweep generator should be set for 

3 22MC 22MC , CI! & CZ for maximum response IMC sweep width. If not available 

4 

B 

1 

See Fi ure adjust sweep generator. center tre-
F===aj==-==~-'-;-w,r"=-==~~-_*_-_""'>s><ols'oin'i==F'f'lnFrrfo='r""m~a~x~im~um~"':,c:e":'sp:co:'.n:'.sc:e9 qu_ency to observe image response. 

f---

s 

6 

I 
'--·· 

3 

1---------. 

.. L•-· I.BMC L7 ~_;3 for maximum response --------1 

SMC SMC L6 & L2 for maximum respon~ 

13MC l3MC LS & LI for maximum response , 

Repeat si;·p;··i-~;d 2 unlU-no f~rther adjUstment is required • __l_ ____________ ... 
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ment procedure recommended by the individual set's manufacturer. 
The schematic wiring diagram of the Magnavox 50 Series re

ceiver is given in Fig. 5-42. This is a four-band receiver covering 
(approximately) 540 KC to 22 MC; the I.F. is 455 KC. The set is 
equipped with a 5" x 7" oval PM loudspeaker, and is powered by 
a single 9-volt battery; current drain is between 12 and 18 MA under 
zero signal conditions. PNP transistors in the common-emitter con
figuration are used in most stages. In operation, Ql serves as an R.F. 
amplifier, Q2 as a mixer, Q3 as a local oscillator, and Q4 and Q5 as 
the 1st and 2nd I.F. amplifiers, respectively. A conventional diode
type 2nd detector is used, supplying an A VC control bias which is 
coupled through R18, bypassed by C42, to the base circuits of the 
R.F. and 1st I.F. amplifiers. The audio signal obtained from the 
2nd detector and appearing across Volume control R20 is coupled 

ALTERNATE ALIGNMENT 
ALTERNATE ALIGNMENT 

Whenever the specified equipment is available, the sweep 
generator alignment is recommended, however, there is cm 
alternate method for the alignment of the RF and antenna 

trimmers and coils using a single generator. While this 
method is satisfactory for practical purposes, for optimum 
p~rformance the sweep generator method for alignment 
should be used. 

ALTERNATE METHOD OF ALIGNING RF & ANTENNA TRIMMERS AND COILS 

BAND TUNING SIGNAL 
I STEP SWITCH GANG GENERA'l"OR ADJUST REMARKS 

r-
1 

SETTING SEnING SETTING 

1400KC 1400KC Cl5·6 for maximum amplilude , 

4.2MC I 4.2MC Cl4~or maxim~~plUude j When making !hes~ adjustme~l11 the Gen-
___ : _ _ _ _____ -1 emtor should be fine-tuned etlher side of 

~7 1 IMC I IMC Cl3-4 for mtmmum amplitude ~~;i:~::~:0
::ip~~~!:: ~u::::d~~juSled 

1---+---
' 3 ! 

I 
I B 
I~ 

I 

22MC 22MC Cll-2 for mannlum amplitude [ 

+-----+---- -+----------

600KC 

I.BMC 

SOOKC 

I.BMC 
--

SMC SMC 

13MC 13MC 

LB-4. for moiimum amplitude 

L7•3 for maximum amplitude ::,:~ :h:~kig b~•~rne~~~=~:~t~e:h:id~e~f 
-- Signal frequency and the trimmers adjw.ted 

LS-2 for maximum amplitude for maximum output over band width. 

15-1 for mru:imum amplitude 

TABLE 5-D: Alternate R.F. alignment steps for the "50 Series" receiver. . . this tech
nique is used where the Service Technician does not have access to a Sweep Generator. 

through C44 to a Class A audio stage (Q6) which, in turn, drives the 
Class B push-pull power amplifier (Q7 and Q8) through interstage 
transformer T4. The power amplifier is coupled to the loudspeaker 
through output transformer T5. Receiver Alignment data is given in 
Tables 5-C and 5-D. Both sweep and standard techniques are outlined. 

Covering from 540 KC to 18.2 MC in seven bands, Philco's Model 
T-9 "Trans-world" portable was one of the first fully transistorized 
Multi-Band receivers to be manufactured. Its schematic diagram is 
given in Fig. 5-43. Using an I.F. of 455 KC, the T-9 is equipped with 
a built-in ferrite core (Magnecore) antenna for the reception of the 
AM Broadcast Band (540-1620 KC) and its lowest frequency short
wave band (2.0-4.0 MC), and a 63-inch collapsible whip antenna for 
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PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES 
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Fig. 5-43: Another multi-band transistorized receiver, the PHILCO Model T-9 "Trans
in seven bands. 
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World" portable. This is a 9-transistor superhet covering from 540 KC to 18.2 MC 
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portable receiver, a 9-transistor multi-band radio covering from 540 KC to 22.5 MC. 
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the reception of higher frequency bands; provision is made for con
necting an external antenna. The set uses a 5½" PM loudspeaker 
and has an audio power output of 250 milliwatts. Operating power 
is supplied by six size "D" flashlight cells; four of the cells are 
connected in series to supply 6.0 volts, with two of the cells used in 
a separate power supply for the local oscillator to insure stabilized 
operation. 

Referring to the schematic diagram (Fig. 5-43), we see that PNP 
transistors are used throughout. The common-base configuration is 
used in the R.F. amplifier, mixer, and local oscillator circuits, with 
the common-emitter configuration employed in all other stages. In 
operation, the mixer's output signal is coupled through a double
tuned I.F. transformer, Zl, to a two-stage neutralized I.F. amplifier. 
A transistor is used as a combination 2nd detector-first audio ampli
fier, with its audio output signal coupled through T21 and Volume 
control R24 to a single-ended Class A audio driver. The D.C. com
ponent of the detected signal is coupled through R29, bypassed by 
C32, and through Rl9, bypassed by C4, to the base of the R.F. 
amplifier, where it serves as an A VC control bias. A VC bias is also 
applied to the 1st I.F. stage through RIO, bypassed by C22. When the 
Bandswitch is in the Broadcast-Band, SWl and SW2 (two lower 
short-wave bands) positions, A VC is applied to the mixer through 
voltage divider R6-R7, bypassed by C21; A VC is not used on the 
mixer stage for reception of the higher frequency short-wave bands. 
Continuing, the audio driver is coupled to the Class B push-pull 
output stage through driver transformer T22, and the power amplifier, 
in turn, is coupled to the loudspeaker through impedance matching 
transformer T23. 

The Alignment Chart for the Model T-9 receiver is given in 
Table 5-E. To carry through the recommended procedure, first con
nect an output indicator across the loudspeaker voice coil terminals; 
this may be an Oscilloscope or standard Output Meter. An AM R.F. 
Signal Generator is used for all adjustments, and it is set to deliver 
a modulated output signal; the generator's Level or Attenuator control 
should be adjusted to maintain an output (across the voice coil ter
minals) of less than 0.4 volts. The Radiating Loop mentioned in Step 
2 is made up of 6 to 8 turns of insulated wire in a 6-inch diameter 
coil; it is connected across the Signal Generator's output and placed 
about one foot from the Magnecore antenna (LAI, Fig 5-43). The 
Dummy Antenna mentioned in Step 6 consists of a 22 MMF. capac
itor in series with a 6.8 ohm resistor between the generator's "hot" 
output lead and terminal #1 of the antenna panel; the "Whip" an
tenna is disconnected. As a general note, the local oscillator operates 
on the high side of the incoming R.F. signal on the Broadcast and 
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ALIGNMENT CHART 

SIGNAL GENERATOR RADIO 

STEP CONNECTION TO 
RADIO 

-~1- Through a .05 mfd rnn
dcn,;er to mixer base, 
L8. Ground lead to 
chas'iis. 

1---2 Radiating loop; see "Sig
nal Generator" in proce
dure above. 

Same as step 2. 

4 Same as step 2. 

Same a,,; step 2. 

6 Through a dummy ant. 
lmport,mt-See "Signal 
Generator" in procedure 
above. 
Same as Hep 6. 

8 Same a'.'> ~cep 6. 

~ Sarne a!, step 6, 

10 Same as seep 6. 

~- Same as ~tep 6. 

12 Same as step 6. 

13 Same as step 6. 

14 Same as step 6, 

15 Same as seep 6. 
16 Same as step 6. 

17 Same as step 6. 

1,8 Same as step 6. 

l? Same as step 6, 

20 Same as step 6, 

DIAL 
SETTING 

455 kc. 

1620 kc. 

580 kc. 

1500 kc. 

580 kc. 

4 me. 

2 me. 

4 me. 

2 me. 

8 OH.:. 

~ 

4 me. 

8 me. 

4 me. 

18.2 me. 

17.2 me. 

17.7 me. 

15.2 me .. 

11.7 me. 

?.7 me. 

BAND 
SWITCH 

BC 

llC 

BC 

BC 

SWL 

SW! 

SW! 

S\\'.rl 

swz 

swz 

swz 

16 meter 

16 meter 
16 meter 

16 meter 

19 meter 

25 meter 

31 meter 

DIAL SPECIAL 
SETTING INSTRUCTIONS 

Tuning gang AdJu~t, in order gi,en, 
fully open. for max. output. 

-f-------
1620 kc. Adjmt ft)f max. ouqmt. 

580 kc. 

1soo kc. 

sso kc. 

4 me. 

2 me. 

4 me. 

2 me. 

8 me. 

4 me. 

8 me. 

4 me. 

18.2 me. 

17.2 me. 

17.7 me, 

15.2 me. 

11.7 me. 

9.7 me. 

O~tillator is tuned to 
high side 

Adimt for max. output. 
This i~ the o~c. tratking 
adjustment. repeat steps 
2 and 3 until no further 
adjmtrnem is netessary. 
Adjmt for max. output. 

Adjust for max. output. 
AdjU5t LA l primary by 
sliding on magnecore. 
Coil is held in place by 
.wax. Gently heat to 
move. 
Repeat steps 4 and 5 
until no further im
provement j,; noted. 
Adjmt for max. output. 
o~cillator is tuned to 
high side 

Adjust for max. output. 
This is the osc. tracking 
adjustment. Repeat steps 
6 and 7 until no further 
adjustment i,; necessary. 
Adjust for max. output. 

Adjust for max. ouqmt. 
Repeat steps 8 and 9 
until no further adjust
ment ts nece-.,;ary. 
Adjmt for max. output. 
Oscillator is tuned to 
high side 

Adjust for max. output. 
This is the ose. tracking 
adjustment. Repeat steps 
10 and 11 until no fur
ther adjustment is neces
sary. 
A<ljmc for max. output. 

Adjust for max. output. 
Repeat steps 12 and 13 
until no further adjust
ment is neces,;ary. 
Adjust for max. output. 
Osc. is tuned to low 
side 

Adjust for max. output. 
Repeat steps 14 and 15 
until no further adjust• 
ment is necessary. 
Adjust for max. output. 

Adjust for. max, output. 

Adjust for max. output. 

Adjust for max. output. 

TABLE 5-E: Factory alignment data for the T-9 receiver. 
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ADJUST 
Z_1-jrd 1-F Pri. 
Z2-2nd I-F Pri. 
Zl-ht I-F Sec. 
Zl-1,;t I-F Pri. 
VC4-BC m,c. 

T7-BC osc. core 

VC7-BC R-F 
VCIO-BC Ant. 
Tl'1-BC R-F core 
l,Al-BC magne. Pri. 

VC5-SW1 osc. 

TS-SW! osc, rnrc 

VCB-SWI R-F 
VC2-SW1 Ant. 
Tl5-S\X'l R-F core 
Tt-SWl Ant. core 

YC6----SW2 osc. 

T9-S\Xr2 osc. core 

VC9-SW2 R-F 
VC3-S\Xr2 Anr. 
T16-SW2 R-F core 
T2-SW2 Ant. core 

VCll-Sprcad osc. 

Tl3-16M osc, core 
VCll 
Tl3 

Tl2-19M osc. core 

Tl9-19M R-F core 
TS -19M Ant. core 
TI l-25M osc, core 

T18-25M R-F core 
T4-25M Ant. core 
TI0--31M osc. core 

T17-31M R-F core 
T3-31M Ant. core 
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two lower short-wave bands; on higher frequency bands, the oscillator's 
frequency is on the low side of the incoming signal. 

Manufactured by Zenith, the Royal 1000 "Trans-Oceanic" is 
another popular Multi-Band receiver; its schematic wiring diagram is 
given in Fig. 5-44. This set is an 8-band receiver covering from 540 
KC to 22.5 MC; a 455 KC I.F. is used. The Royal 1000 is equipped 
with both fixed and detachable ferrite core loop antenna coils (Wave
magnets) for Broadcast-Band reception, and with an extendable 
"whip" antenna, concealed in its carrying handle, for short-wave 
pick-up. Rated undistorted power output is 500 milliwatts, delivered 
to a 4" PM loudspeaker. D.C. operating power is furnished by eight 
standard flashlight cells assembled in a separate battery compart
ment and connected in series to supply 12.0 volts, with one addi
tional cell used to operate the dial lamps; current drain under "no 
signal" conditions is slightly under 15.0 MA, giving an average useful 
battery life of 300 hours. A Phono jack is provided for connecting 
an external record player to the receiver's audio section. 

An examination of the schematic, Fig. 5-44, reveals that PNP 
transistors are used in all stages. The common-base configuration is 
used in the R.F. amplifier, mixer and local oscillator stages; the com
mon-collector arrangement is used in the 1st audio stage; finally, 
the familiar common-emitter configuration is used in all other stages. 
A unique capacity-coupled (through ClO) two-section tuned filter, 
T2-T3, is used between the 1st and 2nd I.F. amplifiers in place of the 
more conventional two-winding I.F. transformer. T3 is tapped to 
provide an impedance match to the 2nd I.F. stage. Both I.F. stages 
are neutralized ... the 1st through CS and a 4.7K resistor, the 2nd 
through C13. A diode-type 2nd detector is used, with its audio output 
signal coupled through C15 and a lOK isolating resistor to the Radio
Phono switch S2 and, from here, to Volume control Rl (and Tone 
control R2). The D.C. component of the detected signal is coupled 
back through a 15K resistor, bypassed by C19, and through a 470 ohm 
resistor, bypassed by Cl, to serve as an A VC control bias on the base 
of the R.F. amplifier. A VC control is also applied to the mixer and 
1st I.F. amplifier stages; this is accomplished by obtaining a D.C. 
signal from the R.F. amplifier's emitter electrode and applying it to 
the mixer's base (through a 1.5K resistor, bypassed by C2, and a 
680 ohm resistor, bypassed by C4) and to the 1st I.F. stage's base 
(through a lK resistor, bypassed by C5, and Tl's secondary). The 
D.C. voltage appearing on the R.F. stage's emitter varies, of course, 
in accordance with the A VC bias applied to its base electrode from 
the 2nd detector. 

Returning to the audio section, a common-collector configuration 
is used in the 1st audio amplifier stage. This circuit arrangement 
has a high input impedance (see Section 10), thus permitting the use 
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of a high resistance Volume control (Rl) and making the use of a 
standard record player (having a high impedance crystal or ceramic 
cartridge) practical; a record player, when used, is connected to jack 
J2, with S2 thrown to the Phono position. Continuing, the audio 
signal apearing across Rl is coupled through C21 to the 1st audio 
amplifier, with its output signal, appearing across a 56K emitter load 
resistor, coupled through C22 to the Class A audio driver. The audio 
driver, in turn, is coupled to the Class B push-pull power amplifier 
through interstage transformer T6. Output stage bias is determined, 
in part, by thermistor R3, which compensates for differences in am
bient temperature conditions. The output stage is coupled to, and 
drives, the PM loudspeaker through impedance matching transformer 
T7. 

The Royal 1000 may be aligned using a standard AM R.F. Signal 
Generator, and an Output Meter, A.C. Voltmeter, or Oscilloscope 
as an output indicator. Basic Alignment data is given in Table 5-F. 

OPER, 
COHHECT GEH. TO 
DUMMY AHTEHNA 

OM- lurn loop couplrd 
loosely to Broadcasr 
Wavema,gnec 

• 2 One turn loop coupled 
loosely to Broadc-ast 
l'avemagnet 

. ~ 
On, 

Turn Loop 

: Coupled 

l.oosely to 

: lkoa..icast Wavemagnet 

') One tum loop coupled 

loosely to Detachable 
Wavemagne1 

' 10 

II 

12 

• lJ 

14 

IS 

16 

3 Feet 

of \\'ire 

Approximately 

l Fooc 

and Pan.lid 

from 

l:,::tt:nded 

-----·-~~ · ·..: ,raverod 
17 

18 i 

19 i 

ALIGHMEHT PROCEDURE 

IHPUT SIG. -;;;HD! 
FREQUENCY Alia~ :.~~P~S·E-··1 

455 Kc BC , 

f 
BC f 600 Kc j Rock gang, , Alignment of BC 

I I Adjust C42 ! at . 

600 Kc 

!~-~-K~------~j_ __ _!!OO_Kc t38 _ _ ___ _j :: ~:;. '? ~~~!-~ -~ 

·. ;.";;' O,~fl·~~:: [ Rock---~~~u,~----]-;~;,.~~~~;- ··ii 
Ll8 0.C. 11111:ct at 

- --- - ... - . -; ·- . . . 6001\£. .•.. -- .. --7 
1400 Kc BC 1400 Kc I CUB Ali~nt B.C. man, 

- - ---· ···- ----·-· ------ ---
REPEAT OPERATIONS 5 & 6 

~f :: __ -- -:_: __ ]- ·-1~_:::----r:~: ----- -~----· :!~n.-.. :-,~,---,--,---~ .. t~8!~=~~:b::nter ! 
of • metal framed win .. I 

______ dow &~.C28formul 

2-4 Mc 2,1 Mc Rock Alit,;nmt"nt of S.W. I 
125, 1.17, 1.7 osc.,ml:rer& 

am~11na 
• ------ •• ... • • + --

2·4 Mc I 3,9 Mc 

REPEAT OPERATIONS 10 & 11 

i ~~~~ii• C26D, 

I 

~l!Jt.n11wnt of 
s.~ •. osc., 
mixer & antenna 

I 4.25 M":_~ ~:9~\1~··1 _ 4.2; Mc--~ R=k !,-~'-"-~6,_~~- Alignmont 
~ 8,75 Mc i 4•9 Mc I ___ ~-.?1._\1!: -+-~?._~!:., C26C, C26A i of 

' REPEAT OPERATIONS 13 & U I 

9.7 Mc · 31 __ met_~rs 9.7Mc __ U3,_L15,_L5_ 

! 25 meters 11.8 Mc ; 122, LU, U 

___ j 19 meters 15.2 Mc j L21, Ll3, L3 

_ Oscillator, 

---: 
Miaer and 

11.8 Mc 

15.2 Mc 

17.8 Mc -+-'1~6_mo_t~••-•--+--17~••~M~c-'~L=2~0•~L=l2=•~L=2 __ Antenna 

I 
i 

7 
I 

20 21.6Mc 13 m~t~rs __ 21.6Mc lu_2_,L_l_l,_L_l_~---

• NOT£: Rock tuning condenser when making allgn~n, imdet Operations 2, S, IO, 13. 

TABLE 5-F: Factory alignment data for the ZENITH "Royal 1000." 
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The adjustment, in each case, is for a peak output reading. As before, 
use the minimum Signal Generator level needed to obtain a useable 
output indication, with the receiver's Volume control turned to its 
maximum position. 

GENERAL SERVICE NOTES 

The practical radio-TV service technician acquires many "tricks 
of the trade" as he gains experience in his field. These help cut his 
diagnosis and repair time to a minimum and, frequently, permit him 
to go directly to the heart of a problem. As we have seen (in Section 
1), many "standard" service techniques which have been used for 
years in testing and repairing tube-operated equipment must be 
modified considerably when applied to transistorized gear, either to 
avoid misleading conclusions or to prevent actual physical damage 
of transistor components. The same situation holds true for accepted 
"service tricks." The following general notes, however, apply specifi
cally to transistorized receivers ... 

1) BATTERIES - In tube-operated receivers, a drop in battery 
voltage generally results in weak operation and loss of sensitivity; 
in some cases, the set's local oscillator will "kick out," resulting in 
a dead set. In transistor receivers, on the other hand, actual D.C. 
voltages are less important than circuit currents and the battery's 
internal impedance. If the battery is well bypassed, some transistor 
circuits will continue to work with little noticeable change in opera
tion even if battery voltage drops to half its "normal" value. As a 
battery weakens and its internal resistance increases, any of several 
service complaints may develop, depending on individual circuit con
ditions and the effectiveness of bypass and decoupling networks. 
There may be a drop in sensitivity (gain) and output volume, with 
some increase in distortion levels. In some receivers, the change in 
bias currents may make the I.F. neutralization less effective ( due to 
the change in the transistor's operating characteristics), resulting in 
instability and oscillation (squealing). In other receivers, an in
crease in battery resistance may result in common-coupling through 
the power supply and overall oscillation or motorboating. Similar 
complaints may be caused by a partial open ( or loss of capacity) in 
the large value filter capacitors generally connected across the power 
supply circuit. Oscillation caused by a weak battery is seldom en
countered in tube-operated receivers. Finally, observe battery polar
ities at all times. 
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2) CAPACITORS - The low input impedances of transistor 
amplifiers requires the use of large value electrolytics for audio 
coupling to prevent signal loss, particularly at medium and low fre
quencies; similarly, large value electrolytics must be used in filter and 
bypass applications. These units may become leaky or may lose 
capacity. In a coupling circuit, leakage may cause distortion, while 
a loss of capacity will result in a drop in gain and a severe loss of 
low frequencies. In bypass and filter circuits, leakage will drop operat
ing voltages (and currents), while a loss of capacity may cause 
feedback and oscillation (or motorboating). In most cases, low volt
age (1.5 to 15 volt) capacitors are used. Care must be taken when 
checking these units with a conventional Ohmmeter, for the instru
ment's battery voltage may be higher than the units' working voltages, 
and this, in turn, may cause internal breakdown. The same situation 
holds true for the voltages applied by some R-C Checkers and 
Bridges. In general, the best way to "check" a suspected electrolytic 
is to try a replacement known to be in good condition ( the familiar 
Substitution Test) ... but be sure to observe D.C. polarities. 

3) CURRENTS - As mentioned above, transistor currents are much 
more important than operating voltages. Hence, some manufacturers 
will indicate "normal" operating currents in different stages. Where this 
is done, test measurements may be made by opening the circuit and 
inserting the current meter (Milliammeter or Microarnmeter) in 
series, observing correct D.C. polarities. The currents required by 
variable bias stages (AVC or AGC controlled stages, for example) 
and by Class B amplifiers (used frequently in output stages) will 
vary with signal level, and this must be taken into account when mak
ing tests. Before starting tests on a transistorized receiver, it is 
generally a good idea to make a check of overall operating current. 
Should this be unusually high, it may indicate a leaky or "shorted" 
transistor or leaky capacitor. 

4) ETCHED CIRCUITS - A common complaint in transistor re
ceivers assembled on etched circuit boards is "intermittent trouble." 
Often, this is caused by a poorly soldered joint or by a hair-line crack 
in the board's copper foil. These defects can often be found by "flex
ing" the board slightly and by careful Visual Inspection. A poor 
joint should be resoldered. A hairline crack may be "bridged" with 
solder or a short piece of hook-up wire. 

5) LEAD DRESS - Wiring and component placement may be 
extremely critical in ultra-compact "personal" portable receivers, 
particularly in the R.F. and I.F. sections. Poor lead dress may result 
in detuning, with resulting loss of sensitivity, or, in other cases, in 
feedback causing squealing and motorboating. In general, don't shift 
the position of wires and components without checking the possible 
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effect on circuit performance. If Manufacturer's Service Data is 
available, check this for notes on "Lead Dress, in the equipment 
being serviced. 

6) OSCILLATORS - In tube-operated equipment, oscillators are 
generally Class C amplifiers; here, grid bias voltage is dependent on 
the circuit oscillating, and a common check for oscillation is to 
"measure across the grid resistor for D.C. bias." A "dead" local 
oscillator in a receiver, of course, will cause a "dead" set. Transistor 
local oscillators .. on the other hand, are generally Class A amplifiers; 
here, D.C. currents may remain the same whether or not the stage 
is oscillating, and a check for "bias" is meaningless. To check a 
local oscillator, then, use one of the following methods ... (a) Use a 
Grid-Dip Meter as an oscillating detector; (b) Try to pick up the 
oscillator signal on a near-by radio receiver; (c) Check for the 
presence of an A.C. voltage by using an R.F. VTVM and small 
(100 MMF) D.C. blocking capacitor; (d) Check for R.F. signals 
using an R.F. Signal Tracer. 

7) SWITCHES - A defective "ON-OFF" switch is a relatively 
rare complaint in tube-operated equipment. In subminiature equip
ment, on the other hand, the small physical size of these units makes 
them prone to mechanical failure. Be sure to check switches for 
proper operation. 

8) TRANSFORMERS - Battery, electrolytic capacitor, and diode 
D.C. polarities are important in both tube and transistor-operated 
equipment, and must be observed when making tests or installing new 
parts. In transistor gear, transformer "polarities" (color-coding) may 
be of equal importance and should be rigorously observed when 
making replacements. In I.F. and R.F. stages, incorrect transformer 
(or coil) installation may result in poor neutralization and either 
detuning (with resulting loss of sensitivity and selectivity) or oscil
lation (squealing or motorboating). In audio circuits, incorrect trans
former installation may reverse feedback circuits ... from degen
erative (negative) to regenerative ... and this, in turn, may cause 
oscillation. 

9) TRANSISTORS - A few tips when handling transistors 
(a) Don't solder to sockets with transistors installed. 
(b) Do not remove or install transistors with power "ON." 
(c) When soldering to transistor leads, use a heat sink ... see 

Section 10. 
(d) When installing transistors in Class B push-pull (output) 

stages, check to see if the receiver manufacturer specified the 
use of matched pairs. In some circuits, the use of poorly 
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matched transistors will result in loss of gain, low output, 
and distortion. 

(e) When applying signals to transistors (Signal Injection Test), 
connect a small D.C. blocking capacitor in series with the 
"hot" generator lead . . . about 0.1 Mfd. in audio circuits, 
or 0.01 Mfd. in R.F.-I.F. circuits ... and use the minimum 
signal necessary at all times. 

(f) If the equipment uses Surface-Barrier transistors, avoid volt
age and current transients; bond any line-operated equipment 
together and to the chassis of the unit being tested, then to 
circuit ground, before turning "ON." Similarly, the shell or 
tip of line-operated soldering irons should be bonded to 
ground with shielding braid to eliminate stray A.C. voltages. 
Generally, it is best to remove the transistors before tests or 
repair, if practicable. 

TROUBLESHOOTING CHARTS 

Designed to minimize diagnosis time and to enable you to pin
point defects in minutes, the Troubleshooting Charts given in Tables 
5-G, 5-H, 5-I, 5-J, 5-K, 5-L, 5-M, 5-N may be applied to all types 

COMPLAINTS 

TEST 

TECHNIQUES 

TEST 

RESULTS 

AND 

DIAGNOSIS 

Dead, doesn't work at all. Weak, lacks pep, poor sensitivity. 

1. Quick visual inspection - look for obvious defects. 
2. Check battery under load. 
3. Apply test signal to audio system. 
4. Apply modulated I.F. signal to I.F. amplifiers. 
5. Apply modulated R.F. signal to antenna (through coupling loop). 
6. Check local oscillator operation. 
7. Check individual stage electrode voltages (currents), components. 
8. Check transistors. 

1. Correct obvious defects. 
2. If battery low, replace, If normal, go to step 3. 
3. If complaint still present, trouble is in audio system, Check loud

speaker, then go to step 7, If normal, go to step 4, 
4. If complaint still present, trouble is in l,F, stage(s), Go to step 7. 

If normal, go to step 5. 
5. If complaint still present, defect is in antenna, in R.F. or converter 

stage, or local oscillator isn't working (in superhets). If normal, set 
has been repaired. 

6. If local oscillator is "dead!" try a substitute signal as final check. 
Set dial to frequency of local station. Apply an unmodulated R.F. 
signal at frequency equal to station frequency plus the set's I.F. value. 

7. Check of stage voltages and components should isolate defective 
part. Replace. 

8. Transistors checked as last step, 

TABLE 5-G: GENERAL TROUBLESHOOTING CHART: "DEAD" AND "WEAK COM
PLAINTS - Follow the eight-step procedure outlined when you encounter one of the 
complaints listed at the top of the chart. Most of these steps require only a minute 
or two ... some only a few seconds. 
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of fully transistorized radio receivers, whether 4, 6, 8 or more tran
sistors are used, whether the sets are "personal" portables or table
model receivers, and whether they are designed for single band or 
Multi-Band reception. The Charts given in Tables 5-G, 5-H, 5-I, 
5-J, and 5-K outline Step-by-Step test procedures for various basic 
complaints. Often, a defect will be isolated in the first two or three 
steps. Table 5-L indicates typical component defects which may 
cause various "tuning" troubles; Table 5-M is similar, but applies 
to "audio" troubles. Finally, Table 5-N is used when troubleshooting 
the line-operated chargers (power supplies) found in some receivers. 

COMPLAINTS 

TEST 

TECHNIQUES 

TEST 

RESULTS 

AND 

DIAGNOSIS 

Distortion, sound garbled, "sounds funny," weak and distorted. 

l. Quick visual inspection - look for obvious defects. 
2. Check battery under load. 
3. Apply test Sine-Wove signal to audio system, observe on 

Oscilloscope, checking each stage. Vary input level. 
3o. Apply o substitute audio signal (voice or music), listening to 

signal output, Vary input level. 
4. Apply sine-wove modulated I.F. signal to I.F. amplifiers, 

check output of detector with Osei lloscope. 
4o. Tune in station, listen to· output of 2nd detector with Signal 

Tracer or substitute ompl ifier. 
5. Check individual stage electrode voltages (currents) and 

components. 
6. Check loudspeaker by substitution. 
7. Check transistors. 

1. Correct obvious defects. 
2. If battery weak, replace. If normal, go to step 3. 
3. If wove-form distorted, trouble is in audio system. Go to 

step 5, checking audio stages. If normal, go to step 4. 
3a. If sound is distorted, trouble is in audio system. Go to 

step 5. If norm a I, go to step 4 or 4a, 
4. If wave-form distorted, trouble is in I.F. amplifier, Go to 

step 5, checking l,F, stage(s), If normal, go to step 4a, 
5, Check of stage voltages and components should isolate de• 

fective port, Watch for leaky coupling or by-poss capacitors 
or other defective ports which may change bias currents, 
Replace any defective partt. 

6. Loudspeaker may be checked at any time - however, normally 
checked ofter step 3 or 3o if these indicate trouble in audio 
system. 

7. Transistors checked as last step unless receiver has been 
subjected to unusually high temperatures, Watch for 
unbalance in push•pull stages. 

TABLE 5-H: GENERAL TROUBLESHOOTING CHART - "DISTORTION" COM
PLAINTS . • • the seven-step procedure outlined should enable you to track down 
trouble in just a few minutes. 
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COMPLAINTS 

TEST 

TECHNIQUES 

TEST 

RESULTS 

AND 

DIAGNOSIS 

Poor selectivity; tunes only one station over dial; interference 
from other stations; several stations picked up at one time, 

1. Quick visual inspection - make sure tuning knob rotates 
tuning capacitor or moves slug, and cap. plates don't short. 

2. Check battery under load, 
3. Apply modulated R.F. signal at 1.F. value, listening for 

signal from loudspeaker, Apply first to input of I.F. stages, 
then to antenna or R.F. stage, checking l,F. alignment for 
peak output,* 

4. Check operation of local oscillator, using R.F. Signal 
Tracer, Grid Dip Meter, or R,F. VTVM. 

5. Check osc. stage voltages {currents) and components. 
6. Check overal I alignment, 
7. Check transistors. 

1. Correct obvious defects, If complaint persists, go to step 2. 
2, If battery weak, replace, Otherwise, go ta step 3. 
3. If normal output obtained from I.F., check R.F. and antenna 

input. If normal output obtained here, local oscillator is 
probably defective, Go to step 4. 

4. If local oscillator is working on correct frequency (dial 
station frequency plus I.F. value), defect is in R.F. or 
antenna circuit - check these, watching for open antenna 
or R,F, coil. 

5. Correct defects found in oscillator circuit and repeat test 
step 4, then go to step 6. 

6. Align set, fol lowing manufacturer's instructions or basic 
technique outlined in Section 1. 

7. Check transistors as last step, 

*NOTE: In T.R.F. sets {which do not employ a local oscillator) conduct 
step 3 with a modulated R.F. signal at station frequency, omitting steps 
4 and 5. 

TABLE 5-1: GENERAL TROUBLESHOOTING CHART - "TUNING" COMPLAINTS -
defects which affect the ability of the receiver to select individual stations occur in 
the R.F. and I.F. sections. 
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COMPLAINTS 

TEST 

TECHNIQUES 

TEST 

RESULTS 

AND 

DIAGNOSIS 
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Noise interference, hum, oscillation, motorboating, squealing. 

1. Quick visual inspection - watch for defective shielding, 
broken capacitor leads. 

2. Check battery under load. 
3. Tune in station if possible. Then, using 20•50 Mfd. 

capacitor, check filter and by-pass electrolytic capacitors 
by bridging across their term in al s. * 

4. Repeat step 3, using a 0.1 Mfd. ceramic capacitor, but 
checking ceramic and paper by-pass units. 

5. Using large capacitor (as in step 3), momentarily short out 
input of audio system. 

6. Using large ceramic (as in step 4), momentarily short out 
input of I.F. stage(s), then R.F. (or converter) stage{s). 

7. Check receiver alignment. 
8. Check individual stage voltages (currents) and parts. 
9. Check transistors. 

1. Correct obvious defects. See if lead dress has been 
changed. 

2. If battery weak, replace. Try shunting with 1,000 Mfd. 
electrolytic capacitor ••• if this clears up trouble, replace 
battery. Otherwise, go to step 3. 

3. If trouble is cleared up as a particular capacitor is shunted, 
replace that unit. Otherwise, go to step 4. 

4. If trouble is eliminated as a particular capacitor is shunted, 
replace that unit. Otherwise, go to step 5. 

5. If trouble disappears, defect is either in R.F.-1.F. stages or 
due to overall oscillation. Go to step 6. If complaint 
persists, check audio stages (step 8). 

6. If trouble disappears, go to step 7, realigning R.F.-1.F. 
stages. Otherwise, go to step 8. 

7. Realign receiver, if difficulty encountered, 1.F. 
transformer(s) or R.F. coils may be defective, Check 
neutralization (if used) and components here. 

8. Compare voltages to those recommended in manufacturer's 
Service Manual, or to those encountered in receivers using 
similar circuits. 

9. If necessary to replace transistors in R.F. or I.F. circuits, 
check neutralization and alignment (step 7), 

*NOTE: When using electrolytic capacitor as by-poss, be sure to observe D.C. 
polarity. 

TABLE 5-J: GENERAL TROUBLESHOOTING CHART - "NOISE" COMPLAINTS -
the presence of an undesired interfering signal (other than that of another station) 
may be caused by a variety of defects. These steps will enable you to track down the 
trouble in jig time. 
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COMPLAINTS 

TEST 

TECHNIQUES 

TEST 

RESULTS 

AND 

DIAGNOSIS 

Intermittent, works now ond then, works only on cool days; 
fading, "blasting," shaking makes cut in and out, 

1. Quick visual inspection - watch for loose connections, 
poor socket contacts, broken leads. 

2. Check battery under load. 
3. If set has complaint ("dead," for example) at time of 

servicing, troubleshoot as though the complaint were 
present at all times, referring to appropriate table or 
check-chart, 

4. If complaint is not present ot time of servicing, try to 
introduce, Use long nose plastic pliers or tweezers to 
move and wriggle components and leads, 

5. Tum set on and allow to run until trouble develops, then 
troubleshoot as in step 3. 

6. Tune in station, Connect VTVM to measure AGC voltage 
or output of second detector. Try shaking set to cause 
trouble or let run until trouble develops. 

7. Place receiver in warm location (not "hot"), then check 
performance. 

8. Place set in refrigerator for a few minutes, then check 
performance, 

9. Check transistors, watching for excessive leakage, 

1. Correct obvious defects. 
2. If battery is weak, replace. Make sure battery contacts 

are secure, Then go to step 3 or 4. 
3. Refer to Tables 5-G through 5-J for specific procedures, 
4. If trouble can be introduced as a particular part or lead is 

moved, you have isolated trouble. Replace any defective 
parts, resolder loas• connections. If unable to introduce 
trouble, go to step S. 

5. If receiver starts working normally while trouble shooting, 
go to step 6. 

6. When trouble develops, I is ten to loudspeaker (or earphone) 
ond check AGC voltage. If AGC voltage has changed, 
defect is in R.F.-1.F, stages. If AGC voltage is normal, 
but sound has changed, defect is in audio section, 

7. Use this technique if complaint involves operation on cool 
(but not warm) days. Once complaint develops, trouble• 
shoot in normal manner ... as in step 3. 

8. Use this technique if complaint involves normal operation 
on warm (but not on cool) days. Again, once complaint 
develops, troubleshoot in conventional monner.,,stcp 3, 

9. Always check transistors if receiver is sensitive to 
temperature variations ... or as lost step if unable to isolate 
defect to specific component. 

,__-------~----•-------------------------~ 
TABLE 5-K: GENERAL TROUBLESHOOTING CHART - "INTERMITTENT" COM
PLAINTS - the "intermittent" is one of the toughest sets to service, especially it it 
is "working normally" when on the bench. However, even the toughest "dog" should 
yield to the techniques outlined above. 
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Section 6 

SERVICING "HYBRID" AUTOMOBILE 
RADIOS 

AT FIRST GLANCE, automobile radio receivers seem like ideal 
"candidates" for transistorization; and so they are. These radios 
obtain their basic operating power from a six or twelve volt D.C. 
source . . . i.e., the car's storage battery-generator system. As we 
have seen, transistors work quite nicely on D.C. voltages in this 
range. Most of the transistorized equipment discussed in earlier 
Sections for example, used battery power supplies furnishing 12 volts 
or less. Going a step further, the car radio, since it is mounted in 
a moving vehicle, is subjected to a fair amount of vibration. Transis
tors, of course, can withstand ... without damage . . . vibration and 
shocks far greater than those which vacuum tubes can handle. And 
the transistor has still another advantage over the vacuum tube; with 
a theoretically infinite service life if not abused, it is "perfect" for 
equipment mounted (like most car radios) in difficult-to-reach loca
tions. No wonder, then, that automobile radio manufacturers started 
considering the use of this semiconductor device as soon as it be
came a commercial reality. 

From the beginning, the car radio designer faced many of the 
same problems that beset the portable receiver manufacturer desiring 
to transistorize his sets . . . plus a host of new ones. First, of course, 
was the early lack of suitable low-cost R.F. transistors. This made 
"hybrid" designs a must, at least for a while; a "hybrid" receiver, as 
you'll recall, is one in which vacuum tubes are used in the R.F.-I.F. 
sections, and transistors in the audio output stage. On the surface, 
it might appear that a hybrid car radio would follow the general 
design of a hybrid portable, as discussed in Section 4. But such is 
not the case. These two types of receivers . . . automobile and 
portable radios . . . although serving the same function, are entirely 
different breeds of creatures engineeringwise. 

191 



192 PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES 

In a portable receiver, for example, light weight, small physical 
size, and low D.C. power requirements are items of paramount im
portance, but power output is not a critical factor; audio powers of 
from 50 to a few hundred milliwatts are quite ample for most of these 
sets, and will drive the miniature and subminiature loudspeakers 
used to full output. Thus, the small "milliwatt" transistors first 
manufactured could be used satisfactorily in the power output stages 
of portable receivers. One of these, serving as a single-ended Class A 
amplifier, could deliver as high as 50 to 100 milliwatts (0.050 to 
0.100 watts); a pair, in Class B push-pull, might deliver as much as 
90 to 250 milliwatts (0.090 to 0.250 watts). Later, the development 
of medium power transistors permitted output powers (from a push
pull pair) ranging to a watt or more. 

In an automobile radio, on the other hand, weight, size, and 
power supply requirements are not too important, as long as these are 
kept within reasonable limits. Relatively speaking, there's "plenty 
of room" in an automobile. And a car storage battery, recharged 
periodically by its D.C. generator, can supply tremendous amounts 
of power when compared to dry batteries, particularly where the latter 
must be kept small and light physically. Car radio audio power out
put needs, however, are many times that of portable receivers. As a 
minimum, an output power of 1,000 milliwatts (1.0 watt) is essential, 
with, in some cases, power level of 2,500 to 10,000 milliwatts (2.5 to 
10.0 watts) not too unusual. These relatively high powers are needed 
for several reasons ... (a) to overcome car and road noise, even 
when traveling at high speeds, (b) to provide a "reserve" of power 
to penetrate, say, to the rear of a large sedan or station wagon, even 
when filled with passengers, and (c) to meet consumer demands, for the 
average user had come to expect "plenty of power" from his car radio. 

Quite aside from audio power requirements, car receiver manufac
turers were faced with another problem. The B battery used in 
portable receivers, although not inexpensive, is a compact, efficient, 
reliable, noiseless, and, within its service life, a trouble-free source 
of the high voltage needed for tube plate and screen supplies. By 
contrast, the vibrator-transformer-rectifier-filter combination used as 
a high voltage B supply in conventional auto radios is expensive, 
bulky, noisy, highly inefficient, and an almost constant source of 
trouble. Probably a majority of the troubles encountered in tube
operated car radio repair is caused by ... or the result of ... 
defects in the B supply circuit, with defective vibrators representing 
the "lion's share." 

Since there is little advantage in partially transistorizing a car 
radio set unless the bothersome vibrator power supply can be elim
inated, the manufacturer was faced with two problems . . . (1) 
providing sufficient audio output power, and (2) eliminating the 
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vibrator power pack. The solution to the first problem was found 
with the development and production of multi-watt "hi power" tran
sistors; one of these, alone, can supply an output of from one to five 
watts, with a pair in push-pull delivering as high as fifteen to twenty
five watts (or more). One solution to the second problem is the use 
of a transistorized "B" supply; here, a transistor serves as a D.C. 
powered oscillator, with its output stepped-up by transformer action, 
then rectified and filtered in conventional fashion. This approach 
appealed to some manufacturers, and a number of receivers were built 
using such arrangements. 

Chances are the use of transistorized high-voltage power supplies 
would have spread to all car radio manufacturers had not develop
ments outside the semiconductor field eliminated the need for "B" 
supplies . . . either vibrator or transistor-operated . . . at least as 
far as Broadcast-Band receivers are concerned. One of these develop-
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Fig. 6-1: Block diagram of a typical "hybrid" automobile radio receiver. Although 
tube types and number of stages may differ, the majority of hybrid car radios you'll 
encounter will use a similar circuit arrangement. 

ments took place in the auto manufacturing industry, with the switch
over from "standard" six-volt to more efficient twelve-volt electrical 
systems in new car designs; the twelve-volt system has become a new 
"standard," although many older autos and some foreign-built cars 
still use six-volt systems. The second development came about when 
tube manufacturers, recognizing the competitive threat posed by the 
transistor, designed and produced special vacuum tubes which could 
Qperate efficiently with twelve-volt plate and screen supplies. Since 
these tubes were equipped with twelve-volt filaments, they could be 
operated directly from a 12-volt D.C. source. 

With limited power-handling capabilities, the new low-voltage 
tubes could be used effectively as R.F. and I.F. amplifiers, as con• 
verters, mixers, and local oscillators, and as detectors and low-level 
audio amplifiers, but were of limited value for use in audio output 
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stages. A combination of developments in different industries, then, 
led to the evolution of a hybrid automobile receiver using low-voltage 
vacuum tubes in all but its output stage, with one or more multi-watt 
power transistors used here. The block diagram of such a receiver is 
given in Fig. 6-1. Referring to this diagram, appropriate vacuum 
tube types are used in the R.F. amplifier, converter, I.F. amplifier (s), 
detector-AVC, and audio driver stages, respectively, with a power 
transistor used as a power amplifier. Operating power is obtained 
directly from the car's 12-volt battery-generator system, with a filter 
provided to eliminate ignition hash, generator noise, and other in
terference. This basic design, with but a few individual modifications 
(such as the use of a single I.F. stage, or the elimination of the 
R.F. amplifier) , has become an industry standard. Such receivers 
are much more efficient than "all-tube" radios having similar per
formance specifications; for example, a typical tube-operated receiver 
may require from 6 to 8 amperes, while a comparable hybrid radio 
would need only 1 to 2 amperes at the same voltage. 

AUDIO 
INPUT 

B 

2000 MfD. 

SPKR. 

i-
Fig. 6-2: Typical single-ended audio output stage as used in car radios. Note that the 
collector electrode is connected to circuit ground in this case. 
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Since reasonably familiar tube circuitry is used in all stages in 
such receivers except the output amplifier, this stage is of particular 
interest. Here, any of several circuit arrangements may be used. For 
example, a single-ended Class A amplifier in the common-emitter 
configuration will give acceptable results; such a circuit was described 
in Section 3 (see Fig. 3-2). Where higher powers are needed, Class 
AB or Class B push-pull amplifiers may be used . . . similar to those 
employed as output amplifiers in P.A. systems (see Section 3, Fig. 
3-6). Occasionally, a single-ended Class A common-collector amplifier 
will be used to improve heat dissipation (more about this later); the 
schematic wiring diagram of such a stage is given in Fig. 6-2. 

Referring to the schematic, a single PNP power transistor has its 
collector electrode connected directly to circuit ground. In operation, 
interstage transformer Tl matches the moderately high output im
pedance of the tube-operated driver to the very low input impedance 
(typically, 6 to 12 ohms) of the transistor's base-emitter circuit, assur
ing an efficient transfer of signal energy. Base bias current is fur
nished by a voltage divider made up of a 10 ohm fixed resistor and a 
500 ohm rheostat, with the latter serving to adjust emitter current 
to its optimum value for the individual transistor used. A 2,000 Mfd. 
capacitor isolates the input signal to the base-emitter circuit, permit
ting the output signal to be developed in the emitter-collector circuit; 
this technique permits the stage to operate as a common-collector 
amplifier D.C.-wise, but as a common-emitter amplifier as far as A.C. 
signals are concerned, thus achieving the higher gain of the latter 
circuit configuration. T2 serves as an output transformer, with its 
primary winding tapped to provide a match between the transistor's 
30-ohm output impedance and the loudspeaker's 3-4 ohm voice coil 
winding (by auto-transformer action). T2's secondary winding in
troduces a degenerative (inverse) feedback bias to stabilize circuit 
operation. A typical amplifier of this general type can deliver an 
output of 3 watts at 10% distortion, with a power gain of 30 db. At 
12.0 volts, the transistor's emitter current would be in the neighbor
hood of 500 MA (or a half-ampere). 

As we have seen (in Section 3) , the relatively high currents re
quired by power transistors can generate considerable heat in their 
junctions. This internal heat, if not dissipated rapidly, will result in 
a drop in the transistor's interelectrode impedances and a further 
increase in circuit currents ... and more heating. If not checked, 
collector current runaway (or, as sometimes called, thermal runaway) 
will occur and the transistor will be destroyed. To improve the tran
sistor's heat dissipation characteristics, then, semiconductor manu
facturers assemble their high power transistors with the collector 
electrode mounted directly on the component's heavy metal case. 
Thus, this electrode is connected electrically to the case; often, the 



196 PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES 

case serves as the collector's connection terminal, and no separate pin 
or lead is provided. 

In automobile receivers, ambient temperatures may run quite 
high, aggravating any tendencies towards thermal runaway. To 
minimize the chance of this happening, car radio manufacturers 
generally mount their power transistors on large metal radiators or 
heat sinks. These are often made of aluminum and provided with 

Fig. 6-3: Rear view ol a typical hybrid car radio, showing the power transistor mounted 
on its metal HEAT SINK. 

fins to improve their heat dissipation characteristics. A typical heat 
sink, with power transistor in place, is shown in Fig. 6-3. Depending 
on the circuit arrangement employed, the transistor may be insulated 
from its heat sink (electrically) with a small mica washer coated with 
silicone grease, the entire heat sink assembly may be insulated from 
the receiver's chassis and circuit ground, or, in some cases, the circuit 
used (Fig. 6-2, for example) may permit both the heat sink and tran
sistor case to be grounded. 

Unlike hybrid portable receivers, which have largely disappeared 
from the manufacturing scene, hybrid car radios are still a dominant 
type, and will probably remain so for some time to come. Their 
maintenance and repair, then, will become an increasingly important 
source of revenue to the radio service technician. These receivers can 
be tested using the basic test instruments and techniques discussed 
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in Section 1. An adequate power source for bench checks is quite 
important. Some manufacturers recommend the use of a storage 
battery for such work, but a line-operated Power Supply may be used, 
provided it has adequate filtering and regul,ation. A commercially 
built instrument designed for this service is shown in Fig. 6-4. Older 
"Battery Eliminators" designed orginally for servicing tube-operated 
radios should not be used unless provided with additional filtering 
(see Section 1, Fig. 1-15). 

Fig. 6-4: A bench-type A.C. operated D.C. power supply, designed specifically for 
servicing car radio receivers. 

TYPICAL HYBRID RECEIVERS 

The loudspeaker, receiver chassis, and other components making 
up the Bendix Model R84BF car radio are shown in Fig. 6-5. A super
het using four miniature 12-volt tubes and a single power transistor, 
this set was designed for installation in 1958 Model Ford automobiles 
(Ford radio Model No. BA-18805-B). The receiver's schematic dia
gram is given in Fig. 6-6, with top and bottom interior views of the 
chassis given in Figs. 6-7 and 6-9, respectively. Top of chassis com
ponents are diagrammed and identified in Fig. 6-8, with below chassis 
components and connections to the etched circuit board identified 
in Fig. 6-10. Etched circuit layout is shown in Fig. 6-11; receiver 
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Alignment data is given in Table 6-A. Using an I.F. of 262.5 KC, the 
Model R84BF tunes the AM Broadcast-Band from 540 to 1600 KC. 
Power requirements are 1.5 amperes at 14.4 volts D.C. 

Referring to Fig. 6-6, Vl serves as an R.F. amplifier, with its out
put coupled through C4 to converter V2. Here, the selected R.F. 
signal is combined with a signal developed by the local oscillator to 
form the I.F. signal. Ll, shunted by C2 in series with Cl, forms the 
antenna tuned circuit; L2, shunted by C5, is the R.F. tuned circuit; 
and, finally, L3, shunted by C6 and CS, forms the oscillator's tuned 
circuit ... oscillator feedback is provided by L4. An inductive tuning 
arrangement is used, with the three R.F. coil cores (Ll, L2, and L3) 

Fig. 6-5: Receiver, loudspeaker and installation components of the BENDIX Model 
R84BF receiver. This set was used in 1958 FORD automobiles. 

ganged together mechanically. The I.F. signal delivered by V2 is 
coupled to I.F. amplifier V3 through interstage I.F. transformer Tl. 
V3's amplified output signal is coupled through the second I.F. trans
former, T2, to the diode section of V4, which serves as the receiver's 
2nd detector. The D.C. component of the detected signal is coupled 
back through R7, bypassed by Cl2, to serve as an AVC control bias 
on the R.F. amplifier (Vl) and converter (V2) stages. Vl's bias is 
also controlled by variable cathode resistor R23, which serves as the 
radio's Sensitivity control; this is a fixed adjustment made during 
the set's initial installation. 

Continuing, the detected audio signal is applied through R21 
to Volume control RlO and, from here, through coupling capacitor 
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Fig. 6-6: Schematic wiring diagram ol the BENDIX Model R84BF radio receiver. 

C15 to the audio driver stage, the tetrode section of V4. C14 and 
Rll form a simple Tone control network; as Rll's value is reduced, 
C14 becomes more and more effective as a high-frequency bypass, 
reducing the set's treble response. The audio signal is amplified by 
V4 and applied through interstage matching transformer T3 to the 
base-emitter circuit of the audio output stage, power transistor TXl. 
As we have seen, T3 matches the audio driver's high output im
pedance to the transistor's low input impedance. TXl is a PNP unit 
operated as a single-ended Class A amplifier in the common-emitter 
configuration. Base bias current is supplied through a voltage divider 
network made up of Bi.as Control R16 and fixed resistor R14; an un
bypassed temperature sensitive resistor in series with the emitter 
electrode (R15) serves to provide circuit stabilization. The power 
amplifier, TXl, is coupled to the oval PM loudspeaker through auto
transformer T4; power output is approximately 2.5 watts. Spark-plates 
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C19, C21 and C22, together with line choke L6 form a noise filter 
in the receiver's power supply circuit; additional filtering is provided 
by C16B, R17, and C16A. 

Designed for installation in all 1957 Chevrolet cars, the Model 
987575 radio, manufactured by Delco Radio, uses five 12-volt min
iature tubes and a PNP power transistor. The set's schematic wiring 
diagram is given in Fig. 6-12, with top and bottom chassis views 

Fig. 6-7: Interior top o# chassis view o# the BENDIX Model R84BF car radio. 

diagrammed in Figs. 6-13(a) and 6-13(b), respectively; Alignment 
adjustments are identified in these diagrams (Fig. 6-13), with detailed 
Alignment data given in Table 6-B. Tuning from 540 to 1600 KC, 
this receiver uses an I.F. of 262 KC. On a 12.0 volt supply, the set 
draws a current of approximately 2.1 amperes under normal operating 
conditions. 

An examination of the Model 987575's schematic diagram reveals 
that the set is basically similar to the first hybrid car radio described, 
except for a few modifications in the A VC and audio amplifier circuits. 
As before, tuning is accomplished by varying the inductance of the 
set's antenna, R.F., and local oscillator coils, and the first three stages 
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include an R.F. amplifier (12AF6), converter (12AD6), and I.F. 
amplifier (12AF6). Separate diodes are used for developing the AVC 
voltage and as the radio's 2nd detector, however. The "A VC diode" 
is fed with a signal obtained from the 2nd I.F. transformer's primary 
winding, applied through a small coupling capacitor (part 18). The 
A VC bias voltage developed across load resistors 44 and 45 is applied 
through series resistors 42 and 36, bypassed by capacitor 26, to the 
R.F. amplifier; the portion of the A VC bias appearing across resistor 
45, bypassed by capacitor 27, is applied to both the mixer (through 

TONE CONTROL 
1-A40 
2-A46A 
H46 
4-B54 
5·866 
6-B62 
H45_ 

C21 TOP 

'" 

J2 
CIT 

Fig. 6-8: Layout diagram for the Model R84BF receiver. Compare this with the 
photo given in Fig. 6-7. 

resistor 40) and I.F. amplifier stages (through resistor 43, bypassed 
by capacitor 16). 

Returning to the 2nd I.F. transformer, the signal appearing across 
its secondary winding is applied to the 2nd detector diode, with the 
detected audio signal appearing across the 1 megohm Volume control 
(part 64A). From here, the audio signal is applied to the 1st audio 
amplifier (pentode section of the 12F8) through a 0.022 Mfd. capac
itor (part 23), with the amplified output signal appearing across its 
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plate load resistor (part 50) coupled to the audio driver stage (12K5) 
through a 0.047 Mfd. capacitor (part 28.) Thus, this receiver has 
one additional stage of audio amplification when compared to the 
first circuit studied. The remainder of the circuit is conventional . . . 
the audio driver is transformer-coupled to the power output stage, 
a PNP transistor used as a Class A common-emitter amplifier, with 
this stage, in turn, coupled to the PM loudspeaker through an im
pedance-matching auto-transformer. The familiar base bias adjust
ment (part 66) is present. Although a type 2N173 transistor is 
specified in Fig. 6-12, some versions of this receiver use a type 2N278. 

Fig. 6-9: Below chassis photograph of the receiver shown in Fig. 6-5. 

Finally, spark-plate and standard bypass capacitors and line chokes 
are used in the power supply circuit. 

Another popular hybrid car radio is shown in Fig. 6-14. This set, 
Bendix Model R84BC, was designed for installation in 1958 Chrysler 
automobiles and is identical to the Mopar Model 851. The radio's 
schematic diagram is given in Fig. 6-15, with top and bottom chassis 
views diagrammed in Fig. 6-16; etched circuit board layout is shown 
in Fig. 6-17. Alignment data is given in Table 6-C. Using four 12-volt 
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tubes and a PNP power transistor, the Model R84BC has an I.F. of 
262.5 KC and tunes from 530 to 1605 KC. It can deliver an audio 
output of 2.5 watts to its oval loudspeaker, and requires a D.C. power 
input of 1.5 amperes at 13.2 volts. 

Referring to the schematic diagram, we see that most of the tube 
circuitry is fairly conventional. Tuning is accomplished by varying 
the inductance of the antenna (Ll), R.F. (L2), and local oscillator 
(L3) coils. Vl serves as an R.F. amplifier, V2 as a converter, and VS 
as an I.F. amplifier. Two diodes are used ... one serving to develop 

JI 

Fig. 6-10: Below chassis layout diagram of the Model R84BF receiver. Note that con• 
nections to the etched circuit board are identified. Compare this diagram with the 
photo shown in Fig. 6-9. 

an A VC control bias, the other as the receiver's second detector. 
The "A VC diode" is fed from T2's primary winding through D.C. 
blocking capacitor C9, and delivers its output through R9, bypassed 
by C4, to the converter stage (through R5) and to the R.F. amplifier 
(through R2); in operation, the diode load is made up of R9, R5, and 
R16. The 2nd detector receives its I.F. signal from T2's secondary 
and, in tum, develops its audio output signal across Volume control 
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CONNECTED 8YPARTITIONSHlflD 
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A 

PAC#2 

Fig. 6-11: Etched circuit board layout ... BENDIX Model R84BF receiver. 

R13, with R12 and ClO serving as an I.F. bypass filter. A Tone 
control circuit made up of C13 and R15 is connected between Rl3's 
center arm and circuit ground, and functions to bypass treble fre
quencies as R15's value is reduced. C12 couples the audio signal 
obtained from R13 to the audio driver stage, V 4B, where it appears 
across grid resistor R18. 

It is in the audio driver and power output stages that the radio's 
circuitry differs from that of sets examined earlier. First, we note that 
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the driver transformer, T3, has a tapped primary winding, with 
V4B's screen grid connected to the tap; this connection permits the 
screen grid to assist the plate as a driving source, linearizing circuit 
operation and reducing stage distortion. The amplified signal obtained 
from driver V 4B is applied to the power output stage by T3's step
down secondary winding. Basically, the output stage, transistor TXl, 
is a single-ended Class A common-emitter amplifier coupled to its 
loudspeaker load through impedance-matching auto-transformer T4. 
However, note that T4 is provided with an "extra" tap which is 
returned to the audio driver's (V4B) cathode. This introduces over
all degenerative feedback which helps stabilize circuit operation and 

ALIGNMENT 

Connect a VTVM across capaciroc Cl2 ( B57 on pcinted ciccuit board to ground). 

Set Volume Control to minimum, set Tone Control to normal (full CW). 

Attenuate signal generator as required to keep VTVM reading between one 

and two volts. 
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L3 
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Ct 

0,186 ineh m.niap movament J .. 1 
rr,,rn III-Ii:!'.;() STIii'. I~ ,., 

RBPEAT STEPS i AND 6 CNTIL NO Fl1KTHER GAIS IS Ol!'J'l'l:T CA~ HE nn•r.\l~ED. 

r----, AIII.PlUji 
j )OIMM ~ 

~l 
1~J;ii--£:"' ;(1. L. ____ J 

OUMMYAlltllU 

JU!MAltKN 

Adjut for muimum 

VTVMreadint:. 

,\dju,.t. in urd1•r fvt 
madmum. 

Da'°k 1•nrt11 oul of roil" 
hi wh1:N• 1 h .. )' juM 
rrmaln In 4"uil fonn. 

,\dj1111t In ordt'r for 
ma:dmu.m, 

Adjut Hlfft in ,ll'dl'!t 
rormaldmum. 

TABLE 6-A: Alignment data for the Model R84BF car radio. 

to reduce audio distortion. The transistor amplifier is D.C.-stabilized 
in two ways . . . by the base bias network, which includes fixed 
resistor R20, shunted by temperature compensating thermistor R27, 
and bias control R19, and, second, by the use of an unbypassed 
emitter resistor, R21. 

The three hybrid car radio receivers we've examined in the past 
few pages have shared one important characteristic in common, quite 
aside from any similarities in basic circuits . . . each of the sets was 
designed for use in a specific automobile. The Bendix Model R84BF 
was designed for 1958 Fords, the Delco 987575 for 1957 Chevrolets, 
and, finally, the Bendix Model R84BC for 1958 Chryslers. In con
trast, the Motorola Model 397X is a "universal" receiver, designed to 
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Fig. 6-12: Schematic diagram of the DELCO Model 987575 car radio. 



SERVICING "HYBRID" AUTOMOBILE RADIOS 207 

67 

22 

TUNER 

Fig. 6-13: Parts layout diagrams of the Model 987575 receiver. A view from the 
"tube side" is given at (a), a below chassis view at (b). 
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ALIGNMENT PROCEDURE 
Output Meter Connections .......... .................................................... ..................................... A£ross Voice Coil 

Generator Return ........ ......................................................................................................... To Receiver Chassis 

Dummy Antenna ................................................................................... ............... ....... In Series With Generator 

Volume Control Position .. ... . 

Tone Control Position 

.............. Maximum Volume 

.. .. ..... .... . .Treble Positi'on 

Generator Output .............................. .......................... .................. ............... Minimum for Readable Indication 

Series Capacitor I Coooc<t Sipw 
Adjust in 

Step• Tune Receiver to Sequence 
o, Sign•l Gmentor Geaerator For Mu:. 

Dummy Antenna 

I 
10 Frequency Output -- -

I 0.1 Mid. IZAD6 Gdd (Pin #7) 262 KC Hi,gh Frequency Stop A, B, C, D 

2 0 .000068 Mfd. .Antmna Connector 161, KC Hi8h Frequency Stop •E, P, G 

3 0.000068 Mid. I Antenna Conn«tor 640 KC Signal Gtacntor Signal J, K 

~ 0.000068 Mfd. 
I 

Antmna Conn«tot 16ll KC High F,cqucncy Stop P, G ! 
l 0.000068 Mid. Antenna Cooo«tor 900 KC Signal Generator Sigoal L•• 

•Before making this adjustmmt check m«hanical setting of oscillator core "'H ... 1nr ttar of the core should be t ""' 
from the mountin,t end of the coil form. (This measurement i.s rndily made by inserting: a suitable plug io. the 
mounting end of the coil form.) Core adjustment should be made with a non-metallic screw driver. 

••L is the pointer adjustment which is on the connecting link, between the pointer assembly and core guide hat (See 

~i~r s~ti:i 'is 1!0 5~~~!d t~: :od!r~$ct:~e!;ti~~~~i;hb~n!~:i~~e d~~ei~::r ·:nt~:1d!at!t~int:: ::dron itf n1~!?1~d ~~ :1~~: 
With the udio installed and the car antenna plussed in adjust the 1Dtco.na trimmer "G" for maxim.um volume with 
the radio tuaed to a weak station between 600 and 1000 KC (see sticker on case.) 

TABLE 6-8: Alianment data for the DELCO Model 987575 car radio. 

fit any automobile having a 12-volt electrical system which employs 
a negative ground circuit. Equipped with a built-in, rather than 
separate, 5¼" PM loudspeaker, the instrument is designed for under
dash mounting, but may be mounted in-dash in some cars, if fitted 
with appropriate trim plate and accessory hardware. The receiver's 
schematic diagram is given in Fig. 6-18; chassis views, showing 
component positions and identifying Alignment adjustment locations, 
are given in Fig. 6-19. Dial cord restringing data, Alignment tool 
construction, and Dummy Antenna details are given in Figs. 6-20 (a), 
6-20 (b), and 6-20 (c), respectively. Covering the AM Broadcast-Band 
from 540 to 1600 KC, the Model 397X uses an I.F. of 455 KC; 
detailed Alignment data is given in Table 6-D. Equipped with five 

Fig. 6-14: Photograph showing the BENDIX Model R84BC car radio, its loudspeaker, 
and mounting accessories. This receiver was used in 1958 CHRYSLER automobiles. 



SERVICING "HYBRID" AUTOMOBILE RADIOS 209 

!c-ie 

•~!I ~i: ~a; 
s !:! 

~~ 
l:I u 

~~eii 
;> 

§ 
,e~ :,ilQ 
!iN !~ i 

1 il; 

;;-

r 
Ii :!!! 
"' 
N~ 

e;,;: 
Ii ~---, § 
-1 3a, i ~~ ~: 

"c-----~7•1 
I I 
I I 

I !t::l :Sil I ! 
u 

,---' 
I 

I 
> w01 

,.o, 
I ~=2$1 01'° 

! 
.;;2 ~! I +1:.: ::!:! 

I I 
::;~ 

~01 
I •::l 
I :;!1: j::: I 

ii 
i 

~ 
·l 
I! 

,,! 

~ 
! 

e _ _!: 
:::, 
11:1 

ij 
~ 
Q: 

l 

_! l ::i:: .. ... ... 
.f 

·1 e ~., I! 2 

:f ei .. t,, 

~ 
.e 

;;i ·= .!:! ... 
11:1 

I ... .x 
~ 
,0 

;t 

miniature tubes and a single PNP power transistor, the set requires 
approximately 1.5 amperes when powered from a 14 volt D.C. source. 

As we can see by referring to the schematic diagram, the Model 
397X uses a familiar tuning arrangement. Station tuning is ac
complished by varying the inductance of the antenna (Ll), R.F. 
(L2), and local oscillator (L3) coils. R.F. signals picked up by the 
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f( 
Pl 

7.5A 

CREEN<TO Ll)----,,..,,...---... TX! 
mm 

CREENCTO li)-~r.~:z~~;;!~f~f~~~~'.:'.'.~~'.:'.'.'.:'.'.~~tz;~sf~I 
11--;..;....---R!I 
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11 -------R27 
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HI ARM 

Fig. 6-16: Above and below chassis parts layout diagrams for the receiver shown in 
Fig. 6-14: Parts numbers correspond to those given in the schematic diagram (Fig. 6-1 S). 
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antenna and selected by a tuned circuit made up of Ll, Cl, and C2, 
are coupled through C3 to the grid of the R.F. amplifier. A diode 
here serves as an overload limiter, conducting when excessively strong 
signals are picked up. The R.F. amplifier's output, appearing across 
its tuned plate load, L2-C5, is coupled through C6 to the converter 
stage, where it is combined with the signal produced by the local 
oscillator to form the 455 KC I.F. signal. From the converter, the 
I.F. signal is coupled through double-tuned I.F. transformer Tl to the 
I.F. amplifier and, from here, through the 2nd I.F. transformer T2 to 
the receiver's 2nd detector, a conventional diode. At the same time, 
the amplified I.F. signal appearing across T2's primary is coupled 
through ClO to another diode; here, rectification occurs, with a D.C. 
voltage developed across diode load R7-R8-R9 proportional to the 
original strength of the picked up R.F. signal. This voltage serves 
as an A VC control bias, and is applied through RlO, bypassed by 
C4, and through R3 and R2 to the R.F. amplifier. The A VC voltage 
appearing at the junction of R7 and R8, bypassed by C9, is applied 
through Tl's secondary to the I.F. amplifier, and through R4 to the 
converter. Finally, the voltage appearing across R9 is applied through 
R13 as a small bias on the 1st audio amplifier. 

Returning to the 2nd detector, the demodulated audio signal 
appears across the diode load, Volume control R12, and, from here, 
is coupled to the grid of the 1st audio amplifier through Cll. Next, 
the amplified signal appearing across plate load resistor Rl5 is coupled 
through C14 to the audio driver stage. The audio driver, in turn, 
applies its output signal through interstage matching transformer T3 
to the power stage, a PNP transistor serving as a single-ended Class 
A common-collector amplifier. Base bias is supplied through bias 
control R22 in conjunction with resistor R20, shunted by temperature 
compensating thermistor R21. The power amplifier drives the PM 
loudspeaker through impedance matching transformer T4. An extra 
winding on T4 is connected in series with the base circuit and serves 
to introduce a small amount of degenerative feedback to improve 
stage stability and to reduce harmonic distortion; note the similarity 
of the circuit used here and the basic circuit discussed earlier in this 
Section (Fig. 6-2). Additional degenerative feedback is provided 
across the last two audio stages by resistor R18, connected between 
T4's secondary and the audio driver's grid. A three-terminal re
ceptacle permits an external (rear seat, for example) loudspeaker to 
be added to the receiver. 

In the power supply circuit, the "hot" positive battery lead is 
connected to the receiver through line fuse E3. Line filtering is 
provided by spark-plate C16, capacitor C17, and line choke L4. Power 
is controlled by an SPST "ON-OFF" switch ganged to the set's 
Volume control (R12). Additional filtering and decoupling for the 
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tube stages is provided by an "L-type" filter made up of R23 and 
the 100 Mfd. section of C15, and for the power output stage (and 
screen grid of the driver) through L5 and C15's 500 Mfd. section. 
The possible introduction of noise through the external loudspeaker 
leads is minimized by spark-plate capacitors C18 and C19. 

TRUCK RADIOS. As far as basic circuitry is concerned, there is 
relatively little difference between Broadcast-Band receivers designed 
for trucks and those designed for passenger cars. Generally speaking, 
car radios are fancier in physical appearance and may be equipped 
with such refinements as push-button tuning; truck radios are simpler 

"""' 

' 

• 

ALIGNMENT 

Connect a VTVM across apacitor CID (A30 on printed circuit board to ground). 

Set Volume Control to minimum, oet Tone Control to normal (full CW). 

Attenuate signal generator as required to keep VTVM reading between one 

and two volts. 

GENB&ATOR GEHEllATOll 8ET TUNER 
OONNICTION ~UKNCY TO ADRJBT IIEMAIWI 

11no.IafCIIIIMl.to nun HI-F.ND STOP T2 LOWEil Adju,11,,. ...... 
pm7o1_..-.V2. T2 TOP VTVMNUUlf. 

Tl LOWJ!ll 
Tl TOP 

- ~-
T1n. IfUMIIY A?fT. ...... Ht.END STOP n,e AdlaalirlGl'derb 

TO A..'iT. 1lE<"RPT. .... --Cl 
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IP A TUNING coo. oa CORE HAS BEEN REPLACED, PROCRED .\8 FOLU)W8: 

JII-END8TOP LI 0---Ollt of eaill ... to-.t.en&llqita ... ,-!a"iaooilfara. 

'l'llnlDUMMY ANT. , ..... HJ.DD STOP ""' Adlalia«da'b 
TO A.NT. IU«'KPT. ., .. -Cl 

Tin DUMMY ANT. , ..... O.JBIIDel,~--- ... Adjwtteo,aia«w° 
TO ANT. JtEf'EPT. rn,m Hl-END STOP. ... for-..imu•. 

LI 
---·-

REPEAT BTEfS 5 AND I UNTIL NO FUllTID!R GAIN IN OUTPUT CAN BE OBTAINED. 

TABLE 6-C: Alignment data for the BENDIX Model R84BC receiver. 

-

-

-

and more functional. The components making up the Bendix Models 
R74BT and R84BT truck radios are shown in Fig. 6-21. The two 
models are identical, and were designed for use in all 1957 and 1958 
Ford trucks (Ford Model Numbers FEM-18805-A and FEM-18805-B). 
The receiver's schematic diagram is given in Fig. 6-22, with interior 
chassis views, showing component placement and Alignment adjust
ments, diagrammed in Fig. 6-23; etched circuit board layout is given 
in Fig. 6-24. Full Alignment data is given in Table 6-E. Tuning the 
range 540 to 1600 KC, the R74BT (and R84BT) uses an I.F. of 
262.5 KC. It requires 1.5 amperes when powered from a 14.4 volt 
D.C. source, and can deliver up to 2.5 watts of audio power to its 
oval PM loudspeaker. 
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Fig. 6-18: Schematic diagram o# the MOTOROLA Model 397X car radio. This is a "universal" receiver, designed #or installation 
in a variety o# automobiles, depending on the trim plate used . 
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Fig. 6-19: Above and below chassis views of the Model 397X receiver, showing the 
location of major components and identifying alignment adjustments. 
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Referring to the schematic diagram, Fig. 6-22, we see that the 
circuit is very similar to that used in car radios. A variable in
ductance tuning arrangement is used, with the movable cores of coils 
Ll, L2, and L3-IA ganged mechanically. Vl serves as an R.F. am
plifier, V2 as a converter, and V3 as an I.F. amplifier. V4's diode 

'fJTlf TUN&R SET TO LOW PD 

/ 

SET POINTER TO CALIBRATIO?f 
MARK AND CEIIENT TO CORP 

POIJilTER 

DIAL RESTRINGING DETAIL 

-1 TUIUIS 

-3 TURNS 

Fig. 6-20: Seryicing details for the Model 397X receiver. . . dial cord restringing 
diagram is giYen at (a), core alignment tool detail is shown at (b), and the "dummy 
antenna" needed for alignment is diagrammed at (c). 

ALIGNMENT 
COC1D.ed a.n output meter across the speaker voice coil. Set volume to m ... imum. Atten11ate 1eoer~tor output to m.aintaia. 
l. 79 volta on output 1:11etei:- at a.11 times to p;-event overloadin1 the receiver. 

GENERATOR I GENERATOR FREQUENCY 
STEP CONNECTION ( 400 cycle mod) TUNER SET TO ADJUST REMARKS 

IF ALIGNMENT 
I. I C=v grid (pin 7) thru 455 Kc Ht end atop 1. 2. 3 I, 4 Peak for maxirnum. 

• I nn capacitor and 
ch.a.sis 

RF ALIGNMENT 
l. I Ant recept throagh 1610 Kc Hi end atop 5, 6 I, 7 Peak (or oiuimum. 

dwnmy ( see Fig. ) 

NOTE: Do not perform steps 3~ 4 0 5 • 6 unleaa tuner ha• been tampered with or components have beea. replaced. Before 
proceeding with step 3, back tun.ins cores l'• out of coil• to eliminate their effect on trimmer a.djuatmea.ta. Con
struct core a.Us:a,roent toola aa ah.own. 

'· Ant recept throqh 1610 Kc Hi eud atop 5, 6 • 7 
dummy { •- Fig.) .. HOO ltc: 13/64" from hi s. 9 & 10 

end atop .. 1610 Kc Hi end stop 5, 6 • 7 

6. Rc'jat atepa • =d • =til ••,further i=«•ae, tho•, cement <=ing coreal ID place. 

ANTENNA TRIMMER 
7• I - - Weak .:1tatiOD. 7 

around 1400 Kc 

Peak for mu::imum. 

Pea.k for ma.ximUJD • 

Peak for maximum • 

With radio installed in car aa.d 
anteDDoa. fw.ly extended, peak 
antei:m.a. trimmer for mWmum. 

TABLE 6-D: Alignment data for the MOTOROLA Model 397X receiver. 
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sections serve as the receiver's 2nd detector and A VC rectifier, with 
AVC control bias applied to the R.F. and mixer stages. The detected 
audio signal appearing across Volume control RlO is coupled to the 
audio driver, V4, through C15. The driver, in turn, applies its am
plified autput signal to the transistorized power stage through im
pedance matching transformer T3. A PNP power transistor, TXl, 
is used as a Class A common-emitter amplifier, and delivers its output 
to the PM loudspeaker through step-down auto-transformer T4. 

Fig. 6-21: Photo gmng an overall view o# the BENDIX Model R74BT (or Mod. R84BT) 
receiver, its loudspeaker and grille, and installation components. 
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U•lESSOTH[li'WIS[6fATf0. 
ruN111,RAms,,o,i;cm1sooKC. ., 

I 

,1 ALUES. 
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Fig. 6-22: Schematic wiring diagram o# the Model R74BT (R848T) receiver. This radio 
is designed for installation in FORD trucks. 
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Fig. 6-23: Chassis layout views ot the Madel R74BT (R84BT) receiver. 
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Transistor base bias is furnished by a voltage-divider made up of 
fixed resistor R19 shunted by thermistor R14, and bias control R16. 
Unbypassed emitter resistor R15 serves to stabilize amplifier operation. 
Finally, line filtering is provided by spark-plate C19 and choke L7. 

PAC#I 

A 
Rl 

Bll 

100 
Cll .. 01 

B 
146 

C 
145 

0 
A40 

11M 

E~ 
Al9 390 

F RI 
All 

1.1M 

RI! 
I.Sn.. 

CUPRON 
WIRE 

Fig. 6-24: Layout diagram of the printed circuit board used in the receiver shown in 
Fig. 6-21. 
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FM TUNER. The overwhelming majority of all automobile re
ceivers are designed for reception of the AM Broadcast-Band (ap
proximately 540-1600 KC) only. A few FM Broadcast-Band (88-108 
MC) radio sets have been manufactured, but these, for the most part, 
have been offered by small producers and distributed in very limited 
quantities. The average service technician may seldom, if ever, come 
in contact with such receivers. In contrast, several of the larger 
auto radio manufacturers have produced FM Tuners; these are distin
guished from radio sets in that they include the R.F., converter, I.F. 

ALIGHMEHT 

Connect an output meter across speaker voice coil. LEAVE SPEAKER CON
NECTED TO SET. Set volume control to maximum and tone control to high. At
tenuate signal generator as required to keep output level to 1. 75 volts rms to 
pteYeot overloading receiver. The dial pointer should straddle the figure I on 
16 wheo tuner is set to hi-end stop. 

STEP GENERATOR GENERATOR SET TUNER ADJUST CONNECTION FREQUENCY TO 

I Thru 0.1 mf cond. to 262.5 kc HI-ENO STOP T2 LOWER 
riin 7 of conv. V2 T2 TOP 
POINT G) Tl LOWER 

Tl TOP 

2 Thru DUMMY ANT 1605 kc HI-END STOP C6 
TO ANT RECEPT. cs 

Cl 

3 With radio in car and antenna fully extended, tune in a weak station near 1600 kc. 
Readjust antenna trimmer Cl for maximum. 

IF A TUNING COIL OR CORE HAS BEEN REPLACED, PROCEED AS FOLLOWS, 

4 HI-END STOP LI 
L2 
L3 

5 Thru DUMMY ANT. 1605 kc HI-END STOP C6 
TO ANT. RECEPT. cs 

Cl 

6 Thru DUMMY ANT. 1200 kc 1200 kc L3 
TO ANT. RECEPT. L2 

LI 

r----7 ANT.PL~G 

..J~ "1r r=J= 
r5si:;_ I 30\/ .. ~H-·$!!:fLO~A8 
GfH. L ____ ...J 

OUM,Y,YU'fNU. 

REMARKS 

Adjust for maximum 
output. 

Adjust in order for 
maximum output, 

Back cores out of coils 
to wbere they just 
remain in coil form, 

Adjust in order for 
maximum output, 

Adjust cores in order 
for maximum output. 

7 REPEAT STEPS SANO 6 UNTIL NO FURTHER CAIN IN OUTPUT CAN BE OBTAINED. 

TABLE 6-E: Alignment data for the Madel R74BT (RB48T) truck radio receiver. 

and detector sections only, and are intended for use with a standard 
AM Receiver. The AM set's audio amplifier and loudspeaker system, 
then, becomes common to both types of reception. 

The Bendix Model FM88BH represents typical hybrid FM 
Tuner design. This instrument was designed for custom installation 
in 1958 Llncoln automobiles and carries Lincoln Model No. FFC-
15491-B. The set's schematic wiring diagram is given in Fig. 6-25; 
above and below chassis views, showing component locations, are 
diagrammed in Figs. 6-26(a) and 6-26(b), respectively. Tuning the 
FM Broadcast Band from 88 to 108 MC, the FM88BH uses an I.F. 
of 10.7 MC; I.F. Alignment data is given in Table 6-F, with R.F.-
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Fig. 6-25: Schematic diagram ol the BENDIX Model FMBBBH receiver. Designed lor use in 1958 LINCOLNS, this receiver covers 
the FM Broadcast Band and uses the audio system of a standard AM car radio. 
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Fig. 6-26: Above (a) and below (I,) chassis layout diagrams of the Model FMBIBH 
FM Tuner. 
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converter Alignment procedure outlined in Table 6-G. The set has a 
sensitivity of 10 microvolts for 30-db noise quieting, and can deliver 
an output signal of 1.5 volts rms (audio) at full limiting. Using 
eight standard, rather than "low-voltage," miniature tubes and a 
single PNP power transistor, the tuner requires 2.0 amperes at 14.4 
volts D.C. When installed in an automobile, it uses the car's regular 
antenna, and feeds its output to the audio section of the car's standard 
AM receiver, with a selector switch (81, Fig. 6-25) used to select 
either "AM" or "FM" reception. 

An examination of the schematic diagram, Fig. 6-25, reveals 
several interesting features. First, of course, we note that "high
voltage" tubes are used in place of the 12-volt tubes found in the 
AM receiver circuits we reviewed. These tubes are employed to take 
advantage of their superior high frequency characteristics. We note, 
too, that the transistor-operated audio output stage is missing; this 
is expected, of course, since the tuner is designed to use the audio 
section of another set. In place of the output stage, a power transistor 
is used in a "B" high-voltage supply circuit, eliminating the need for 
a vibrator power pack (more about this later). 

Turning to the input circuit, a special coupling network made up 
of L9 and C29 is used in series with the antenna lead from the auto
mobile's regular antenna; this permits a single antenna to be used for 

STEP PROCEDURE 

I Connect iumper across C26 to disable AFC circuit. 

2 Connect Tuner to 14.4 VDC power source - Neg, to chassis, Pos, to lead P9. 

3 With AM-FM switch in FM position, connect VTVM to TP 1 (Neg. lead) and chassis 
(Pos.). 

4 Lift V2's shield enough to break ground connection. Connect AM Signal Generator to 
this ungrounded tube shield. Set VTVM to 0-3 VDC scale. 

5 Set Signal Generator to deliver precise 10.7 MC unmodulated R,F, signal, Adjust the 
Level (or Output) control for a 1.5 to 2.0 VDC reading on VTVM. 

6 Adiust top and bottom slugs of T3, T2, and Tl, in order, for maximum VTVM reading. 
Readjust Level (Output) control to keep VTVM reading between 1.5 and 2.0 volts. 

7 Repeat Step 6. 

8 Move Neg. lead of VTVM from TPl to TP2. Adjust top slug of TS to obtain VTVM 
reading of approximately LS volts. 

9 Carefully adjust T4 and bottom slug of TS for maximum VTVM reading. Next, carefully 
adjust top of TS for Zero Crossover. The last setting is critical. 

10 Disconnect Signal Generator and VTVM. Replace V2's shield. 

TABLE 6-F: I.F. alignment data for the FM Tuner shown in Fig. 6-25. Refer to Fig. 
6-26 for the location of alignment adjustments. 
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both AM and FM reception. From here, the signal is coupled to 
dual-triode Vl, serving as low-noise cascode R.F. amplifier. Vl's out
put is coupled through C6 to one-half of dual-triode V2, serving as 
a mixer; V2's second triode section is used as the receiver's local 
oscillator, with its frequency stabilized by a conventional automatic 
frequency control (AFC) circuit. V8A serves as the AFC control 
tube. The oscillator signal appearing across cathode coil IA is in
jected into the mixer circuit through coupling capacitor Cll. A three
gang tuning capacitor (CIA, ClB, and CIC) resonates the antenna 
coil Ll, the mixer grid coil L3, and oscillator coil L5. 

The 10.7 MC I.F. signal obtained from the mixer is selected and 
coupled to the first I.F. stage, V3, through double-tuned I.F. trans
former Tl. V3's output, in turn, is coupled to the 2nd I.F. amplifier, 
V4, through another double-tuned I.F. transformer, T2. Next, V4's 
amplified output signal is applied through a final double-tuned I.F. 
transformer, T3, to the 1st limiter stage, V5. From here, a single
tuned L-C circuit, T4, serves as V5's plate load, with the signal 
appearing across it capacitively coupled to the 2nd I.F. limiter V6. 
Sharp cut-off pentodes are used in the I.F. amplifier and limiter 
stages. The limiters serve their customary function of removing all 
amplitude modulation, including noise peaks, from the amplified I.F. 
signal. This is achieved by operating these two stages (V5 and V6) 

STEP PROCEDURE 

l With jumper across C26, Tuner connected ~o power source, and AM-FM switch in FM 
position, connect AM Signal Generator through a l00•ohm, ½ watt carbon resistor 
(dummy antenna) to J12, Set receiver's tuning condenser fully open. Adjust the 
Signal Generator to deliver an unmodulated signal at 108.5 MC, 

2 Connect VTVM (3 VDC scale) to TPl (Neg. lead) and chassis (Pos. lead). 

3 Adjust C2, CS and C13 until studs ore approximately three-fourths out. 

4 Carefully adjust C13 for maximum VTVM reading. Av.aid false peaks, Correct setting 
is maximum VTVM reading with minimum input signal and is usually first peak as C13 
is adjusted in from full out position. 

5 Set Signal Generator to 86.5 MC. <;lose Tuner's tuning condenser. Carefully squeeze 
or spread LS for maximum VTVM reading. 

6 Set Signal Generator to 108 MC. Vary Cl for maximum VTVM reading, then adjust C2 
and CS for maximum VTVM indication. 

7 Set Signal Generator to 88 MC, Vary Cl for peak VTVM reading, then squeeze or 
spread L 1 and L3 to obtain peak VTVM indi.cotion. 

8 Repeat above step to compensate for interaction. 

9 Disconnect Signal Generator and VTVM. Remove jumper from C26 •. 

TABLE 6-G: R.F. alignment data for the FM Tuner. 
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with lower plate and screen grid voltages, and adjusting grid bias so 
that saturation occurs with moderate level signals. 

Limiter V6's output signal is coupled through tuned discriminator 
transformer T5 to a standard Foster-Seely FM discriminator using 
a dual-diode vacuum tube, V7. Two outputs are obtained from the 
discriminator. A D.C. output proportional to shifts in I.F. center 
frequency is coupled through R24, bypassed by C26, to AFC control 
tube V8A; this tube, in turn, is coupled to the local oscillator through 
C28 and acts to maintain a constant I.F. value, automatically cor
recting for local oscillator frequency drift. The discriminator's audio 
output signal is applied to resistance-coupled amplifier stage V8B 
through C40 and R40, appearing across grid resistor R41. Here, the 
audio signal is amplified, with the output appearing across V8B's 
plate load resistor R43 coupled through D.C. blocking capacitor C41 
to the AM-FM selector switch S1. The selector switch is connected to 
output receptacle Pll which, in turn, is connected through an ap
propriate shielded cable to the AM Radio with which the FM Tuner 
is used. 

The transistorized power supply circuit used to supply "B" volt
age to the vacuum tubes deserves closer examination. Referring, then, 
to this circuit, we find that a PNP transistor is used as a common
collector Hartley oscillator, with tranformer T6 serving both to 
supply the feedback signal necessary to start and sustain oscillation 
and to step-up the oscillator's output to the high-voltage levels 
needed by the vacuum tube stages. The transistor's operating power 
is obtained from the car's 12-volt (nominally 14.4 volts in practice) 
electrical system through an "L-type" filter made up of L7 and C32. 
Base bias current is supplied by voltage divider R32-R31, with R32 
made adjustable to permit a precise adjustment of D.C. output volt
age. The oscillator operates at approximately 400 cps, making the 
use of a relatively simple ripple filter feasible. The stepped-up A.C. 
voltage appearing across T6's secondary is rectified by selenium 
diode SRl and filtered by a "Pi-type" filter network consisting of 
C30A, R33, and C30B; a varistor, R34, is used as a voltage regulator, 
and will maintain the D.C. "B" voltage within a 10% tolerance, 
provided R32 is adjusted properly. The entire power supply circuit 
is shielded to prevent coupling to other sections of the tuner. 

Power supply adjustment is a relatively simple operation. First, 
Ra2 is turned to a fully counterclockwise position. Next, the tuner 
is connected to an accurate 14.4 D.C. voltage source and turned 
"ON." After a few minutes "warm up," a VTVM is connected across 
varistor R34 (use the 100-volt scale). Finally, R32 is adjusted in a 
clockwise direction until exactly 75 volts appears across R34. An in
sulated screwdriver is used for this adjustment, with special care 
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taken not to overshoot the 75 volt reading. If R32 is set too high, 
or if it is accidentally shorted to chassis ground, the transistor may 
be damaged by excessive current flow. 

SIGNAL-SEEKING RADIO SETS 

Early automobile receivers and a few present-day models em
ploy a single-knob tuning arrangement similar to that found in port
able and table-model home receivers. Here, the tuning knob is linked 
by a dial cord or other mechanical system to the variable capacitor 
or movable coil "slugs" used to tune resonant circuits to different 
station frequencies. This permits continuous tuning over the entire 
band. Such an arrangement is quite good, but can be bothersome 
to an auto operator, since his attention is diverted from driving 
while tuning his set to different stations. Under some conditions, 
a slight diversion of this type can have serious consequences. This 
situation led to the popularization of "push-button" tuning systems. 
A continuous tuning arrangement was retained, of course, but a 
mechanical (or electro-mechanical) linkage assembly was added to 
basic set designs to permit the semi-automatic selection of from four 
to eight local stations by simply depressing an appropriate pre-set 
button. 

A four to eight position push-button station selector is quite 
adequate for local driving conditions, for most listeners have only a 
few "favorite" stations. However, where the automobile's driver does 
considerable cross-country driving, the push-button system soon fails 
to carry out its job of permitting rapid station selection. Local 
station frequencies vary in different areas, and the pre-set push
buttons become ineffective, since they tune the set only to their 
original settings; after 25 to 50 miles driving, the push-buttons might 
very well tune the set to "dead spots" on the band. The driver 
must then resort to conventional tuning or must take time to reset 
the push-buttons. The latter task could prove rather bothersome, 
since it would have to be carried out every hour or so. 

To compensate for the inadequacy of push-button station selec
tion systems for cross-country driving, car radio manufacturers have 
developed and introduced a number of "signal-seeking" or "search
tuning" designs. Here, a single or dual push-button ( or lever) is 
provided. When the button is depressed, closing an appropriate 
switch, the receiver tunes across the entire band, stopping auto
matically when it picks up a station of sufficient signal strength. If 
the driver finds the program unacceptable, he need simply depress the 
button again, and the "search" is resumed. 

Semi-automatic "signal-seeking" systems are largely electro
mechanical in operation and were introduced several years prior to 
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the development of hybrid radio designs. In operation, an electric 
motor or solenoid system is mechanically linked to the receiver's 
tuning mechanism and serves to drive the tuner over its range. The 
drive motor ( or solenoid), in turn, is controlled by a front-panel 
push-button and by a trigger or relay device ( vacuum tube or tran
sistor) which, in turn, receives a control signal from the receiver 
proper. When hybrid radio designs were introduced, most of the 
signal-seeking designs were adapted to these sets with little or no 
basic modification. The basic circuit design used in signal-seeking 
radios . . . if the tuning mechanism is ignored . . . is essentially the 
same as that used in more conventional push-button or continuously 
tuned receivers. A detailed discussion of the various signal-seeking 
and search mechanisms in current use would be out-of-place here. 
However, we shall take a quick look at two typical hybrid receivers 
which employ this type of tuning, and shall examine a third set in 
greater detail. 

CORVETTE RECEIVER. The Delco Radio Model 3725156 receiver, 
designed for use in all 1956 and 1957 Chevrolet Corvette Cars, is of 
major interest, not because it employs a signal-seeking tuner, but 
because the hybrid circuitry found in this set is different from that 
encountered in all of the other radio sets examined earlier in this 
Section. The receiver's schematic wiring diagram is given in Fig. 
6-27, with various chassis views diagrammed in Fig. 6-28. Tuning 
from 540 to 1600 KC, the set uses a 262 KC I.F. value; detailed 
Alignment data is outlined in Table 6-H. The set uses four miniature 
vacuum tubes in its R.F.-I.F. section, plus a trigger tube for its 
automatic tuning mechanism; four PNP transistors are used in its 
audio output and power supply sections, plus a rectifier tube. The 
audio amplifier and power supply are assembled on a separate chassis 
and this, in turn, is mounted on the rear of the receiver's 8" PM 
loudspeaker. 

Turning to the schematic diagram, we find that standard rather 
than "low-voltage" tubes are used in the receiver circuit. The high 
"B" voltage needed by these tubes (200 volts) is obtained from a 
transistorized power supply ( which we'll examine later) . Otherwise, 
the circuit is quite conventional. A variable inductance tuning system 
is employed. Signals picked up by the antenna and selected by the 
tuned antenna circuit are applied to an R.F. amplifier and, from 
here, to a standard converter (OSC. MOD., Fig. 6-27). The con
verter's I.F. output signal is coupled to a single I.F. amplifier stage 
through a double-tuned I.F. transformer; the I.F. stage's output is 
applied to a conventional diode-type 2nd detector through a second 
I.F. transformer, with the resulting audio signal developed across the 
receiver's Volume control (part 85) and applied through a D.C. 
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Fig. 6-28: Chassis layout diagrams of the Model 3725156 receiver. 

SIGNAL SEEKING TUNER ALIGNMENT PROCEDURE: 
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NOTE: When aligning the signal seeker tuner type radio, b~ sure to use a vacuum tube voltmeter as indicated and be 
sure to follow the alignment sequence given-(Notice that the primary of the 2nd I.F. is aligned first.) 

Output Meter Connection ___ _ ____ VTVM From AVC Line To Chassis 
Generator Return____ ---------~-----------------------Receiver Chassis 
Dummy Antenna_______ ---------'" Series With Generator 
Volume Control.. _____ ---------------------- ______ Maximum Volume 
Sensitivity Control____ _ ______________ Position 1 
Tone Control________ _ _________________________________________________ .Treble (Max. Clockwise) 
Generator Output ______ Notto Exceed 2 Volts at VTVM 

I 

Signal 
Twie Receiver Step Dummy Antenna Connect To Generator Adjust in 

Frequency To Sequence 

1 0.1 Mfd. 12BE6 GriJ (Pin 7) 262KG •High Frequency Stop A, B, G (Max.) 
2 0_I Mfd_ 12BE6 Grid (Pin 7) 262KG High Frequency Stop D (Min_) 
3 _000068 Mfd_ Antenna Connector 1615KG High Frequency Stop **E, F, G (Max_) 
4 .000068 Mid. Antenna Connector 600KG Signal Generator Signal J, K (Max,) 
5 .000068 Mfd. Antenna Connector 1615KG Signal Generator Signal F, G (Max_) 
6 .000068 Mfd. Antenna Connector 1000 KC Signal Generator Signal ***L 

*&~et~~~e~
0 

p~~f~r!:fq~~r~·nfa~u!1 ~2Ji:1 r~:1:I1!!utiee ~la~:i:-try ~;! ;;;i~n i:g:li!t ~g:if!~1:~~a~:~. frequency 
st0

P• 

**Before making this adjustment, check the setting of oscillator core "H." The rear of the core should be lH" from 

~d ~frh!i~~lf~r::i: ¥1~e cco~!/~di~st~~~ :e:tad:f:a°! ifh~e~~~n~::ee;J ~fsth!i~~l f~~~tli
1
:~~~-~he~alli~~~~~n; 

driver. (It will be necessary to steady the core guide bar by applying a downward pressure at the antenna core end 
~t~!ti!>d\:Jil~ :~~nt~ ~~!!:i ~J~s:n;::~{~Jg :ie t~dj:j~!~~-ent is necessary, first dissolve the glyptal seal on the 

***"L"' is the pointer adjustment on the end of the core guide bar-adjust so pointer reads 1000 KC. 
With the radio installed and the antenna plug~ed in, ad;ust the antenna trimmer "C" for maximum volume with the 
radio tuned to a weak station between 600 and 1000 KC (see sticker on case), 

TABLE 6-H: Alignment data for the CORVETTE car radio. Refer to Fig. 6-28 for the 
location of the adjustments specified in the last column. 
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blocking capacitor (part 28) to an audio amplifier. A separate diode 
is used to obtain a D.C. AVC control bias, and this is fed by a small 
capacitor (part 20) coupled to the I.F. stage's plate. The AVC bias 
is applied to the R.F. amplifier and converter stages ( through part 
47, bypassed by capacitor 13) and is also used as a control over the 
signal-seeking mechanism's trigger tube. 

Continuing, the (tube) audio amplifier on the receiver chassis 
is coupled through interstage transformer 92 to a push-pull Class B 
output amplifier using PNP transistors in the common-emitter circuit 
configuration. The output stage, in turn, is coupled to the PM loud
speaker through a standard output transformer (part 93). Stabilized 
base bias is obtained for the push-pull amplifier by means of a re
sistive network which includes a thermistor (part 95) for temperature 
compensation. Further stabilization is achieved by the use of unby
passed emitter resistors (parts 62 and 68). Although type 2N173 
transistors are specified in the diagram, some models of this set 
employed type 2N278. The manufacturer recommends the use of a 
matched pa,ir of transistors in this circuit if replacement should prove 
necessary. 

Fig. 6-29: This photo shows the BENDIX Model R85BM-S car radio receiver. Included 
in the illustration are the receiver itse/1, its loudspeaker, the loudspeaker mounting 
bracket, and basic installation accessories. 

Referring, now, to the high voltage power supply, we see that a 
pair of transistors are used as a push-pull oscillator, with trans
former 94 serving both to supply the feedback necessary to start and 
maintain oscillation and to step-up the A.C. oscillator voltage to the 
value needed by the vacuum tube circuitry. A common-emitter con
figuration is used, with the feedback signal applied to the base 
electrodes of sufficient amplitude to obtain blocking oscillator action; 
thus, only one transistor is conducting at any instant, with the col
lector current drawn high enough to drive the transformer's core to 
magnetic saturation. This permits highly efficient operation. Operat
ing rate is about 20 KC. The high voltage developed across the 
oscillator transformer's secondary is applied to a conventional full
wave rectifier using a type 12X4 vacuum tube. The rectifier's pulsat-
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Fig. 6-30: Schematic wiring diagram of the Model R85BM-S receiver. This set was used in 1958 MERCURYS. 
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ing D.C. output is filtered through a conventional "Pi-type" network, 
including current limiting resistor 100, choke 10, and capacitors 39 
and 40. The low-voltage power line is filtered by choke 9 and capaci
tors 35 and 41, with additional noise filtering provided by spark
plate capacitors 33A and 33B. Choke 8 provides additional filtering 
for the tube filaments. 

In summary, the hybrid receiver circuit shown in Fig. 6-27 differs 
from the earlier circuits examined in that ... (a) a push-pull rather 
than a single-ended power amplifier is used, and (b) a push-pull 
transistor oscillator is used in a high voltage "B" supply circuit. 
The latter, of course, serves as a replacement for a conventional 
vibrator-operated "B" supply. 

MERCURY TRAVEL-TUNER. The components making up the Ben
dix Model R85BM-S car radio are shown in Fig. 6-29. This receiver 
was designed for use in 1958 Mercury automobiles (Mercury radio 
Model No. FEW-18805-T) and uses a semi-automatic signal-seeking 
tuner in addition to conventional push-buttons and manual tuning. 
The radio's schematic diagram is given in Fig. 6-30; interior chassis 
arrangement is diagrammed in Fig. 6-31, and the etched circuit board 
layout is given in Fig. 6-32. Using an I.F. of 262.5 KC, the receiver 
tunes from 540 to 1600 KC; detailed Alignment data is given in 
Table 6-I. With a maximum output of 5 watts to its 6" x 9" oval PM 
loudspeaker, the set employs five miniature 12-volt tubes and a pair 
of PNP power transistors. It requires 1.5 amperes at 14.4 volts D.C. 
when supplying 1 watt of audio output. 

An examination of the schematic diagram, Fig. 6-30, reveals 
that a conventional hybrid receiver circuit is employed. Low voltage 
tubes are used in all tube stages, with the audio driver tube, V 4B, 
transformer-coupled to a transistorized power amplifier. Here, how
ever, a push-pull Class B power amplifier is employed, with a pair 
of transistors (TXl, TX2) used in the common-emitter configuration. 
Output stage bias is furnished by a voltage divider made up of R18 
shunted by thermistor R19 in combination with Bias control R20. 
The power stage is coupled to the PM loudspeaker through output 
transformer T4. 

Returning to the set's "front-end," an inductive tuning arrange
ment is used, with station tuning determined by the movement of 
ferrite cores in the antenna coil (Ll), R.F. coil (L2), and oscillator 
coil (L3-L4). Vl serves as a standard R.F. amplifier, V2 as a 
converter, V3 as an I.F. amplifier, and one of V4A's diodes as a 
conventional diode-type 2nd detector. V4A's second diode serves as 
an A VC rectifier, with the resulting A VC bias applied to the signal
seeking tuner circuit, to the R.F. amplifier, and to the converter 
stage. The audio signal appearing across the 2nd detector's load 
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FADER CONTROL 
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Fig. 6-31: Above and below chassis layout diagrams of the receiver shown in Fig. 6-29. 
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resistor, Volume control Rl3, is coupled through Cl5 to a two-stage 
resistance-coupled amplifier, V5A-V4B, with the second stage serving, 
as we have seen, as a driver for the power amplifier. 

In operation, three factors determine the operation of the auto
matic tuning circuit ... I.F. voltage, AVC voltage, and "seek" speed. 
The first two depend on received signal strength; the latter on drive 
motor speed. The I.F. signal developed when a station is tuned in 
controls the triggering action of V5B so that a tuner stops "seek
ing" and comes to rest on that station. Note that with relay Kl 
de-energized its back contacts supply power to the output stage, to 
V 4B, and to V5B's cathode; here, the receiver operates normally on 
manual or push-button tuning. 

When the tuning switch S3-S4 is closed, relay Kl is energized. 
V4B then receives its plate voltage through Kl's "hold" coil and 
the relay is held in even if S3-S4 is released. With Kl energized, 
power is removed from the output amplifier and positive bias is 
removed from V5B's cathode; at the same time, additional contacts 
on Kl apply power to magnetic clutch K2, to V5A's cathode, and to 
drive motor Ml. This, in turn, starts the motor (Ml) coupled to the 
tuning system and the receiver starts "seeking" a signal, tuning over 
its full range. The motor is automatically reversed at each end of 
the dial by reversing switch S6, activated by arms mounted on the 
tuner clutch assembly. 

As a station is tuned in, an I.F. voltage is developed across T2's 
secondary. This is coupled through CU to V5B's grid. Here, amplifi
cation and some detection takes place, with V5B starting to draw 
current through plate resistor R28 and developing a negative pulse 
which, coupled through R40 and C16 to V4B's grid, drives V4B to 
cut-off, de-energizing the "hold" coil and allowing Kl to drop out, 
returning to its normal "LISTEN" position. Since a positive bias 
is applied to V5A's cathode when Kl is in its "SEEK" position, 
no current flows through R40 and it has little effect on the negative 
pulse. The trigger point at which relay Kl drops out is maintained 
at the same distance from signal resonance regardless of station 
signal strength by applying a portion of the A VC voltage through 
R24 to V5B's grid (where it combines with the I.F. signal obtained 
through CU). 

MOTOROLA SEARCH TUNER. Designed for custom installation 
in 1957 Ford cars, the Motorola Model 78MF radio (Ford Model 
No. FEG-18806-G) is a hybrid receiver using eight 12-volt vacuum 
tubes and two PNP power transistors. Its design typifies the three
way tuning systems (manual, push-button, and search) employed in 
many automobile radios; therefore, we will examine the operation of 
this set's tuning mechanism in detail. First, however, the receiver's 
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schematic diagram is given in Fig. 6-33, with interior chassis views 
identifying alignment adjustments given in Fig. 6-34. The Model 
78MF tunes from 540 to 1600 KC, using an I.F. of 262.5 KC; detailed 
Alignment data and accessory tool information is given in Table 6-J. 

Referring to Fig. 6-33, we see that the familiar inductive tuning 
arrangement is employed. As in the other circuits studied, the 78MF 
has conventional R.F. amplifier and converter stages. The I.F. section 
differs from the earlier circuits in that two I.F. amplifiers are employed, 
with resistance-capacity coupling between stages. The amplified I.F. 
signal obtained from the 2nd I.F. stage is transformer-coupled (through 
T2) to a diode-type 2nd detector, with the audio signal developed 
across its load resistor, Volume control R16, coupled through R15 to 
a two-stage resistance-coupled audio amplifier. The second audio 

8TEP 

10 

ALIGNMENT 

Connect a VTVM from T2 lffm. 6 to V4 pin 7, set Volume Control to minimum, Set Tone 

Control to NORMAL ( FULL CW). Attenuate signal JIC'OC:rator as required to keep VTVM 

reading between one and two volu. 

GENERATOR 
CONNECTION 

GENERATOR 
FREQUENCY 

SET TUNER 
TO 

Tbrou&h- .1 mf to -Y. slid 262.5 kc unmodulated. Hi-Md 11top.. 
(V2 pin 7). 

Tbrouch dumlDY' _..., to 1&05 kc unmodulated. Hi-end •'°P-... ..,..._ 

ADJUST 

T2 Bottoin 
TJTop 
Tl Bottor11 
Tl Top 

REMARKS 

Adju•t in order for rnuimu• VTVM 
read.in •. Repa.t until DO further 
incrnn f.Ul be obtaiaed. 

CIB, CeA., Cl Adjlm ia order for nauimum. 

With ladio ia cllf and •nt.en~ fully nt.ended, tune in a wqk 11tatio!l aear 1800 kc. ae.djuat &at.enaa lrimmer Cl for maximum. 

If a tuoiac coil or eor. baa been replaced, proceed ae follo11·1: 

Hi-au:l •top. J,I, L2, L3 

ThJOucb dummy utemta to UIO.5. kc unmocfolaled. Hi-.,nd 1top. 018. C&A, Cl Ad.iuat DI onltt for maximum VTVM 
UL reoept. nsdinK-

Throu,h dumn1y ant.ena. to 1000 kc urunodu\ated. Eu.ctly H ineh earriqe lMv.r La, L2, Ll Adju1t ICOl'N in order for rnAximum 
ut. recept. ment from hi-end ,top, VTVM radiOK,, 

Repeat •wpt $ uad CS uaW no furthv pin i11 output can be ob~ned. 

To•t.eeuitivit.yeontf'oll; Diecouect VTVM: eomleCt.output mekt'auo.1paker Yoleecoll;Mi volurneeoauol to ma•imum, and iooeeoaud to aorm&l 
({uUcw). 

ThJOuah dummy anteoM to 1000 kc at 3 mie- Tune for ma:dmum. .... Adjuet ,., t.'16 VRMS (approai• 
&at. ncept. ..aamodvlaeed. mat.flyOMW&U), 

Throuah dUAm'II' Mt.all& to lOIJO ke at 230 mkto- Pre.TOWN~. Bal Set 831 completely eoun\erclockwiae. 
ant.~ •oltamoclul&ted, P.- TOWN Mltk•h&r to 11&rt Mt -· -1:iq. Adypee R!t c~k•iae in 

--11 iaerema.tl until tuaer atoi-
-tbe2li0uv ... l. 

Thtouah dummy ae.ttRU.1o 1000 kc at 125 micro- p,_ TOWN -':-bar. See that tun.er will aot nop on 125 uv 
u.t. -pt. voltamodul&led. ....... 

TABLE 6-1: Alignment data far the Model RBSBM-S receiver. 
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stage serves as a driver and is coupled through interstage transformer 
T3 to a push-pull power amplifier using PNP transistors in a modified 
common-collector configuration. Output stage bias is furnished by 
a resistive network made up of R24, R25, R26 and Bias Adjustment 
control R27; R24 is a temperature-compensating thermistor. The out
put stage is of special interest in that it represents a push-pull version 
of the circuit shown in Fig. 6-2; as you may recall, this circuit func
tions as a common-collector amplifier as far as D.C. is concerned, but 

Fig. 6-34: Above and below chassis views of the Model 78MF radio receiver. 
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as a common-emitter circuit for signal (A.C.) currents. Capacitors 
C20 and C21 isolate the input signal to the base-emitter electrodes 
and permits the output signal to be developed in the collector-emitter 
circuit. Continuing, the push-pull amplifier is coupled to its PM loud
speaker load through output transformer T4. Finally, power supply 
filtering is provided by ElO, spark-plate capacitor C23, choke LS, 
C22B, R28, and C22A. 

The search tuning circuit is operated by two vacuum tubes 
a dual diode-triode type 12AE6 and a 12K5 tetrode. The 12AE6 also 

ALIGNMENT 
Connect a VTVM from the AVC line to around (pin f I of llAD6 RF amp Ir chuab). ·Set volume to minimum and tone to 
treble. Attenuate signal generator to maintain VTVM readm&, between 1. 5 and Z volts. 

I GENERATOR 
STEP CONNECTION 

IF ALIGNMENT 

I. I 1ZAD6 conv. grid 
( pin 7) thru • l nir 
• chassis 

~. 
RF ALIGNMENT ,. 

I 
Antenna recept 
thru dummy (see 
Figure) 

GENERATOR 
FREQUENCY 

( 400 cycle mod) 

Z6Z. 5 Kc 

1610 Kc 

TUNER SET TO ADJUST REMARKS 

Hi end stop z. 3 It 4 Adjust for maximum. 

Adjust for dip. 

Hi end stop 5, 6 It 7 Adjuat for maximum. 

NOi'£: Do not perform ateps 4, 5, 6 Al 7 unle5s the tuner has been tampered with or components have been replaced. Before 
proceeding with ate-p 4• back tuning core.a 1-3/3'' out of tuning coils to eliminate theiT effect on trimmer adjl.lstment. 

,. Antenna recept 1610 Kc 
thru dummy (aee 

Hi end stop 5, 6 &t 7 Adjust for maximum. 

Fia:ure) 

,. lOZO Kc 49 /64" from hi 8, 9 & 10 Adjust for maximum. 
end stop .. 1610 Kc Hi end stop 5, 6 & 7 Adjust for maximum. 

1. Repett steps 5 & 6 wi,til no further increase, then cement cores in place. Step No, 6 should be la.st adjustment. 

SENSITIVITY CONTROLS 
8. Antenna recept 

thru dummy {see 
Figure) 

9. 

1000 Kc at S 
microvolts 

1000 Kc at l00 
microvolts 

ANTENNA TRIMMER ADJUSTMENT 

,o. I I 
TO CALIBRATE POINTER 

Tune for max 

Tune for max 

Weak station 
around 1400 Kc 

RS 

Rl3 

Adjust for 1. 79 volts output. 
(Connect output meter across 
voice coil and set volume control 
to m&ltitnum). 

Short case of Rl3 to chassis. 
Adjuat for 1. 79 volts output. 
(Connect output meter acroaa 
voice coil and set volume control 
to maximum). 

Adjust for maximum with radio lnatalle4 
in car and antenna fully extended. 

Tune radio to 1000 Kc sisna.I and rotate pointer adjusting cam until center of pointer coincidea with the center 0£ the 1000 Kc 
mark on dial scale. 

CORE ALIGNMENT TOOL DETAIL 

TI> ...... 
G(Nlfl.C1'011 

DUIDIY ANTENNA DETAIL 

TABLE 6-J: Alignment data for the Model 78MF car radio. Included are details al the 
special alignment tool needed and a diagram of the "dummy antenna" used. 
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PINION GEAR 

(a) 

(b) 

PUSHBUTTON PUSH 
ARMS 

LI l6 l4 

AOJUSTAIU CAMS 

CORE CARRIAGE 

Fig. 6-35: The Model 78MF car radio ... tuner details. The set-up used lor MANUAL 
TUNING is shown at (a), lor PUSH-BUTTON TUNING at (b). 
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serves to develop the receiver's A VC bias control voltage, which is 
applied to the R.F. amplifier, converter, and two LF. stages. 

Let's take a look, now, at the operation of the various tuning 
systems ... 

Manual tuning operation is illustrated in Fig. 6-35 (a). Referring 
to this illustration, when the manual tuning shaft is rotated, the 
tuning and pinion gears rotate the crown gear and pinion assembly 
( 10), thus turning the split gear and bushing assembly ( 11) . Since 
the split gear and bushing are frictionally coupled to the clutch and 
disc assembly ( 5) fixed to the treadle bar mechanism, the treadle 
bar's core carriage moves the three tuning cores (9) in and out of 

TUNING COILS (LI, L4, l6l 

\ 
Treadle Bar Assembly approximate
ly 30° to left of o0 reference-radio 
tul'1ed to approiumately 540 Kc 

MANUAi. TUN I NG 
SHAFT ----... 

TUNING GEAR 

PINION GEAR 

SPLIT GEAR AND---~ 
BUSHING ASSEMBLY nu 

CLUTCH AND DISC 
ASSEMBLY l5l 

PINION GEAR 

';:'readle Bar Assembly at o0 refer
ence -radio tuned to approximately 
1000 Kc 

(O..) 

PUSH8lITTON PUSH ·r 

(bl 

Treadll!' Bar Assembly approximate -
ly 30° to right o( o0 reference-radio 
tuned to appTox1mately 1600 Kc 

ADJUSlABLE CAMS 

CLUTCH RfUASE ARM 

Fig. 6-36: Further tuner details. Operation al the TREADLE BAR ASSEMBLY is shown 
at (a), and the set-up for automatic SEARCH TUNING is given at (b}. 
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Fig. 6-37: Mechanical tuner details ... (a) parts identification, (b) search drive unit with the clutch DISENGAGED, and (c) with the 
clutch ENGAGED. 
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their respective coils (Ll, L6, and IA). Fig. 6-36 (a) is a detail view 
illustrating the movement of the coil cores at different angles of the 
treadle bar assembly. With the cores full in, tuning is to the low 
frequency end of the band; when full out, high frequency stations are 
tuned. Finally, intermediate frequencies are tuned when the cores 
are in their middle positions. 

CONTROL CLUTCH ARM 
MUST BE STRAIGHT 

ADJUSTING 
LUG 

~:ti':--~r, 

. 015 

( 0-. i 

(C) 

RETAINING 
CLIP 

__..- MANUAL T\JNING 
SHAFT 

~1 

[\..i) 

Cd) 

T\lf£R 
FRAME 

Fig. 6-38: Further mechanical details... (a) control clutch adjustment, {b) crown 
gear engagement, (c) reversing switch adjustment, and (d) switch operation. 

Push-button operation is shown in Fig. 6-35 (b). Five push
buttons are provided. Each of these may be set by first tuning in the 
desired station using the manual tuning knob. This sets the angle of 
the treadle bar assembly (as described above); next, the push-button 
to be set is pulled out, unlocking the adjustable cam on the push 
arm. When the push-button is depressed, the cam is locked to the 
angle of the treadle bar mechanism and remains in this position until 
changed. Thereafter, whenever the push-button is depressed, it 
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returns the treadle bar to the cam's preset angle, moving the core 
carriage either up or down (depending on the treadle bar's position 
when the button is depressed), and moving the tuning cores to the 
appropriate position for the station desired. 

Search-tuning operation is illustrated in Fig. 6-36 (b). Detail 
views of the various mechanisms involved are given in Figs. 6-37 and 
6-38, with a functional diagram of the controlling electronic circuitry 
given in Fig. 6-39; signal waveforms are detailed in Fig. 6-40. Turning 

~" 
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DU-AF 
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fc6~u&rlffllln1ep111. 

U Cil)SKIIIOIMl'lbtlly. 

-- Erl ~~CloSISll'Nlllnsdeslt 
Y ClowsllOIIMnllfly. 

Fig. 6-39: Functional schematic of search tuner operation. 

first to Fig. 6-39, note that two search control buttons are provided 
... E7 (COUNTRY) and ES (TOWN). Both of these operate the 
search mechanism, with E7 used for tuning weak distant stations and 
E8 for tuning strong local stations. The essential difference between 
the two is the operation of switch E6 which, when closed, connects the 
Sensitivity control (R13) to ground through relay E5's "C" contacts, 
reducing the plate and screen voltages applied to the 1st I.F. ampli
fier, and thus dropping the receiver's overall sensitivity. The radio 
operates with reduced sensitivity only while "search tuning," however, 
and returns to full sensitivity once a station is tuned in and the 
search mechanism stops. 

When either search control button is depressed (E7 or ES) , the audio 
is muted and the plate side of the relay is grounded, completing the re
lay circuit to B-, thus energizing its coil and pulling in contacts "A," 
"B," "C," "D," and "E," grounding their respective circuits. Contact 
"A" is connected to the loudspeaker's voice coil and, when grounded, 
mutes (silences) the audio system. Contact "B" switches R33 across 
bias resistor R34, reducing the bias on the 12K5 and allowing it to 
draw sufficient plate current to hold the relay closed even when the 
search button is released. Contact "C," as we have seen, completes 
E6's circuit to ground (if E6 is closed), dropping the receiver's sensi-
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tivity while "searching." Contact "D" completes the motor (E3) 
circuit, starting the search mechanism; the motor is connected to a 
reversing switch (E4) which is actuated by a link on the treadle bar 
assembly ... see Fig. 6-36(b) ... serving to reverse the motor's 
direction whenever the treadle bar reaches its limit of travel. Thus, 
the mechanism can "search" in either direction ( towards the high or 
low frequency end of the band) and will reverse automatically if no 
stations are picked up. Continuing, contact "E" completes the solenoid 
(E2) circuit, actuating the control clutch and engaging the carrier 

RF VOLTAGE 

RF VOLTAGE 

WEAK STATION 

AVG VOLTAGE 

(zero because 
of delay) 

WA 

STRONG STATION 

AVG VOLTAGE 

~ 
WA 

COMB!Nr:D VOLTAGE 

COMBIN>:D VOLTAGE 

Fig. 6-40: Signal waveforms - refer to Fig. 6-39. 

gear, as shown in Figs. 6-37 (b) and 6-37 (c). With the carrier gear 
engaged, the motor can transfer its power to the manual tuning shaft. 

To follow the transfer of motor power to the tuning shaft, refer 
to Fig. 6-36 (b). Torque is applied by the motor (E3) through a 
coupling spring (39) to the drive shaft (30) and drive gear (12). 
Power is transferred from here to the planetary gear, from the 
planetary gear to the pinion gear, from the pinion gear to the power 
transfer gear, and, finally, from here to the power take off gear 
attached to the tuner drive shaft (31). The pinion gear at the upper 
end of the tuner drive shaft couples to the tuning gear of the manual 
tuning shaft, with the manual tuning shaft's pinion gear, in turn, 



246 PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES 

coupled through the crown gear and pinion (10), split gear and 
bushing ( 11), and clutch and disc assembly ( 5) to the treadle bar 
mechanism which moves the core carriage and tuning cores. The 
pinion gear of the tuner drive shaft (31) is secured to the shaft by 
a slip clutch to prevent damage to the motor in case the tuner is 
stopped while searching. 

As a station is tuned in, a combi:qed signal (WC, Fig. 6-40) is 
developed at the grid of the trigger tube (12AE6, Fig. 6-39) by the 
addition of the AVC bias voltage (WA, Fig. 6-40) and the I.F. signal 
voltage (WB). As the combined signal shifts in a positive-going 
direction, the trigger tube draws more current through R31, develop-

TROUBLE SHOOTING CHART 

Thi• chart covers troubles which may be encountered in servicing &he 78MF receiver which are caused by the search-tuning 
mechanism. These problems are divided into four groups: 

I. PRELIMINA.RY for faulty operation when the power is turned on. 

2. ERRATIC OPERATION for faulty operation which causes the tuner to sweep erratically, 

3. STARTING for faults which cause the tuner to start improperly. 

4, STOPPING for faults which cause the tW1er to stop improperly. 

TEST 

1. PRELIMINARY 

z.. STARTING 

INDICATIONS AND INSTRUCTIONS 

Check tubes, Connect radio to power source as follows: radio "A" lead to positive side; radio hous• 
ing to negative side. After warm-up, adjust the input voltage to 14.4 volts. 

If tuner sweeps when power is turned on, check: 

I. Defective search selector switches E- 7 Ir E-8 
z. Pins I and 7 of 12.K5 relay tube for short to ground 
3. Switch contacts of relay E-5 defective or dirty 
4. Relay E-5 internally shorted 

If tuner sweeps after warm-up, check: 

I. IZKS relay tube for short to filament or cathode 

If tuner remains stationary after warm-up, go to TEST z. 

Disconnect the antenn:i. for the following checks: 

Check tuner for normal sweep by pressing first the TOWN search button; if sweep is normal, turn 
receiver off; check for normal sweep by turning receiver on and pressing COUNTRY search button; 
if tuner sweeps normally after these two tests, go to TEST 4. 

If tuner sweeps erratically after either search button is pressed, go to TEST 3, 

If tuner does not sweep after either search button is pressed and the motor does not run, check: 

I, Defective search selector switches E-7 & E-8 
2.. Low B+ at relay E-5 
3, Relay E-5 open 
4. Contact switches of relay E-5 defective or dirty 
5. Defective motor reversing switch E-4 
6, Defective motor E-3 
7. Motor choke coils L-9 &,. L-10 open 

If tuner sweeps Lut stops the instant either search bar is pressed and released, check: 

I. Defective IZK5 relay tube 
z. Resistor R-33 defechve 
3. Pin Z of the 12K5 relay tube for a short to ground 
4. Defective relay E-5 contacts 

If tuner does not sweep after either search bar is depressed and the motor does run, check: 

I. Motor coupling spring (39) jarred off of motor drive shaft or broken 
2. Open or weak solenoid E .z, 
3. Control clutch bent out of shape or out of adjustment 
4, Defective or dirty relay contacts 

If tuner sweeps but pointer movement is jerky, check: 

1. Crown ge'>r- 1'.nd pinion defective or disengaged 
l. cJ,,_,,:::h and riisc as!lemLlv ~liL,p:np. 

TABLE 6-K: SEARCH-TUNER TROUBLESHOOTING CHART - Model 78MF receiver. 



SERVICING "HYBRID" AUTOMOBILE RADIOS 247 

ing a negative pulse (WD, Fig. 6-39) which is applied to the relay 
tube (12K5) through C24. This reduces the relay tube's plate current, 
allowing the relay to drop out, opening the relay contacts and return
ing them to their original position. This, in turn, de-energizes the 
motor (E3) and solenoid (E2). With the solenoid de-energized, the 
carrier gear dis-engages, allowing the motor to coast to a stop. At the 
same time, E6's circuit is opened, returning the set to full sensitivity. 
The "coast distance" of the tuner after the relay is de-energized is 
approximately 2.5 KC. Therefore, the trigger tube must apply its 
negative pulse to the relay control tube (12K5) 2.5 KC before the 
tuner reaches the station's center frequency. This is accomplished 
by the combined action of the AVC bias and I.F. signal voltages, 

TEST 

3. ERRATIC 
OPERATION 

4. STOPPDi'G 

TROUBLE SHOOTING CHART (Cont. l 

INDICATIONS AND INSTRUCTIONS 

Disconnect the antenna for the following checks: 

H tuner sweeps to high end and sticks there when operated with either search button and the motor 
runs, check: 

l. Radio incorrectly connected to the power •ource (See TEST 1 for proper polarity) 
z. Mia-adjustment o( motol' reversing switch 
3. Mechanical binding o{ tuner 
4. Motor incorrectly wired 

Ir tuner sweeps to low end and aticks there when operated with eitheJ:" search butt.on and the motor 
runs, check: 

1. Radio incorrectly connected to the power source (See TEST 1 for proper polarity) 
z. Mis-adjustment of motor reversing switch 
3. Mechanical binding of tuner 
4. Motor incorrectly wired 

If tuner sweeps and sticks at any point midway between either end. check: 

1. Tuner for mechanical binding 

If tuner a,veep• exceptionally fast or slow when installed in car. check: 

l. Input voltage of radio 
l. Mechanical binding 

Connect antenna and make sure ULat a.ntemi.a trimmer is properly adjuated (See Allpment 
Chart). 

ll t1.1Der 11weeps but stops on both •tron1 and wea.k •tationa when operated Mth the TOWN aearch 
bu"DD, check: 

1. Defective sensitivity switch E-6 
z. TOWN sensitivity control R -13 miaadjuated or shorted (for adju.atment. aee Alipmct 

Chai:-t). 

If tuaer •~eps normally but stops only on ati:-ong.atations when operated 'With the COUNTRY 
search button. 1;:heck: 

l. Defective sensitivity switch E-6 
z. NORMAL sensitivity control R-8 misadjuated or open (for adjuatment, aee Alipment 

Cha.rt). 
3. Proper adjustment of antenna trimmer 
4. Po.;,r or insufficient antenna 
5, Defective C-lZ 0 C-13 L: C-2.4 
6, Defective 1ZAE6 & lZKS 

ll t\lDer sweeps but fails to slop when operated with a search button, check: 

1. RF• conv, IF and detector tubes 
z. Improper adjuatment of a.ntenaa trimmer 
3. Poor or insufficient a.nteIW.& 
4. Defective coupling cap11.citou C-IZ, C-13 Ir. C-24 
S. Resistors R-32, R-l9 Cl R-30 
6. Low senaitivity 
7. Defective 1ZAE6 Trigger tube 
8. Defective 1ZK5 rela.y control tube 

If tuner sweeps normally but stops either before or after the station. check: 

I. Input voltage of radio with radio installed in car 
z. Sticky relay cont.a.eta 
3. Sticky control clutch 
4. Tension spring of conti:-ol clutch 
5, IF alignment 
6, Binding gears in search unit 
7, Shorted C-26 
8. Defective relay wirin1 
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compensating automatically for differences in picked-up signal levels. 
Search tuning mechanisms, like any other electro-mechanical 

system, can develop a number of service complaints. Because of 
differences in mechanical layout and in drive and power coupling 
arrangements, these units are best serviced by following the individual 
manufacturer's recommendations. For general reference purposes, a 
Troubleshooting Chart applying specifically to the search tuner used 
in the Model 78MF receiver is given in Table 6-K. 

GENERAL SERVICE NOTES 

The following tips and notes, based on practical experience in 
servicing hybrid car radio receivers, should prove of value by reduc
ing diagnosis and repair time and in helping to avoid common pit
falls ... 

1) LOUDSPEAKERS - As a firm rule, do not operate transistor
ized audio amplifier stages without an adequate load. Use a test loud
speaker if the receiver's original speaker is not available ... or, in 
a pinch, use a "dummy" load - this can be a 10 or 20 watt, 5 ohm 
resistor. If an audio amplifier is operated without a load, high 
transient voltages can be developed across the output transformer's 
primary winding. These voltage "spikes" may exceed the output tran
sistor's maximum rating, punching through its junction and ruining 
the unit. 

2) MODULES - Many car radios use component modules. These 
are unit assemblies manufactured by an automatic assembly machine 
and consist of several resistors, capacitors, and similar components. 
To replace sections of a module which may become defective, use 
a sharp knife to open the circuit to the defective component, and 
replace with a standard component having the same electrical charac
teristics (as specified in the receiver's schematic diagram). If this 
proves impractical, the entire module may have to be replaced. Obtain 
these from the receiver manufacturer's local Parts Distributor. 

3) POWER SOURCE - Several items to watch out for here. First, 
make sure that your test power source is connected to the receiver 
with proper polarity. In some sets, the positive side of the D.C. 
source may be grounded to the chassis . . . in other sets, the negative 
side will be grounded; in general, the "ground" arrangement 
used will depend on the electrical system of the automobile for which 
the radio is designed. If polarity is accidentally reversed, the set 
will not work and components may be seriously damaged. Second, 
you'll find it worthwhile to monitor circuit current when you try out the 
set for the first time; if this runs unusually high, it may indicate a 
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shorted transistor or an excessively leaky by-pass in the "hot" side 
of the power circuit. Third, if you operate the set on a line-powered 
"Battery Eliminator," make sure that the unit is well-filtered and 
properly regulated. In addition, take care not to apply excessive D.C. 
operating voltages. When servicing receivers with search tuning 
mechanisms, an unusually heavy current drain may occur when the 
"search" mechanism goes into operation ( due to currents required for 
motor and solenoid operation) . . . watch for this, and adjust your 
power source accordingly. 

4) SET REMOVAL - Removing (and re-installing) a car radio 
can be a problem. A good general rule here is to remove the set only 
if absolutely necessary . . . make sure the service complaint is not 
caused by a faulty antenna connection, "weak" fuse, broken lead, or 
other defect external to the chassis itself. Since set removal may 
require as much time as needed for diagnosis and repair ( often, more 
time than for actual service), approach this step with caution and 
forethought. If possible, obtain Manufacturer's Service Manual and 
Installation Instructions. Otherwise, study set mounting carefully be
fore plunging in. Occasionally, the receiver can be reached most con
veniently through the car's glove compartment opening; here, it's 
necessary to remove the compartment's box first. Finally, turn the 
set "OFF" and disconnect its "hot" power line before probing about 
with a screwdriver or wrench . . . if you accidentally short an in
sulated heat sink, goodbye transistor! 

5) TRANSISTOR REPLACEMENT - Several things to watch for 
here ... 

(a) If you suspect a transistor, a shorted or open unit can often 
be checked with an Ohmmeter . . . see Section 10 for details. If you 
suspect a change in characteristics, the best test is to substitute a unit 
known to be in good condition. 

(b) Double-check the transistor mounting arrangement used. 
Depending on the receiver's design, the transistor's case may be ... 
(A) grounded to the receiver's chassis, (B) insulated from its heat 
sink with a fiber or mica washer, but with the heat sink grounded, 
or ( C) heat sink and transistor both may be insulated from chassis. 
Avoid shorts to chassis in cases (B) and (C). If necessary to re
place a transistor in case (B), check the insulating washer for pos
sible cracks or breaks, then recoat the washer liberally on both sides 
with silicone grease ( General Cement No. 8101) before installation. 
Watch for shorts through mounting screws, but make sure these are 
tight. 

(c) Check the mas Adjustment control (if used). This should be 
set for minimum emitter ( or collector) current before power is ap-
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plied; often, this will be its highest resistance setting. With the tran
sistor installed, adjust this control in the manner recommended by 
the set's manufacturer and to the current specified in his Service 
Manual. Do not exceed this current. Often, the bias adjustment will 
be made either for a specified emitter ( or collector) current, or for a 
specified voltage drop across a series resistor (such as an emitter 
resistor) in the transistor's circuit. Generally speaking, emitter current 
is 500 MA (half-amp) or less in single-ended stages, 1.0 amps or less 
in push-pull stages. 

6) TROUBLE ISOLATION - As mentioned in Section 1, the famil
iar Circuit Disturbance Test is not too effective in transistor circuits 
... and, in any case, should not be applied by "shorting" elements to 
circuit ground. However, this test can often be used in the tube 
stages of car radios. If a set is "dead," try pulling the audio driver 
tube (after the set has warmed up for a few minutes) ... if a noise 
or "click" is heard in the loudspeaker, the transistor stage is working. 
Often, a similar indication is given when the set is -first turned "ON" 
... here, a slight "thump" in the speaker indicates that the transistor 
is drawing current, since the transistor itself requires no "warm-up" 
time. An exceptionally heavy "thump" may indicate a leaky or par
tially shorted transistor. 

7) TUBES - Low voltage tubes used in hybrid sets ... the types 
using 12-volts on their plate and screen grid electrodes . . . may give 
inconclusive results when checked in conventional Tube Testers. In 
general, the best test is to substitute a tube known to be in good 
condition. 

8) OTHER TIPS - A few other things to watch for ... 

(a) Never ground a transistor's base electrode. 

(b) Watch for stray A.C. leakage ... such as induced currents 
from a soldering gun's transformer, leakage current between a stand
ard soldering iron's element and its case, and excessively high ripple 
voltages in Battery Eliminators. As a general rule, don't use AC-DC 
test equipment to check transistorized circuits . . . but, if absolutely 
necessary, connect an isolation transformer between the test equip
ment and the power line before using. If several pieces of test equip
ment are being used, and any are line-operated, bond their chassis 
grounds together with shielding braid or a heavy ground bus and 
connect to a good earth ground. 

( c) If making Signal Injection Tests in transistor circuits, use 
a small blocking capacitor in series with the "hot" signal lead. 

( d) Don't place your transistor stock . . . or your transistorized 
equipment . . . where it will be exposed to excessive heat. For 
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example, near a radiator, furnace, hot air register, or in a store window 
exposed to direct sunlight. 

TROUBLESHOOTING CHARTS 
Applying to all types of hybrid car radios, the Troubleshooting 

Charts given in Tables 6-L, 6-M, 6-N, and 6-0 may be used to help 
you Pin-Point troubles in minutes. Use these in conjunction with the 
standard Test Techniques outlined in Section 1, and with the General 
Service Notes given above. Table 6-L outlines basic Step-by-Step 
service procedure for hybrid automobile receivers; it is used in con-

STEP PROCEDURE REMARKS 

1 Confirm complaint - Try set in car; make sure fuse is Remove radio from cor only if 
good, antenna connection secure; if possible, remove trouble is in receiver itself, 
and check tubes by substitution; double•check power 
connection. 

2 Bench-check receiver operation - Remove from car, con .. 
nect to test antenna and meterecl power source; make 
sure power supply is normal. If current runs high or fuse 
blows, check for shorted transistor, then for short in 
power supply circuit. 

3 Check tubes - Preferably by substitution, as low voltage Check with tubes of same type 
tubes used in "hybrid" receiver1 are diffic,,dt to check known to be in good condition, 
on standard Tube Testers. 

4 Isolate trouble to defective stage - If set is .. dead, 11 See Section 1 for data on service 
pull first audio amp I ilier (tube). A click heard in loud- techniques. 
speaker indicates that audio ompl ifier is good, trouble in 
R.F.-1.F. stages. If complaint noise or oscillation, try 
odiusting Volume control; if this affects level of noise 
(oscillation), trouble is in R.f •• J.F. section; if this 
affects frequency (pitch) of interfering signal, trouble i1 
overall or in audio section. If complaint is "wealc opera• 
tion, 11 use Signal Tracing or Signal lniection technique, 
to isolate trouble to specific stage. 

5 Troubleshoot defective stage - Do this by checking Reier lo Tables 6°M, 6°N, 6°0, 
operating voltages, D.C. resistance of components. 
With defective part or connection isofotecl, make 
necessary repair. Replace defective components, 
resolder loose connections. 

6 Check operation - With repairs completed, double-check Check alignment if dial doesn't 
receiver operation before installing tn automobile. trade or if complaint involvecl 

tuning difficulties. 

--
TABLE 6-L: GENERAL TROUBLESHOOTING CHART FOR "HYBRID" CAR RADIOS -
Follow the procedures outlined here when servicing hybrid car radio receivers, referring 
to Tables 6-M, 6-N, and 6-0 as may be necessary. 
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junction with the other Tables. Table 6-M outlines complaints which 
may be caused by defects in the receiver's R.F., converter, and I.F. 
stages, and indicates which stages to check and possible component 
defects which may cause the complaints listed. Table 6-N is similar 
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to Table 6-M, but applies specifically to audio section troubles. 
While only tubes are used in the R.F.-I.F. sections of hybrid car 
radios, both tubes and transistors may be used in the audio section. 
Finally, Table 6-0 outlines typical service complaints encountered 
in the transistorized "B" supply circuits used in some sets, and in
dicates probable component defects . 
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TABLE 6-0: PPOWER SUPPLY COMPLAINTS TROUBLESHOOTING CHART - Relatively few hybrid auto radios use transistorized power 
• supplies to obtain "B" voltages for operating vacuum tubes. One example is the BENDIX FM Tuner shown in Fig. 6-25. However, where 
~ such power supplies ore employed, this chart may be used as o guide for the speedy isolation of defects. 



Section 7 

SERVICING TRANSISTORIZED AUTOMO,BILE 
RADIOS 

JUST AS HYBRID portable receivers were manufactured before fully 
transistorized portables became available in quantity, so did the 
hybrid car radio precede the fully transistorized set as a production 
item ... and for essentially the same reason - the early lack of reli
able low-cost R.F. transistors. Today, of course, numerous R.F. tran
sistor types are available from most semiconductor manufacturers 
and, as a result, the hybrid portable is virtually "dead" as a current 
design. In fact, relatively few of these receivers were manufactured 
even during its heyday, for its span of life, production-wise, was a 
fairly short one. Hybrid portables were just reaching reasonable sales 
levels when the introduction of competitively-priced fully transistor
ized sets just about killed public demand for hybrid receivers. Con
sumer demand and acceptance, of course, is the final determining 
factor in the design of any mass-production item. 

However, contrary to what one might conclude from a cursory 
study, the current situation of the hybrid car radio does not parallel 
that of the hybrid portable, even though fully transistorized auto
mobile receivers are now feasible and have been (and are being) 
produced by several manufacturers. Thus, the "hybrid" circuit con
tinues to occupy an important position in current car radio designs, 
and, to date, many more hybrid automobile sets have been produced 
than fully transistorized types. 

This situation is not hard to understand if we recall the basic 
differences between car radios and portable sets. A portable must be 
small, light, and economical to operate . . . long battery life is essen
tial. Initial cost, although a competitive factor, is of less importance, 
for the portable receiver, after all, is basically a "luxury" item. In 
contrast, the car radio . . . as any Used Car Dealer can testify . . . 
is often considered a "necessity." Here, size, weight, and power con-

255 
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sumption are of less importance as long as these factors are kept 
within reasonable limits; but initial cost is very important. Currently 
and, in fact, since its introduction, the transistorized automobile 
receiver is much more expensive than hybrid receivers of comparable 
performance. When a car manufacturer offers several different re
ceiver models for installation in his products ... and this is the 
general rule ... the transistorized receiver is usually the most ex
pensive "custom-deluxe" model; in some instances, fully transistor
ized receivers are available as factory-installed accessories in only 
the more expensive series of cars. This economic factor, then, has 
heavily influenced the relative popularity of transistorized versus 
hybrid car sets. 

The lower cost of hybrid car radios is due almost entirely to the 
lower cost of vacuum tubes as compared to transistors, for the other 
components used in receiver construction ... coils, resistors, capaci
tors, etc. . . . carry about the same price tag in both types of sets, 
and labor costs are about the same. Originally, the cost difference 
between tubes and transistors would have been more than offset by 
the need for a relatively expensive high-voltage "B" supply, but this 
economic advantage of the transistor was wiped out with the introduc
tion of efficient 12-volt vacuum tubes and the general trend of the 
automobile industry to 12-volt electrical systems. The economic 
advantage of hybrid circuits remains peculiar to car radios, however, 
for the power consumption of 12-volt tube designs, while low, is still 
too high to make these tube types acceptable for portable receivers. 

Transistor prices have followed a general downward trend since 
the first virtually hand-made units were offered at prices ranging from 
fifty to several hundred dollars each. At the same time, transistor 
specifications have been tightened and their electrical characteristics 
improved, permitting less critical circuit designs. If we extrapolate 
current trends, the day is not far distant when the transistor, as an 
amplifying device, will be less costly than vacuum tubes of com
parable performance. When this happens, we can expect a rapid 
switch-over, at the manufacturing level, to fully transistorized designs. 
On the other hand, it is possible that new tube designs will be in
troduced . . . such as the recently developed cold-cathode tube . . . 
which could halt or even reverse this trend. A more remote pos
sibility is that some totally new amplifying device with characteristics 
superior to both vacuum tubes and semiconductors will be invented 
and produced at prices competitive with both. 

At first glance, it would appear that a car radio could be designed 
using the same general type of circuits employed in transistorized 
portable receivers. Basically, this is true, but the practical operat
ing conditions to which the car radio is exposed necessitates more 
refined designs. As we have seen (Section 6), a car radio, in general, 
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must deliver more audio output power than a portable set. Further, 
since the car radio is operated in close proximity to many sources 
of electrical interference ... ignition hash, generator noise, road 
static, etc .... much better shielding and greater selectivity are 
required. The first is achieved by improved mechanical layout and 
construction and by the use of adequate line filters and shielding; 
the second by careful circuit design. In addition, the shielding and 
loading effect of the car's metal body may require higher sensitivity 
(more gain) is a car set. Finally, the public has become accustomed 
to many "accessory" features in car radios which it does not demand 
in portable or table-model sets, such as push-button and signal
seeking tuning arrangements, dual loudspeakers (for front and rear 
seats), fancier trim, and a layout which permits in-dash "built-in" 
installation. All of these factors influence transistorized car receiver 
design and, in general, tend to make car radios more complex and 
expensive than portable or home sets. 

From a practical servicing viewpoint, transistorized car radios 
may be tackled using a combination of the techniques found effective 
in troubleshooting portable receivers and hybrid automobile sets, as 
discussed in Sections 5 and 6, respectively. The same general types 
of defects are encountered and these cause similar service complaints. 
Similar test methods may be employed. Care must be taken, of course, 
to distinguish between semi-mechanical trouble in tuning mechanisms 
and signal-seeking devices and defects in the unit's actual receiver 
circuits. Often, this can be done by examining the nature of the 
customer's "complaint," or, if the complaint is a vague ... doesn't 
work ... by a simple preliminary check of the set's overall perfor
mance on manual tuning. If normal operation is obtained as the 
tuning knob is adjusted, but the set doesn't work when a station
selector push-button is depressed, the defect is probably mechanical, 
and can be found by carefully examining the operation of the push
button mechanism. By the same token, if normal performance is 
obtained on both manual and push-button tuning, but the radio works 
improperly when a "search-tuning" bar (or button) is actuated, the 
trouble is probably in the electromechanical signal-seeking device or 
in the trigger or relay circuits which control this mechanism. 

TYPICAL CIRCUIT OPERATION 

The schematic wiring diagram of Delco Radio's Model 7268085 
car radio receiver is given in Fig. 7-1. Designed for installation in 
1957 Cadillac Brougham automobiles, this receiver is the first fully 
transistorized set produced by one of the nation's largest car radio 
manufacturers and, since it incorporates such features as an R.F. 
stage, push-pull audio output, and semi-automatic signal-seeking as 
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Fig. 1-1: Schematic w,r,ng diagram of the DELCO Model 1268085 automobile radio. This was the first fully transistorized car 
radio and typifies advanced transistor receiver design. 
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well as conventional push-button and manual tuning, may be con
sidered as a basic or prototype design. Many later model receivers 
are simplified adaptations or slightly modified versions of this set . . . 
just as we found, in Section 5, that later transistorized portable re
ceivers used converter, I.F., detector, and audio circuits very similar 
to those found in the first fully transistorized portable, Regency's 
famous TR-1. An understanding of the Model 7268085's circuit, then, 
can serve as a firm foundation for the practical analysis of the circuits 
found in any transistorized car radios which the service technician 
may encounter in his work. 

Using thirteen transistors, the Model 7268085 was manufactured 
in two versions. These can be identified by their serial Numbers, with 
the sets carrying serial designations before No. HD 80 using one 
circuit, and those sets carrying serial Nos. after HD 80 using a 
slightly modified circuit. The chief differences between the two 
versions are found in the audio power amplifier which, in both 
sets, is assembled on a separate chassis. The schematic diagram of 
the audio amplifier used in later model sets is given in Fig. 7-2. 

We'll discuss circuit differences a little later in this Section. Both 
versions tune the AM Broadcast-Band from 540 to 1600 KC, and both 
use an I.F. of 262 KC. Overall sensitivity, in both, is approximately 
1 to 3 microvolts for an audio output of 1 watt. Maximum power 
output is on the order of 10 watts, delivered to a pair of 6" x 9" 
oval PM loudspeakers. Power requirements are 0.350 amperes (350 
milliamperes) at 12.0 volts D.C. for the earlier version, and 2.0 
amperes at the same voltage for later units. An interesting "accessory 
feature" of this receiver is an automatic antenna, which extends when 
the set is turned on and retracts completely when the radio is 
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switched off; this is achieved by the use of a separate antenna relay 
and control motor operated by the set's regular "ON-OFF" switch 
(part 185C, Fig. 7-1). 

Referring to the schematic diagram, we find that NPN transistors 
are used in all but the relay control, audio pre-amp, and power output 
stages; here, PNP units are found. In addition to the transistors, 
four semiconductor diodes are employed. The common-emitter con
figuration is used in all but the audio-detector (part 167, Fig. 7-1) 
and AGC* amplifier stages, with the common-collector arrangement 
used here. Low and medium power (milliwatt) transistors are used in 
all but the power output stage, where multi-watt types are installed; 
type 2N278, used here, has a maximum collector dissipation rating 
of 55 watts. A variable inductance tuning arrangement is used, with 
the movable ferrite cores of the antenna, R.F., and local oscillator 
coils ganged mechanically. 

In operation, R.F. signals picked up by the antenna are coupled 
through a shielded lead, antenna connector 209 and loading coil 1 
to antenna transformer 2; this unit's primary is tuned by its ferrite 
core and shunt trimmer capacitor 21. A step-down secondary winding 
is used to couple the antenna signal to the base-emitter circuit of the 
R.F. amp. (part 161), assuring a good match between the high im
pedance of the tuned circuit and the transistor's moderate input 
impedance; this arrangement, of course, minimizes circuit loading, 
insures high "Q," and thus permits good selectivity in the tuned cir
cuit. R.F. amplifier base bias current is furnished through a voltage 
divider made up of resistors 81 and 82, bypassed by capacitor 22. 
A variable emitter bias is used, obtained from the AGC circuit and 
applied through delay diode 174 and a voltage divider made up of 
resistors 84, 83, 124, and 123, with the last three resistors bypassed 
by capacitor 24; resistors 123 and 124 may be switched in and out of 
the circuit as a control over set gain by Sensitivity switch 196. The 
amplified R.F. signal delivered by the first stage is further selected by 
R.F. coil 3, tuned by its ferrite core and a shunt capacity network made 
up of fixed capacitor 28, trimmer 25, and padder 27. The output signal 
appearing across load resistor 85 is coupled through capacitor 29 to 
the base of the modulator or mixer stage (part 163). Collector bias 
is furnished through decoupling resistor 86, bypassed by capacitor 26. 

The separate local oscillator (part 162) employs the familiar 
tuned collector-base feedback circuit arrangement. Oscillator fre
quency is determined by collector coil 4, tuned by its ferrite core and 
by a shunt capacity network made up fixed capacitor 34, temperature 
compensating capacitor 35, and trimmer 32. Capacitors 34 and 35 

*NOTE-The terms AGC (Automatic Gain Control) and AVC (Automatic Volume Con
trol) are often used interchangeably. 
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form a capacitive voltage-dividing and impedance matching network, 
injecting the oscillator's output signal into the mixer's emitter circuit 
through capacitor 33. Oscillator collector current is supplied through 
decoupling resistor 90, bypassed by capacitor 31. The feedback 
necessary to start and maintain oscillation is furnished to the base
emitter circuit by a small coil coupled to collector coil 4, with base 
bias furnished through a voltage-divider made up of resistors 91 and 
92, bypassed by capacitor 36, working in conjunction with emitter 
resistor 89. The emitter resistor is not bypassed as an aid to circuit 
stabilization. Frequency stabilization is assisted by capacitor 30, con
nected between the transistor's emitter and collector electrodes; this 
capacitor loads the interlectrode capacity of the transistor, thus re
ducing the latter's effect on operating frequency. 

In the modulator stage (part 163), the selected R.F. and locally 
generated signals are combined to form the 262 KC I.F. signal. This 
signal is amplified and selected by the modulator's collector load, a 
tuned circuit made up of coil 5 and a small shunt capacitor; coil 5 
is tuned by an adjustable ferrite core. Modulator base bias current 
is obtained through a voltage divider made up of resistors 87 and 88. 
A variable emitter bias is used to obtain AGC action in this stage; 
the emitter bias is supplied through resistor 95, appearing across 
emitter resistor 93. Resistor 95, as we observe, is coupled back to 
the 1st I.F. amplifier's emitter circuit which, in turn, receives its 
variable emitter bias from the AGC circuit through a voltage divider 
made up of resistors 98 and 99, bypassed by capacitor 41. The selected 
and amplified I.F. signal is coupled through capacitor 39 to the 1st 
I.F. amplifier's tuned base circuit. 

Shielded coil 6, tuned by its ferrite core and a small fixed shunt 
capacitor, serves as the 1st I.F. stage's input circuit. A tap on this 
coil matches the high impedance of the tuned circuit to the tran
sistor's low base-emitter impedance, minimizing tuned circuit loading 
and assuring good selectivity. Base bias is furnished through a volt
age divider made up of resistors 96 and 97, bypassed by capacitor 38. 
As we have seen (above) a variable emitter bias is used to obtain 
AGC action. The tuned primary winding of I.F. inter-stage trans
former 7 serves as the 1st I.F. amplifier's collector load, with the 
amplified signal appearing here inductively coupled to an untuned 
step-down secondary winding which, in turn, feeds a signal to the 2nd 
I.F. amplifier. Collector bias current is obtained through decoupling 
resistor 101, bypassed by capacitor 43. Stage neutralization is provided 
by the feedback signal obtained from the I.F. transformer's secondary 
and coupled back to the stage's base circuit through feedback capa
citor 42. 

Operated without AGC, the 2nd I.F. amplifier receives its input 
signal from transformer 7's secondary winding. Base bias is fur-
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nished by a voltage divider made up of resistors 103 and 104, by
passed by capacitor 46, with bias stabilization insured by emitter 
resistor 105, bypassed by capacitor 45. The tuned primary circuit of 
interstage I.F. transformer 8 serves as the stage's collector load and 
this, in turn, is inductively coupled to the untuned step-down second
ary winding which drives the 3rd I.F. amplifier. Collector current is 
supplied through resistor 106, bypassed by capacitor 47. Stage neutral
ization is provided by capacitor 48. Resistor 107 and capacitor 23 
form a decoupling network in the emitter and base bias supply bus 
for the first four stages and local oscillator. 

Like the 2nd I.F. amplifier, the 3rd I.F. stage (part 166) is 
operated without AGC. It receives its input signal from transformer 
S's untuned secondary winding and supplies its output to the tuned 
primary winding of I.F. transformer 9. Base bias current is furnished 
through a voltage divider made up of resistors 108 and 109, bypassed 
by capacitor 51. Emitter resistor 110, bypassed by capacitor 50, helps 
stabilize stage bias. Collector current is furnished through decoupling 
resistor 111, bypassed by capacitor 52. Stage neutralization is assured 
by capacitor 53, connected between the stage's base electrode and the 
output I.F. transformer's (9) secondary winding. The transformer's 
(9) primary is tapped to provide a good match between the moderate 
output impedance of the transistor's collector circuit and the high 
impedance of the tuned circuit, thus maintaining high "Q" and good 
selectivity. 

Two outputs are obtained from the 3rd I.F. amplifier. One is 
supplied through inductive coupling between the output transformer's 
(9) tuned primary and untuned secondary windings. This signal is 
applied to AGC diode 175, which serves to rectify the signal and to 
develop an AGC D.C. control bias with a value proportional to the 
amplitude of the I.F. signal . . . and hence to the amplitude of the 
original R.F. signal picked up by the antenna. The AGC diode's 
output, filtered by capacitors 55 and 56, is developed across a voltage
divider made up of resistors 112, 113 and 117, serving as a diode 
load. From here, the D.C. control signal is applied through contacts 
on the search-tuning mechanism's relay 188 to a direct-coupled com
mon-collector AGC amplifier. The amplified AGC control signal, in 
turn, is applied through emitter resistor 121, bypassed by capacitor 44, 
and through decoupling resistor 102, bypassed by capacitor 40, as a 
variable emitter bias on the R.F. amplifier, modulator (mixer), and 
1st I.F. amplifier stages. A slight "delay" in the application of AGC 
control to the R.F. amplifier is achieved by the use of series diode 
174. In practice, the AGC control signal must build up to the point 
where it exceeds the fixed bias developed across the R.F. stage's 
emitter resistors before AGC can be applied to this stage; at levels 
below this value, the diode (174) is biased by emitter voltage in its 
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high resistance (or non-conducting) direction. This permits the R.F. 
amplifier to work at optimum (maximum gain) bias levels for weak 
input signals. When a very strong signal is received, however, AOC 
bias can be applied to the stage and, in some cases, may become 
strong enough to "cut-off" collector current. When this happens, the 
R.F. amplifier stops working as an "amplifier" and the R.F. signal is 
transferred from its input (base) to its output (collector) circuit only 
through the transistor's interelectrode capacities. 

Returning to the 3rd I.F. amplifier, its second output is obtained 
directly from the I.F. transformer's (9) tuned primary winding 
through capacitor 54 and is applied to the 2nd detector's tuned input 
circuit, coil 10. This coil is tuned by its ferrite core and by a small 
fixed shunt capacitor, and is tapped to provide an output signal to 
the 2nd detector, made up of diode 176 and a common-collector. de
tector-amplifier (part 167). This stage, as is characteristic of com
mon-collector amplifiers (see Section 10), has a high input impedance 
and thus presents minimum loading to the tuned circuit, insuring good 
selectivity. The demodulated (audio) signal appears across the col
lector load, made up of resistors 114, 115, and 116, with the latter 
two shunted by Volume control 185A; capacitors 57 and 58 serve as 
I.F. bypass units. A switch type Tone control circuit is used; this is 
shunted across the Volume control, and is made up of selector switch 
185B, resistor 119 and 120, and capacitors 59 and 60. As different 
R-C combinations are switched across the Volume control by 185B, 
more (or less) of the higher frequency audio signals are bypassed, 
thus altering the receiver's overall audio frequency response. 

From the Volume control (185A), the audio signal is connected 
to the audio amplifier chassis through plug and jack combination 
206A-215, and is applied to the primary winding of interstage trans
former 201 through D.C. blocking capacitor 66. The transformer's 
primary winding is shunted by load resistor 137. The audio signal 
appearing across 201's secondary is applied to the audio pre-amp's 
(171) base-emitter circuit, with this stage's amplified output signal 
developed across its collector load, the primary winding of driver 
transformer 200. A small bypass capacitor, 62, serves as a shunt for 
higher frequency audio components which may be introduced by 
harmonic distortion. Pre-amp base bias is furnished through a voltage 
divider made up of resistors 133 and 134 working in conjunction with 
emitter resistor 132, bypassed by capacitor 63. A small feedback wind
ing on driver transformer 200 is connected in series with the pre-amp's 
emitter electrode and serves to introduce degenerative (inverse) feed
back, stabilizing stage operation and reducing distortion. 

The driver transformer (200) applies a signal to the push-pull 
output power amplifier through its center-tapped secondary winding. 
This stage consists of two PNP power transistors operated as a Class 
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PARTS LAYOUT-CHASSIS VIEW 
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PARTS LAYOUT 

Fig. 7-3: Parts layout diagram for the Model 7268085 receiver. Alignment adjust
ments are identified. 
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B common-emitter amplifier. Base bias is supplied through a resistive 
network including resistors 128, 129 and 130, temperature-compen
sating thermistor 127, and Bias Adjustment control 131. Unbypassed 
emitter resistors 125 and 126 serve to stabilize and balance stage 
operation. The push-pull amplifier's output is coupled to its loud
speaker load through impedance matching transformer 202. Bypass 
capacitor 61, connected across the output transformer's primary wind
ing, serves to bypass high frequency signal components, further re
ducing the effects of harmonic distortion. A fixed resistor, part 153, 
is connected across 202's secondary as a permanent load, preventing 
the operation of the power amplifier without a load in the event the 
two loudspeakers were disconnected. This guards against transistor 
damage due to the transient voltage spikes which can develop in 
unloaded output amplifier circuits. 

Later versions of the Model 7268085 receiver used the audio 
amplifier circuit shown in Fig. 7-2. A comparison of this circuit with 
that given in Fig. 7-1 reveals that the major change is in the power 
amplifier's biasing network, with a greater bias current used in the 
later version, shifting the amplifier from Class B towards Class A 
operation. This, in turn, required a change to a different output trans
former. In addition, since a Class A amplifier has less inherent dis
tortion than a Class B (or Class AB) stage, it became possible to 
omit the power amplifier's collector bypass capacitor (part 61, Fig. 
7-1). One other change in circuit operation took place ... a Class 
B amplifier draws little or no collector current when "idling" under 
zero signal conditions (see Section 10), but a Class A stage requires 
an appreciable current. Thus, earlier versions of the receiver (using 
a Class B power amplifier) required only 0.350 amperes for operation 
under zero signal conditions, while later versions ( using a Class A 
power stage) require 2.0 amperes under the same conditions. 

Returning to Fig. 7-1, the operation of the signal-seeking mecha
nism is essentially like similar units used in tube-operated receivers, 
but with the trigger amplifier and relay control tubes replaced with 
transistors handling the same functions. The transistor circuit used 
here is of particular interest, however, in that the complementary 
characteristics of NPN (part 172) and PNP (part 173) transistors 
are used to permit direct-coupling between stages. As may be recalled, 
a similar circuit arrangement was used as a direct-coupled audio 
amplifier in the GE Model 675 portable receiver (see Section 5, 
Fig. 5-12). 

ALIGNMENT. The Model 7268085 receiver may be aligned using 
a standard R.F. Signal Generator and VTVM. A battery-operated 
VTVM is preferred, if available. The general precautions outlined in 
Section 1 referring to the use of line-operated equipment should be 
observed. The location of Alignment adjustments are indicated in the 
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DUMMY SIGNAL GENERATOR GENERATOR RECEIVER TUNING OUTPUT ADJUSTMENT IN ORDER 
ANTENNA* CONNECTION** FREQUENCY METER FOR INDICATED READING 

J. 
Direct Bose of 3rd l,F, amplifier, 262 KC H.F. Stop*** 

.. 
A (Maximum) ¾~ 

0 0 
0 .. 
~ ... 

Direct Bose of 3rd l,F. amplifier, 262 KC H.F. Stop* .. o .E i B (Minimum) ,!: 1 C 

E • " • .. 0 

Direct Base terminal of modulator. 262 KC H.F. Stop*** 
t- M 'S 

C, D, E, F, (All for Maximum) u O ... 
C) E 'S 
,cc !: 0 

Antenna Connect. 
E t ~ 

G, H, J•••• (All for Maximum) ,000082 Mid. 16ISKC H.F. Stop••• lC? f ~C"'): 
> •• 

• 000082 Mfd. Antenna Connect • 600 KC 600 KC I- :;) C) L, M (Maximum) > -... ! 
u ·- 0) ... ·-
C "ti) 

,000082 Mfd. Antenna Connect. 1615 KC 1615 KC Ca a 
J-5 .5 

H, J (Maximum) 

,000082 Mid. Antenna Connect. 900 KC Pointer calibration adjustment - tune set for maximum output, and 
adjust pointer to 900 KC. 

None With radio installed and car antenna plugged in, tune to weak station between 600 and 1000 KC, then adjust antenna 
trimmer "G" for maximum volume. 

*Dummy antenna in series with "hot'? Signat Generator iead. 
**Signal Generator "ground" lead must be very short; returns to chassis. 

***To tune to H.F. Stop, insert piece of 1125 bare wire In slot against high frequency atop, then depre11 station selector bar and allow arm 
to run against this wire. Tum radio off, then on again. 

****Before adjusting, check setting of oscillator core "H." The rear of the care shauld be 1-S/8" fram the -unting end of the coll form, 
Make this measurement by inserting a small dowel cir plug in the mounting end of the farm. The core adjustment is made with a non• 
magnetic screwdriver. Antenna and R,F, corH should be at least as far from the mounting end af their coil forms as the oscll lator core, 

TABLE 7-A: Alignment data for the receiver shown in Fig. 7-l. Reier to Fig. 7-3 for ad/ustment location. 
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chassis layout diagrams given in Fig. 7-3. Detailed Alignment pro
cedure, including equipment connections, frequency settings, and order 
of adjustment is outlined in Table 7-A. Note that the primary of the 
4th I.F. coil (part 9, Fig. 7-1) is aligned first. Before starting Align
ment, the receiver's Volume control should be set to maximum output, 
the Sensitivity switch for maximum gain, and the Tone control to its 
Treble position. During Alignment, the receiver's AGC voltage (used 
as an output indication) should not be allowed to exceed 3.0 volts, 
with the Signal Generator's Output or Level control readjusted as 
often as necessary to stay within this value. 

OTHER CAR RADIOS 

The Delco receiver we have examined in detail represents just 
about the most complex design encountered in day-to-day service 
work, and a good understanding of this set will make the practical 
analysis of other receivers a relatively simple task. Generally speak
ing, the typical transistorized automobile radio will employ a sim
plified and slightly modified version of the schematic given in Fig. 
7-1, and, often, will use a circuit only slightly more complex than 
those found in common six and seven-transistor portable sets. Search
tuning mechanisms, for example, are used only in the more expensive 
"deluxe" receiver designs. Most sets use a two-stage (rather than 
three) I.F. amplifier, and rely on a single transistor converter rather 
than separate local oscillator and mixer units. Of course, either NPN 
or PNP transistors may be used, depending on the preferences of 
the individual manufacturer. For example, the Motorola GV-800 
receiver, a "universal" set designed for installation in many types 
of automobiles, uses 8 PNP transistors; its circuit includes a R.F. 
amplifier, a standard converter, two I.F. amplifiers, a diode-type 2nd 
detector, an audio preamplifier, an audio driver stage, and a push
pull output stage using a pair of power transistors. Another common 
departure from the circuit we examined is the use of a single-ended 
rather than push-pull output stage; here, the circuits used are similar 
to those found in hybrid automobile sets (as discussed in Section 6). 

There is one other type of car radio which is unique to transis
torized designs . . . the combination "portable" and built-in auto
mobile receiver. As of this writing, relatively few of these sets have 
been distributed, but this general design is growing in popularity. 
A typical instrument in this class consists of two semi-independent 
components ... (a) a permanently installed chassis in the auto
mobile, and (b) a removable self-contained portable receiver. Gener
ally speaking, the set's "built-in" chassis is basically a mounting rack 
for the separate portable radio, but includes a multiple-contact plug, 
a large PM loudspeaker, and a "booster" power amplifier, plus ap-
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propriate line filters (choke coils and spark-plate capacitors) to 
permit power to be drawn from the car's electrical system. In addi
tion, a conventional antenna is mounted in the car. The removable 
unit is a complete portable radio, including a built-in antenna "loop," 
self-contained battery power pack, and its own miniature loudspeaker. 
Its overall construction differs little from that of good quality more 
conventional portables; it is better shielded, of course, and is equipped 
with a multiple-contact socket-switch. 

In operation, the portable set is used like any standard receiver 
when removed from its mounting rack. When installed in the auto
mobile, however, the receiver's multiple-contact socket-switch and the 
mounting rack's corresponding plug interlock, automatically switching 
a number of receiver circuits, as follows: 

1) The receiver's miniature loudspeaker is disconnected, with 
the set's medium power "output" amplifier connected to serve 
as a "driver" for the higher-powered booster amplifier per
manently installed in the car. This, in turn, drives a larger 
PM loudspeaker. 

2) The receiver's built-in "loop" antenna is disconnected, with 
the car's permanently installed "whip" antenna connected in 
its place. At the same time, an appropriate tuned circuit 
is substituted for the "loop" coil. 

3) The receiver's self-contained battery power pack is discon
nected and power is supplied (through appropriate filters) 
from the car's electrical system. At the same time, an R-C 
network may be switched into the receiver's bias supply bus 
to compensate for any differences in supply voltage; in some 
cases, for example, the battery power pack used in the "por
table" supplies less voltage than the car's electrical system. 

4) A dial (pilot) lamp may be connected. Generally, these are 
not used in portable receivers due to their high current re
quirements, but are a necessity in automobile sets. 

5) One or more special "control" circuits may be added to the 
receiver's basic operating circuit. For example, a simple Tone 
control. 

Circuit-wise, the "portable" part of a combination receiver is 
virtually identical to conventional portables, while the built-in 
power amplifier is essentially a duplicate of the output amplifier 
found in hybrid car radios. The Delco Radio Model 988837 receiver 
is a typical example of this type of construction. Designed for in
stallation in 1958 Pontiac automobiles, this set is a combination unit. 
The "portable" receiver itself includes a R.F. stage, mixer, separate 
local oscillator, two I.F. amplifiers, a diode-type 2nd detector, a diode 
A VC rectifier, an A VC amplifier, an audio driver, and a push-pull 
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power output stage, plus a built-in 3" PM loudspeaker and its own 
self-contained 6-volt power pack made up of four penlight cells (or 
equivalent mercury cells) connected in series. NPN transistors are 
used in all but the audio stages, with PNP units used here. Except 
for the A VC amplifier, which is wired in the common-collector ar
rangement, the common-emitter configuration is used throughout. 
The separate "booster" amplifier wired as part of the receiver's 
permanently installed "mounting rack" uses a PNP power transistor 
as a single-ended Class A amplifier driving a 6" x 9" oval PM loud
speaker through a standard impedance-matching auto-transformer. 
The "mounting rack" also includes a Tone control circuit, automatic
ally connected into the set's audio system when the receiver is 
mounted in the rack. When operating on its self-contained batteries, 
the receiver requires an operating (no signal) current of 6.0 MA at 
6.0 volts, D.C. When used in the car and plugged into its mounting 
rack, the set draws 1.2 amperes at 12.6 volts. The higher current 
requirement in the latter case is due in part to the power needs of the 
power transistor booster amplifier, and in part to the power needs of 
current drawn by the set's dial light (which is not used with the 
receiver out of the car). Using an I.F. of 262 KC, this set tunes the 
standard AM Broadcast-Band from 550 to 1600 KC. 

As far as servicing is concerned, the "portable" part of a combi
nation receiver may be handled like any standard portable, using the 
techniques outlined in Section 5. The "booster" amplifier may be 
serviced using the methods applied to the power output stages of 
hybrid car radios, as discussed in Section 6. In general, combination 
receivers are much easier to repair than more conventional car radios, 
for they are much easier to remove (and to re-install). 

GENERAL SERVICE NOTES 

Since transistorized automobile radio receivers, in general, repre
sent a combination of the circuits used in conventional portable sets 
with the construction techniques and special circuits peculiar to auto 
radios (such as signal-seeking tuners), the General Service Notes 
found in Sections 5 and 6 will be found useful. In addition, the fol
lowing notes should be of help ... 

1) CABLES - Where a receiver consists of two or more separate 
units, interconnected with multiple-conductor cables, these cables 
should be checked whenever the set is inspected or serviced. They 
are particularly suspect in the case of "intermittent" complaints. A 
good check, here, is to try wriggling the cables while the radio is 
operating. If an intermittent complaint can be made to "come and 
go" as a particular lead or cable is moved, there may be an intermit
tent short or open, or poor plug and socket connection. 
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STEP TEST PROCEDURE 

1 Confirm complaint - Check receiver's operation in car. Make sure line fuse is O.K., 
that adequate power is available, that antenna connection is secure. When sure 
defect is in receiver itself, remove for bench tests. 

2 Bench•test receiver - Connect ta metered and fused test power supply (battery or 
line•operated supply), turn ON and check current drain. 
(a) If normal, go to Step 3, 
(b) If excessive, or if line fuse blows, check for short in line, including line filter 

capacitors (67, 71, Fig. 7-1), 

3 Operational check - Connect antenna, turn sensitivity control to maximum. Depress 
Wonder Bar and start tuner searching. If line•operated supply is used for test instead 
of storage battery, adjust to 16.0 volts before depressing Wonder Bar. 
(a) If tuner stops at station points normally received in your area (even though no 

sound may be heard in loudspeaker), trouble is in audio stages. Refer to Tobie 

(b) 7i-c. f tuner fails to stop, or stops on fewer stations than normal, go to Step 4. 
(c) If tuner fails to start, automatic tuning mechanism is at fault. 

4 Preliminary isolation test - Disconnect antenna; torn Volume control to maximum. 
(a) If nothing is heard, leave control at maximum. Go to Step 5, 
(b) If a hissing sound is heard, trouble is probably in oscillator stage, R.F. stage, 

or antenna circuit. Take the antenna lead and touch to the base electrode of the 
mixer (163, Fig. 7-1), 
(1) If noise is heard, but no signals con be picked up on manual tuning, check 

the oscillator stage. 
(2) If signals can be heard with antenna or mixer base, move antenna bock to 

base electrode of R.F. stage (161, Fig, 7-1), If signals are weaker or absent, 
R.F. stage is defective. 

(3) If signals can be heard with antenna at R.F. stage base, move antenna lead 
back to antenna connector. If signals are weaker or absent, trouble is in 
antenna circuit or input transformer. 

5 Isolation tests - Use a standard R.F. Signal Generator to obtain a modulated R.F. 
signal at 262 KC and apply through a 0.1 Mfd, capacitor to base electrode of audio• 
detector stage (167, Fig. 7-1). 
(a) If no signal is heard, trouble is in audio stages, Refer to Tobie 7-C, 
(b) If a signal is heard, leave Signal Generator controls set at a level which 

produces a moderate output and go to Step 6. 

6 Check 3rd I.F. stage - Transfer the Signal Generator lead (and series capacitor) 
to the base electrode of the 3rd I.F. amplifier (166, Fig. 7-1). Compare the output 
with that obtained in Step S(b). 
(a) If output is approximately the same, adjust Signal Generator's Level control until 

signal can just be heard in loudspeaker, then go to Step 7. 
(b) If output is reduced ar absent, check 3rd I.F. stage and input to audio-detector 

(167, Fig. 7-1). 

Continued on next page 

TABLE 7-B: GENERAL TROUBLESHOOTING CHART. This chart outlines the basic 
test procedure fo follow when servicing the Model 7268085 receiver. The basic tech
niques described may be applied to ANY transistorized ca, radio, however. 
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STEP TEST PROCEDURE 

7 Check 2nd I.F. stage - Transfer Signal Generator lead (and series capacitor) to base 

electrode of 2nd I.F. amplifier (165, Fig. 7-1) ond compare output to that obtained in 
Step 6(a). 
(a) If output is much greater, readjust Level control until signal can just be heard and 

go to Step 8. 
(b) If output from loudspeaker lai Is lo increase ot is ob sent, check 2nd I.F. stage, 

including the 1,F. transformer between the 2nd and 3rd stages. 

8 Check 1st 1.F. stage - Transfer Signal Generator lead (and series capacitor) to base 
electrode of 1st I.F. amplifier (164, Fig. 7-1) and compare output to that obtained in 
Step 7(o), 
(a) If output is increased, readjust Level control until signal can just be heard and go 

to Step 9. 
(b) If there is no increase in output, check the 1st I.F. amplifier, including the I.F. 

transformer between 1st and 2nd stages. 

9 Check mixer (modulator) stage - Transfer the Signal Generator lead (and series ca• 
pocitor) to the base electrode of the mixer stage (163, Fig. 7-1). Compare the loud-
speaker's output with that obtained in Step 8(a). 
(o) If output is greater, readjust Level control until signal con barely be heard and 

go to Step 10. 
(b) If there is no increase in output, check the mixer stage including the 1.F. 

transformer between the mixer and 1st I.F. amp I ifier. 

10 Check local oscillator -Readjust Signal Generatar to supply a modulated R,F, signal 
at a frequency corresponding lo the receiver's dial selling. With the generator's out• 
put lead applied through a 1.0 Mid. series capacitor to the base electrode of the mixer 
(163, Fig. 7-1), "rock" the generator's dial slightly until a signal is obtained, and 
compare its output to that obtained in Step 9( ~). 
(a) If output is approximately the same, the oscillator is working, Go to Step 11. 
(b) If there is no output, check the local oscillator. Connect a VTVM to the em i lier 

electrode of the mixer (and ground) and set on its lowest range. Pull the oscil• 
lator transistor from its socket (162, Fig. 7-1), If emitter voltage reading drops, 
the oscillator is working. If voltage remains unchanged, oscillator is not work-
working. 

11 Check R.F. stage - Transfer Signal Generator lead (and series capacitor) to base 
electrode of R.F. amplifier (161, Fig. 7-1) and compare the output to that obtained 
in Step 10. Readjust Signal Generator frequency slightly if necessary, 
(a) If output is approximately the same, check the antenna circuit, 
(b) If output is considerably weaker or not present, check the R,F. stage. 
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2) CONNECTORS - "Combination" receivers use multiple-con
tact connectors (sockets and plugs) between the receiver proper and 
its built-in mounting rack in the automobile. If the set works properly 
out of its rack, but doesn't work when installed, first check the line 
fuse, then look for trouble in the connector. Typical defects are dirty 
contacts and weak or bent contact springs. Defective connectors may 
cause a variety of service complaints, ranging from "dead" to "weak," 
"noisy," or "intermittent." 

3) CURRENTS - As in servicing hybrid auto radios, a preli
minary check of the receiver's current requirements is a good idea, 
and will help to identify serious defects, such as a shorted transistor 
or filter (bypass) capacitor. Care must be taken when interpreting 
current readings, however, due to the widely varying current require
ments of fully transistorized car radios. In general, if the receiver uses 
Class B power output amplifiers, its current requirements will be but a 
fraction of an ampere . . . perhaps as low as a tenth of an amp 
(or 100 MA) if pilot and dial lamp currents are ignored. If a Class 
A power amplifier is used, on the other hand, power requirements 
will be much higher, and will compare, roughly, with those en
countered in hybrid car radios; typical currents here may range 
from 1.0 to as high as 2.5 amperes. 

4) TEMPERATURE COMPENSATION - Special components to 
compensate for varying ambient temperature conditions may be used 
in various stages of transistorized car radios. Temperature compen
sating ceramic capacitors are used quite often in local oscillator cir
cuits; here, the units serve to stabilize operating frequency with 
temperature changes. Thermistors (temperature sensitive resistors) 
are used to determine the bias of power amplifier stages; they serve 
to adjust transistor base bias currents automatically with changes 
in temperature, thus maintaining linear, distortion-free operation and 
reducing the possibilities of thermal runaway. If a service complaint 
involves "temperature sensitivity" . . . for example, "the set works 
fine on cool days, but distorts on hot days" ... the trouble is probably 
due to either a leaky transistor or to a defective temperature com
pensating component. 

5) TRANSISTORS - The General Service Notes outlined in 
earlier Sections apply here. Important points to remember ... (a) 
don't operate a power amplifier stage without a load, as this may 
damage power transistors; (b) when replacing R.F. or I.F. transistors, 
realignment and an adjustment in the neutralization network (if used) 
may be necessary; (c) push-pull transistor circuits are generally 
designed to used matched pairs; (d) don't try to check transistor 
stages by shorting base electrodes to ground as a variation of the Cir-
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STEP TEST PROCEDURE 

1 Preliminary check - Disconnect antenna, Turn set Volume control to 
maximum. Place one finger on base electrode af the audio-detector 
stage (167, Fig. 7-1). A hum, buzz, or similar noise should be heard 
in the loudspeaker. If no signal is heard, go to Step 2. 

2 Check output stage - Remove 1st audio stoge transistor (171, Fig, 
7-1} and apply an audio signal to the base element of each autput stage 
transistor (169, 170, Fig, 7-1), one at a time. The test signal may be 
obtained from an Audio Signal Generator ar from the A.F. Output jack 
of a standard R.F. Signal Generator, 
(a) If a weak signal is heard in the loudspeaker as each transistor is 

checked, the output stage is working; go to Step 3. 
(b) If no signal is heard, check the output stage, including the loud-

speaker, 

3 Check interstage transformer - Apply the test audio signal to the col• 
lector pin of the l st audio stage socket (the transistor was removed in 
Step 2). Compare the signal output to that obtained in Step 2(a). 
(a} If signal is increased, go to Step 4. 
(b} If signal is same, weaker, or absent, check the driver transformer 

(200, Fig. 7-1). Turn set's power off and check the transformer 
for continuity and shorts, 

4 Check 1st audio stage (driver) - Reinstall the 1st audio transistor (171, 
Fig. 7-1) and apply your test audia signal to its base electrode, com• 
paring the loudspeaker output to that obtained in Step 3. 
(a) If output is much louder, go to Step 5. 
(b) If output is about the same or weaker, check the 1st audio stage, 

Try a replacement transistor if voltage and continuity tests give 
normal results. 

5 Check audio-detector stage - As a final check, apply a test audio 
signal to the base electrode of the audio-detector stage (167, Fig. 
7-1), comparing the output here with that obtained in Step 4. 
(a} If output is approximately the same, the audio-detector stage 

is narmal, 
(b) If output decreases, check this stage, 

TABLE 7-C: AUDIO TROUBLESHOOTING CHART. II the test procedures described 
in Table 7-8 indicate the defect to be in the audio section, use the techniques outlined 
here to isolate the trouble to a specitc part or connection. 
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cuit Disturbance Test; (e) don't short heat sinks or power transistor 
cases to ground; (f) be sure to adjust emitter current (base bias) 
in power stages. 

6) VOLTAGES - When bench-checking car radios using a line
operated Power Supply, simulate actual operating conditions as nearly 
as possible. In a nominal "12-volt" electrical system, actual D.C. 
voltages may run to 14.4 volts or more and may drop under 
12-volts under heavy loads. As a final check on a repaired receiver, 
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make sure that it will operate properly with both higher and lower 
operating voltages ... but don't apply an excessively high input volt
age. A good range for most checks is from 11.5 to 14.5 volts. 

7) OTHER NOTES - Except when servicing "combination" re
ceivers, don't "pull" a set unless sure that the defect is in the receiver 
chassis and not in connector cables, antenna lead, power lead, or 
other circuits external to the set itself. If the complaint is an obscure 
one, try the set's operation both with motor off and with the engine 
running, "gunning" the motor slightly; this will increase supply volt
age slightly, and may provide a clue as to the type of trouble. 

TROUBLESHOOTING CHARTS 

Since the basic circuits used in transistorized car radios are 
very similar to those employed in portable receivers, the Trouble
shooting Charts given in Section 5 (Tables 5-G, 5-H, 5-I, 5-J, 5-K, 
5-L, and 5-M) may be used as a guide to servicing these radios. 
Additional Charts which may prove useful are given in Tables 7-B, 
7-C, and 7-D. Tables 7-B and 7-C outline the manufacturer's recom
mended Service Procedure for the Delco Model 7268085 receiver 
discussed in this Section, with Table 7-B applying specifically to 
troubles in the R.F.-I.F. circuits and Table 7-C used for troubles in 
the audio section. Although applying to a specific receiver, both of 
these tables may be used, with but little modification, when checking 
virtually any transistorized car set. Finally, Table 7-D lists common 
service complaints, indicating the stage (s) of the receiver where 
the trouble is probably located and specific defects which may cause 
the complaints. 



Section 8 

SERVICING TRANSISTORIZED 

TELEVISION SETS 

WHILE COMMERCIALLY manufactured transistorized television 
receivers are just starting to appear in substantial quantities, the first 
transistorized TV set was designed and built not many months after 
the invention of the transistor itself. In fact, a number of basic TV 
circuits had evolved and several different types of TV sets had been 
built before mass-produced hybrid or transistorized AM Broadcast
Band receivers were offered to the general public. These early TV 
sets were all hand-made engineering models assembled by various 
semiconductor and receiver manufacturers to gain experience in 
practical transistor circuitry and to prove out basic design concepts. 
One of the earliest of these units was a portable TV receiver built by 
RCA. It used a 5" cathode-ray picture tube ( the only "tube" in the 
set) and a number of developmental transistors; the now obsolete 
point-contact transistor was used extensively in its design and, even 
here, carefully selected units had to be employed. Its performance, 
while adequate, left quite a bit to be desired in terms of tube-operated 
set standards ... but it did work! 

Since these early days, both TV receiver and semiconductor 
manufacturers have carried out extensive development programs. 
Special circuits were devised to overcome the limitations of existing 
components, only to be discarded when the introduction of new tran
sistor types made simpler circuits feasible. As in the case of AM 
receiver design, one of the major "stumbling blocks" to the intro
duction of fully transistorized TV sets was the early lack of reliable 
low-cost R.F. transistors. In TV circuits, however, the situation was 
aggravated by the much higher frequencies encountered. A transistor 
with an alpha or beta cut-off frequency (see Section 10, Table 10-B) 
of 3 or 4 MC, for example, can be used in all stages of a Broadcast
Band receiver, but is suitable for only a few stages in a TV set. An 

276 



SERVICING TRANSISTORIZED TELEVISION SETS 277 

alpha cut-off of 10 MC is needed for transistors used as wide-band 
video amplifiers or in intercarrier audio I.F. stages; 50 MC transistors 
are needed for video I.F. amplifiers, and, finally, cut-off frequencies 
of 250 MC or more are needed in TV tuner circuits. While such 
transistors could be obtained . . . and were, in fact, used in the 
experimental receivers ... they were not low-cost mass-produced 
units, but careful1y selected hand-made types. 

As we have seen in Sections 4 and 6, portable and car radio manu
facturers "side-stepped" the early lack of R.F. transistors by the in
troduction of "hybrid" receivers which used vacuum tubes in their 
R.F.-1.F. stages and transistors in their audio sections. Such a move 
was practical and desirable because both of these receiver types are 
battery-powered, and a switch even to hybrid circuits permitted 
substantial savings in power requirements. In TV sets, on the other 
hand, there were no compelling reasons to go to hybrid arrangements; 
as long as vacuum tubes have to be used in most stages and power
line operation is mandatory, the savings in power obtained by partial 
transistorization is hardly worth the extra cost involved. In addition, 
the relatively high temperatures developed by the remaining tubes 
could have an adverse effect on transistor operation. Transistors, 
like all semiconductor devices, are quite sensitive to ambient temper
ature conditions (hence the use of thermistors as compensating 
elements in audio amplifier designs). 

Unfortunately, high frequency limitations were not the only fac
tors preventing the early transistorization of commercially-built TV 
receivers. Relatively high signal voltages are needed to "drive' stand
ard picture tubes to full contrast; this, in turn, calls for the avail
ability of transistors capable of withstanding potentials on the order 
of 40 to 100 volts. Early junction transistors were invariably low-volt
age units. Finally, the comparatively high deflection currents needed 
by large cathode-ray tubes calls for the use of multi-watt (rather than 
milliwatt) power transistors in their sweep circuits. As we have seen 
( Section 3) , medium and high power transistors were not produced in 
quantity until some time after the introduction of low-power units. 

Today, however, these early technical limitations have been over
come with the introduction of new transistor types having adequate 
maximum ratings and performance specifications. R.F. transistors are 
available which can be used as oscillators and amplifiers to frequencies 
as high as 1,000 MC; "high voltage" units capable of furnishing ample 
video drive signals are produced by several firms; finally, there are 
many multi-watt power transistor types in production which are quite 
suitable for use in horizontal and vertical deflection circuits. As a re
sult, several manufacturers have developed transistorized (except for 
the picture tube) portable television receiver prototypes which are 
fully the equal of corresponding tube-operated models. One such 
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Fig, 8-1: As shown here, many transistorized television receivers, externally at least, are 
about the same size as vacuum tube-operated "portable" TV receivers. 

receiver is shown in Figs. 8-1 and 8-2. At the present writing, then, 
the only serious "road-block" to the wide distribution of transistorized 
TV sets is the economic factor . . . such sets are more expensive 
than tube-operated sets of similar size and performance. However, 
with the continuing downward trend in transistor prices, and cor
responding reductions in the cost of transistorized equipment, the 
repair and maintenance of transistorized TV receivers will become an 
important part of the service technician's work in the near future. 

TYPICAL CIRCUIT OPERATION 

From a functional viewpoint alone, the various sections found in 
a transistorized TV receiver bear an almost one-to-one relationship to 
corresponding sections in a tube-operated set and are interconnected 
in the same operational sequence. Thus, the block diagram of a typi
cal transistorized TV set, as given in Fig 8-3, is not far different from 
that of more familiar receivers. Both tube and transistor-operated sets 
have a Tuner ("Front-End"), Video I. F. Strip, Video 2nd Detector, 
Video Amplifier, Audio I.F. Strip, FM Detector, Audio Amplifier Sec
tion, AGC Control circuits, Sync Separator section, Vertical Deflec-
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tion circuits, Horizontal Deflection stages, a High Voltage source (for 
the CRT), and, of course, a suitable Power Supply. The differences 
between the two types of receivers, then, are found not in the func
tions of individual sections, but in the number of stages per section 
and in the detailed circuitry employed. As a general rule, transistors 
supply less gain per stage than vacuum tubes, with more stages re
quired to obtain similar overall gain in a receiver; as you may recall 
(Section 5) a six-transistor AM receiver has performance specifica
tions which approximate those of a typical five-tube set. 

Fig. 8-2: Chassis view of the transistorized TV receiver shown in Fig. 8-1. This set useJ 
a conventional cathode ray picture tube. Some sets use a small CRT and optical 
magnifying system. 

As far as overall performance is concerned, too, there is relatively 
little, if any, difference between tube and transistor sets. Both may use 
the same picture tubes, both receive all standard VHF TV chan
nels, both supply pictures of similar brightness, definition, and con
trast, both have similar sensitivity, both supply sound of similar 
volume and fidelity, and both have corresponding types of controls. 
Physically, transistorized sets may be about the same size and weight 
as tube-operated receivers. In both sets, the picture tube assembly is the 
chief factor in determining overall dimensions. While transistors 
and transistor components . . . are lighter than vacuum tubes, this 
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weight advantage is offset by the weight of the batteries used in the 
power supply. On the other hand, the power requirements of tran
sistorized sets are but a fraction of those of tube receivers ... typically, 
between 5 and 15 watts per hour versus 100 to as high as 350 watts 
per hour for tube-operated sets. Common TV set designs employ from 
20 to about 30 transistors, and from 6 to as many as 15 semiconductor 
diodes. 

Let's take a look, now, at typical transistorized TV circuits. The 
schematic diagrams of the various sections found in TV receivers are 
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given in Figs. 8-4 to 8-13, inclusive. These correspond to the identifica
tion of the individual sections, as shown in the block diagram (Fig. 8-3). 

TV TUNERS. Typical TV Tuner circuits are given in Figs. 8-4 (a) 
and 8-4(b). The Tuner (often called the set's "Front-End") receives 
the R.F. signals picked-up by the antenna system, selects the desired 
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TV channel, and combines this signal with a locally developed signal 
to form the video I.F. signal. Since frequencies up to the 200 MC 
range are encountered here, Tuner circuits generally use high-fre
quency junction tetrodes, MADT units, or diffused-base "Mesa" tran
sistors. Overall gain is generally between 10 and 30 db, depending on 
the types of transistors used and bandwidth; noise levels may run 
higher than is customary in tube-operated tuner circuits, particularly 
in low0 cost designs ... typical figures here are from 6 to 14 db. 

The circuit shown in Fig. 8-4 (a) uses PNP tetrode transistors. In 
operation, the balanced input signal supplied by a conventional an
tenna system is converted into a single-ended signal by Balun trans
former Tl, and coupled through Cl to the tuned input circuit, Ll-C2. 
From here, the selected channel signal is applied to the emitter-base 
circuit of Ql, connected as a common-base R.F. amplifier. Rl, by
passed by C3, serves as the emitter bias resistor, developing a small 
D.C. voltage which helps stabilize normal base bias, as well as to 
supply a "reverse bias" to the 2nd base connection (B2) * through 
R3. Base bias is furnished through voltage-divider R2-R4, bypassed by 
C4. Ql's amplified output signal is further selected by L2, tuned by 
distributed and inter-electrode capacities, and is applied through a 
coil inductively coupled to the local oscillator's coil (L3) and 
through C5 to the mixer stage, Q3, wired in the common-emitter 
configuration. 

Q2 serves as a local oscillator; the common-base configuration is 
used. Tapped oscillator coil L3 is tuned by Fine Tuning capacitor 
ClO. CS furnishes the feedback signal necessary to start and sustain 
oscillation. The reverse bias needed by the 2nd base is developed 
across emitter resistor Rll and applied to the base connection through 
R12. Normal base bias is supplied through voltage-divider R9-Rl0, 
bypassed by C6. C7 serves as an R.F. bypass across the power supply 
bus. In the mixer stage, Q3, the locally generated and selected incom
ing R.F. signals are combined to form the set's I.F. signal, which, in 
turn, is selected by Q3's tuned collector load, the primary winding 
of interstage I.F. transformer IFl. Q3's base bias is supplied through 
voltage-divider R5-R6 and stabilized by emitter resistor R7, bypassed 
by C9. The D.C. voltage developed across the emitter resistor also 
serves as a reverse bias for Q3's 2nd base connection, and is applied 
to this electrode through RS. A step-down secondary on IFl matches 
the mixer to the low input impedance of the 1st I.F. amplifier; CU 
serves as a D.C. blocking and I.F. coupling capacitor. 

A somewhat simpler Tuner circuit is shown in Fig. 8-4(b). Here, 
the R.F. amplifier stage has been omitted, and high-frequency PNP 

•NOTE: - For "tetrode" operation, the second base electrode connection is biased with 
a D.C. polarity opposite that normally applied to the base element. 
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triodes are used in place of tetrode transistors. Again, the balanced 
input signal is converted into a single-ended signal by Balun Tl. 
Since the R.F. stage has been omitted, adequate selectivity is assured 
by a double-tuned input circuit, made up of transformer T2 and ca
pacitors Cl, C2, and C3. The selected R.F. channel signal is applied 
to the base of common-emitter mixer Ql through ClO. Ql's base bias 
is obtained through voltage-divider Rl-R2 and applied to the base 
through an isolating R.F. choke (RFC), with bias stabilization as
sured by emitter resistor R3. 

The common-base configuration is used in the local oscillator 
stage, Q2, with Ll, tuned by C4 and Fine Tuning control C5, serving 
as the oscillator coil. The feedback necessary to start and maintain 
oscillation is furnished between collector and emitter circuits through 
C6. Q2's base bias is obtained from voltage-divider R4-R5, bypassed 
by CS, and is applied to the base through an isolation R.F. choke 
(RFC), bypassed by C7. Bias stabilization is assured by emitter re
sistor R6, isolated by a series R.F. choke (RFC). Ll is tapped to 
provide a low-impedance source, with the signal obtained here injected 
into the mixer's (Ql) emitter circuit through coupling capacitor Cll. 
Ql's emitter resistor (R3) is isolated by a series R.F. choke (RFC). 
The video I.F. signal developed by the mixer is selected by its col
lector load, IFl's tuned primary winding. As in the other circuit, IFl 
is provided with a step-down secondary, with its ouput signal applied 
to the 1st I.F. amplifier through coupling capacitor C12. C9 serves as 
a general R.F. bypass across the power bus. 

As a general rule, transistorized TV Tuners, like tube-operated 
units, employ a "turret" type tuning arrangement, with different R.F. 
and oscillator coils provided for each TV channel. Various I.F. values 
may be used, depending on individual manufacturer preferences, but 
the familiar "40-MC" I.F. is rather common. 

VIDEO l,F. Tube-operated TV I.F. strips generally use from two 
to four stages, with three stages being typical. Transistorized I.F. 
sections, in contrast, usually employ from four to six stages. Typical 
Video I.F. amplifier sections, including the 2nd detector stage, are 
illustrated in Figs. 8-5(a) and 8-5(b). The overall I.F. gain obtained 
will vary with the number of stages used, types of transistors em
ployed, and individual circuit designs, but is commonly between 65 
and 85 db; bandwidths are from 3.2 to 4.5 MC. AGC control is used 
in some designs, but not in others. Good quality R.F. transistors are 
used in the I.F. stages, but need not have as high a cut-off frequency 
as the units needed for the Tuner; tetrodes, MADTs, "Mesa" units, 
Surface-Barrier types, and high-frequency "Drift" transistors may be 
used in these circuits. The I.F. strip, of course, receives the I.F. signal 
developed by the receiver's "Front-End" and amplifies it to relatively 
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high levels, delivering its output to a 2nd detector which strips off the 
modulating signal for application to succeeding stages. 

Using high-frequency PNP triode transistors in the common-base 
configuration, the five-stage I.F. amplifier shown in Fig. 8-5 (a) has an 
AGC control signal applied to its first two stages, Ql and Q2. In opera
tion, the I.F. signal obtained from the receiver's "Front-End" is ap
plied to Ql's emitter-base circuit, appearing across emitter resistor R2. 
Emitter bias is furnished through voltage-divider Rl-R2. Q-l's ampli
field output signal is developed across its collector load, the tuned pri
mary winding of interstage I.F. transformer IF2, and inductively 
coupled to IF2's step-down secondary winding where it is applied to 
the 2nd stage, Q2; a step-down ratio here assures a good impedance 
match between stages. Collector current is furnished through de
coupling resistor R5, bypassed by C3. Stage neutralization is provided 
by C4, connected between Ql's emitter and IF2's secondary. A vari
able base bias is used for AGC control, and this is applied to the base 
through an R.F. choke (RFC), bypassed by C2. 

The operation of the 2nd I.F. stage, Q2, is similar to that of the 
1st, with emitter bias furnished through voltage-divider R6-R7, by
passed by C5, collector current furnished through RlO, bypassed by 
CS, and with an AGC base bias applied through an R.F. choke 
(RFC), bypassed by C7; stage neutralization is provided by C9, and 
a step-down interstage I.F. transformer couples Q2's amplified output 
signal to the 3rd stage. 

Diodes Dl and D2 function to maintain reasonably constant input 
impedances with changes in the AGC bias applied to Ql and Q2, 
respectively. If these diodes were not used, the transistors' input im
pedances would tend to rise as the AGC bias is reduced (reducing 
stage gain) ; this, in turn, would change the loading these transistors 
present to their tuned circuits and cause a corresponding change in 
receiver bandwidth and, to some extent, in I.F. tuning. To see how 
the diodes accomplish their job, let's examine the action of Dl. Diode 
D1 is biased by the D.C. voltage appearing across emitter resistor R2 
and by a fixed bias applied through voltage-divider R3-R4, bypassed 
by Cl; D2 is similarly biased by the voltage across R6 and by voltage
divider R8-R9, bypassed by C6. Under normal conditions, the bias 
voltages applied to the diodes is such as to maintain them in a non
conducting or "high-resistance" condition ... thus, the relative polarity 
of the applied voltages maintains their anodes negative with respect 
to their cathode elements. Since D1 and D2 act like high value re
sistors under these conditions, they have little or no effect on circuit 
operation. 

Consider, now, the action taking place as AGC bias is reduced, 
reducing stage gain. When this happens, the emitter current through 
R2 (and R6) is reduced, decreasing the voltage drop across this re-
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sistor. At the same time, Ql's (and Q2's) input impedance starts to 
rise. As the voltage appearing across R2 (and R6) starts to drop, 
however, less "reverse" bias is applied to Dl (and D2) and the im
pedance presented by the diode drops. Since Dl is shunted across Ql's 
input circuit as far as signal voltages are concerned, a drop in its im
pedance serves to compensate for the rise in the transistor's input 
impedance, thus maintaining a constant load. 

Returning, now, to the 3rd I.F. stage, the signal obtained from 
IF3's secondary is applied to its emitter-base circuit. Emitter resistor 
Rll, bypassed by ClO, serves to stabilize the fixed base bias furnished 
through voltage-divider R12-R13, bypassed by C12. Collector current 
is furnished through decoupling resistor R14, bypassed by C15. Q3's 
output load is a double-tuned I.F. transformer, IF4, used to flatten the 
receiver's I.F. response characteristic. A small secondary winding is 
used to obtain a negative feedback signal for stage neutralization, and 
this is applied back to Q3's emitter through C14. IF4's primary is 
tuned in part by its ferrite core and distributed circuit capacities and 
by C13. 

The signal obtained from IF4's tuned secondary circuit is coupled 
through D.C. blocking capacitor C16 to Q4's emitter-base circuit. 
Emitter resistor R15 acts to stabilize the fixed base bias applied 
through voltage-divider R16-R17, bypassed by C17. Collector current 
is furnished through R18, bypassed by C18. A single-tuned step
down interstage I.F. transformer, IF5, is used between the 4th (Q4) 
and 5th (Q5) stages. Q4 is neutralized by the signal coupled be
tween IF5's secondary and its emitter through C19. 

Continuing, the amplified I.F. signal obtained from IF5's second
ary is applied to Q5's emitter-base circuit, with this stage's output 
signal developed across IF6's tuned primary winding. Base bias cur
rent is furnished by voltage-divider R20-R21, bypassed by C22 and 
C23, and stabilized by emitter resistor R19, bypassed by C20 and C21. 
Collector current is furnished through an R.F. choke (RFC), by
passed by C24. Q5 does not operate as a strict Class A stage (as do 
the other stages); instead it automatically adjusts its bias with mod
ulation peaks. This is accomplished by the relatively large bypass 
capacitors ( C20 and C23) used in its emitter and base circuits. 

I.F. transformer IF6 has two secondary windings. One supplies a 
neutralizing signal to Q5's emitter through C25. The other drives a 
diode-type 2nd detector (D3). A small bias is applied to the detector 
to assure linear operation; this is obtained through voltage divider 
R22-R23, bypassed by C26 and C27. C28 serves as an I.F. bypass, 
with the detected video signal coupled through an R.F. choke (RFC) 
to the following stages. Cll serves as a bypass across the AGC supply 
bus. 
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The I.F. strip shown in Fig. 8-5 (b) uses five PNP tetrode tran
sistors in the common-emitter configuration. AGC is not used here; 
instead, overall gain is varied by changing the fixed reverse bias ap
plied to the transistors' 2nd base connections. This is accomplished by 
obtaining a separate bias voltage from GAIN control Rl 7, bypassed by 
C21, and applying it through individual isolating resistors (R3, R6, 
R9, R12, and R15) to the different 2nd base electrode terminals; ade
quate bypass is provided in each case (C3, C8, C12, C16, and C20, 
respectively) . In operation, the signal obtained from the TV Tuner is 
applied to Ql's base-emitter circuit. Ll-Cl serve as an adjacent chan
nel trap. Base bias current is furnished through Rl and a series isolation 
R.F. choke (RFC) and stabilized by emitter resistor R2, bypassed 
by C2. Ql's amplified output signal is developed in the primary 
of a conventional single-tuned I.F. transformer, IF2, where it is 
inductively coupled to an impedance-matching step-down secondary 
and applied to the base-emitter circuit of the 2nd I.F. amplifier, Q2. 
C4, in conjunction with a ferrite core, serves to tune IF2's primary 
winding. Virtually identical circuits are used in the remaining stages, 
and need 'lot be examined in detail. In each case, a single-tuned step
down transformer is used between stages (IF3, IF4, IF5, and IF6), 
and base bias is furnished by the combination of a series base resistor 
(R4, R7, RlO, and R13, bypassed by C5, C9, C13, and Cl7, respec
tively) and bypassed emitter resistor (R5-C6, R8-C10, Rll-C14, and 
R14-C18). Finally, the amplified I.F. signal obtained from the 5th 
I.F. stage is applied through IF6 to a conventional diode-type 2nd 
detector (Dl). R16, bypassed by C22, serves as the diode load, with 
the detected video signal appearing here coupled through an R.F. 
choke (RFC) to the next stage. 

VIDEO AMPLIFIER. A typical two-stage Video Amplifier circuit 
is given in Fig. 8-6. This section serves to amplify the detected video 
signal obtained from the 2nd detector, boosting its amplitude suffi
ciently to permit application to a cathode-ray picture tube. At the 
same time, it may furnish signals to the Sync Separator, AGC 
Detector, and, assuming an intercarrier audio system is used, to the 
Audio I.F. circuits. Since the Video Amplifier must have a reasonably 
flat response to several MC, it is necessary to use low-frequency R.F. 
transistors in this section. As a minimum, the units should have a 
cut-off frequency of 5 MC (preferably higher). The final (output) 
transistor must be a "high-voltage" type, capable of supplying a signal 
output of from 30 to over 100 volts, peak-to-peak, depending on the 
type of CRT used. Typically, a transistorized Video Amplifier section 
will supply a voltage gain, overall, of from 25 to 100, and will have a 
bandwidth of from 3.0 to 4.0 MC. 

As we can see by examining the schematic diagram, Fig. 8-6, 
two PNP transistors are used here. The first stage, Ql, serves as a 
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split-load amplifier, the second, Q2, as a common-emitter amplifier, 
with direct-coupling used between stages. In operation, the video signal 
obtained from the receiver's 2nd detector is applied to Ql's base, ap
pearing across base resistor Rl. Direct-coupling is used between the 2nd 
detector and Ql, so that both the A.C. (signal) and D.C. components 
of the detected signal appear here; the D.C. component, of course, 
provides an automatic bias for the stage. Ql supplies two output 
signals. One appears across collector load R3 and is coupled from 
here through D.C. blocking capacitor Cl to the Sync Separator 
circuit; the other appears across emitter load R2 and is coupled 
through peaking coil Ll and the 4.5 MC audio I.F. trap, L2-C2, to 
Q2's base. Take-off taps are provided at the junction of Ll and the 
trap for the sound I.F. and AGC signals. Q2's base bias is obtained 
from Ql by virtue of the direct-coupling between stages, but is deter
mined, in part, by emitter resistor R5-R6. Q2 functions as a conven
tional common-emitter amplifier, with its collector load made up of 
peaking coils L3 and L4 and load resistors R4 and R7. The amplified 
video signal appearing across IA-R7 is coupled through D.C. blocking 
capacitor C3 to the picture tube's cathode. A relatively high collector 
voltage is used on this stage in order to develop the high peak-to-peak 
signal needed to drive the CRT picture tube to full contrast. Stage 
gain is controlled by Contrast control R6 in Q2's emitter circuit; as 
R6's value is changed, both stage bias and emitter degeneration are 
changed . . . note that the emitter resistors are not bypassed. 

In the picture tube circuit, a fixed operating bias is applied to 
the control grid through isolating resistor RlO, with C4 used to apply 
a vertical retrace blanking signal (obtained from the Vertical ampli
fier) to the same electrode. A variable bias is obtained from potentio
meter R9, bypassed by C5, and is applied through isolating resistor 
RS to the CRT's cathode, where it serves to control beam intensity; 
thus, R9 serves as a Brightness control. C6 is used as a bypass across 
the grid and cathode bias supply bus. Appropriate D.C. voltages are 
applied to the CRT's other electrodes, with Vertical and Horizontal 
sweep signals applied to its deflection yoke. 

AGC CIRCUIT. As we have seen in earlier Sections, a transistor 
amplifier's gain may be controlled by adjusting its relative base
emitter bias. This may be done by applying an appropriate control 
signal to either the base or emitter electrodes ( or to both) with a 
fixed bias applied to the other. If this control signal is made to vary 
with the amplitude of the picked up R.F. (or amplified I.F.) signal 
in a receiver, an effective Automatic Gain Control (AGC) system is 
obtained. As stronger signals are received, receiver gain is reduced, 
and vice-versa, maintaining a reasonably constant output level and 
reducing both "fading" and "blasting." In a TV set, of course, AGC 
minimizes changes in picture contrast and insures good Vertical and 
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Horizontal sweep synchronization. The polarity of the control signal 
depends on ... (a) whether it is applied to the base or emitter 
electrodes, and (b) whether PNP or NPN transistors are to be con
trolled. As we have seen, however, the functioning of a transistor 
AGC (or AVC) system is the opposite of that encountered in vacuum 
tube circuits. In a tube-operated amplifier, an increase in bias reduces 
gain, while, in a transistor stage, an increase in bias increases gain. 
Therefore, to obtain effective AGC action, the circuit used must 
reduce the bias of the controlled stages with increases in signal 
strength. 

A typical AGC control amplifier circuit is given in Fig. 8-7. 
This particular circuit is intended for use with a Video Amplifier 

Rl 

2.2K 

TO COHTROLLll!:D 
STAGES IN I.F. R2 

AJll'.STRIP 
IK (PIG. l,.S(c1)) 

RI Cl 

2.7K SOMFO. 
+ 

-12V. 

•• 
1.2K 

RS .,, + 

R7 

5410 

DI 

cs 
20MFD. 

Fig. 8-7: AGC detector and amplilier circuit. The AGC signal is obtained from the 
1st video amplifier (see Fig. 8-6) and supplied to the controlled stages in the video 
I.F. amplifier strip (Fig. 8-5). 

similar to that shown in Fig. 8-6, and with a Video I.F. similar to 
that given in Fig. 8-5 (a). Where different circuit arrangements are 
used, the AGC circuit would have to be modified accordingly. Here, 
a semiconductor diode is used as a peak detector (D1) and a PNP 
transistor, Ql, serves as a common-emitter D.C. amplifier. 

In operation, D1 rectifies the video signal obtained from the 
Video Amplifier stage, developing a D.C. voltage across C3 propor
tional to the modulation peaks (sync pulses) of this signal. This is 
proportional, of course, to the amplitude of the original R.F. signal. 
R7 serves as a current limiting resistor and R6, bypassed by C2, as 
a simple filter. D.C. polarity is such that a negative bias is applied 
to Ql's base by the voltage appearing across C3. Ql's emitter bias is 
fixed by voltage-divider R3-R5, and R4 serves as its collector load. 
If a weak signal is received, relatively little bias is developed across 
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C3 and, as a result, Ql draws little collector current and there is a 
minimum voltage drop across collector load R4. This permits a 
maximum negative bias to be applied through delay network R2-Cl, 
appearing across Rl, to the base electrodes of the AGC controlled 
I.F. amplifier stages, assuring maximum gain in these stages to com
pensate for the weak signal. When a strong signal is received, on 
the other hand, a substantial bias can be built up by C3; this, in 
turn, increases Ql's collector current, increasing the voltage drop 
across R4, and reducing the base bias applied to the I.F. stages, thus 
reducing their gain, and compensating for the stronger input signal. 

AUDIO I.F. As a general rule, intercarrier audio systems are 
used in transistorized TV sets. Here, of course, the 4.5 MC "beat" 
between the audio and video I.F. carrier signals is abstracted from 
the detected and amplified video signal and used as an Audio I.F. 
This 4.5 MC signal carries the original FM modulation of the TV 
Broadcast station's sound R.F. carrier. From one to three stages 
may be used in the Audio I.F. section, with the last stage driving an 
appropriate FM detector circuit. Either a Foster-Seely discriminator 
or a standard Ratio Detector may be used; if the first is employed, 
however, adequate limiting must be provided to remove amplitude 
variations from the I.F. signal. Good quality R.F. transistors with a 
cut-off frequency of from 7.0 to 10.0 MC are generally employed as 
Audio I.F. amplifiers. A typical two-stage Audio I.F. amplifier and 
Ratio Detector circuit is shown in Fig. 8-8; here, PNP transistors are 
used in the common-emitter configuration, with semiconductor diodes 
employed in a conventional Ratio Detector. A reflex* arrangement 
is used in the 2nd I.F. stage, permitting this stage to serve as the 
receiver's 1st audio amplifier. 

In operation, the 4.5 MC Audio I.F. signal obtained from the 
Video Amplifier is selected and coupled through series tuned circuit 
Cl-AIFl, where it is applied to the 1st I.F. amplifier, Ql. Ql's base 
bias is furnished through voltage-divider Rl-R2 in conjunction with 
emitter resistor R3, bypassed by C2. Diode Dl, in Ql's collector 
circuit, serves as a simple limiter, reducing amplitude variations in 
the amplified signal. Ql's output is developed across the tuned 
primary winding of the 4.5 MC interstage transformer AIF2, where 
it is inductively coupled to an impedance-matching step-down second
ary and applied to the 2nd I.F. stage, Q2. C3, along with AIF2's 
ferrite core, serves to tune this transformer. Ql's collector current 
is furnished through decoupling resistor R4, bypassed by C4. 

Q2 amplifies the Audio I.F. signal, developing its output across 
Ratio Detector transformer AIF3's primary winding. AIF3's primary 

*NOTE - A reflex circuit is one in which two different signals are handled at the 
same time ... such as I.F. and audio signals ... and in which one signal is coupled 
back from the stage's output to its input. 
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is tuned by C8; its center-tapped secondary by Cll. The transformer, 
of course, applies its signal to the Ratio Detector made up of diodes 
D2 and D3, balancing resistors R9 and RlO, load resistor Rll, and 
stabilizing capacitor C12; here, demodulation takes place, with the 
final audio signal available through C9. Cl0 serves as an I.F. bypass. 
Q2's base bias is supplied through voltage-divider R5-R6, bypassed 
(for 1.F. signals) by C5, and stabilized by emitter resistor R7, by
passed (again, for I.F.) by C6. 

Returning to C9, the audio signal available here is applied through 
isolating resistor R8 and AIF2's secondary (which acts like a short 
circuit as far as audio signals are concerned) to Q2's base, permitting 
Q2 to serve as a reflex audio amplifier. Since AIF3's primary, serving 
as Q2's collector load, is effectively a short-circuit as far as audio 
signals are concerned, Q2's collector is essentially connected to circuit 
ground for such signals. Bypass C6, across emitter resistor R7, on the 
other band, is not effective at audio values due to its relatively high 
impedance. This permits an audio signal to be developed across 
emitter resistor R7; a potentiometer is used here, and serves as the 
receiver's Volume control. In summary, then, QT serves simultane
ously as a common-emitter I.F. stage and as a common-collector 1st 
audio amplifier, thus reducing the number of stages needed in the 
receiver. The output signal obtained from R7 is coupled to the 
receiver's audio amplifier section. 

AUDIO AMPLIFIER. Conventional circuits, quite similar to those 
found in AM Broadcast-Band receivers, record players, and intercoms, 
are used in the audio sections of TV receivers. Either single-ended or 
push-pull output amplifiers may be used, depending on the individual 
set manufacturer. Output powers may range from 200 milliwatts to 
as high as 5 or 10 watts. Standard low frequency transistors may be 
used here, with "high power" types employed in the output stage if 
output powers greater than one watt are needed. A typical circuit 
is given in Fig. 8-9. 

Referring to this diagram, three PNP transistors are used, with 
the common-emitter configuration employed in all stages. In opera
tion, the signal obtained from the Audio I.F. section is coupled 
through D.C. blocking capacitor Cl to the base of driver stage Ql. 
Base bias is furnished to Ql through voltage-divider Rl-R2, with 
bias stabilization provided by emitter resistor R3, bypassed by C2. 
R4 and C3 form a simple "L-type" decoupling filter in the power 
supply line. Ql's amplified output signal is coupled through inter
stage impedance matching transformer Tl to a Class B push-pull 
power amplifier, Q2-Q3, with this stage's small base bias furnished by 
voltage-divider R5-R6. Unbypassed emitter resistors RS and R9 serve 
to stabilize and to balance stage operation. Distortion is reduced by 
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applying a degenerative feedback signal between each transistor's 
collector and base electrodes through feedback resistors R7 and RlO. 
Collector-to-collector capacitor C5 serves to bypass higher frequency 
audio components and thus to further reduce the effects of harmonic 
distortion. Line filter Rll-C4 acts to isolate the power amplifier 
from other receiver stages. Finally, the power amplifier's output 
signal is coupled to the PM loudspeaker through step-down trans
former T2. 

SYNC SEPARATOR. A typical two-stage Sync Separator circuit 
using NPN (Ql) and PNP (Q2) transistors as cascaded direct-coupled 
complementary amplifiers is given in Fig. 8-10. This section takes 
the composite signal from the Video Amplifier section (Fig. 8-6) and 
removes and amplifies the sync pulses, supplying these to the 
Vertical and Horizontal sweep circuits. The transistor types used 
here should have good switching characteristics. In operation, Ql's 
emitter bias is furnished through voltage-divider R2-R3, bypassed by 
Cl, with R4 serving as its collector load. This stage is operated 
without a fixed base bias, but, instead, builds up a reverse bias voltage 
across its input coupling capacitor (C3) proportional to the peak 
amplitude of the video signal applied to its base electrode. Input 
capacitor C3, shown dotted in Fig. 8-10, corresponds to Cl in Fig. 
8-6. C3 is charged through Ql's base-emitter circuit on positive-going 
half cycles of the applied video signal, building up a negative voltage 
with respect to Ql's emitter. Since C3 can discharge only through 
Rl, this negative voltage keeps Ql cut-off, allowing it to conduct 
only on the peaks of the applied video signal; these peaks, of course, 
correspond to the sync pulse component of the composite signal. 
Thus, the video signal's sync pulses are stripped off and amplified, 
appearing across collector load R4, where they are applied to Q2's 
base. Q2 serves as a split-load pulse amplifier, with the output signal 
developed across collector load R6 coupled through R7 to the Vertical 
sweep circuit, and the signal developed across emitter load R5 coupled 
through C2 to the Horizontal sweep circuit. 

VERTICAL SWEEP CIRCUIT. Three transistors are used in the 
typical Vertical deflection circuit shown in Fig. 8-11. Of these, one 
is a NPN unit (Ql) serving as a sync pulse amplifier, one is a 
medium power PNP type (Q2) connected as a 60 cycle blocking 
oscillator, and the last is a "high power" PNP unit (Q3) used as a 
Vertical deflection amplifier; the common-emitter configuration is used 
in all three stages. In operation, Ql receives its base bias as well 
as its input signal from the Sync Separator section, with the inter
stage coupling resistor (R7, Fig. 8-10) and large input capacitor Cl 
forming a standard integration network. Emitter resistor R3 serves 
to stabilize amplifier operation. The amplified Vertical sync pulse 
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signal developed across Ql's collector load, Rl, is applied to a second 
integration network, R2-C3, and, from here, through D.C. blocking 
capacitor C2 to Q2's base. 

Vertical sweep oscillator Q2 is wired as a conventional trans
former-coupled blocking oscillator, with Tl serving to provide the 
feedback between base and emitter circuits necessary to start and 
maintain oscillation. Blocking rate is determined by the time constant 
of the R4-R5-C7 combination; of these, R4 is made variable, thus 
permitting an adjustment of the basic blocking rate, and serving as 
the receiver's Vertical Hold control. The Vertical sync pulse applied 
through C2 locks the oscillator on frequency. A blocking oscillator, 
of course, conducts heavily for a short pulse, and then is cut off for 
the major portion of its operating cycle. When Q2 is cut off, C5 and 
C6, in series, are charged slowly through R6; they are discharged 
quickly when Q2 conducts, forming a 60-cycle saw-tooth signal which 
is applied through C4 to the Vertical deflection amplifier, Q3. A 
portion of this signal, appearing across C6, is coupled through Vertical 
Linearity control RS to Q3's emitter circuit, permitting an adjustment 
over signal waveform. Q3's base bias is furnished through R7 and Rll 
in series, with Rll serving as a Bi.as Adjustment control; this adjust
ment (Rll) corresponds roughly to the "Bias Adjustment" controls 
found in audio amplifiers using power transistors, and serves the same 
function . . . it permits base bias current to be adjusted for optimum 
circuit operation in the event the transistor is replaced with another 
unit having slightly different characteristics. Emitter resistors R9 and 
Rl0 also have some control over base bias, and hence on stage gain; 
RIO serves as the circuit's Vertical Size control. In practice, RS, RIO, 
and Rll all affect both Vertical size and linearity, and, as a result, 
these controls must be adjusted together for optimum overall circuit 
performance. 

Q3's collector load is made up of four components connected in 
parallel . . . choke Ll, capacitor CS, resistor R12, and the picture 
tube's Vertical deflection yoke. Of these, Ll has a very high in
ductance, but a very low D.C. resistance; thus, it serves to shunt the 
D.C. component of the amplified deflection signal around the deflec
tion yoke and to prevent picture decentering, but has little or no 
effect on the sweep signal itself. This is necessary because Q3 is 
operated essentially as a Class A amplifier and, therefore, has a 
large D.C. component in its collector circuit. CS and R12 help shape 
signal waveform and to limit the amplitude of the transient pulse 
developed during Vertical retrace; this pulse, of course, is applied 
to the picture tube as a blanking signal (see Fig. 8-6). Finally, R13 
and C9 serve as a decoupling filter in the power supply circuit. 

HORIZONTAL SWEEP CIRCUIT. As a general rule, the Horizontal 
Sweep sections of tube-operated TV receivers are much more complex 
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than their Vertical Sweep circuits; this is the result of the higher 
sweep frequencies involved (over 15 KC as opposed to 60 cps), the 
need for more precise synchronization to prevent horizontal "tearing" 
and to insure immunity from noise pulses, and, finally, the extra 
jobs which the Horizontal sweep handles in developing a B plus 
"boost" voltage as well as the very high D.C. voltage required by the 
cathode-ray picture tube (CRT). It should not be too surprising, 
then, to find that a similar situation holds true for transistorized TV 
sets. A comparison of the Vertical sweep circuit given in Fig. 8-11 
with the Horizontal sweep circuit shown in Fig. 8-12 reveals the latter 
to be much more complex, requiring more transistors, diodes, resistors, 
capacitors, and other components. Referring to Fig. 8-12, four tran
sistors, seven diodes, and one high-voltage rectifier vacuum tube 
(VTl) is used in the entire sweep circuit. In some sets, the vacuum 
tube rectifier (VTl) may be replaced by a cartridge-type high-voltage 
silicon rectifier, with the final determining factor being the relative 
cost of the two components. Three of the transistors ( Ql, Q2, and 
Q3) are low or medium power units; Ql is an NPN type, Q2 and Q3 
are PNP units. The final horizontal deflection amplifier, Q4, is a 
PNP power transistor, but the type used here must have better 
high frequency characteristics than are customary in audio amplifier 
applications. 

In operation, the horizontal sync pulses obtained from the Sync 
Separator section (through C2, Fig. 8-lO)•are compared and combined 
with pulses obtained from the horizontal output stage through block
ing capacitor C7 and series resistor R6. This action takes place in 
diodes Dl and D2, with the resultant D.C. control signal appearing 
across diode loads Rl and R2, bypassed by C2 and C3. A fixed D.C. 
bias, obtained from voltage-divider R3-R4, bypassed by Cl, is added 
to the control signal, and the composite D.C. signal is applied 
through R-C network C4-R5-C5-R7-C6-R8 to the base of an NPN 
transistor, Ql, serving as a common-collector D.C. amplifier. RIO 
serves as Ql's emitter load, with the amplified signal appearing here 
applied through R9, Rll and Tl's feedback winding to Q2's base. 
Q2 is used as a conventional transformer-coupled blocking oscillator 
in the common-emitter configuration, with its blocking or repetition 
rate determined by three factors ... (a) the D.C. signal delivered 
by QI, (b) the R-C time constant of the R9-R10-Rll-C8 network, 
and, (c), the resonant frequency of a tuned circuit (Ll-ClO) con
nected in series with its collector winding. Since the signal delivered 
by Ql acts to adjust the Horizontal oscillator's (Q2) basic operating 
frequency to keep it synchronized with the video sync pulses, Ql 
becomes the circuit's Horizontal AFC (Automatic Frequency Control) 
stage. Rll is variable, to serve as a Horizontal Hold control, with 
Ll tuned by a ferrite slug and acting as a Horizontal Range adjust-
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ment. In practice, these two controls are adjusted in essentially the 
same manner that corresponding controls are adjusted in tube-operated 
TV sets. R12 and C9 form a simple "L-type" decoupling filter for 
the Horizontal AFC and Horizontal oscillator stages. 

Blocking oscillator transformer Tl handles three jobs . . . (a) 
it provides the feedback between Q2's collector and base circuits 
needed to start and maintain oscillation, (b) it matches circuit im
pedances, and ( c) it delivers an output signal to the base-emitter 
circuit of Horizontal driver Q3. Damping diode D3 and series resistor 
R13 serve to limit the amplitude of the transient pulse developed by 
inductive kick when Q2's collector current is cut off suddenly. The 
signal delivered to Q3 is essentially a narrow positive-going pulse, 
with pulse-width representing sweep retrace time. Q3, a PNP tran
sistor in the common-emitter configuration, is driven to collector 
current saturation by the relatively low amplitude of the negative
going portion of the applied signal, but is cut off rapidly by the high 
positive pulse. Self-bias is used in this stage, developed by Rl4, by
passed by CU. 

Q3's amplified output signal is coupled through T2 to Defiection 
amplifier Q4, a PNP power transistor in the common-emitter config
uration. Q4, like Q3, is driven with a rectangular signal waveform 
and goes to collector current saturation during the low amplitude, 
relatively long negative-going period, but is cut off rapidly by the 
high and narrow positive pulse, thus applying a rectangular signal 
to the picture tube's horizontal deflection yoke. A rectangular signal 
applied to this component, which is highly inductive, results in a 
saw-tooth current through it, developing the desired linear sweep. 
Self bias is provided for Q4 by R15, bypassed by C12; R15 is made 
adjustable, serving the familiar function of Bias adjustment for the 
power transistor. D4 serves as the Horizontal damper diode, conduct
ing when the yoke winding, shunted by C13, is shock-excited into 
oscillation as Q4 cuts off; oscillation takes place for but a half-cycle, 
returning the electron beam (in the CRT) to the left-hand side of 
the screen before D4 starts conducting. A large bypass capacitor, 
C14, serves to return the lower side of the yoke winding to circuit 
ground, placing the yoke essentially in parallel with the damper diode 
(D4) and deflection amplifier (Q4) as far as A.C. signals are con
cerned. 

As in tube-operated TV receivers, the Horizontal sweep circuit, 
in addition to providing the CRT's horizontal deflection signal, also 
serves to provide a number of D.C. operating voltages. In this case, 
various negative and positive voltages required by the picture tube's 
electrodes, plus the high anode accelerating voltage, as well as a 
moderately high D.C. voltage for the last Video Amplifier stage (Q2, 
Fig. 8-6), are obtained from the circuit. Part of the signal developed 
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across the deflection yoke is applied to transformer T3. The voltage 
across the entire yoke is rectified by D5 to furnish - 70 volts with 
respect to circuit ground. A tap on T3's primary provides ... 
through rectifier D6, filtered by C15 . . .--48 volts to the Video 
Amplifier. A high A.C. voltage is obtained from T3's step-up second
ary winding which, rectified by VTl and filtered by Cl7, serves as 
the CRT's accelerating anode voltage. VTl's filament is heated by a 
small filament winding on T3; this winding is not needed, of course, 
if VTl is replaced by a high-voltage semiconductor diode. An inter
mediate output voltage is obtained from a tap on T3's secondary, 
which, rectified by D7 and filtered by C16, is available for the CRT's 
focusing anode; fixed load resistor R16 serves to stabilize this voltage. 

POWER SUPPLY. As a general rule, transistorized TV receivers 
are operated from rechargeable batteries supplying from 6 to 24 volts, 
D.C., with perhaps a majority designed to use 12 volt supplies. Power 
requirements are comparable to those of transistorized Hi-Fi and 
P.A. systems. Depending on audio output power, the size picture 
tube used, and other factors, current requirements may range from 
500 MA to as high as several amperes (at 12 volts). To conserve 
battery life and to extend the time between recharging, most portable 
receivers are designed to use currents of less than 1.0 ampere. A 
typical battery power pack and its line-operated recharger are shown 
schematically in Fig. 8-13. Referring to this diagram, the Charger 
circuit is conventional, and includes a line-cord and plug, line fuse, 
ON-OFF switch (SWl), neon pilot lamp (NE-51) with its current 
limiting resistor (Rl), a step-down power transformer (Tl), and a 
full-wave bridge rectifier made up of four semiconductor diodes (Dl, 
D2, D3, and D4); a current limiting thermistor (TS) is connected 
in series with the rectifier's output. Connections between the Charger 
and battery Power Pack are made with the usual jack and plug 
arrangement. The Power Pack itself includes the 12 volt rechargeable 
battery (Bl), a line fuse, the TV set's ON-OFF switch (SW2), and 
a simple "L-type" decoupling filter, Cl-R2, to provide isolated out
puts for the receiver's various sections. Any of several types of re
chargeable batteries may be used, including familiar lead-acid units, 
but hermetically sealed nickel-cadmium types are the most popular. 
The latter type is safer, has a very long life, and can't spill or leak. 

Alternate power sources can be used, of course. Zinc-carbon or 
mercury batteries may be used in place of rechargeable units, or, in 
some cases, a cord and plug may be provided to permit set operation 
from an automobile's electrical system; here, the plug is designed to 
fit the car's cigar lighter receptacle. The battery charger assembly 
may be built-in or may be a separate unit. In a few instances a line
operated power supply may be used in place of batteries; the circuits 
employed here are similar to those used as power supplies for Hi-Fi 
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systems (see Section 3, Figs. 3-14 and 3-15) and differ from charger 
circuits in that adequate ripple filters are provided. These power 
supplies, where used, may be serviced as outlined in Section 3 (see 
Troubleshooting Chart, Table 3-D). 

FUTURE DESIGNS. Since fully transistorized TV receivers are 
just starting to receive wide commercial distribution, the circuits 
described above are predicated upon current design practice and 
upon the circuits used in prototype receivers assembled by various 
semiconductor and television set manufacturers, rather than upon 
designs in commercial use. Of course, some production TV receivers 
current use. There's a good chance that production TV receivers will 
use quite similar arrangements, but individual variations may be en
countered from one manufacturer to another, or even from one model 
to another. In addition, the development of new transistor types may 
permit the use of simplified circuitry in some sections; for example, 
the availability of high-gain, high frequency R.F. transistor types 
could reduce the number of stages needed in the Video I.F. amplifier 

Fig. 8-14: A typical AM Interference pattern. The "picture troubles" encountered in 
transistorized TV sets correspond roughly to those encountered in more familiar vacuum 
tube sets. 
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strip. At the same time, new types of semiconductor devices may 
result in modifications in sweep and deflection circuits. A Unijunction 
transistor might be used as a sweep oscillator in place of a blocking 
oscillator employing a conventional transistor. At the present time, 
of course, Unijunction types, which have operating characteristics 
roughly analogous to those of a gas-filled thyratron tube, find their 
major application in specialized switching and computer circuits. 
By the same token, a "high-power" switching unit, such as GE's 
Controlled-Rectifier, might be used to combine oscillator and deflec
tion amplifier functions into a single unit. Such specialized designs 
are highly theoretical at this time, however, and are of limited im
mediate interest to the practical technician. 

Looking to the more distant future, considerable research is 
being carried out towards the development of a solid-state "picture" 
device. This would, in effect, be a semiconductor equivalent to the 
cathode-ray picture tube; present research is aimed towards develop
ing a "flat" device, an inch thick or less, which operates on relatively 
low voltages and which could be used in a TV set no thicker than a 
decorative picture frame, permitting "picture on the wall" TV receiver 
designs. If this research is successful, greatly modified sweep circuit 
designs will be used in receivers employing such units, but the• TV 
Tuner, Video I.F., Audio I.F. and Audio Amplifier circuits will proba
bly be quite similar to those discussed above. 

Finally, again looking towards future designs, we may expect the 
introduction of transistorized Color TV receivers. At the present 
writing, of course, no such receivers are available, and relatively 
little work has been carried out towards the development of prototype 
circuit designs. Any estimates as to which will be introduced first 
. . . transistorized Color TV sets or flat semiconductor picture 
reproducers . . . are, at the best, pure speculation at this time. 

GENERAL SERVICE NOTES 

Basically, the repair and maintenance of transistorized TV re
ceivers is not far different from that of tube-operated sets, with the 
same common-sense procedures being used, and with the operation 
of the set itself offering the greatest help in pin-pointing a defect to 
a particular section, stage, or component. Of course, basic test tech
niques must be modified to permit a proper interpretation of results 
or to prevent damage to circuit components, as outlined in detail in 
Section 1. As a general rule, however, the first step in servicing a 
TV set . . . whether tube-operated or transistorized . . . is to check 
out its overall performance, and then to look for trouble in the sec
tions which are obviously defective. For example, a pattern similar 
to that given in Fig. 8-14, with sound normal, is probably the result 
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of outside interference . . . from a Ham station or other AM signal 
source. Similarly, a pattern similar to that shown in Fig. 8-15 
usually indicates oscillation in the Video I.F. section; in a transistor
ized set, this may be caused by one or more open ( or partially open) 
bypass or filter capacitors, by defective shielding, or by improper 
neutralization ... in a few instances, misalignment may cause I.F. 

Fig. 8-15: This pattern is the result ot oscillation in the video I.F. amplifier strip, and 
may be caused by misalignment or incorrect neutralization. Poor lead dress or detective 
shielding are secondary causes. 

oscillation but, in a transistorized set, this is less likely than in tube 
receivers. A pattern similar to that given in Fig. 8-16 is obviously 
the result of lack of horizontal sync and, if sound is normal, indicates 
that the trouble is probably in the Sync Separator, Horizontal AFC, 
or Horizontal oscillator sections; in rare instances, such a complaint 
may be caused by defects in the receiver's AGC circuit, but, when 
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this happens, there's a good chance that a change in the audio signal 
will occur at the same time. 

Continuing, if a normal picture is obtained, but sound is lacking, 
we can be sure the trouble is somewhere between the sound take-off 
and the set's loudspeaker; that is, in the Audio I.F. section, Audio 
Amplifier, or loudspeaker itself. Here, injecting a test signal into the 
Audio Amplifier and listening for a sound from the loudspeaker will 
isolate the trouble to one of these two sections; if the test signal is 
heard, the defect is in the Audio I.F. section, if not, in the Audio 
Amplifier or loudspeaker. If the sound is distorted or weak, we would 
again expect to find trouble in the Audio I.F. or Audio Amplifier 
sections, with distortion generally caused by a defect in the Audio 

Fig. 8-16: Horizontal "tearing" or complete loss of horizontal sync, as shown by this 
pattern, may result from a defect in the sync amplifier, horizontal AFC circuit, or 
horizontal sweep oscillator. 

Amplifier. As in a tube-operated set, the presence of noise or inter
carrier "buzz" generally is caused by improper Alignment of the Ratio 
Detector, a defect in this stage, or poor limiting in the Audio I.F. 
amplifier (s). 

As far as picture "troubles" are concerned, a lack of a picture, 
but normal sound and raster, indicates trouble between the sound 
take-off point and the picture tube itself, with all other stages normal. 
By the same token, a change in picture quality, but with raster and 
sound normal, indicates a defect in the same stages; typical complaints 
here are poor definition, /,ack of contrast, excessive contrast, and so 
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on. Poor definition, of course, also may be caused by improper I.F. 
Alignment. If the raster is distorted either Vertically or Horizontally, 
we would look for trouble in the Vertical or Horizontal sweep circuits, 
respectively. Similarly, a lack of sync Vertically (picture "rolling") 
or Horizontally (picture "tearing" or "sl,anted") indicates a defect 
in the Vertical or Horizontal oscillator or sync circuits, while an over
all lack of sync points to a possible defect in the Sync Separator 
section. Normal sound, but the absence of picture and raster points 
to a defect in the Horizontal sweep or High-voltage circuits, or a 
defective CRT. 

Overall troubles . . . those affecting picture, sound, and raster 
... are caused by defects in circuits common to the entire receiver. 
A lack of picture, sound, and raster generally means a power supply 
defect . . . a bad switch, "dead" batteries, or a blown line fuse. 
If picture and sound are absent, but a normal raster is obtained, the 
defect is probably ahead of the sound take-off point; that is, between 
this point and the set's antenna. Here, we would suspect trouble in 
the "Front-End" or Video I.F. strip and would make a quick prelimi
nary check by turning to other channels, for it is possible that a defect 
in the Tuner section (such as a defective turret switch) will "kill" 
one channel. Similarly, if sound and picture are both "weak" (picture 
lacks contrast and sync poor) , but the raster is normal, we would look 
for trouble in the Video I.F., Tuner, or Antenna circuits. 

There are a few defects which may affect the entire receiver 
even though the defect itself is located in an isolated section. For 
example, an open decoupling capacitor in the Audio Amplifier section 
might affect picture quality and sync, particularly where Class B 
audio power output stages are employed; as you may recall, a Class 
B amplifier's power requirements vary with signal amplitude and a 
strong signal can call for a healthy "slug" of current from the power 
supply. By the same token, open decoupling or bypass capacitors in 
any stages employing power transistors (such as the Vertical and 
Horizontal deflection amplifiers) may affect overall set operation. 
Generally, a practical analysis of the set's operation will give a good 
clue as to the type of defect to look for. Open decoupling or bypass 
capacitors can be checked quickly by shunting these units with a 
replacement known to be in good condition (see Substitution Tests, 
Section 1). 

The following Service Notes, which apply specifically to transis
torized TV sets, will prove useful to the practical service technician. 

1) ADJUSTMENTS - Many of the semi-fixed adjustments found 
in transistorized TV sets correspond to those found in conventional 
tube-operated receivers, and are adjusted in approximately the same 
way. Included here are the Horizontal Hold, Horizontal Range, Ver-
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tical Hold, Vertical Size, and Vertical Linearity controls; due to the 
nature of transistor circuits, however, there may be greater interaction 
between adjustments in the same section than is found in tube sets, 
with the result that a "back-and-forth" adjustment procedure must 

STEP TEST PROCEDURE 

l Confirm complaint - Check operation of receiver in customer's home. Make sure 
customer has described complaint correctly. 
(a) If complaint may be caused by a poor signal or external interference ••• for example, 

ghosts, v.eak signal, snow, interference bars or patterns, etc ••• go to Step 2. 
(b) If complaint is "dead," •'weak," check Power Pack {battery and/or charger) for 

normal D.C. output voltages. Go to Step 3. 
{c) If sound is normal, no picture or raster, check CRT, then go to Step 3. 
(d) If complaint is horizontal or vertical tearing or 11roll," lack of brightness, poor 

focus, off-center picture, check stmifixed adiustments. If condition cannot be 
corrected, go to Step 3. 

2 Check antenna system - Make sure lead-in• is in good condition, with no intermittent 
shorts or opens; checlc antenna orientation. If practicable, check receiver with 
substitute antenna known to be in good condition. If trouble persists, go to 
Step 3. 

3 Preliminary isolation tests - If complaint cannot be cleared up in customer's home 
by readjustment of semi-fixed controls, repair of antenna system, or replacement of a 
plug-in component, receiver should be taken to shop for bench tests. Isolate trouble 
to defective section by analysis of complaint and reference to troubleshooting charts. 
Then go to Step 4. 
(a) If complaint is "dead" or 11weak," refer to Table 9 .. s. 
(b) If complaint is "tuning trouble," refer to Table 8-C. 
(c) If complaint is "noise," "osdllation," or ~'interference," refer to Table 8-D. 
(d) If complaint is "distortion" (picture or sound), refer to Table 8-E .. 
(e) If complaint concerns raster formation or horizontal or vertical sync, refer to 

Table 8-F. 

4 Stage isolation tests - After preliminciry isolatton of defect to specific section, isolate 
trouble to single stage within that section using standard test methods. Refer to 
Section 1. After isolating trouble to single stage, go to Step 5. 
(a) If no other test equipment available, use Multitester to check electrode voltagH 

within defective section. 
(b) If Signal Generator is available, Signal Injection tests.may be used to isolate 

trouble in audio (sound) sections, video amplifier, 1.F, strip or Front-End (Tuner). 
(c) If Oscilloscope is available, Signal Tracing technique may be used to isolate trouble 

in audio amplifier, video amplifier, sync, and horizontal and vertical sweep sections. 
Same technique may be used to isolate trouble in audio I.F., video 1.F., and Front-End 
if R.F. Detector probe is used. 

s Component isolation tests - With defect isolated to specific stage, D.C. operating 
voltages and components may be checked in that stage to isolate to a specific port. 
Coils, transformers may be checked for .,opens" or "shorts" with an Ohmmeter (power 
off, transistors removed from sockets). Capacitors may be checked for leakage with 
an Ohmmeter {or Voltmeter and source of D.C. voltage), for ,.opens" by substitution. 
With defective part isolated, replace or repair, and' chcck•out receiver's overall 
performance. 

TABLE 8-A: GENERAL TROUBLESHOOTING CHART - Follow the general procedures 
outlined here when servicing transistorized TV receivers. Use this Chart in connection 
with the specific trouble Charts given in Tables 8-8, 8-C, 8-D, 8-E and 8-F. 
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be used, with the interacting controls finally set for optimum overall 
performance. In addition to the expected adjustments, a Bws Adjust
ment is generally provided wherever power transistors are used, 
whether in the Audio Amplifier, Vertical Sweep, or Horizontal De
flection circuits. This control is readjusted whenever it is necessary 
to replace the transistor which it affects, and serves to compensate 
for differences in the operating characteristics of individual transistors. 
Improper adjustment here may ruin the transistor, or may cause such 
complaints as "weak operation," "distortion," or, in sweep circuits, 
"poor linearity." As a general rule, follow the set manufacturer's 
recommendations when making this adjustment. In sweep circuits, the 
Bi,as Adjustment may have to be set in conjunction with Size and 
Linearity controls due to interaction between these components. 

2) ALIGNMENT - The TV Tuner, Video I.F., Audio I.F., FM 
Detector, and Traps found in transistorized sets are aligned in much 
the same way as corresponding circuits in tube receivers, but with 
care taken to avoid overloading individual stages (see Section 1). 
Either "peak" or "sweep" Alignment techniques may be used, depend
ing on the individual set design and the manufacturer's suggestions. 
Essentially the same test instruments are employed. There is one 
important variation in Alignment technique that may be encountered 
in some receivers; since transistors are basically low impedance 
devices, they tend to load tuned circuits to which they are connected, 
reducing circuit "Q" and broadening the resonant circuit's overall 
response. As a result, some TV sets employ Video I.F. sections in 
which the necessary bandwidth is obtained by this loading action 
alone and, here, all Video I.F. transformers are peaked to the same 
frequency. Thus, the Alignment procedure used in such receivers 
corresponds closely to that employed for aligning AM Broadcast
Band receivers. 

3) CURRENTS - As in serv1cmg other types of transistorized 
equipment, transistor electrode currents often provide a more im
portant clue to circuit operation than do operating voltages. To make 
such tests, however, it is necessary to "open" the circuit and to insert 
the current meter (Milliammeter or Microammeter) in series, ob
serving proper D.C. polarities. In a few instances, the D.C. resistance 
of the test instrument itself may be enough to affect circuit operation, 
particularly in power transistor stages; to avoid trouble, then, a large 
bypass capacitor may be connected in parallel with the meter's ter
minals, reducing its effect on signal currents. A preliminary check 
of overall current requirements is useful before regular test techniques 
are used; this can be done by inserting an appropriate current meter 
in series with one of the power supply leads. An excessively high 
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current check) leads you to suspect a shorted or leaky unit. Where 
power transistors are replaced, it is generally necessary to readjust 
a semi-fixed Bias Adjustment (see above). If transistors used in push
pull circuits are replaced, it is often necessary to replace both at the 
same time with a matched pair, even though only one may be de
fective. The "good" unit can be saved for use in single-ended am
plifier and driver stages using the same type. Transistor replacement 
in R.F. or I.F. circuits may call for realignment and, in a few in
stances, in a readjustment of the neutralization feedback capacitor's 
value; suspect the latter if oscillation results when the new transistor 
is installed. Finally, if the transistor is soldered in position (rather 
than inserted in a socket), use a heat sink (see Section 10) and take 
care to avoid heat damage both when removing and replacing the unit. 

5) VOLTAGES - D.C. Voltage checks are useful in tracking down 
circuit defects, but must be interpreted with caution. Remember that 
base bias voltages, in many cases, may be but a small fraction of a 
volt. Watch, too, for polarity differences in circuits using PNP and 
NPN transistors. As in servicing tube-operated receivers, use an 
adequate High Voltage Probe when making tests in the Horizontal 
Deflection circuit. 

6) WAVEFORMS - If care is taken to avoid AC. leakage (see 
Section 1) , an Oscilloscope may be used to good advantage for Signal 
Tracing in transistorized TV sets, particularly in the Video, Sync, 
and Sweep sections. The waveforms observed should be compared 
with those given in the individual receiver's Service Manual, with 
differences indicative of possible trouble in the circuits being checked. 
Always make sure that the test signal used ( whether obtained by 
tuning in a TV Channel or from a Signal Generator of some type) 
does not overload the circuits, for this may cause waveform distor
tion in itself; make sure, too, that all semi-fixed adjustments are 
correct, and that proper supply voltages (currents) are supplied to 
the receiver. In general, the signal waveforms encountered in the 
Video 2nd Detector, Video Amplifier, and Sync Separator circuits will 
be similar in all sets and will correspond to those found in related 
circuits in tube receivers. Signal waveforms in sweep and deflection 
circuits, particularly in the Horizontal AFC circuit, may vary from 
one receiver to another, however, depending on the exact circuit 
arrangement used. 

TROUBLESHOOTING CHARTS 

Designed to apply to all types of transistorized TV sets, regard
less of individual circuit variations, the Troubleshooting Charts given 
in Tables 8-A,8-B,8-C,8-D,8-E, and 8-F will help you to cut diagnosis 
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time to a minimum and, often, will guide you directly to the defect 
causing a particular service complaint. Table 8-A outlines, in Step
by-Step form, basic servicing procedure; it is used in conjunction with 
the other Charts to track down defects to specific stages or parts. 
Table 8-B lists common "dead" or "weak" complaints, indicating in 
which stages the troubles may be located, and referring back to 
specific circuits which may be used in those stages. Table 8-C gives 
typical "tuning" complaints, indicating not only the stage where the 
trouble may be located, but common defects which may cause each 
complaint. Table 8-D is similar, but applies to various "noise" or 
"interference" troubles in both the audio and video circuits. Continu
ing, Table 8-E lists common sound and picture "distortion" com
plaints, indicating which stages to check and what type of defects to 
expect. Finally, Table 8-F applies specifically to sweep and sync 
troubles. In addition to these Charts, several of the Troubleshooting 
Charts given in earlier Sections may be used to advantage. For 
example, for troubles in the Audio Amplifier section, you can use 
the Charts given in Section 3. If trouble is encountered with a battery 
charger circuit, you'll find Table 5-N (Section 5) useful, while de
fects in line-operated power supplies may be isolated by using Table 
3-D (Section 3) as a guide. 



Section 9 

SERVICING SPECIAL TYPES 

OF EQUIPMENT 

TROUBLESHOOTING AND REP AIR techniques applicable to 
audio amplifiers, portable and table model receivers, car radios, and 
TV sets have been discussed in detail in earlier Sections. The mainte
nance of such equipment will constitute perhaps as high as 85% to 
95% of the repair jobs handled in the typical service shop, at least 
for a while. However, transistors and related semiconductor devices 
are being used in increasing quantities in other types of electronic 
apparatus. Before long, service technicians will be called on to 
repair this equipment, and, in time, the average worker may find that 
such repair jobs will represent an increasing percentage of his daily 
work load. The time to prepare for this specialized work, of course, 
is before the first such job comes across the service-bench. Many 
technicians may wish to become specialists, handling only one general 
type of equipment. The opportunities here are endless. The man who 
likes a steady job with a large firm can specialize in the repair of 
transistorized industrial control or test instruments, handling such 
work as a full-time factory technician. An independent operator, on 
the other hand, may wish to solicit only a specific type of work, 
such as the repair of Radio Navigators (or Direction Finders) and 
related Marine electronic equipment. Similar opportunities await 
the technicians who specialize, say, in the repair of Atomic Test 
Equipment, in the maintenance of Power Supply gear, or in the service 
and calibration of transistorized Test Instruments. 

The many, many applications in which transistors may be used, 
plus the limited space available in a single volume, prohibits our 
discussing special types of transistorized equipment in great detail. 
However, as we shall see, the circuits used in all types of electronic 
equipment, with but a few exceptions, are basically similar to the 
circuits examined and studied in earlier Sections. In any case, the 
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basic Test Equipment needed and Troubleshooting Techniques em
ployed are essentially the same, regardless of the specific functions 
of the equipment being serviced; in general, too, the same hand 
and shop tools, skills, and physical repair methods are employed. 
As you may recall, we discussed the "Universal" application of basic 
techniques in some detail in Section 1 (refer to sub-section entitled 
"UNIVERSAL" TROUBLESHOOTING CHARTS). 

Fig. 9-1: REGENCY's CD-2 Cone/rad Monitor - a typical special purpose receiver. 

SPECIAL RECEIVERS 

While the great majority of the transistor's radio receiver appli
cations are found in Broadcast-Band, Short-Wave, and Television 
sets, this component is used extensively in the manufacture of special 
purpose receivers, tuners, and converters. In the future, the transis
tor's applications in this field will probably increase considerably, 
particularly with the introduction of newer transistor types and with 
the increasing use of Radio Communication services in all fields. 
Most of the special receivers encountered in service work are basically 
adaptations of the circuits discussed in Sections 5, 6, 7 and 8. As a 
general rule, most sets will be superhets and will differ from the 
circuits discussed earlier only in their R.F. sections and in the exact 
I .F. value used; even here, the differences will be minor. For ex-
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ample, a receiver designed for a specific communications service may 
be fixed-tuned to three or four separate channels, with individual 
preset trimmer capacitors or coils used in the Antenna, R.F., and 
Converter stages; in this case, various communication "channels" 
will be selected by rotating a three or four-position selector switch 
rather than by adjusting a continuous tuning control. Let's discuss 
typical special-purpose receivers. 

CONELRAD RECEIVER. To prevent a potential enemy's guided 
missiles from "homing" in on our major cities by using known Broad
cast Station signals as guide beans, our national Civil Defense agencies 
have established a plan for the Control of Electromagnetic Radiation. 
Known briefly as Conelrad, this calls for all radio stations to go off 
the air in the event of a nationwide alert. Afterwards, emergency 
instructions will be broadcast to the general populace by standard 
AM Broadcast Stations on either 640 or 1240 KC, with different 
stations taking over in sequence so that no single station is broad
casting for any considerable length of time and can be used by a 
missile as a "homing" beam. 

The Regency Model CD-2 Conelrad Monitor Receiver, shown 
in Fig. 9-1, is designed specifically for use in the event of a Conelrad 
alert. Combining both alarm and receiver facilities in a single unit, 
it is designed to emit an audio tone when the broadcast station to 
which it is tuned goes off the air, but to remain absolutely quiet 
otherwise. At the same time, however, the device may be used as a 
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Fig. 9-2: Schematic wmng diagram of the CD-2 receiver. Only three transistors are 
used in this combination automatic alarm and emergency radio. 



SERVIC'ING SPECIAL TYPES OF EQUIPMENT 321 

standard AM Broacdast-Band receiver simply by turning its control 
switch to the proper position; thus, it may be used to sound an Alarm 
in the event of a CD alert and, afterwards, as a regular receiver to 
listen for Conelrad emergency broadcasts. The CD-2's schematic 
diagram is given in Fig. 9-2, with its Set-up Procedure given in 
tabular form in Table 9-A. Powered by a 1.5-volt penlight cell and 

STEP PROCEDURE 

1 a, In regular or weak signal areas, or for mobile use, connect external 
antenna to jack on rear of receiver, 

b. In strong signal areas, or where no antenna is available, loosen 
thumb screw on right side of case and slide antenna coil as far 
back as possible, then retighten screw, 

2 a. Turn function switch to RADIO position. 

3 a. Turn REGENERATION control down. 
b. Tune to strongest local station, preferably one with 24 haur schedule. 

4 a. Turn REGENERATION control up until set squeals, then adjust 
down unti I squealing just stops. 

b. Retune station and readjust REGENERATION control, 

5 a. Turn function switch to CD position, 

6 a. In event of CONELRAD alert, receiver will emit an alarm tone, 
b. With alarm tone, turn function switch to RADIO position. 
c. Tune to 640 or 1240 KC and readjust REGENERATION control as 

in Step 4. 

TABLE 9-A: Set-up procedure for the CD-2 receiver. 

a 9-volt battery, the set uses one NPN and two PNP transistors and 
has two operating modes: CD (Alarm) and R (Receiver). Either 
may be selected by the 5 pole-3 position combination Power and 
Functwn switch, SWl. Normally, the set is turned to CD and left 
on at all times. 

When the control switch is in its CD position, as shown in Fig. 
9-2, Xl serves as a regenerative R.F. and reflexed control amplifier, 
with regeneration provided by C13, connected between its collector 
and the tuned input circuit. Xl's amplified R.F. output is coupled 
through L3 to diode detector M3, with both the A.C. (audio) and 
D.C. components of the detected signal coupkd back through Xl 
and, after amplification, appearing across load R3, with the audio 
signal bypassed by C2. This D.C. signal is direct-coupled to X2, 
which provides further amplification and thus controls the bias applied 
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to X3's base. X3 is connected as an audio oscillator, with feedback 
obtained from Tl's secondary and coupled back to the emitter circuit; 
Tl, of course, also serves as an impedance matching transformer to 
drive the built-in PM loudspeaker SP-1. Although X3 is wired as 
an oscillator, oscillation is prevented by the low base bias permitted 
by X2. When the station to which the receiver is tuned goes off the 
air (during an alert), there is no longer a D.C. control bias applied 
to X2, and this, in turn, allows normal bias to be applied to X3; 
thus oscillation is permitted, and an audible alarm tone is emitted 
by the loudspeaker. This alarm will continue until SWl is switched 
to its "Receiver" (R) position. 

Circuit operation is very similar when SW-1 is in its "Receiver" 
position (R), except that capacitive coupling is used between stages, 
permitting only the audio component of the detected R.F. signal to 
be amplified by X2 and X3, with X3 used as an audio output stage 
and no longer connected as an oscillator. C2 serves to couple the 
amplified audio signal appearing across Xl's load resistor R3 to X2, 
with X2's amplified output signal, in turn, coupled to X3 through 
ClO. Under these conditions, normal bias is applied to X2 through 
voltage-divider R4-R5 and to X3 through R9-Rl0, stabilized by 
emitter resistor Rll, bypassed by C4. The common-emitter configura
tion is used in all stages regardless of mode of operation. 

The CD-2 may be serviced using standard procedures. The 
most common service complaints are those resulting from improper 
adjustment, incorrect tuning, or weak batteries. A general Trouble
shooting Chart applying specifically to this radio is given in Table 
9-B. 

RADIO-PHONOGRAPH. The typical transistorized radio-phono
graph uses a circuit virtually identical to those found in standard AM 
Broadcast-Band receivers. As we have seen (Section 5), some multi
band portable sets are equipped with a "Phono" jack. However, up 
till now relatively few transistor-operated radio-phonograph models 
have been introduced and these, in turn, have received rather limited 
distribution. For this reason, then, the radio-phonograph may be 
considered as a "Special" receiver. Since the circuits used in these in
struments are very like those employed in conventional rceivers, the 
same Troubleshooting techniques apply to both, and the Trouble
shooting Charts given in Section 5 may be used to advantage for 
isolating defects. 

Including here for general reference purposes, the schematic 
diagram of the Rockland Radio-Phonograph given in Fig. 9-3 rep
resents typical circuitry. Except for the "Radio-Phono" switch, SW2, 
the phono pick•up, and the turntable motor, the circuit is typical 
of those found in 6-transistor receivers. PNP transistors in the com-
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mon-emitter configuration are used in all stages. R.F. signals picked 
up by tuned loop antenna coil Ll are converted into an I.F. signal 
which, in turn, is amplified by two transformer-coupled I.F. stages. 
Standard neutrali7.ation techniques are used in each stage. The I.F. 
signal is det.ected by a standard diode-type 2nd detector, with the D.C. 
component applied to the 1st I.F. amplifier as an AVC control signal 
and the A.C. (audio) component applied through SW2 to the 
Volume control, R23, and, from here, to the 1st audio amplifier. This 

• n = ;: 

M 

-.! 
Zffl 
or
z,:, 
Offl .. 
:!,. 
n,. 
~: .... 

0 

1----
I 

I 
I 
I 
I 
I 
I ...._ 

---- -1 
I 
1;; 

t----.fWr--+--~Lf !'f . 
N 1.ln 

i : 
I l•I 1~--'T'--.,.__+-----~ 

•• till 8 
< - ! 

n .. 

z "' .... 
; 

! .. ~ ..... 
~ 
0 N • = .: 



SERVICING SPECIAL TYPES OF EQUIPMENT 325 

COMPLAINT PROCEDURE NOTES 

Radio, phono .,dead'" Check batteries, SWl, then stage voltages. If batteries, voltages O.K., use 
Signal Injection tests. 

Radio normal, phono dead Check phono cortridge, SW2. If both O.K., look for short in 
or weak shielded lead. 

Check phono cartridge, needle, shielding If noise only while motor runs, 
Radio normal, phono noisy by-pass C14. ' check for excessive arcing of 

motor brushes. 

Radio normal, phono Check phono cartridge, needle. Make sure test record is O.K. 
distorted 

Overall distortion Trouble is in audio amplifier. Troubleshoot as outlined in 
(Radio and phono) Section 3. 

Radio ond phono weak Check batteries, then troubleshoot as Refer to Section 5. 
conventional receiver. 

Turntable trouble - Check batteries, turntable bearing, drive Mechanical trouble. 
slow, erratic, etc. wheel, motor. 

Phono normal, rodio weak Trouble in R.F. or I.F. stages, switch to Refer to Section 5. 
or dead Radio position and treat as receiver. 

Phono normal, interference Check receiver ofignment, then trouble- Refer to Section 5. 
on radio shoot as conventional receiver. 

TABLE 9-C: GENERAL TROUBLESHOOTING CHART - TRANSISTORIZED RADIO
PHONOS. This may be used as a general guide for servicing any transistorized radio
phonograph, not just the unit shown in Fig. 9-3. Generally speaking, service procedures 
and common delects encountered in radio-phonograph maintenance (except lor mechani
cal turntable troubles) are identical to those encountered in portable receiver servic
ing . . . see Section 5. 

stage drives a push-pull Class B output amplifier through Tl, and 
the output stage, in turn, is coupled to a PM loudspeaker through 
impedance matching output transformer T2. When SW2 is thrown to 
its "Phono" position, the audio section receives its input signal 
from a standard phonograph pick-up cartridge. Operating power is 
furnished by four flashlight cells connected in series to supply 6-volts 
(Bl) and controlled by a SPST "ON-OFF" switch, SWl. 

As a general rule, radio-phonographs are easier to troubleshoot 
than standard receivers, for the "Radio-Phono" switch serves as a 
convenient means for checking the "Radio" and "Audio" sections in
dependently. If desired, the audio section may be serviced using 
conventional audio amplifier test techniques, as outlined in Section 8. 
The Troubleshooting Chart given in Table 9-C applies specifically 
to radio-phonographs and may be used in conjunction with the 
detailed Troubleshooting Charts given in Sections 8 and 5. 
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RADIO NAVIGATORS. Used by yachtsmen, hunters, fishermen, 
campers and aviators, the Radio Navigator or Radio-Direction Finder 
is basically a long-wave (200 to 400 KC) radio receiver equipped 
with a highly directional rotatable loop antenna and with visual 
means (such as a meter) for indicating station signal strength. Often, 
these units will have more than one band, with the AM Broadcast
Band or various short-wave bands tuned as well as the 200-400 KC 
band; this band, of course, covers the station frequencies used by 
Marine Radio Beacons, Aircraft Range and Airport stations. In opera-

Fig. 9-4: The HEATH Model DF-2 Radio Navigator-basically a two-band transistorized 
receiver, this type of set is used extensively in marine installations. 

tion, the loop antenna is rotated for either a peak (maximum) or null 
(minimum) signal pick up, as indicated on the visual device; gener
ally, a null indication is used, as this is much sharper than the peak 
reading. Station bearing is then indicated by a dial coupled to the 
loop antenna assembly. Maximum pick up is obtained when the loop's 
plane is at right angles to the station's antenna system; minimum 
when it is pointing towards the station. 
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The Health Model DF-2 Radio Navigator is a typical instrument 
of this type. Exterior and interior views of the DF-2 are given in Figs. 
9-4 and 9-6, respectively; the unit's schematic wiring diagram is given 
in Fig. 9-5; with detailed Alignment procedure outlined in Table 9-D. 

Fig. 9-6: Interior view of the DF-2 receiver. The highly directional loopsticlc antenna 
plugs into a rotatable socket. Standard "chassis" type construction is employed. 

A two-band receiver, the Model DF-2 covers the 200-400 KC long-wave 
band and the 540-1620 KC Broadcast-Band; its I.F. is 455 KC. Operat
ing power is supplied by six standard flashlight cells connected in 
series to supply 9-volts, with a tap at 4.5 volts to operate a dial lamp 
through a momentary contact push-button switch; current drain of the 
receiver itself varies from 9MA under zero signal conditions to 20 MA 
with full volume, giving an average battery life of between 500 and 
1000 hours. Its audio output is furnished through a 4" x 6" oval PM 
loudspeaker. 

Referring to the schematic diagram, we see that the circuit is 
typical of that found in multi-band portable receivers, with but two 
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major changes . (a) the addition of a R.F. gain or Sensitivity 
control, and (b) the use of a meter in series with the emitter of the 
1st I.F. amplifier. Six PNP transistors and a single semiconductor 
diode are used, with the common-emitter configuration employed in 
all stages. A standard band-switching arrangement using a multi-posi
tion rotary switch is provided for the antenna and oscillator coils. 

STEP 

2 

'---------
3 

PROCEDURE 

a. Receiver out of cabinet, antenna coil in sodret, set "ON". 
b, Couple Signal Generator to antenna coil through loop. 
c, Clo•• tuning capacitor plates, 

.. 
b. 

c. 

.. 
b. 

C, 

S.t Sipal Generator to 455 KC, modulated signal, 
With lowest generator output which will provide an indication, peak l,F. 
transformer for maximum audio output or minimum meter reading; reduce 
generator output as needed, 
Repeat above step to correct for Interaction. 

Remove antenna coil, install receiver in cabinet. 
Reinstall antenna coil ond rotate until exactly ov&r the front and hock 
markers of top direction Indicator base, 
Position front indicator pointer so It points straight up, 

a. Couple Signal Generator to antenna coil as in Step l(o). 
b. Set Signal Generator to supply 600 KC modulated signal. 
c. Rocking tuning condenHr near 600 KC dial setting, adjust BC band 

oscillator coil (40.112, Fig. 9-5) for maximum audio output, 

o. Set Signal Generator to 1500 KC, adjust receiver dial to some frequency. 
b. Adjust oscillotor trimmer (J, Fig. 9,5) for maximum oudio output or minimum 

meter reading. 
c, Repeot as necessary to insure correct setting, 

a, Set S!gnal Gi!lnerator to 1400 KC, tune in signal on radio, 
b. Adjust anter.r'!t:1 trimmer (M, Fig. 9-5) for maximum output, 
c, R.apeat Steps.:, S, 6 to correct for interoction. 

a. Set Signot Generator to 220 KC and tune receiver to same frequency. 
b. Rocking tuning c:,ndenser, adjust LW oscillotcr coil slug {40•113, Fig. 

9-5) for maximum output. 

a, S•t Signal Generator and receiver to 380 KC. 
b. Adjust oscillotor lrimmer (K, Fig. 9-5) for maximum output, 
c. Adjust ontonf't:1 h'immet (L, Fig. 9-5) for maximum output, 
d. Repsat S1eps 7 and 8 several times to cc.rroct interaction. 

NOTES 

Refer to Fl;. 9-S. 
See Section 1, 

t,F, Alignment, 
Volume control and sensitivity 
turned up. 

Antenn-:» coil plugs in. 

Tighten front ir:dicaft,r. 

R.F. Alignmen!. 
Bcndswitch in BC pa,sition, 
Other controls as in St.ep 2 
(above). 
Adjust through cabinet holn. 

Use care and double-check to 
ovoid "'images," Check against 
local station if necessary, 

Step 6 completes alig:im,:nt of 
Broadcast Band. 

Long•Wave Alignment. 
Bandswitch in LW position, 
Other controls as above. 

Step 8 complete LW alignment, 
lnstoll snop hole plugs in 
cabinet holes. 

TABLE 9-D: Alignment data for the DF-2 receiver. 

In operation, R.F. signals picked up by the loop antenna system 
are converted into a 455 KC I.F. signal and applied to a two-stage 
transformer-coupled I.F. amplifier. The Sensitivity control is essen
tially a resistive shunt across the converter's base-emitter input circuit, 
and serves to adjust R.F. gain by varying circuit loading. A conven
tional diode type 2nd detector is employed, with the D.C. component 
of its detected signal coupled back to the 1st I.F. stage as an A VC 
control signal. A meter in series with the 1st I.F. amplifier's emitter 
electrode indicates this stage's emitter current; since this current 
varies inversely with signal strength due to A VC bias action, the meter 
reading provides an indication of relative signal strength and may be 
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used as a visual indicator when adjusting the loop antenna. In prac
tice, a maximum meter reading is obtained with minimum input signal, 
and vice-versa. The set's Volume control serves as the 2nd detector's 
load resistor, with the audio component of the detected signal capac
itively-coupled to a single-ended audio driver; this stage, in turn, is 
transformer-coupled to a Class B push-pull audio output amplifier. 
The output stage is coupled to the PM loudspeaker through a con
ventional impedance matching transformer. 

Except for mechanical defects in the antenna control and rotating 
mechanism, Radio Navigators and Radio Direction Finders may be 
serviced using the basic methods outlined in earlier Sections. A 
basic Troubleshooting Chart for this type of equipment is given in 
Table 9-E; this should be used in conjunction with the detailed 
receiver Troubleshooting Charts found in Section 5. 

COMPUIMT PROCEDURE MOTES 

In general, Raclio Novigo• ~ 
1-----------1-------------------l tors ond aimilar instrum ... ts 

Receiver dead, l:ioth bonds Cl,eclc batteries, power switch, sto9e voltages. 

may be treated as standard 
1--------------1------------------l multi-band radio receivers, 

Receiver weak, both bonds Check batterle •, stage voltages, alignment. 

taking into account the 
equipment's frequ•cy of 

1--------------1------------------t operation and Gny mechan

Oscillation, squ.ollnt Check batteries, alignment, filter and by.poss capacitors, 
lead dress, shielding. 

Readjust; if difficulty encountered, chock for mecl.anicol ical features. 

trouble. 
1-----------1-------------------j For specific hints and 

Interference or noise 

BC works, L W dead, or 
LW worlcs, BC band dead. 

Distortion 

Check alignment, by•pass and filter capacitors, 
sl.ielding. 

Check batteries, local oscillotor operation~align• 
ment. 

Trouble generally in audio section. Check batteries 
first. 

Use ""bute force" test technique, as outlined, in Section 
1, but first check to molc:e sure antenna coil is firmly 
seated in its socket. 

procedures, refer to 
Section 5. 

TABLE 9-E: GENERAL TROUBLESHOOTING CHART - RADIO NAVIGATOR AND 
DIRECTION FINDERS. For specific defects, treat as a standard multi-band transistor
ized receiver. Reier to Section 5. 

SHORT-WAVE CONVERTER. Thus far, the "Special Receivers" 
we've discussed have been complete instruments in themselves. How
ever, transistors are frequently used in R.F. Converters; basically, 
these are accessory instruments used with a conventional receiver to 
pennit the reception of signals outside the receiver's normal tuning 
range. Often, their circuitry is similar to that in the converter stage 
of a superhet receiver, for they operate in much the same way. That 
is, they mix a locally generated signal with an incoming R.F. signal 
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and develop an "I.F." signal at a frequency falling within the tuning 
range of the receiver with which they are used. 

The Regency Model ATC-1, shown in Fig. 9-7, is a typical con
verter. This unit is designed to permit the reception of amateur 
(Ham) signals on the 80, 40, 20, 15 and 10 meter bands through any 
standard AM Broadcast-Band receiver; it finds wide application as 

Fig. 9-7: The REGENCY Model ATC-1 transistorized amateur band converter. This in
strument is used with a standard Broadcast Band receiver to pick up amateur (ham) 
radio signals. 

an amateur-band converter for car radios, but can be used equally 
well with table-model sets or portables. The instrument's schematic 
wiring diagram is given in Fig. 9-8, with its set-up and adjustment 
procedure outlined in Table 9-F; step-by-step Alignment instructions 
are given in Table 9-G. Operating power is supplied by three 1.5-
volt penlight cells connected in series to supply 4.5-volts. A small 
dial lamp is provided, operated (as is customary in battery-powered 
gear) by a momentary contact push-button switch ganged to the 
Tuning knob. 
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An examination of the schematic diagram reveals that only two 
transistors are used. Xl is a PNP Surface-Barrier transistor used as 
a combination mixer-local oscillator. A four-section multi-position 
switch serves to select various antenna (R.F.) and local oscillator 
coils for each of the ATC-l's five bands; individual station tuning is 
accomplished by a two-gang variable capacitor. Clamp diode Dl 

STEP PROCEDURE 

1 a. Connect suitable antenna to "ANT" jack of converter. If car 
radio antenna, extend to maximum height. 

b. Using low capacitance cable, connect "REC" jack of converter 
to antenna jack of car radio. 

c. Set function switch "OFF." Turn car radio "ON." Tune car radio 
to station near 1400 KC and "peak" its antenna trimmer for 
maximum output. 

2 a. Turn function switch to "CW/SSB" position, "Q MUL T/BFO" 
control full up. Make sure shorting plug is in J3. 

b. Tune cor radio in vicinity of 1230 KC until BFO carrier can be 
heard. Adjust "Q MUL T /BFO" control until carrier stops, then 
turn up slowly until carrier just reappears. Tune car radio 
accurately to carrier. 

3 a. Turn function switch to "PHONE" position, bandswitch to 40 
Meter Band. 

b. Using fiber alignment tool, adjust 1.F. coil A2 (Fig. 9-8) for 
maximum noise output from car speaker. 

c. Advance "Q MUL T /BFO" control slowly, readjusting A2, until 
"Q" Multiplier breaks into oscillation. Should be very near end of 
"Q MUL T/BFO" controls rotation, 

4 a. If "Q" Multiplier does not oscillate, adjust "CA" (A3, Fig. 9-8) 
on back of converter in counterclockwise direction. 

b. Repeak A2 ond A3 until "Q" Multiplier breaks into oscillation at 
obout 90% rotation of "Q MUL T/BFO" control. 

5 a. With adjustments completed, converter may be permanently 
installed in auto. 

TABLE 9-F: Set-up and adjustment procedure lor the ATC-1 converter. 

serves as a simple limiter to prevent overload in the event the unit is 
used close to a transmitter. The second transistor, X2, is a NPN, 
junction type serving variously as a "Q" Multiplier for radiotelephone 
reception or as a beat frequency oscillator (BFO) for CW (code) or 
single-side band (SSB) reception. In operation, incoming R.F. signals, 
after selection by the antenna tuned circuit, are converted by Xl to 
a frequency of 1230 KC; this frequency, of course, falls well within 
the standard AM Broadcast-Band (540-1600 KC). 
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STEP PROCEDURE 

1 a. Using low capacitance cable, connect "REC" iac:k of converter to antenna 
iack of receiver used,. Connect Signal Generator to "ANT" jack. 

b. Set Signal Generator to supply a moderate level signal at 1230 KC, Receiver 
should be on, volume full up. 

c. Set function switch to "CW/BFO" position and rotate "Q MUL T /BFO" 
control full up. 

d. Using fiber alignment tool, odju1t L 13 (A 1, Fig, 9·8) to 1230 KC. .. Turn "Q MUL T/BFO;' control fully counterclockwise, Using alignment tool, 
peak 1.F. coil A2 (Fig. 9-8) for maximum output, reducing Signal Generator out• 
put as necessary. 

2 a, Remove screws holding chassis wrap to front cover and rear panel, sliding 
chassis wrap back until oscillator trimmer capacitors con be reached. 

b, Set band selector switch to "80," and adjust "TUNING" for dial reading of 
3.5 MC. 

c, Set Signal Generator to 3,5 MC and, using minimum generator output, adjust 
the oscillator coil slug (A4, Fig, 9-8) for maximum signal output from receiver. 

d. Set Signal Generator and receiver dial both to 4.0 MC, and adjust oscillator 
trimmer AS for maximum output. 

e, Repeat Steps 2a through 2d until calibration checks. 

3 a, Rotate band selector to "40," and set dial and Signal Generator to 7.0 MC, 
b. Adjust A6 to frequency, 
c. Set dial and Signal Generator to 7,3 MC. 
d. Adjust A7 to frequency. 
e, Repeat Steps 3o through 3d until calibration checks. 

4 a. Adjust bond selector to "20," and set dial and Signal Generator to 14.0 MC. 
b. Adjust AS to frequency. 
c. Shift dial and Signal Generator to 14.35 MC. 
d. Adjust A9 to frequency. 
e. Repeat Steps 4o through 4d until calibration is correct, 

s a, Rotate band selector to "15," and set dial and Signal Generator to 21.0 MC. 
b. Adjust A 10 to frequency, 
c. Shift dial and Signal Generator to 21.45 MC. 
d. Adjust All to frequency. 
e. Repeat Steps Sa through 5d for accurate dial calibration. 

6 a, Adjust bond selector to "10," and set dial and Signal Generator to 28.0 MC. 
b. Adjust A 12 to frequency. 
c. Shift dial and Signal Generator to 29.7 MC. 
d, Adjust A 13 to frequency. 
e. Repeat Steps 6a through 6d until calibration is correct, then reassemble 

converter in its case. If minor shift in calibration has occurred, touch up 
settings of A4, A6, AS, Al0, and Al2 (Fig. 9-8). 

TABLE 9-G: Alignment data for the ATC-1 Canverter. After completing Step 6, the 
R.F. input circuit coils are adjusted by setting the ANT TRIM control in the middle 
of its range and peaking each ol the R.F. coil cores (A14, 15, 16, 17, and 18) to a 
signal in the respective band. These adjustments should be made with the unit's 
regular antenna connected. 
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The Toubleshooting Chart given in Table 9-H, while applying 
specifically to the Model ATC-1, can be used as a general guide for 
servicing other transistorized short-wave converters which may be 
introduced in the future. Dial cord restringing diagrams are given in 
Fig. 9-9. As a general rule, service failure in transistorized con-
verters similar to the ATC-1 are extremely rare, and, frequently, are 
mechanical rather than electrical (broken dial cord or defective an-
tenna connection, for example). Where a service complaint is en-
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countered, it may be the result of improper installation or adjust
ment, and these items should be checked first. 

© 
LOOP CORD TWICE UOUND ORUM, PASS THROUGH HOLE, 

AND KNOT SECURELY---------

© 
HOLD ORUM SO THAT LOW UNO IS IN PROPER VIEWING POSITIOH 

ANO DIAL SPRING PRESSURE IS AT MINIMUM 

© 
FASTEN CORD HERE 

0 
SET BAND SWITCH TO LOW BAND 

LOOP CORO AROUND PUtLEY 

© 
FINE ADJUSTMENT Of DIAL POSITION CAN BE MADE IT LOOSENING SET 

SCREW ANO POSITION ING BAND SWITCH PULLEY ON SHAFT 

(a) 

© 
~-- LOOP CORD 

1~0U~D PULLEYS 

0 
LOOP CORD 

AROUND PULLEY 
1 TURN----- -

; 

(b) 

Fig. 9-9: ATC-1 dial cord restringing diagrams ... (a) Tuning Dial, (b) Band Change 
Dial. 

FM CONVERTER. Regency's Model RC-103 FM TeleVerter, 
shown in Fig. 9-10, represents a unique approach to transistorized 
converter design. This instrument, employing but a single PNP 
Surface-Barrier transistor, permits the reception of standard FM 
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Broadcast-Band (88-108 MC) stations through any commercial TV 
receiver. It accomplishes this job by converting the FM station 
signals to frequencies falling within TV Channels 3 and 4. An in
terior view of the RC-103 is shown in Fig. 9-12, while the unit's 
schematic wiring diagram is given in Fig. 9-11; Alignment data is 
given in Table 9-1. Operating power is furnished by three standard 
penlight cells connected in series to supply 4.5-volts, with a tap of 
3 volts for base bias; normal current drain is less than one milliam
pere, assuring a battery life approximating average "shelf" life. In 
use, the TV receiver's regular antenna system is employed, with its 

Fig. 9-10: REGENCY's Model RC-103 FM TeleVerter. This transistorized unit permits 
the reception ol the FM Broadcast Band through standard TV receivers. 

300-ohm input lead connected to 1 the TeleVerter's "Antenna" ter
minals. A short length of 300-ohm twin-lead is then connected be
tween the unit's "Receiver" terminals and the TV set's regular An
tenna terminals. 

Referring to the schematic diagram, Fig. 9-11, we see that the 
RC-103's multi-position control switch serves two basic functions. 
It acts both to turn the instrument "ON" and "OFF" and to insert 
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ANTENNA IECEIVEII 

Fig. 9-11: FM TeleVerter schematic diagram. This instrument uses a single Surface
Barrier transistor. 

Fig. 9-12: Interior view ol the RC-103 TeleVerter. Operating power is supplied by three 
penlight cells. 
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STEP PROCEDURE 

1 Connect Signal Generator to TeleVerter "ANTENNA" terminals; 
use matching pod or resistors to obtain 300 ohm balanced input, 

2 Using length of 300-ohm twin-lead, connect "RECEIVER" 
terminals of TeleVerter to antenna terminals of a TV receiver 
having a 40 MC I.F. system and using intercarrier sound. 

3 Turn TV receiver "ON" and set to channel 3. 

4 Set Signal Generator to 98,0 MC, and adjust output to about 
100 microvolts, modulated 30%. 

5 Set TeleVerter dial to 98.0 MC. Adjust slug Al (Fig. 9-11) 
until signal is heard. 

6 Reduce Signal Generator output until noise starts to override 
signal. 

7 Peak input trimmer A2, keeping Signal Generator output low 
enough to hear background noise. 

8 Rock TeleVerter tuning while adjusting output coil A3 for 
maximum signal. 

TABLE 9-1: Alignment data for the RC-103 FM TeleVerter. 

the TeleVerter circuit in series with the TV set's antenna connection; 
when the RC-103 is "OFF,'' its Receiver and Antenna terminals are 
bridged together through switch SWl. In operation, Xl serves as a 
combination mixer-local oscillator, continuously tuned over its operat
ing range by two-gang capacitor C3A-C3B. Its output is fed to the 
TV set through a balanced transformer. The oscillator operates over 
the frequency range of from 30.83 MC to 37.5 MC as the input circuit 
is tuned from 88 MC to 108 MC. Thus, the local oscillator frequency 
equals the FM carrier frequency plus 4.5 MC, with the sum divided 
by three. As a result of the mixing action of the transistor, two output 
signals are obtained. One is an unmodulated "Picture" carrier at 
twice the frequency of the oscillator; this is simply the local oscilla
tor's 2nd harmonic. The second in an FM modulated "Audio" carrier 
which is 4.5 MC removed from the "Picture" carrier; this signal is 
developed by the difference between the local oscillator and FM 
station carrier frequencies. Two signals are needed, of course, to 
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permit the TeleVerter to be used with TV receivers employing an 
intercarrier sound I.F. system. As you may recall, such systems 
depends on the 4.5 MC "beat" between "Picture" and "Audio" TV 
carriers to supply their I.F. signal. 

Except for service complaints caused by weak batteries or by 
improper installation or operation, relatively little can go wrong with 
the FM TeleVerter as long as it is not subjected to physical or 
electrical abuse. Basic service suggestions are outlined in the Trouble
shooting Chart given in Table 9-J. 

COMPLAINT TEST PROCEDURE NOTES 

Doesn't work Check operation of TV receiver; make sure con- Check transistor last. 
nections ore correct; check battery. 

Weak Check battery; check TV antenna system, check 
TV receiver performance. 

Noisy Check antenna system, al I connections. 

Drifts Check TeleVerter's location. If on top of TV Keep TeleVerter away from heat. 
receiver or in other warm location, relocate. 
Check battery. 

Intermittent Check connections to TV receiver and antenna 
system, looking for partial opens and intermittent 
shorts. 

TABLE 9-J: GENERAL TROUBLESHOOTING CHART-FM TELE VERTER. This Chart 
may be used as a general guide for servicing any similar equipment. 

TRANSMITTERS 

As this is written, R.F. power transistors have been available for 
only a short time, and even these have limited power output and fairly 
low maximum operating frequencies. Most have maximum outputs of 
less than 50 watts and maximum operating frequencies of well under 
30 MC. As a result, the transistor has not been used to any extent 
in the R.F. stages of commercially manufactured medium or high 
power Radio Transmitters. Whether the transistor will see extensive 
use in such applications in the future will depend upon both economic 
and technical developments, for not only must future transistors meet 
the basic engineering requirements of transmitter designs, but they 
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must be competitive, price-wise, with alternate devices capable of 
handling the same functions. 

While transistors, in the past, have not been used to any degree 
in the R.F. stages of medium or high power transmitters, they have 
found wide application in supporting equipment. For example, power 
transistors are used quite often in D.C. power supplies to furnish high 
B voltages to battery-powered vacuum tube-operated transmitters; 
here, they serve as efficient replacements for vibrator power packs 
and dynamotors. We'll discuss typical power supply circuits a little 
later in this Section. In addition, transistors are used as audio 
amplifiers in the modulator stages of mobile and Marine radiotele
phony equipment. Finally, R.F. transistors are used to some extent 
in low power transmitters, such as "Wireless" microphones and phono-

Fig. 9-13: LAFAYETTE RAD/O's Model S8-201 "Stereo-Bug." Designed for converting 
standard phonographs to stereophonic operation, this instrument is basically a small 
radio transmitter. 

graph oscillators, as well as in the low-power telemetery tansmitters 
of satellites and guided missiles. The latter equipment, of course, will 
seldom, if ever, be encountered by the average service technician; 
in most cases, the circuits used are highly classified. However, the 
practical worker may be called on to repair low-power phono oscil
lators or medium power modulators from time to time. Let's take a 
look, then, at such equipment. 

PHONO OSCILLATOR. Lafayette Radio' Model SB-201 "Stereo
Bug" is an interesting device designed to permit the easy conversion 
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of a standard single-channel record player to dual-channel stereophonic 
operation by the simple substitution of a suitable stereo cartridge for 
the player's regular phono cartridge. The "second channel" output 
obtained from the stereo cartridge is applied to the SB-201, which 
uses it to modulate a radio-frequency carrier. This, in turn, is radiated 
for a short distance and picked up by a standard AM Broadcast
Band receiver, with its audio amplifier and loudspeaker system thus 
serving as the "second stereo channel." This avoids the need for a 
duplicate audio amplifier and loudspeaker. Thus, the Stereo-Bug is 
essentially a low-power radio transmitter. Although designed for a 
specialized application, the circuit used in this device is similar to 
those found in all transistorized phono oscillators and "wireless" 
microphones. 

An exterior view of the SB-201 is shown in Fig. 9-13, while its 
schematic wiring diagram is given in Fig. 9-14. Referring to the latter, 
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Fig. 9-14: "Stereo-Bug" schematic diagram. The circuit used is similar to that employed 
in wireless microphones and phonographs. 

two PNP transistors are used in this device, with operating power 
supplied by a single 6-volt battery (Bl) controlled by a SPST slide 
switch (SWl). Ql serves as a tickler feedback common-emitter R.F. 
oscillator. Operating frequency is determined by the tuned circuit 
made up of R.F. transformer Tl's primary winding, shunt capacitor 
C3, and trimmer Cl. Base bias is supplied by voltage-divider R3-R5, 
stabilized by the voltage developed across emitter resistor R2, by
passed by C5. Ql's output signal is coupled to the antenna lead 
through C2. The R.F. signal developed by Ql is amplitude-modulated 
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by an audio signal applied to its base through isolating resistor R4 
and D.C. blocking capacitor C6. This signal, in turn, is obtained 
from the emitter load, R6, of audio amplifier Q2, serving as a common
collector amplifier. Q2's base bias is furnished through R7, with its 
input signal applied through C7. A common-collector circuit is used 
here because its high input impedance (see Section 10) provides 
minimum loading on the audio signal source (phonograph cartridge). 
The unit's R.F. output frequency is within the AM Broadcast-Band. 

From a practical servicing viewpoint, little can go wrong with 
this type of equipment. The batteries can become weak, of course, 
and with long service any electrolytics used may dry out. If too high 
an input signal amplitude is used, the output signal may be distorted, 
but no permanent damage should result. If the instrument is used in 
a damp or humid location, moisture may be absorbed by the coil, 
causing a loss of "Q" and, in some cases, preventing oscillation. 
Finally, exposure to excessively high operating temperatures may 
cause a shift in operating frequency and possible transistor damage. 

CW TRANSMITTER. The schematic wiring diagram of a low 
power CW (Radiotelegraph) transmitter is given in Fig. 9-15. While 
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!OTO 
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Fig. 9-15: Schematic wiring diagram of a low power transistorized radio transmitter. 

this circuit does not apply to currently available commercially built 
transmitters, it does represent typical design practice and may be 
be used as a guide when such equipment is encountered in future 
work. Referring to the schematic diagram, a PNP Surface-Barrier 
transistor serves as a common-base crystal-controlled R.F. oscillator, 
with feedback provided between its collector and emitter circuits 
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through phasing capacitor Cl and the quartz crystal (XTAL). The 
output signal developed in its collector load, a tuned resonant circuit, 
is coupled through a 0.01 Mfd. capacitor to the emitter of a PNP 
SBDT (Surface-Barrier Diffused Type) common-base power amplifier, 
with its output, in turn, coupled to the antenna system. Taps are 
provided on the coils used in each resonant circuit to permit proper 
matching to transistor circuit impedances. R.F. chokes (RFC) are 
used to isolate emitter and collector bias supplies, with variable resis
tors provided to permit adjustment of all bias currents for optimum 
operation. The transmitting Key is used to interrupt the emitter bias 
circuit, turning the transmitter On and Off. The power output of a 
transmitter of this general type may run over 100 milliwatts. 

Perhaps the most common defect found in transmitters using 

NOTE 
PROPER IMPEDANCE MATCH 
SECURED BY ADJUSTMENT 
OF R.F. OUTPUT LOADING 
NETWORK 

12.6V. 
+ 

CIRCUIT DIAGRAM 8t soov.oc. 

Fig. 9-16: Schematic wiring diagram of a transistorized modulator. Basically a high
power audio amplifier, such units are used frequently in mobile and portable radio
telephone transmitters, even though vacuum-tube circuitry may be amployed in the 
R.F. stages. 

circuits similar to that given in Fig. 9-15 is transistor failure due to 
improper adjustment and operation techniques. Incorrect adjustment 
of the operating bias may cause excessive currents to be drawn, re
sulting in overheating and, possibly, thermal runaway. If the resonant 
tank circuits are tuned without a load, excessively high voltages may 
be applied to the transistor electrodes, causing "punch-through" and 
voltage breakdown. As mentioned in Section 1, extra caution must 
be observed when working with equipment employing Surface
Barrier and related transistor types (SBDT and MADT units), for 
these transistors are easily damaged by voltages in excess of their 
maximum ratings and by stray A.C. leakage. 
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MODULATORS. As a general rule, the transistorized modulators 
used with radiotelephone transmitters employ circuits almost identical 
to those found in P.A. equipment and similar moderate power audio 
amplifiers ( see Section 3) . The chief difference is the use of a different 
type of output transformer ... one with a secondary matching the 
power output stage to a transmitting tube rather than to a loud
speaker's voice coil. The schematic wiring diagram of a typical 25 
watt audio modulator is given in Fig. 9-16. Here, a carbon microphone 
is coupled to a low power Class B push-pull amplifier (Ql and Q2). 
This stage, in turn, is transformer-coupled to a second Class B push
pull amplifier (Q3 and Q4) using high-power transistors. The output 
signal obtained from the second stage is coupled to the radio trans
mitter's R.F. power amplifier through a suitable impedance matching 
transformer (T3). PNP transistors in the common-emitter configura
tion are used in all stages. Rl serves to limit microphone current. 
Base bias current for the driver stage is furnished through voltage
divider R2-R3, stabilized by the voltages developed across emitter 
resistors R4 and R5. In the output stage, base bias current is fur
nished through voltage-divider R7 and RS, with a common emitter 
resistor, R6, used both to stabilize bias and to insure balanced opera
tioB. 

TROUBLESHOOTING TRANSMITTERS. The Troubleshooting Chart 
given in Table 9-K may be used as a general guide when servicing 
transistorized radio transmitters. Here, typical service complaints are 
listed, together with an indication of which circuits should be checked 
and the type of defect which may be encountered. As far as modu
lators are concerned, these are essentially audio amplifiers and, there
fore, may be checked out and tested using the techniques and Trouble
shooting Charts given in Section 3. Where unusual troubles are 
encountered, stage-by-stage checking techniques may be employed, 
using a Grid-Dip Meter or small Monitor Receiver. 

POWER SUPPLIES 

As we have observed in earlier Sections, battery-operated tran
sistorized power supplies are used frequently in vacuum tube-equip
ment. In most of the cases examined thus far, the power supply was 
built-in as a semi-permanent part of the equipment, and served as 
an efficient replacement either for high-voltage B batteries or for a 
vibrator-type power pack. Actually, the transistor is an ideal device 
for such applications. It can operate effectively as an oscillator on 
relatively low voltages, with the A.C. signal developed by its action 
stepped-up by a simple transformer to almost any value desired. 
After step-up, the high A.C. voltage can be rectified and filtered by 
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conventional means. Since oscillator frequency is relatively unim
portant if a D.C. output is needed, basic operation can be at much 
higher frequencies than are used in, say, vibrator-type power packs, 
thus greatly simplifying filtering problems. The higher the "ripple" 
frequency, of course, the easier it is to filter using relatively small 
filter capacitors and chokes, thus permitting weight and space savings 
in the equipment. In addition, the transistor has no contacts to arc 
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NOTE; Where possi!,le, ofter confirming complaint, monitor stage currents and chec5c tuning and neutralizatian adjustments, 
If transmitter blows transiston or line fuses, check fot shorts before attempting operation. 

TABLE 9-K: GENERAL TROUBLESHOOTING CHART - TRANSISTORIZED TRANS
MITTERS. Use this Chart as a guide when servicing transistorized radio transmitters, 
whether simple units such as "wireless" microphones or complex multi-stage equipment. 

and spark, cutting down noise "hash" and eliminating a common 
cause of component failure in electromechanical systems. These ad
vantages have led to the transistor's use in general purpose power 
supplies ... self-contained units which may be used with a variety 
of equipment. Chances are that the number and types of transistor
ized power supplies in use will increase as time goes by, and that 
the repair of these units will become of increasing importance to the 
service technician. Commercially manufactured transistor power sup
plies may be divided into three general classes ... D.C. to A.C. Con
verters (sometimes called Inverters), D.C. to D.C. Converters, and 
special purpose units, such as Auto Ignition Systems. Let's examine 
each of these classes in turn. 
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D.C. TO A.C. CONVERTER. While battery-powered electronic 
equipment has been manufactured in increasing quantities since the 
invention of the transistor, the overwhelming majority of electronic 
gear in use is designed for A.C. power-line operation, and requires 
approximately 115 volts (generally 105-120 volts) at 60 cps. In 
addition to electronic equipment, there are many types of electrical 
appliances . . . mixers, drills, blenders, fans, and so on . . . which are 
designed for A.C. line operation. If an individual wishes to use this 
equipment in a mobile application ... in a car or truck, on a boat, 
or in an airplane, for example ... he must provide an adequate 
source of A.C. power. As a general rule, D.C. power will be available 
from storage batteries, and some means is sought to convert this to 
A.C. power at nominal line frequencies. In pre-transistor days, this 
was generally accomplished by the use of vibrator-type power packs 
or motor-generators (essentially a D.C. motor coupled to an A.C. 
generator) . Both of these methods will produce useable 60 cycle 
power, but they are inefficient, noisy, and prone to frequent break
downs. Today, however, D.C. to A.C. conversion can be done efficient
ly, noiselessly, and in minimum space with transistor-operated units 
which require a minimum of maintenance. 

The Heath Model PC-1 Power Converter, shown in Fig. 9-17, is 
a typical transistorized D.C. to A.C. power supply. Designed for 
operation from a 12-volt D.C. source, this unit supplies 115 volts 
A.C. at 60 cps, and can handle loads up to 125 watts in continuous 
service or up to 200 watts in intermittent applications. Its overall 

Fig. 9-17: The HEATH Model PC-1 Power Converter. Obtaining its power from 12-volt 
storage or dry batteries, this unit supplies 11 S volts A.C. at 60 cycles #or the opera
tion of standard (line-powered) radio receivers, television sets, lights, small motors, and 
similar equipment. 
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efficiency averages about 75% for loads between 70 and 125 watts. 
The PC-l's schematic wiring diagram is given in Fig. 9-18. 

Referring to the schematic, we see that D.C. power is furnished 
through a line fuse and controlled by a heavy-duty "ON-OFF" 
switch. Two high-power PNP transistors are used in a common
emitter push-pull oscillator circuit. In operation, a three-winding 
iron-core transformer serves both to provide the feedback necessary 
to start and sustain oscillation and to step-up the A.C. signal devel
oped to 115 volts. Base bias is supplied by voltage-divider Rl-R2, 
bypassed by Cl. C2, across the transformer's primary, serves to 
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Fig. 9-18: Model PC-1 schematic diagram. Two transistors are used as a push-pull 
power oscillator. The circuit is similar to that employed in all transistorized D.C. to 
A.C. power converters (or inverters). 

stabilize the circuit's operating frequency. Sufficient drive is furnished 
by the base feedback winding so that the transistors are driven to 
current saturation on each half-cycle and, in effect, serve as current 
switches; thus, only one transistor is conducting at any one instant. 
This provides highly efficient operation, but develops an essentially 
square-wave signal waveform. In practice, the transistors are mounted 
i;lirectly on the unit's metal chassis for improved heat dissipation, but 
with their collectors (connected to their outer metal case) insulated 
electrically by small mica washers. 

D.C. TO D.C. CONVERTERS. Lowpower D.C. to D.C. power sup
plies as used in "hybrid" radio receivers were examined in Sections 4 
(see Fig. 4-9) and 6 (see Figs. 6-25 and 6-27); these units supplied 
moderately high voltages at fairly low currents. Where D.C. B voltage 
is supplied to medium power radio transmitters, similar voltages may 
be needed, but at much higher currents. Theoretically, of course, 
we could obtain D.C. power from an A.C. supply similar to the one 
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just discussed (Fig. 9-18) simply by adding suitable rectifiers and 
filters. In practice, however, this is a relatively inefficient approach 
due to the large filter components needed to eliminate 60 or 120 
cycle ripple. As a result, most transistorized D.C. to D.C. power 
supplies employ basic oscillators operating at frequencies ranging 
from a few hundred cps to as high as several KC. 

Commercially manufactured D.C. to D.C. converters are often 
assembled as direct physical replacements for dynamotor or vibrator
type power supplies in existing equipment. One such unit is shown 
in Fig. 9-19, alongside the dynamotor it is designed to replace. This 

Fig. 9-19: AIRCRAFT RADIO Model DV10A Dynaverter, a transistorized D.C. to D.C. 
power converter designed as a replacement for a standard dynamotor, with which it is 
shown (dynamotor at left). 

unit, Aircraft Radio's Model DVlOA Dynaverter, weighs only 1.6 
pounds versus the 3 pound weight of the dynamotor. It is designed 
for input voltages of 24 to 28 volts, D.C. at approximately 2.3 amperes, 
and can supply an output of 270 volts D.C. at 150 MA. 

The schematic wiring diagrams of typical D.C. to D.C. power 
supplies are given in Fig. 9-20. Both of these are basically similar 
in that PNP power transistors are used as common-collector push
pull oscillators. In each case, too, base bias current is supplied by a 
resistive voltage-divider (Rl-R2) and suitable bypass capacitor (Cl), 
and a 12-volt D.C. source is employed. The circuit shown in Fig. 
9-20 (a) uses a full-wave rectifier and delivers 275 volts D.C. at 
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currents up to 125 MA. Using a different transformer, the circuit 
given in Fig. 9-20(b) employs a full-wave bridge rectifier, and delivers 
either 250 volts D.C. at 275 MA or 500 volts D.C. at 165 MA. In 
both circuits, stacked semiconductor diodes are used as rectifiers. 

DCT-2 

SLATE 

WHITE 

(b) 

(a) 

250 V DC 
275 MA 

R3 

275 V DC 

125 MAOC 

Fig. 9-20: Schematic wiring diagrams of D.C. to D.C. converters. The circuits are similar 
to those employed for D.C. to A.C. converters, but with the addition of a rectifier and 
filter network. Circuit shown at (a) delivers 275 V.D.C. at 125 MA; circuit shown 
at (b) delivers 250 V.D.C. at 275 MA or 500 V.D.C. at 165 MA. 
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TROUBLESHOOTING. Transistorized. power supply service com
plaints are frequently the result of physical or electrical abuse. The 
equipment may fail as a result of physical damage, such as may occur 
from the unit being dropped or hit with a heavy object, or from 
exposure to excessive ambient temperatures or high humidity condi
tions. Component damage may occur, too, if the equipment is 
operated in an "overload" condition for long periods, if its output is 
accidentally shorted, or if incorrect input voltages are applied. 
Depending on fusing and individual circuit variations, the applica-
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tion of a source voltage of reversed polarity may either . . . (a) blow 
the line fuse, (b) simply prevent operation without causing damage, 
or, (c) may seriously damage the transistors or other components. 
Typical service complaints encountered in the repair of both A.C. 
(D.C. to A.C. converters) and D.C. (D.C. to D.C.) power supplies 
are outlined in the Troubleshooting Chart given in Table 9-L, along 
with an indication of common defects causing each complaint. In 
general, this type of equipment can be serviced using a minimum 
of test equipment. A Multitester is needed, of course, for voltage 
checks, and an Oscilloscope or Signal Tracer is useful for determin
ing if the basic oscillator is working; in many cases, hov1ever, oscil
lator action can be checked simply by listening for transformer "hum." 

AUTOMOBILE IGNITION SYSTEMS. In an automobile engine, 
a high voltage must be applied to each spark plug at just the right 
moment to ignite the compressed fuel mixture in the cylinder. This 
high voltage is obtained from a transformer-like ignition coil having 
a low-voltage high-current "primary" winding and a low-current high
voltage "secondary." In operation, D.C. obtained from the car's 
battery is passed through the coil's primary in periodic pulses as a 
set of contact breaker points open and close. Each time the circuit is 
completed and broken, the resulting rush of current develops the high 
voltage required. To obtain a fairly high voltage, relatively large 
currents must be passed through the primary coil, with this current 
broken and established by the breaker points serving as a momentary 
switch. Breaking a large current causes the contacts to spark and 
arc, resulting in pitting and corrosion, and reducing contact life. To 
minimize arcing, a small capacitor is generally connected across the 
contacts. This capacitor, unfortunately, introduces a small time lag 
in establishing and breaking current flow. As a car's engine is revved 
up, the contact points can remain closed for shorter and shorter in
tervals. This, added to the time lag introduced by the capacitor, 
results in an effective drop in primary current and in the high voltage 
developed as the rate of contact operation is increased. As a result, 
ignition voltage may decrease appreciably at higher engine speeds, 
resulting in an overall drop in efficiency. Transistorized ignition 
systems have been introduced to overcome the disadvantages of such 
conventional systems. 

In operation, a power transistor is used to control the current 
supplied to the ignition coil's "primary." Its collector and emitter 
electrodes are connected in series between the battery and the coil. 
The heavy duty breaker point contacts and shunt capacitor are then 
replaced with light duty contacts which, in turn, are used to apply 
a control bias to the transistor's base electrode. Since the base bias 
current is very small, relatively little contact arcing occurs and very 
long contact life is achieved. At the same time, the transistor's rapid 
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response maintains a good primary current regardless of contact 
breaking rate, thus maintaining a fairly constant high ignition voltage 
at any engine speed. 

Originally introduced as optional equipment, the use of transistor
ized ignition systems is increasing rapidly. Such systems may be 
serviced using standard technique, with circuit tracing and check
out being an extremely effective method due to simple wiring arrange
ment used. Occasionally, the power transistor and its associated igni
tion coil may be permanently sealed in a single package; here, a 
defect in either component may call for the replacement of the entire 
assembly. 

CONTROLS AND ALARMS 
Typically, basic control circuits and burglar and fire alarm units 

are relatively simple, at least when compared to radio receivers, TV 
sets, and other equipment we have reviewed in earlier Sections. This 
very simplicity served, to some extent, to limit the transistor's early 
applications in such devices; an equipment manufacturer, for example, 
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Fig. 9-21: The circuit ot a transistorized remote control transmitter (MOTOROLA 
TK-74) is shown at (a). The circuit ot the vacuum-tube operated receiver with which 
it is used is shown at (b) for reference purposes. This receiver and transmitter are 
used as accessories with the MOTOROLA TS-539 series ot television receivers. 
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may have had difficulty in justifying the transistorization of a tube
operated item which had proven itself in the field and which, at the 
most, required but a handful of electrical components. However, the 
transistor is starting to find increased uses in these general fields, and 
its applications will undoubtedly multiply rapidly as manufacturers 
and designers become familiar with its full potentialities. Here, one 
or another of its basic characteristics may make it more attractive 
than previously used or alternate types of amplifying devices. In 
portable remote control instruments, for example, its small size and 
low power requirements are of primary importance. In industrial 
control equipment, on the other hand, size and power requirements 
often are not critical; here, the transistor's ability to amplify small 
direct currents, its reliability, and its long service life may become 
its most attractive features. In still other types of equipment, the 
unit's ability to operate instantly without "warm-up" and without 
the need for stand-by power may be its major asset. 

Not all transistor control applications are limited to industrial 
and commercial equipment. Some manufacturers of consumer pro
ducts have used transistor control circuits; others, automobile manu
facturers, for example, are seriously considering its possible applica
tions to their own fields. As time goes by, then, the repair and main
tenance of transistorized control equipment will open ever wider as a 
new field in which the service technician can utilize his skills and 
talents. 

TV REMOTE CONTROL. An interesting application of a transistor
ized control device to a consumer product is found in the Motorola 
Model TK-74 Wireless Remote Control assembly. Designed for use 
in all television receivers incorporating the Motorola No. TS-539 TV 
chassis, the TK-74 consists of two basic units ... (a) a transistor
ized low-power radio transmitter, and (b) a vacuum tube T.R.F. 
receiver; the schematic diagrams of both units are given in Fig. 9-21. 
The basic TS-539 chassis, a conventional tube-operated TV receiver, 
is equipped with an electro-mechanical automatic tuner driven by a 
small electric motor. Normally, channel selection is accomplished by 
depressing a front-panel push-button, which, in turn, actuates the 
tuning mechanism. The TK-74 assembly, when added to the TS-539 
chassis, permits remote operation of the TV set's tuning mechanism 
by depressing a push-button on the hand-held transistorized trans
mitter. This causes an R.F. signal to be radiated which is picked 
up by the receiver, amplified, detected, and used to close an electro
magnetic relay. The relay contacts, then, serve in place of the set's 
front-panel push-button in actuating the tuning device. 

Referring to Fig. 9-21 (a), the transmitter consists of a PNP 
transistor wired as a standard Hartley oscillator. The common-base 
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configuration is used. Oscillator frequency is determined by a tuned 
circuit made up of a loop antenna coil L901, fixed capacitor C903, and 
trimmer C904. A tap on the coil is coupled through D.C. blocking 
capacitor C902 to the transistor's emitter to furnish the feedback 
necessary to start and sustain oscillation. R903 serves an emitter load 
resistor. Base bias is furnished through R901 and Power Output 
control R902, bypassed by C901. Operating power is supplied by a 
built-in 22.5 volt battery, E903, controlled by a SPST Station Selec
tor push-button switch, E902. Operating frequency is 2.881 megacycles. 

COMPLAINT TROUBLE IN PROCEDURE 

Doesn't work. a. Transmitter - Fig. 9-21 (a). a. Check battery; output and f. * 
b. Receiver "dead" or "weak," b, Troubleshoot.** 
c, Relay tube or relay. c. Replace defective part, 
d. Tuner motor citClJlt open. d. Check with ohmmeter, correct. 

Intermittent operation a. Transmitter. a. Replace battery; check 1witct-.. 
b, Receiver or relay circuits. b., c. Troubleshoot using voltage tests 
c. Automatic tuner circuits, and .. b,ute force .. technique - see 

Section 1. 

Unwanted station o. lnterferenc:e from ignition systems, o. Reorient rec:eiver antenna. 
selec:tion lightning, electrical appliances, Check shielding. Adjust receinr 

amateur stations, etc:. Sensitivity and Threshold controls. 
b. Interference from set's horizontal See Fig, 9.21 (b), 

sweep. b, Poor contact to picture tube oquodog 
coating - increase contact area by 
taping 10" square piece of aluminum 
foil to coating; make sure grounding 
spring contacts fail with good tension. 

-

NOTES: *Transmitt•r's output may be checked with 'scope (wide .. bond) or R.F. VTVM; frequency may be 
c~ecked with a Communications Receiver, Grid Dip Me._r, or Wavemet•r. Should be 2,881 MC. 

-*Receiver •Gy be checked out usint standard vacuu"' .. tube receiver techniques ••• Signol Tracing, 
Signal Injection, Voltage Analysis, etc. See Section 1. 

·-

TABLE 9-M: REMOTE CONTROL TROUBLESHOOTING CHART. Although applying 
specifically to the remote control system shown in Fig. 9-21, this Chart may be used 
as a general guide for servicing all types of transistorized (radio) remote control 
equipment. 

The receiver circuit, shown in Fig. 9-21 (b), is fairly conventional 
and need not be examined in detail. Basically, it consists of a 
shielded, tuned loop antenna, a two-stage transformer-coupled T.R.F. 
amplifier, a diode-type detector, and an output amplifier controlled 
by the detected R.F. signal and, in turn, operating a standard relay 
(E906). Tube filament and plate operating voltages are obtained from 
the TV chassis with which the receiver is used; a multi-conductor 
cable and appropriate plug are used for connecting the two units. 

Basic servicing procedure for the TK-74 system is outlined in the 
Troubleshooting Chart given in Table 9-M. Listed here are typical 
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complaints together with suggested checks and tests. Although ap
plying specifically to the TK-74, this table may be used as a general 
guide in the service of any wireless (radio) remote control installa
tion. The basic procedure when repairing these systems is to first 
isolate the defect causing the complaint to either the transmitter or 
receiver assemblies. While the two units are used together, they may 
be considered as independent pieces of equipment for service purposes. 
The transmitter's output may be checked using a Grid Dip Meter, 
Communications Receiver, or similar pick-up device, with care taken 
to check both relative power level and operating frequency. The re
ceiver may be given a basic performance check by applying a signal 

Fig. 9-22: A typical transistorized relay. Such relays are used frequently in control 
applications. 

obtained from another source, such as a spare transmitter or a R.F. 
Signal Generator. Once the defect is isolated to one of the two units, 
that piece of equipment may be checked out using conventional 
test techniques. 

INDUSTRIAL CONTROLS. Commercial and industrial control 
equipment applications are virtually endless. It wouldn't be too dif
ficult, for example, to fill a book larger than this one simply by 
listing individual applications. These range from the simple task of 
automatically opening a door in a supermarket when a shopper steps 
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on a treadle switch to the complex control of dozens of heavy-duty 
production machines in an automated factory. Automation itself 
became possible only with the development of suitable electronic and 
electro-mechanical control systems. While practical control installa
tions may become ultra-complex, requiring literally thousands of com
ponents in a complete system, the basic circuits employed, as men
tioned earlier, are relatively simple. The "heart" of most control 
devices is a sensitive relay circuit. As a general rule, a piece of control 
equipment consists of a single or multi-stage amplifier driving an 
electromagnetic relay. The amplifier serves to increase the relay's 
effective sensitivity many times. The relay contacts, then, serve as 
a simple electrical switch, controlling the power applied to such 
devices as lamps, electric motors, solenoids, magnetic actuators, and 
so on, depending on the control equipment's specific application. 
Transistors are ideal for use in such equipment, for they are basically 
"current" amplifying devices, as opposed to the vacuum tube, which 
is basically a "voltage' amplifier. Electromagnetic relays, of course, 
are current-actuated units, and can be operated best by a current 
amplifier. 

For some industrial and laboratory applications, a transistor am
plifier, an electromagnetic relay, and a simple power supply circuit 
will be combined in a single assembly as an "ultra-sensitive" relay. 
It is then used as a conventional relay, with a control signal applied to 
its amplifier input in lieu of to a coil, and this, in turn, serves to open 
or close the relay's contacts. An instrument of this type is shown in 
Fig. 9-22. With a built-in three-stage transistor amplifier and line
operated power supply, this unit, the Fisher Model 30 Relay, can be 
switched with a control signal of as little as 12 microamperes, with its 
relay contacts capable of switching non-inductive loads of 4.5 amperes 
continuously, or up to 10 amperes on an intermittent basis. 

Generally speaking, direct-coupled transistor amplifiers are used 
in relay control circuits. The schematic diagram of a typical two
stage control amplifier is given in Fig. 9-23. Here, NPN (Ql) and 
PNP (Q2) transistors are used as direct-coupled complementary am
plifiers, with the second stage (Q2) serving to operate a standard 
electromagnetic relay (RL Y). Input resistor Rl, in series with Ql's 
base, limits input signal currents, thus protecting Ql against acci
dental damage. A fixed base bias is applied to this stage through a 
voltage-divider made up of R2 and Sensitivity control R4. Unby
passed emitter resistor R3 serves to stabilize circuit operation and to 
raise Ql's effective input impedance. Q2's base bias is supplied by 
Ql's collector current; Q2's amplified output current, in turn, operates 
the relay, with the relay's armature (ARM.), Normally-Open (N.O.) 
and Normally-Closed (N.C.) contacts acting to switch the load in an 
external circuit. Cl, across the relay's coil, serves to bypass transients 
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Fig. 9-23: A basic transistorized relay circuit. NPN (Q1) and PNP (Q2) transistors are used as a cascaded direct-coupled amplifier. A number 
of circuit variations are encountered in commercial equipment, but most employ direct-coupled amplifiers. 
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developed by sudden changes in Q2's collector current. Operating 
power is supplied by a single 6-volt battery, Bl, controlled by a SPS'l 
switch, SWl. 

In operation, the application of a positive-going input signal (as 
shown), amplified by Ql and Q2, closes the relay. Several modes of 
operation are possible, depending on R4's adjustment and the type 
of input signal used. For example, R4 may be set so that sufficient 
bias is applied to Ql to close the relay; afterwards, the applieation of 
a negative-going input signal to Ql will cause the relay to open. A 
"lock-in" type of operation may be obtained due to a basic charac
teristic of electromagnetic relays. In these units, a larger coil current 
is required to close their contacts than to hold them closed; this is 

l SUN 
CELL 

B2M 

47K 

IN34 
IOOK 

Z.2K SENSITIVE 
RELAY 

470 K 

THE RELAY IS ENERGIZED WHEN A 100 WATT LAMP IS 
PLACED 5" FROM THE SUN CELL. THE VOLTAGE 
NEEDED AT THE SUN CELL TO OPERATE THE RELAY 
VARIES WITH TEMPERATURE AS FOLLOWS: 

TEMPERATURE VOLTAGE AT INPUT TO FLIP-FLOP 

RELAY ENERGIZES RELAY OPENS 

0.14 
0.09 
0.04 

0.17 
0.13 
0.09 

Fig. 9-24: Schematic diagram al a transistorized photo-eel/ controlled relay. Here two 
NPN transistors are used as a direct-coupled amplifier. 

due, of course, to the smaller magnetic gap between the armature and 
pole piece when the relay is closed, permitting the coil to exert greater 
force. To obtain this type of operation, R4 is adjusted until Q2's 
normal collector current is enough to hold the relay closed, but not 
enough to close it, if open. Thereafter, the application of a small 
positive-going input signal to the Input Terminals will close the relay; 
the relay will then stay closed until SWl is opened or until a rela
tively strong negative-going signal is applied to the unit's input. 
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In practical installations, the input "signal" applied to a circuit 
similar to that shown in Fig. 9-23 may be obtained from a variety 
of sources, depending on the control's ultimate application. Usually, 
the signal source is a sensing device of some type ( generally called 
a sensor), such as a thermocouple (for temperature control), photocell 
(for light control), Microswitch (for pressure operation), fusible link 
for fire control), metal foil (for burglar alarm systems), or a moisture
sensitive plate (for humidity or dampness control). By the same 
token, the relay contacts may be used to operate a variety of devices, 
such as electric motors, heaters, fans, air conditioners, solenoids, 
alarm bells, or lights, depending on the overall function needed. 

A somewhat different circuit is used in the light-triggered relay 
shown schematically in Fig. 9-24. Here a light-operated Sun Cell 
serves as a sensor. A two-stage direct-coupled amplifier is employed, 
with NPN types used in each stage. A diode is connected across the 
relay's coil to damp out transients developed by inductive kick on 
current surges. Feedback is provided between the input and output 
circuits, thus changing the basic amplifier into a direct-coupled 
"flip-flop" circuit, and causing a rapid change in collector currents 
whenever an initiating signal is developed by the light-sensitive cell. 

Photocell operated electronic controls are widely used throughout 
industry and commerce. A few of the literally hundreds of applica
tions for such controls are illustrated in Fig. 9-25. 

ALARM SYSTEMS. In general, industrial electronic controls are 
used to actuate electromechanical production equipment, to open or 
close solenoid valves, to maintan constant temperatures by turning 
on heating (or cooling) units, and for similar jobs. However, very 
similar circuits are used in most Alarm Systems. Here, the signal 
obtained from a sensor indicates an undesired condition, and the relay 
contacts are used to sound an alarm bell or siren, signal a guard, turn 
on a light, open the valves in an automatic sprinkler system, to start 
a sump pump, or to carry out some other function which will alleviate 
the undesired condition. Typical alarm applications are outlined 
briefly below: 

1) BURGLAR ALARMS - Several variations possible here. A 
photocell control and light beam set-up may be used, so that an in
truder breaks the beam of light, causing the alarm to sound. Or a 
fixed current might be supplied over a series circuit including foil 
tape on glass areas, and closed contacts or Microswitches on doors 
and windows; here, if the circuit is broken at any point, the current 
flow is interrupted, with this detected by a standard control circuit 
(as in Fig. 9-23) and an alarm sounded. 
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2) FIRE ALARM - An arrangement similar to a series circuit 
Burglar Alarm may be used, but with fusible links or thermostatic 
switches making up the series circuit. Excessive heat melts the links 
or causes a switch to open, opening the circuit and sounding an 
alarm. At the same time, if desired, extra relay contacts may be 
used to turned on an automatic sprinkler system, and to signal the 
Fire Station. 
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weighing 

and 
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control. 

Board 
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Yard 

Filling Containers with different ingredients. 

Each hopper is designed lo depo1it portion when release 11 
operated by Photoelectric Control. As containers pau on the 
conveyor each ingredient is deposited automatically, 

Fig. 9-25: Typical industrial and commercial photoelectric control applications. 

3) FLOOD ALARM - Here the sensor can be two closely spaced 
electrodes arranged in a convenient depression. Rising water closes 
the circuit, actuating the alarm signal and, if desired, turning on a 
sump pump. Variations here include the use of a moisture-sensitive 
plate to obtain a Humidity Alarm or a float attached to a lever arm 
which, in turn, actuates a Microswitch. 

4) PRESSURE ALARM - Here, a simple pressure switch serves 
as a sensor. This may be mounted in the side of a pipe line or duct, 
and acts through the control circuit to sound an alarm if pressure 
rises ( or falls) a predetermined amount. 
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5) SMOKE ALARM - Here, a modified photocell system is em
ployed, mounted high in a room or protected area. Rising smoke 
interrupts the light beam which, detected by the photocell and control 
circuit, sounds an alarm. A similar system might be used in a chimney 
to detect excessive smoke and to control furnace dampers, fuel in
jectors, or electrostatic precipitators. 

6) SOUND ALARM - Sometimes used as a burglar alarm system. 
Here, a microphone serves as a sensor, with its output fed to a high
gain audio amplifier. The resulting audio signal is rectified by a 
simple diode, and the final D.C. applied to a standard control circuit. 
Extraneous noises or sounds above a preset level serve to operate the 
system, sounding an alarm. Thus, a burglar, attempting to "jimmy" 
a door or window, could be detected very easily. 

COMPLAINT TEST PROCEDURE MOTES 

Doesn't work a. <;heck battery or power supply. a. Chock voltages under load. 
b. Check interconnecting cobles. b. Watch for opens, shorts. 
c. Check odju1tments, switches. c. Refer to Service Manual. 
d. Check senior. d, Light source, photocell, pickup. 
•• Check amplifier, relay, •• Make sure signal actuates relay. 

Insensitive a. Check battery or power supply. a, See above, 
b. Check odju• trn.nfl, b. Readjust Sensitivity (if used). 
c, Check sensor. c, Be lure output is normal. 
d. Check amplifier and relay. d. Voltage (current) tests of each stage; 

checlc relay spring tension. 

Works intermittently a. Check battery or power supply. a. See above - check contacts. 
b. Check sensor. b. Try substitute if available. 
c, Check connecting cables, contacts and c. Try wriggling - watch for partial opens, 

plugs (ar jades). shorts. 
d, Check amplifier and relay, d. Use "brute force" technique after 

vo It age checks - see Section 1. 

TABLE 9-N: GENERAL TROUBLESHOOTING CHART - CONTROL CIRCUITS. The 
procedures outlined may be used when servicing all types of transistorized controls. 

Many variations are possible for specialized alarm applications, 
of course. For example, Fire and Burglar Alarm systems could be 
interconnected, so that an alarm is sounded for either condition; here, 
it is only necessary to connect the foil-contact system and fusible 
link-thermostatic switch system as one extended series network. 

TROUBLESHOOTING. Control equipment and alarm systems, 
since they use almost identical circuitry, may be serviced using essen-
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tially the same basic techniques. Typical service complaints and 
suggested test procedures are outlined in the Troubleshooting Chart 
given in Table 9-N. When working with this general type of equip
ment, there is one important point to keep in mind. Most control 
and alarm devices are designed for Fail-Safe operation. In a control 
system, this means that a component or circuit failure will not result 
in dangerous operation; in an alarm device, this means that a circuit 
failure will cause the alarm to be sounded . . . this, of course, is 
desirable so that an equipment breakdown which may cause a loss 
of protection will not go unnoticed. Generally, Fail-Safe operation 

Fig. 9-26: The CUBIC Model 503 transistorized frequency tm!ter. 
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is obtained by arr.,anging relay circuits so that the relay is in a "safe" 
position when open. In a Burglar Alarm, for example, the relay is 
normally held closed; thus, a power circuit or component failure will 
cause the relay to drop out, sounding the alarm. As a general rule, 
separate power sources are provided for control circuit and alarm 
device operation to insure system reliability. 

TEST INSTRUMENTS 

Basically, electronic test instruments employ the same general 
types of circuits found in audio amplifiers, radio receivers, TV sets, 
and other units discussed in detail in earlier Sections, and, of course, 
similar electrical components are used. From this, it is easy to see 

Fig. 9-27: The DUMONT Differential Pre-amplifier, a transistorized device intended 
for instrument applications. 
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that the transistor's inherent characteristics which led to its wide
spread use in more mundane devices offer equal advantages to test 
instrument design engineers. As a result, transistorized test instru
ments have already been introduced by several manufacturers, and 
most firms in this field have a variety of designs "in the works" for 
future release. As this is written, few, if any, service-type testers 
employ transistors, and current applications are confined chiefly to 
industrial, laboratory, and medical test instruments. Sound Level 

Fig. 9-28: Basic "chassis" of the instrument amplifier shown in Fig. 9-27. A quarter 
is included for size comparison purposes. Three transistors are used in this device. 

Meters and Electronic Stethoscopes, discussed in Section 2, represent 
typical instruments used in the industrial and medical fields, re
spectively. Typical transistorized laboratory instruments are shown 
in Figs. 9-26, 9-27, and 9-28. The unit shown in Fig. 9-26 is a Model 
503 direct-reading audio Frequency Meter manufactured by the Cubic 
Corporation. DuMont's Model 407 instrument Pre-Amplifier is 
shown in Fig. 9-27, while a detailed view of its basic "chassis" is 
given in Fig. 9-28. 
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Test instrument circuit designs vary widely, depending on in
dividual manufacturer preferences, on the operating conditions to 
which it may be exposed, on the accuracy of calibration needed, and, 
of course, on its eventual application. Obviously, an instrument 
intended for bench use in an air-conditioned hospital or industrial 
laboratory, where temperatures may not vary more than a few 
degrees year-around, can be designed and built differently than, say, 
a piece of field equipment which may be exposed to desert heat one 
month and to artic cold the next, with a good measure of jouncing 
and bouncing in jungle dampness and dusty areas in the interim. 
By the same token, an instrument designed for rapid troubleshooting 
of home receivers needn't be built to the same specifications as a 
unit used for precision measurements accurate to the proverbial 
"gnat's eyebrow." 

However, electronic test instruments may be grouped into three 
general classes regardless of their specifications, individual circuit 
designs, construction, or final applications. These are ... (a) Test 
Amplifiers, (b) Measuring Devices, and, (c) Signal Generators. In
struments belonging to the first group are basically signal-handling 
devices; they receive a signal from some source, such as an antenna, 
microphone, transducer, or photocell, and then amplify or modify 
it prior to application to another device. Equipment belonging to the 
second group is used to determine the quantitative or qualitative 
characteristics of an electrical signal, physical object, or other unit. 
Finally, instruments found in the last group serve as signal sources, 
developing electrical signals with specific frequency, amplitude, or 
waveform characteristics. Let's take a quick look at the test in
struments found in each of these general classes. 

TEST AMPLIFIERS. Within this grouping are such instruments as 
Electronic Stethoscopes, Instrument Pre-amplifiers (see Figs. 9-27 and 
9-28) , Signal Tracers, Recording Oscillographs, Electrocardiographs, 
and so on. In general, the circuits used are very similar to those 
found in audio and video amplifiers, with the instrument using from 
one to as many as ten or twelve stages, depending on the gain and 
power output needed and on the amplitude of the input signal. 
There may be special refinements such as frequency response control 
circuits (analogous to Tone controls in audio equipment), calibrated 
attenuators, and clipper or limiter circuits to modify the waveform of 
the signal handled. Direct-coupled amplifiers are used extensively in 
medical electronic equipment; these may be very similar to the control 
amplifier shown in Fig. 9-23, but with additional stages added. 
Resistance-coupled amplifiers are used more often in Instrument Pre
amplifiers and in Electronic Stethoscopes. If the instrument handles 
a limited range of signal frequencies, turied interstage transformers 
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or conventional band-pass filters may be incorporated into the unit's 
circuit. 

Power output levels vary considerably, depending on the instru
ment's intended application. An Electronic Stethoscope, for example, 
powers a small earphone, and may have to deliver an output of 1 to 
10 milliwatts. A Signal Tracer, on the other hand, generally drives 
a built-in PM loudspeaker, and may have to deliver signal powers 
up to one-quarter or one-half watt. In other instances, a Test Am
plifier's power level is not too important, and it is rated in terms of 
output voltages; an example, here, is the instrument illustrated in 
Figs. 9-27 and 9-28, which delivers a signal on the order of 15 milli
volts. By the same token, frequency response characteristics depend 
on the signals handled. Recording Oscillograph and medical instru
ment amplifiers have a reasonably flat response from D.C. (zero cps) 
up to, at the most, a few KC. A Signal Tracer's response is generally 
from 20 cps to about 8 or 10 KC. The DuMont Model 407 Pre
amplifier has a response from 0.15 cps to 10 KC. 
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Fig. 9-29: Typical transistorized meter circuit. Commercial imtruments may use a 
number of variations of this basic circuit, including preamplifier stages, voltage dividers 
( or range multipliers}, and, in frequency meters, clippers and dillerentiation circuits. 

MEASURING DEVICES. Typical instruments within this class are 
transistorized Voltmeters, Wattmeters, Frequency Meters (see Fig. 
9-26), Sound Level Meters, Wavemeters, Impedance Bridges, Oscil
loscopes, Field Strength Meters, Transistor Analyzers and Testers, 
Light Meters, Vibration Analyzers, Distortion Analyzers, Insulation 
Testers, Ph Meters, and Electrometers. Often, the circuits found 
in these instruments are very similar to those used in Test Amplifiers, 
but with the addition of a visual indicating device, such as a D' Arson
val meter or a cathode ray tube (as in an Oscilloscope). For ex-
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Fig. 9-31: Schematic diagram of the Model 500 Waveform Generator. 
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ample, a Sound Level Meter is essentially a high-gain audio amplifier 
fitted with a built-in microphone and with its output fed to an especial
ly calibrated A.C. Voltmeter. Thus, the transistor circuitry used may 
serve only to increase the overall sensitivity of an electro-mechanical 
measuring device rather than being a functional part of the measuring 
technique. In a R.F. Wavemeter, as a further example, actual measure
ments are made with a calibrated tuned circuit; here, a transistor 
amplifier and detector are used with a basic meter movement just to 
indicate when the tuned circuit is adjusted to exact resonance. 

Fig. 9-30: The CUBIC Model 500 Waveform Generator. This transistorized instrument can 
be used to supply saw-tooth, square, and pulse signal waveforms. 

The Vacuum Tube Voltmeter (VTVM) is one of the most 
popular of service and laboratory instruments. Basically, this general 
type of instrument is simply a standard electro-mechanical D' Arsonval 
meter movement, but with a vacuum tube amplifier added to increase 
the meter's effective sensitivity. A similar approach is used in the 
design and construction of Transistor Voltmeters ( TVM) . A typical 
circuit arrangement is shown in Fig. 9-29. A PNP transistor (Ql) 
in the common-emitter configuration serves as a direct-coupled current 
amplifier. Its output is fed to a bridge circuit made up of R3, R4, Rl, 
and its own emitter-collector resistance. Rl is made variable to com-
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pensate for Ql's leakage currents, and thus becomes a Zero adjustment 
control; similar controls are found in VTVMs. A shunt resistor, R2, 
is connected across the basic meter movement (M) to adjust its 
full-scale reading, and hence serves as a Calibration control. Power 
is supplied by a small battery, Bl, controlled by a SPST switch, 
SWl. In operation, the application of a small D.C. cuuent to Ql's 
base-emitter circuit results in a change in emitter-collector resistance. 
Ql draws more collector current, the bridge circuit is unbalanced, and 
an up-scale reading is obtained on the meter (M). Since Ql supplies 
a current gain of from 10 to 50 ( or more, depending on the transistor 
used), it acts to increase the effective sensitivity of the meter move
ment (M). If additional gain is needed, one or more direct-coupled 

Fig. 9-32: Interior view of the instrument shown in Fig. 9-30. An etched circuit "chassis" 
is used. The power supply battery is mounted in the instrument's carrying case. 

stages made be added ahead of Ql. This basic circuit is found in 
slightly modified forms in many types of transistorized instruments; 
often, a conventional resistive voltage-divider will be used in the 
transistor's input circuit to permit a choice of operating ranges. 

SIGNAL GENERATORS. Most electronic equipment handles elec
trical signals of some type. A radio receiver, for example, picks up, 
selects, amplifies, and detects R.F. signals, then goes on to amplify 
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the resulting audio signal before applying to its output device (loud
speaker or earphones). To adequately check the performance of elec
tronic equipment, suitable Signal Generators must be available. These 
serve to furnish test signals of known frequency, amplitude, and 
waveshape as may be needed by the units tested. Included in this 
general grouping, then, are such instruments as R.F. Signal Genera
tors, Sweep Generators, Audio Sine-Wave Generators, Square-Wave 
Generators, Noise Generators, Pulse Generators, Ultrasonic Gener
ators, Cross-Hatch Generators, Marker Generators, and Frequency 
Calibrators. The last instruments are essentially crystal-controlled 
single-frequency R.F. Signal Generators. As a general rule, a basic 
Signal Generator consists of a calibrated variable frequency oscil-

Fig. 9-33: The CUBIC Model 502 Pulse Generator. 

lator and a one to three stage amplifier, plus a power supply. The 
amplifier may serve to increase signal amplitude, but, more often, is 
used to provide adequate isolation between the oscillator and the 
instrument's output load. Calibrated output attenuators are generally 
provided and, occasionally, a meter to indicate signal levels. In the 
case of R.F. Signal Generators, a second signal (audio) is provided 
by another oscillator, with the circuit arranged so that one may be 
used to modulate the other. A Sweep Generator differs from this basic 
approach in that its operating frequency is not fixed but is constantly 
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shifted electronically ( or electro-mechanically) to "sweep" a range of 
frequencies; these instruments are used, of course, for frequency 
response tests and circuit Alignment. Most transistorized Signal 
Generators employ circuits which correspond to those found in similar 
tube-operated instruments as far as basic functions are concerned. 
Commercially manufactured transistor-operated test generators are 
illustrated in Figs. 9-30 through 9-35. All of these are manufactured 
by the Cubic Corporation and are intended for electronic laboratory 
applications. Their circuits typify current practice. 

Exterior and interior views of the Model 500 Waveform Gener
ator are given in Figs. 9-30 and 9-32, respectively; the instrument's 
schematic diagram is given in Fig. 9-31. Using ten NPN transistors 
and five semiconductor diodes, this unit can supply clipped sawtooth 
and pulse output signal waveforms from 10 PPS (Pulses Per Second) 
to 50,000 PPS, and square-wave signals from 5 PPS to 25,000 PPS. 
Pulse width can be varied from 5 to 200 microseconds. Powered by 
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a self-contained 22.5-volt battery, the Model 500 can supply a variable 
output signal up to a maximum amplitude of 7 volts across its 2000 
ohm output impedance. This type of instrument may be used for 
general circuit checks of audio and video amplifiers, and operational 
tests of clipper, limiter, sync and sweep circuits. It is also useful 
for Square-Wave Analysis tests (see Section 10). 

The Model 502 Pulse Generator, shown in Fig. 9-33, is designed 
for laboratory and field operational tests of video amplifiers, sync and 
sweep circuits, radar and sonar equipment, nuclear counters, and 
servo systems; its schematic circuit diagram is given in Fig. 9-34. 
Powered by a single 22.5-volt battery with an operating life of 400 
hours, this instrument uses nine PNP and three NPN transistors, 
plus nine semiconductor diodes. It can supply positive or negative 
going output pulses from 50 to 50,000 PPS, with amplitudes of up 
to 20 volts across an 800 ohm load. 

Designed for use with an Oscilloscope to permit the visual display 
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of transistor characteristic curves, the Model 504 Transistor Curve 
Tracer is basically a test generator supplying variable base current 
and collector voltage signals. The instrument's schematic diagram 
is given in Fig. 9-35. A total of 15 transistors are used in its circuit, 
with 7 PNP units and 8 NPN types; nine diodes are employed. 
Operating power is supplied by a 22.5-volt dry battery. Suitable for 
tests of both NPN and PNP junction transistors, the Model 504 can 
supply a base current drive signal in eight steps, permitting the simul
taneous 'scope display of a full "family" of transistor characteristic 
curves. This instrument finds its application in schools and colleges, 
in the Quality Control groups of transistorized equipment manufac
turers, and in the Production Test Departments of semiconductor 
producers. 

TROUBLESHOOTING. Service failures of electronic test equip
ment, whether tube or transistor-operated, is the exception rather 
than the rule, for most of this equipment is built to higher standards 
than are applied to competitively-priced consumer products. Better 
quality components are used, ample derating is allowed, more rigor
ous production tests are followed, and stricter quality control is em
ployed. Defects can develop, of course, if the equipment is physically 
abused or if improper operational procedures are followed. As in 
most transistorized equipment, the majority of service complaints 
are the result of defective batteries. The next most common cause of 
equipment failure is a breakdown in a mechanical component, such 
as a rotary or toggle switch, a connector jack, or in a tuning or control 
mechanism. After years of service, other defects which may be en
countered include leaky or partially open electrolytic capacitors or 
circuit leakage due to the gradual accumulation of dust and dirt. 

Common industry practice is to return defective electronic test 
equipment to the original manufacturer when defects develop. This 
permits the manufacturer to recheck and recalibrate the equipment 
after service and, often, to incorporate design improvements which 
may have been introduced in later models. In some instances, how
ever, defective test equipment can not be returned for factory service, 
usually because it can not be spared for the time required for such 
repairs. In such cases, the general Troubleshooting Chart given in 
Table 9-0 may be used as a guide for servicing these instruments. 
Here, the common complaints encountered in the three basic classes 
of electronic test instruments (as outlined above) are listed, together 
with suggested test techniques, and an indication of typical circuit 
defects which may cause each complaint. 

ATOMIC RADIATION TEST INSTRUMENTS. The increasing use 
of Atomic Energy and nuclear powered devices in industry and com
merce has led, quite naturally, to the introduction of several types of 
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specialized Radiation Test Instruments. Where these instruments are 
used in field work, they must be battery-powered and, often, are tran
sistorized. Perhaps the most common item encountered in general 
work is the Radiological Survey Meter or portable Geiger Counter. 
These units serve to indicate radiation levels and are used extensively 
not only in Atomic Energy installations, but by prospectors searching 
for deposits of uranium and thorium ores. A typical instrument of 
this type, the Universal Atomics Model V-700, is shown in Fig. 9-36. 

Fig. 9-36: UNIVERSAL ATOMICS Model V-700 Radiological Survey Meter (Geiger
Counter). 

This unit is fully transistorized and is powered by five size "D" 
flashlight cells. It is capable of measuring radiation levels up to 50 
milliroentgens/hour (or 50,000 pulses/minute) in three ranges, and 
is equipped with both a built-in meter and output jack for earphone 
operation. The meter is calibrated in both milliroentgens/hour and 
CPM (Counts-Per-Minute). The Geiger-Mueller tube assembly is 
normally mounted on the instrument's handle, but can be snapped 
off for use as a probe; this assembly is equipped with a window which 
may be opened to admit beta radiation. The instrument's schematic 



SERVICING SPECIAL TYPES OF EQUIPMENT 379 

diagram is given in Fig. 9-37, while its etched circuit board chassis 
layout, showing the location of major components, is diagrammed 
in Fig. 9-38. 

To understand the operation of this instrument, we should :first 
review briefly the basic operation of the Geiger-Mueller counter tube. 
Such a tube consists of a thin sealed metal shell with a fine metal 
rod or wire suspended along its axis; the wire is insulated at both 
ends and brought out, generally, through a glass seal. The tube is 
filled with a mixture of special gases under very low pressure. In 
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Fig. 9-37: Schematic diagram of the Model V-700 Survey Meter. The circuit used is 
typical of that employed in transistorized Geiger-Counters, whether intended for in
dustrial applications, surveys, or prospecting. 

use, a high D.C. voltage is applied between the outer shell, serving 
as a cathode, and the axial wire, which serves as an anode. If an 
atomic particle or quanta of radiation enters the tube, the gas is 
ionized, permitting a current pulse between the tube's anode and 
cathode. Each time a particle passes through the tube, another pulse 
is developed. Since the number of freely moving atomic particles 
or atomic radiation quanta depends on radiation field strength, the 
frequency of the pulses is proportional to radiation field strength. 

Referring, now, to the schematic diagram, we see that this in-
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strument uses five PNP transistors. A well-regulated high D.C. 
voltage (900 volts) is required for proper operation of the Geiger 
Mueller (G.M.) tube. This is obtained from the low-voltage battery 
power source by means of a transistorized power supply. V5 works 
as a common-emitter blocking oscillator, with transformer Tl serving 
both to provide the feedback necessary to start and sustain oscilla -
tion and to step-up the resulting A.C. signal to approximately 900 
volts; this is then rectified by high-voltage semiconductor CR2 and 
filtered by CS. V5's base bias current is furnished by control P2 
through series limiting resistor Rl7. The regulation needed is ob
tained by a combination of three circuit actions. First, a fixed load 
is connected across the output circuit; this is made up of series 
resistors RlO, Rl2 and R13. Second, an extra winding is provided 
on Tl and this, in turn, is connected to biased diode CR3. If the 
voltage developed across this extra winding exceeds CR3's fixed bias, 
this diode can conduct, serving as an additional load on the supply. 
Finally, V5's emitter and base bias currents are supplied through 
a series regulator, transistor V4, which, in turn, has a constant bias 
applied to its base electrode. 

In operation, the output pulses developed by the G.M. tube are 
coupled through Cl to common-emitter amplifier Vl. Here, the pulses 
are amplified, with the output signal appearing across collector load 
R19 coupled through C2 to an emitter-coupled monostable multivi
brator, V2-V3. Each pulse received through C2 triggers the mono
stable circuit through one cycle of operation, with its output being 
a constant width and amplitude pulse. The monostable multivibrator 
circuit's pulse width is determined by which of the three timing 
capacitors, C3, C4, or C5, are switched into the circuit, and this, in 
turn, determines the instrument's basic operating range. Continuing, 
the output pulses delivered by the multivibrator and appearing across 
V3's collector load, R3, are rectified by CRl and applied through 
calibration control Pl to C7, which charges to· a voltage directly pro
portional to the number of pulses per minute. This voltage, in turn, 
is indicated on the meter, Ml. At the same time, the feedback pulses 
developed across V2's collector load, R5, and applied to V3's base 
through R7 (to achieve monostable multivibration action) are also 
applied through isolating resistor R14 to the earphone jack. 

Most transistorized Geiger Counters are relatively sturdy in
struments and seldom require service other than a periodic replace
ment of batteries and, at longer intervals, a replacement of the Geiger
Mueller tube. Where trouble does develop which is not easily cor
rected by replacement of these two components, it is best to carry 
out a systematic Service Procedure. Proper maintenance procedure 
for the V-700 is outlined in the Troubleshooting Chart given in Table 
9-P. This Chart may be used as a general guide when servicing 



382 PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES 

STEP MAINTEHAHCE PROCEDUR E 

1 Check batteries - Replace if defective, toking core to observe polarity. If unit 
still doesn't work, go to Step 2. 

2 Replace Geiger tube - If instrument remains inoperative, open case and go to 
Step 3. 

3 Visually inspect wiring - Watch for shorts, broken leads, obviously defective 
components. Replace any defective ports, •••install broken leads. II unit still 
inoperative, go to Step 4. 

4. Check High Voltage - Use Electrostatic Voltmeter or VTVM with high voltage 
probe to check between pins 1 and 3 of Geiger tube socket (tube and housing re• 
moved). Should be about 910 volts plus or minus 30 volts. 
(a) If voltage is below 900 volts, first check batteries under load. Two cells 

nearest hinge of battery bracket should measure at least 1.5 volts. Other 
cells should read over 1.0 volts. Replace weak cells. 

(b) If voltage still below 900 volts, use wooden dowel, plastic rad, or similar 
well-insulated tool to adjust P2 (see Fig. 9-Jn. 

(c) If voltage remains below 900 volts as P2 is adjusted over its range, check 
O.C. voltage from emitter of V4 to ground. There should be 2.7 volts (or 
more) here. If leu, replace V4. If voltage is correct, ond a reasonable 
voltage can be measured on collector of VS, replace VS. II no voltage can 
be measured on collector of VS, replace Tl. If voltage is still low, replace 
CR2. 

(d) If voltage is higher than 940 volts, replace CR3. 
Once normal high voltage is obtained, if unit still doesn't work, go to Step 5. 

5 Check Pulse Network ond Integrating Circuit - Connect headphones and listen 
for clicks while tapping pin 1 of Geiger tube socket with insulated screwdriver. 
Take care not to short. Meter should deflect at same time with Range switch on XI 
scale. 
(a) If no clicks are heard, repeat test at point "C" (Fig. 9-37). If clicks now 

heard, coble assembly is defective and must be replaced. 
(b) If no clicks ore heard, check voltages on Vl, V2, V3. If vo It ages are 

correct, replace Cl. 
(cl If clicks are heard, but meter doesn't deflect, replace Pl, CRI, and R9 in 

order. 
(d) If meter deflects but returns too quickly to "ZERO," replace C7. 
(e) If meter does not defiect after above steps, replace meter. 
If unit remains inoperative, trouble is an obscure one; go to Step 6. 

6 Corry out Resistance ond Voltage tests - Use at least a 20,000 OHMS/volt meter, 
Compare readings to values given in Fig. 9-37. 
(a) Make res;stance tests with switch "'OFF." 
(b) Make voltage tests with switch in '"X 100" position. 
These tests will permit isolation of defective component - replace and check out 
instrument's overall operotion. 

TABLE 9-P: TROUBLESHOOTING CHART FOR MODEL V-700 SURVEY METER. 
While this Chart applies specifically to the instrument shown in Figs. 9-36 and 9-37, 
it may be used as a servicing guide for the repa,r of all transistorized Geiger-Counters. 
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virtually all types of transistorized Geiger Counters, for most employ 
quite similar basic circuits. The chief differences encountered will be 
in slight refinements and modifications of the circuit given in Fig. 
9-37. In low cost instruments, for example, the meter circuit may be 
omitted, and only earphone operation provided; here, the circuit 
would include the high voltage supply and a one to three stage audio 
amplifier. 

The effects of atomic radiation on the human body are cumu
lative. To avoid excessive exposure, then, research scientists, tech-

Fig. 9-39: UNIVERSAL ATOMICS Model 750 Dosimeter Charger. Powered by a flash
light cell, this unit supplies a high D.C. voltage for charging pocket type dosimeters. 

nicians, nuclear engineers, and others working around radioactive 
material must keep a daily check on the amount of radiation to 
which they have been exposed. This permits them to keep their 
radiation "dose" within safe limits. A pocket type Dosimeter is used 
for this job. This is a relatively simple instrument, and is essen
tially a miniature electroscope; prior to use, it is charged with a mode
rately high D.C. voltage. Afterwards, it discharges slowly, with its 
discharge rate determined by the amount of radiation to which it has 
exposed. While Dosimeters themselves are physical instruments which 
do not employ electronic circuitry, a transistorized Dosimeter Charger 
may be used to supply the high D.C. voltage needed to calibrate 
these units. A typical instrument of this type is shown in Fig. 9-39, 
with its schematic diagram given in Fig. 9-40. 



384 

R2t 
1000~ 

RI 
100.n. 

PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES 

ORN GRN 

113 
22 

MEG. 

Cl 
.01,µf 

II 

JI 
RED 
BLK 

~ 
1 SWI 

YEL 
Fig. 9-40: Schematic wmng diagram of the Model 750 Dosimeter Charger. A single 
transistor is used in a modified Armstrong ("Tickler Feedback") oscillator circuit. 

STEP MAINTENANCE PROCEDURE 

1 Check battery - Replace when lamp dims noticeably while charging 
switch SWl (Fig. 9-40) is actuated. If lamp doesn't litht, replace 
with spare; check original lamp with ohm'meter before diacarding. If 
instrument still fails to charge, go to Step 2. 

2 Visually inspect wiring - Open case and check for opens, shorts, 
broken components. Replace defective components, reconnect broken 
leads. If unit still doesn't work, go to Step 3. 

3 Check for oscillator operation - Depress charging contact switch and 
hold instrument so that transformer Tl (Fig. 9-40) is near ear. Listen 
for buzzing sound. Rotate knob (R2) and listen for change in pitch of 
buzzing, 
(a) If buzzing sound can be heard, trouble is in high voltage section. 

Go to Step 4. 
(b) If buzzing sound cannot be heard, trouble is in oscillator circuit. 

Go to Step 5. 

4 Check high voltage output - Using a 20,000 OHMS/volt meter on 2S0 volt 
scale, check across capacitor Cl. If voltage is present, but less 
than 120 volts, replace Cl. If voltage remains low, replace rectifier 
SEl. 

s Check oscillator circuit-Using 20,000 OHMS/volt meter on 2,J volt scale, 
check voltage from TR l's collector to ground. If less than 1.0 volt, 
replace TRI. 
(a) If collector voltage is more than 1.0 volt, rotate knob (R2) through 

range. Voltage should change by approximately 0.2 volts. If no 
change occurs, replace TR 1. 

(b) If voltage is more than 1.0 volt, and change occurs as R2 is 
rotated, transformer Tl is defective. Replace. 

TABLE 9-Q: DOSIMETER CHARGER TROUBLESHOOTING CHART. Applying specifi
cally to the instrument shown in Figs. 9-39 and 9-40, this Chart may be used as a 
general guide for the maintenance of any similar equipment. 
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Referring to the schematic diagram, we see that the unit is basi
cally a transistorized power supply. A PNP transistor, TRl, is used 
as a common-emitter oscillator, with Tl serving both to provide the 
feedback necessary to start and maintain oscillation and to step up 
the resulting A.C. signal to about 200 volts. Base bias is provided 
by voltage-divider Rl-R2, with R2 made adjustable to permit a 
control over exact output voltage. The high A.C. voltage developed 
across Tl's secondary is rectified by semiconductor diode SEl and 
filtered by capacitor Cl; R3 serves as a steady output load. Operating 
power is furnished by a single flashlight cell. 

In use, the Dosimeter Charger shown handles two jobs. Output 
jack Jl and control switch SWl are linked mechanically. When a 
Dosimeter is inserted in the jack with light pressure, initial switch 
contact turns on the built-in pilot lamp, 11. This provides illumination 
so that the Dosimeter's charge may be read. Additional pressure on 
the jack applies the necessary high D.C. voltage to charge the unit. 
Relatively simple devices, Dosimeter Chargers may be serviced by 
following the general procedure outlined in the Troubleshooting Chart 
given in Table 9-Q. 

OTHER TRANSISTORIZED EQUIPMENT 

The special purpose receivers, radio transmitters, control devices, 
test instruments, and similar units we have examined thus far in this 
Section by no means exhausts practical transistor applications. There 
are many types of equipment which can't be classified conveniently 
within the groupings used. Then, too, there are other transistor ap
plications which, while numerous, are so simple as not to demand 
special examination; in this latter class are such units as code practice 
oscillators, simple tone oscillators and amplifiers in toys, and children's 
receivers - often, these are little more than a standard crystal receiver 
and single-stage earphone amplifier. Let's take a look, now, at other 
types of transistorized equipment which the practical technician may 
encounter in his work. 

TAPE RECORDER. Used by reporters, scientists, military person
nel (see Fig. 9-41), detectives, and others, miniature transistorized 
tape and wire recorders and dictating machines are becoming in
creasingly popular. The Mohawk Midgetape recorder is typical of 
these compact instruments. This unit's schematic wiring diagram is 
given in Fig. 9-42. Basically a three-stage audio amplifier with a 
separate bias-erase oscillator (Q4), this recorder uses PNP transis
tors in the common-emitter configuration. Operating power is supplied 
by a 10.5 volt battery (Bl). The tape drive mechanism is driven by 
a small PM electric motor, powered by the same battery used to 
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Fig. 9-41: An Air Force officer using a miniature Tape Recorder. 

operate the amplifier-recorder circuit. Electrical noise is reduced to 
a minimum by shielding the motor assembly and by providing ade
quate line filters (Ll, L2, C15, Fig. 9-42). 

Referring to the schematic diagram, the instrument has two modes 
of operation, as determined by its "RECORD-PLAY" switch, SW3. 
Operating power is controlled by SW4 and by SWl when the micro
phone plug, PLl, is inserted in its jack, Jl; a mechanically linked 
switch, SW2, opens when PLl is inserted, allowing SWl to assume 
power control. When SW3 is in its "PLAY" position, as shown in 
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Fig. 9-42, signals obtained from the tape pick-up head are coupled 
through Cl to common-emitter amplifier Ql, with its output, in turn, 
coupled through C4 and Gain control R5 to Q2. This stage provides 
additional amplification and applies its output signal to final amplifier 
Q3. Two outputs are available through Q3's output coupling capacitor, 
CS; one is applied back to Jl through SW3, where it may serve to 
drive the microphone through impedance matching transformer Tl. 
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This permits the microphone to be used as a sound reproducer if 
desired. The second output is available through the earphone jack 
('PHONES). A four terminal connector is provided for the addition 
of a booster amplifier stage, if needed, to permit loudspeaker repro
duction; Q3's output is also made available to one of the terminals 
of this connector. 

When SW3 is in the "RECORD" position, several circuit changes 
take place. First, the tape head is switched from Ql's input to re
ceive an amplified signal delivered from the secondary of Q3's output 
transformer, T2, through R12. A small D.C. signal, obtained from 
emitter resistor R15, bypassed by C9, is applied to the head at the 
same time. Second, the microphone's output signal, obtained through 
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Fig. 9-43: "Booster" (loudspeaker) amplifier circuit. This assembly is designed as an 
accessory for use with the basic Tape Recorder shown in Fig. 9-42 and provides loud
speaker (instead of earphone) output. Troubleshooting procedure is as for any standard 
audio amplifier. Refer to Section 3 for procedures and Troubleshooting Tables. 

PLl and Jl from Tl, is coupled through Cl to the three-stage audio 
amplifier's input. Finally, bias-erase oscillator Q4 is switched on; this 
stage is wired as a common-emitter Colpitts oscillator, with its tuned 
circuit made up of the inductive erase head and C12 and C13 in series. 
C12 serves to control the bias signal voltage applied to Q3. 

With limited output power, the instrument is designed primarily 
for earphone operation. Where loudspeaker reproduction is needed, 
a separate booster amplifier-loudspeaker assembly is available and 
may be connected to the basic tape recorder. This unit's schematic 
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TABLE 9-R: TAPE RECORDER TROUBLESHOOTING CHART. Component numbers listed reler to Fig. 9-42, but this Chart may 
be used as a general guide lor servicing any transistorized tape recorder. For Mechanical Troubles, reler to Table 9-S. 
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wiring diagram is given in Fig. 9-43. Here, two PNP transistors are 
used as a transformer-coupled Class B push-pull amplifier to drive a 
PM loudspeaker; the common-emitter configuration is employed. The 
booster amplifier's operating power is obtained from the tape re
corder's power supply circuit (Bl, Fig. 9-42). 

As a general rule, the electronic circuits employed in miniature 
tape and wire recorders or dictating machines may be serviced using 
the basic test techniques applied to standard audio amplifiers, as out
lined in Sections 2 and 3. The Troubleshooting Charts given in these 
sections also may be applied to this type of equipment. The essential 
difference between tape recorder circuits and standard audio ampli
fiers ... except for the use of magnetic pick-up and playback heads 
... is the bias-erase oscillator (Q4, Fig. 9-42). This is simply a high
frequency audio oscillator supplying a small "bias" signal for record
ing and applying a strong A.C. signal to the unit's erase head to wipe 
out previously recorded material. Its operation may be checked with 
an A.C. Voltmeter or Oscilloscope. A general Troubleshooting Chart 
listing various service complaints caused by electronic circuit defects 
is given in Table 9-R. In practice, however, the majority of service 
complaints encountered with this general type of equipment are the 
result of mechanical malfunctioning rather than circuit troubles (aside 
from defective batteries, of course). Here, it is necessary to follow 
each manufacturer's specific recommendations due to the wide 
variations in mechanical designs. A Troubleshooting Chart for me
chanical defects in the M idgetape recorder is given in Table 9-S. 

LIGHT FLASHER. A unique application of the transistor is rep
resented by the instrument shown in Fig. 9-44. Here, a transistorized 
circuit is used to flash a standard incandescent lamp at periodic 
intervals. Light flashers have been used for years, but prior to the 
introduction of the transistor were generally operated by thermo
electric switches. The use of transistors in such equipment permits 
brighter, sharper light pulses; this, plus the fact that the transistors 
themselves require less power for operation, means greatly reduced 
overall power requirements with no loss of operating characteristics 
... an important factor since most of these units must be operated 
from self-contained batteries, with maximum battery life an essential 
design requirement. Light flashers are used extensively by construc
tion firms, highway maintenance groups, police and fire departments, 
and truckers. 

Typical light flasher circuits are shown schematically in Fig. 
9-45. In both of these NPN and PNP transistors are used as direct
coupled complementary multivibrators, with the filament of an in
candescent lamp serving as the output load. Flashing rate is deter
mined by the R-C time constant of the feedback circuit. Light flasher 
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Fig. 9-44: DIETZ transistorized light flasher. Such instruments are used extensively in 
military, commercial and industrial applications as warning lights. 
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servicing data is given in the Troubleshooting Chart outlined in Table 
9-T. The majority of service complaints encountered is this type of 
equipment are the result of defective batteries or burnt-out lamp bulbs. 

PHOTOFLASH. The electronic photoflash or "strobe-light" has 
become a standard photographic accessory, and is used extensively 
by both amateur and professional photographers. These units may be 
designed for power-line or battery operation, with battery power 
essential for field work. Since a strobe tube requires relatively high 
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150MA 

#49 LAMP 
2.5 VOL TS 
60 MA 

TYPICAL PERFORMANCE 

-60 FLASHES PER MI NUTE 

-LAMP ON 20¾ OF PERIOD 

-FLASH RATE VARIED WITH R1 

-LAMP ON TIME VARIED WITH R2 

-PERFORMANCE SIMILAR TO 
ABOVE EXCEPT THAT DESIGNED 
FOR SMALLER LAMP 

Fig. 9-45: Typical light flasher circuits. In each case, two transistors are used as a 
modified collector-coupled multivibrator. 

D.C. voltages for operation, some method must be used to obtain this 
voltage. In the past, two basic methods were employed in battery 
operated equipment ... (a) the use of heavy and expensive high
voltage dry batteries, and (b) the use of standard low-voltage bat
teries, plus a vibrator-type power pack. Both of these techniques 
result in expensive and relatively inefficient units. As we have seen, 
the transistor may be used in efficient high-voltage power supply 
designs; it is not surprising, then, to find that transistorized photo
flash equipment is being introduced by most photographic equipment 
manufacturers. A typical circuit arrangement is shown schematically 
in Fig. 9-46. 

An examination of Fig. 9-46 reveals that the complete equipment 
is made up of two relatively independent assemblies, a transistorized 
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Power Pack and a conventional Flash Unit. Operated by a 6-volt 
rechargeable battery, Bl, the Power Pack employs a PNP power tran
sistor (Ql) as a common-emitter oscillator, with its output A.C. 
signal stepped up by transformer Tl. A separate transformer, T2, 
furnishes the feedback necessary to start and sustain oscillation. 

The operation of the Flash Unit is standard and follows con
ventional practice. The A.C. voltage obtained from the Power Pack 
through Jl and PLl is applied to a half-wave voltage-doubler rectifier 
(D1, D2) through Rl and C2. The voltage-doubler charges a large 
output capacitor, C3, which, in turn, serves to furnish operating 
power. Resistive voltage-divider R3-R4-R5-R6, across C3, serves to 
indicate when C3 is charged and ready for use and also furnishes a 
small voltage to triggering capacitor C5. C4 is charged slowly by the 
voltage developed across R4, reaching its full charge and firing the 
neon bulb used as a Ready light only when C3 reaches its normal 
charge. At the same time, C5 is charged through R3 and R6. Once 
C3 is fully charged, the neon lamp lights, and the unit is ready for 
use. The camera's synchronized shutter contacts, connected to J3, 
serve to apply C5's voltage across the primary winding of trigger coil 
T3; C5, discharging through this coil, develops a high voltage across 
T3's secondary by an inductive kick. This voltage, applied to the 
flashtube's trigger electrode, fires the tube, permitting C3's stored 
energy to be discharged, and producing the desired flash. Afterwards, 
C3 is recharged again for the next operating cycle. 

In servicing this type of equipment, one of the first moves is to 
isolate the trouble to either the Power Pack or the Flash Unit. Once 
this has been done, defect isolation is generally a routine chore. Basic 
maintenance procedure is outlined in the Troubleshooting Chart given 
in Table 9-U. While referring to the schematic diagram given in 
Fig. 9-46, this Chart may be applied, with but little modification, to 
all standard photoflash designs. Perhaps the chief circuit variation 
encountered in practice is the use of a push-pull oscillator employing 
two transistors in place of the single-ended circuit shown in Fig. 9-46. 
Here, the basic circuit arrangements are very similar to those used 
in standard transistor Power Supplies (see Figs. 9-18 and 9-20). 

SERVO SYSTEMS. A servo system is basically an electro-me
chanical installation designed to accomplish a specific control job 
automatically. This is done by developing an output signal which is 
fed back to the installation's input and compared with a reference 
signal indicating the job to be done. The difference between the two 
signals represents an error signal and this, in turn, is amplified and 
used as a control over the installation. The system automatically 
operates until the error signal is reduced to zero. Servo systems are 
used extensively in military devices and in various industrial and com-
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STEP MAINTENANCE PROCEDURE 

l Preliminary Check - Turn unit on. See if "Ready" light glows after short 
while. 
(a) If "Ready" I ight glows, go to Step 2. 
(bl If "Ready" light fails to glow, go to Step 3. 

2 Check Flash Unit Operation - When "Ready" light glows, try to flash unit 
by momentarily shorting contacts J3 with short wire or screwdriver (don't 
touch bare wire with fingers). 
(a) If unit flashes properly, defect is in camera shutter or in connecting 

cable. Check connecting cable for continuity and shorts. If defective, 
replace. 

(b) If unit fails to flash, open case and look for visual defects. If all appears 
in order (no broken leads, opens, shorts), either CS, Trigger Coil (TJ), or 
Flash Tube is defective. Try substitute CS, check Trigger coil for con• 
tinuity. If these components O.K., replace Flash Tube. 

J Check Battery - (Bl, Fig. 9-46) - Measure across charger jack (J2) 
terminals with power "OFF," then with power "ON" (SWJ closed). If 
battery voltage drops below 5.0 volts when unit is "ON," replace or recharge 
battery. If unit still inoperative, go to Step 4. 

4 Isolate trouble to Power Pack or Flash Unit - Separate two units, Using AC 
Voltmeter, check for high A,C. voltage at output jack (Jl), Jack should be 
terminated with dummy load (see text), 
(a) If no voltage is present here, or very low voltage, trouble is in Power 

Pack. Go to Step 5. 
(b) If ample voltage present (value will vary with different models), trouble is 

in Flash Unit, Go to Step 6. 

5 Check Power Pack - Open case and look for obvious defects •• ,broken leads, 
shorts, etc. Correct. Check Tl, T2 for continuity and possible shorts; check 
Cl for open or leakage. If these parts check 0.K., and switch (SW l) operates 
properly, replace transistor. 

6 Check Flash Unit - Open case and look for obvious defects. Correct. Re-
connect Power Pack and turn "ON." Using D,C. Voltmeter on high range 
(1,000 volts or more), check for high D.C. voltage across CJ. 
(a) If D.C, voltage is present, check RJ, R4, RS, R6 for continuity (power 

"OFF," C3 discharged), Check C4, CS for leakage and possible open 
(by substitution), Check Trigger Coil (T3) for continuity and shorts. Re• 
place any defective parts. If unit still inoperative, replace Flash Tube, 

(b) If no D.C. voltage present (or very low voltage), turn power "OFF" and 

I 

check CJ for leakage or open, R 1 and R2 for open, C2 for leakage or open. 
Replace any defective parts. If unit still inoperative, replace rectifiers 
(DJ, D2). 

TABLE 9-U: TRANSISTORIZED PHOTOFLASH MAINTENANCE CHART. While apply• 
ing specifically to the circuit shown in Fig. 9-46, the procedure outlined may be used 
with any transistorized flash unit. 
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mercial inst.allations. One or two practical examples will illustrate 
how these systems are employed. 

One common application of a servo system is found in ocean
going ships. Here, a gyro-compass may be used as an automatic 
pilot to keep the ship on course. For example, let us assume that the 
ship's course is set by the Captain as NNE. The gyro-compass is set 
for this heading. An electrical sensing system or simple generator 
is set up to indicate the difference between the gyro-compass setting 
and the axis of the ship. This difference, constituting an error signal, 
is then amplified and fed to electric motors controlling the ship's 
rudder. As long as the error signal is zero, indicating that the ship 
is pointed in the same direction to which the gyro-compass is set, the 
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L, FROM "''""" 
0-24 VOLTS PEAK 

Fig. 9-47: Schematic of a transistorized servo amplifier. Servo systems are used ex
tensively in military and industrial applications. 

system remains inactive. If winds or currents st.art to shift the ship's 
heading, an error signal is developed proportional to the difference 
between the ship's actual direction and the fixed gyro-compass setting. 
This signal, in turn, is amplified and applied to rudder motors, moving 
the rudder and turning the ship back on course. As the ship moves 
into the desired heading, the error signal becomes less and less, reach
ing zero again when the ship's direction and the present gyro-compass 
heading are the same. A feedback signal may be developed by the 
rudder system and compared with the heading error signal at the 
same time, with the difference used to as a secondary control to avoid 
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"over-correction" and a tendency for the ship to "hunt" back and 
forth on either side of the gyro-compass heading. 

A further example may be found in automatic fire-control 
systems used in military artillery installations. Here, a reference 
signal may be obtained from an electronic trajectory computer which, 
in turn, obtains part of its information from a target tracking radar 
unit. Potentiometers or electromechanical generators attached to the 
gun's elevation and azimuth controls indicate the barrel's actual 
direction or aim. These two signals . . . one obtained from the 
computer to indicate desired "aim," and the other from the gun in
dicating actual "aim" . . . are compared, with the error signal used 

STEP TEST PROCEDURE REMARKS 

1 a. Check system's overa II operation. a. See if trouble is only in one section. 
b. Check adjustments, controls. b. Make sure these are normal. 
c. Check interconnecting cables. c. Look for opens, shorts, poor contacts. 

2 a. Check Power Supply. a. Check D.C. voltages under load, 
b. Check input sign~I to Servo Amp. b. If weak or not present, check signal 

source. 
c. Check output signal from Servo c. If not normal, troubleshoot as audio 

Amplifier, amplifier, following techniques 
outlined in Section 3. 

3 a. Check motor continuity. a. Repair or replace defective motor. 

TABLE 9-V: SERVO SYSTEM TROUBLESHOOT/HG CHART. The majority of servo 
amplifiers use c:irc:uitry similar or ideatic:al to that employed in high power audio 
amplifiers and may be serviced using the techniques and Charts given in Section 3. 

to control elevation and azimuth positioning motors, automatically 
swinging the gun's barrel to the desired position. If the target is a 
moving one, such as an airplane or tank, a continuous control may 
be used, with data obtained from the tracking radar fed to the com
puter and its output, in turn, constantly shifting the gun, keeping 
it "on target" until fired. 

Perhaps a major portion of most servo systems are electro-me
chanical or standard electrical devices such as motors, solenoids, 
potentiometers, reference generators, and so on. However, transistor
ized electronic circuits are used in the control amplifiers and, some-



400 PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES 

times, in the feedback systems. As a general rule, these amplifiers 
employ circuits very similar to those found in conventional audio am
plifiers, as discussed in detail in Section 3, although special circuits 
may be found in a few installations. A typical special circuit is shown 
schematically in Fig. 9-47; here, the differential D.C. input signal is 
essentially the error signal mentioned above. The transistor shown 
is a composite unit serving as a single-ended common-emitter power 
amplifier, with its output fed to control windings on the servo motor. 
D.C. operating power is obtained through a conventional full-wave 
rectifier. 

To service a servo system, the technician must, of course, be 
familiar with its overall operation and intended function. The first 

Fig. 9-48: The PHILCO Model C-1102 "Transac" transistorized computer assembled 
in a mu/ti-section console together with basic laboratory test equipment. 

step, then, is to check out the system's overall operation and to isolate 
the trouble to a specific section. Basic procedure is outlined in the 
Troubleshooting Chart given in Table 9-V. If the trouble is found 
to be in the transistorized amplifier, this may be checked further 
using the Troubleshooting Charts given in Section 3. 

COMPUTERS. Electronic computers are much more than simply 
oversized "calculating" machines. These units incorporate memory 
banks which can store basic data for long periods, or interim data 
developed during a computational procedure for short periods for 
later use. Found in business offices as well as in research laboratories 
and government installations, electronic computers are being used for 
literally thousands of different jobs. Many of these instruments have 
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various logic circuits which permit a comparison of different factors 
affecting the outcome of a problem, and of making a decision which 
will result in the most desirable solution, automatically shifting their 
operation to take the decision into account. Obviously, then, the over
all circuits used are extremely complex. For example, the electronic 
computer shown in Fig. 9-48, a relatively small machine in comparison 
to some, uses 2,800 transistors, 1,700 resistors and 250 capacitors. 
Some computers use tens of thousands of components and a simple 
part-by-part listing alone would require a book larger than this one. 
Frequently, this circuit complexity is the result of the multiplication 
of relatively few basic circuit arrangements. A simple single-stage 
amplifier or switching circuit, for example, might be repeated hundreds 
of times in various sections of the instrument. Multivibrator, flip-flop, 
and switching circuits are the basic arrangements used most com
monly in computer designs. A number of these basic circuits are 
shown for reference purposes in Figs. 9-49 through 9-52. 

~-----------Z5V 

OUTPUT 

(a) (b) 

Fig. 9-49: Transistorized flip-flop circuits ... (a) non-saturated, and (b) saturated. 

With hundreds of individual stages and tens of thousands of 
components, it is obvious that electronic computers cannot be serviced 
by the application of conventional stage-by-stage testing procedures. 
Fortunately, most computers are capable of isolating their own 
defects to specific sections and stages. This is accomplished by pro
cessing through a Test Program; in essence, this is a specific computa
tional problem designed to bring various stages into operation. The 
results obtained will indicate approximately where a defect is located 
by the nature of its deviation from a "normal" answer. Afterwards, 
additional Test Programs may be processed through the computer to 
further isolate the defect to a specific section and stage. These later 
test problems will generally differ from those used for initial isolation. 
The number of test problems which must be processed through the 
machine, as well as the nature of each, will depend on the type of 
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Fig. 9-50: A basic flip-flop circuit which may be interconnected for use in a variety 
of computer applications. Several such circuits may be used as COUNTERS or as 
SHIFT REGISTERS. 
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-6V 
TRIGGER TRANSISTORS SIMULTANEOUSLY SUPPLY CURRENT 
TO TURN OFF ONE SIDE OF FLIP-FLOP ANO TO DEVELOP A 
VOl.TAGE ACROSS THE COLLECTOft LOAD ON THE OTtER SIX. 

USING TRIGGER POWfR TO INCRfASf SWITCHING SPffl> 

Fig. 9-51: A variety of flip-flop triggering techniques. 

computer, nature of the defect, and other factors varying widely from 
one instrument to another. Since a computer represents a tremendous
ly large investment, "down" time while being serviced must be kept 
to an absolute minimum. To accomplish this, most of a computer's 
individual stages or sections are designed for easy removal and re
placement, and spare units are kept available. Thus, once a defect 
has been isolated to a specific section, that section is simply "yanked" 
and a spare installed in its place. The defective section is then serv-
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iced using conventional test techniques at time permits. Once repaired. 
the defective section becomes a "spare" for future work. 

The basic troubleshooting and repair procedure described above 
is outlined as a step-by-step technique in the Troubleshooting Chart 
given in Table 9-W. This may be used as a general guide when serv
icing electronic computers. However, the computer manufacturer's 
specific service suggestions should be followed wherever possible, 
taking precedence over the outline given in Table 9-W. 

GATE USING NPN TRANSISTORS 
IF CLOSING A SWITCH IS AN INPUT THIS IS AN °ANO" GATE 
IF OPENING A SWITCH IS AN l'IPUT THIS IS AN "OR

0
GATE 

NOTE, PHASE INVERSION OF INPUT 

GATE USING PNP TRANSISTORS 
IF CLOSING A SWITCH IS AN INPUT THIS IS AN "OR" GATE 
IF OPENING A SWITCH 15 AN INPUT THIS 15 AN"AND"GATE 
NOTE: PHASE INVERSION OF ~PUT 

(a) 

r----------------+IOV 

IOK 

GATE USING NPN TRANSISTORS 
IF CLOSING A SWITCH IS AN INPUT, THIS IS AN nOR" GATE 
IF OPENING A SWITCH rs AN INPUT, THIS 15 AN .. ANO"GATE 
NOTE: PHASE INVERSION OF INPUT 

GATE USING PNP TRANSISTORS 
IF CLOSING A SWITCH IS AN INPUT THIS IS AN .. ANO" GATE 
IF OPENING A SWITCH IS AN INPUT THIS 1$ AN "OR" GATE 
NOTE PHASE INVERSION OF INPUT 

(b) 

Fig. 9-52: Basic transistorized logic circuits using series transistors (a) and parallel 
transistors (b). 

MILITARY EQUIPMENT. Another area in which transistors are 
being used in ever-increasing quantities is in the design and con
struction of military electronic equipment. Often, such equipment 
employs circuits quite similar to those found in the commercial equip
ment discussed in this and earlier Sections. Thus, basic audio am
plifier, receiver, and power supply circuits will be found in many units. 
Generally, the chief difference between military equipment and com
mercial devices using similar circuits is in actual physical construc
tion and in minor circuit modifications to insure better stability with 
power source, temperature, and humidity variations. As a general 
rule, military electronic equipment is ruggedly built and must meet 
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rigorous performance specifications. Where the circuits used are 
similar to those described elsewhere in this volume, similar test tech
niques may be employed and, in most cases, corresponding Trouble
shooting Charts may be used. 

STEP TEST PROCEDURE REMARKS 

1 Set up standard Test Program and pro• Program used will vary with make and 
cess through Computer. Check results. model. This will permit preliminary 

isolation or trouble. 

2 After preliminary isolation, process This will generally isolate trouble to a 
second Test Program as indicated by specific stage or plug-in assembly. 
results of Step 1. 

3 Pull defective assembly. Replace with spare unit. 

4 Bench-test defective assembly and re• Use conventional troubleshooting 
pair. techniques outlined in Section 1 or 

special tests recommended by computer 
manufacturer. If defective assembly is 
on amplifier, use procedures discussed 
in Sections 2 and 3. 

5 Return repaired assembly to "Spares" 
storage. 

TABLE 9-W: COMPUTER TROUBLESHOOTING CHART. In most cases, troubles in 
computers can be isolated to specific sections . . . or stages . . . by processing 
through a selected program. Once the defective section is isolated, it is generally 
removed from the computer and serviced on the bench. A spare section is installed 
to minimize computer "down time." 

On the other hand, transistors are also used extensively in highly 
classified types of military equipment. Here, circuit information is 
not available for general distribution, and, of course, troubleshooting 
and test procedures cannot be offered. Military service technicians 
assigned to the maintenance of such equipment are generally given 
special training to familiarize them with the units. Some of the clas
sified military equipments in which transistors are found are as 
follows . . . Mine Detectors, Radar Equipment, Sonar Gear, Mine 
Detonators, Guided Missile Control Devices, Telemetry Equipment, 
Military Vehicle Control Units, Aircraft Control Instruments, Prox
imity Fuzes, Fire-Control Instruments and Computers, Surveillance 
TV Systems, Espionage and Counter-Espionage Equipment; Technical 
Security Protection Devices, Communications Coding and De-Coding 
Equipment, Radio Communication Gear, Teletypewriter Apparatus, 
and so on. 



Section l 0 

USEFUL REFERENCE DATA 

IN HIS DAILY WORK, the practical service technician often finds 
it necessary to refer to detailed information on such topics as tube 
pin connections and maximum ratings, component specifications, color 
coding, and so on. Over a period of time, he will acquire a small 
shop "library" containing the basic reference data needed. This may 
include such items as a Tube Manual, Battery Specification Chart, 
Transformer Interchangeability Tables, and "Factory Duplicate" 
Component Replacement Manuals. In the typical shop, almost all 
of this material refers specifically to items used in tube-operated 
electronic equipment. As he undertakes more and more transistor 
work, however, the technician soon feels the need for similar reference 
data applying to transistor components and transistorized equipment. 
To help fill this need, then, useful reference data has been abstracted 
from various sources and gathered in this Section. In addition, a 
number of specialized, but practical, techniques have been described. 
These are needed from time to time in test and maintenance work, 
and, while some may be familiar to more experienced workers, all are 
useful to a serviceman's technical "know-how" and are of value in 
troubleshooting and repairing equipment faster, better, and more 
efficiently. 

To aid in the classification . . . and location . . . of specific topics, 
this Section has been divided into four major sub-sections, as follows: 
TRANSISTORS, COMPONENTS, WAVEFORM ANALYSIS, and REPAIR 
METHODS. Of necessity, and in order to present the material in as 
easy-to-use form as possible, text has been cut to a minimum, with 
the major portion of the data presented in the form of Tables, Dia
grams, and photographs. To make the most efficient use of the data 
given, the reader will find it worthwhile to glance quickly through 
this entire Section page-by-page, pausing to read only those topics 
of major or immediate interest. By doing this, he will familiarize 
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himself with what is available and its method of presentation, and, in 
the future, can turn directly to the data needed for specific jobs. 

TRANSISTORS 
Vacuum tubes, resistors, capacitors, semiconductor devices, and 

other electrical parts are identified in diagrams with specific schematic 
symbols. These give an electrical rather than physical "picture" of 
the component. The average service technician should be quite 
familiar with the symbols used to represent PNP and NPN transistors 
and semiconductor (crystal) diodes. However, these symbols are 
repeated in Fig. 10-1 for general reference, along with the symbols 

Fig. 10-2: Using an Ohmmeter to check low-power transistors. 

used for less frequently encountered devices, such as tetrode tran
sistors (c), (d), the Unijunction transistor (e), the Controlled
Rectifier (f), and the phototransistor (h). A few manufacturers use 
slightly modified forms of these symbols in their diagrams. To avoid 
errors, the practical technician should learn to recognize the com
ponent regardless of the exact form in which its symbol is presented. 

Perhaps the most common modification is the omission of the 
"circle" enclosing the component; the explanation for this approach, 
generally, is that the circle is omitted because the transistor is not 



USEFUL REFERENCE DATA 409 

contained "within a vacuum" as are tubes. Another modification is 
the use of a double-thickness line for the base element, one white, 
one black. In practice, the long line representing a transistor's base 
may be aligned either vertically (as in Fig. 10-1) or horizontally, 
depending on which is more convenient in a specific diagram. 

Referring to Fig. 10-1, the transistor's three electrodes are its base 
(B), emitter (E), and collector (C); tetrode and Unijunction types 
have two base connections (Bl and B2). The Controlled-Rectifier's 
elements are its anode (A), cathode (K), and gate (G). Finally, the 
diode's two electrodes are its anode (A) and cathode (K). In a few 
instances, the cathode of a diode or rectifier may be identified with 
the letter "C." Where this is done, care must be taken to distinguish 
it from a transistor's collector element, which is identified by the same 
letter designation. 

TESTING TRANSISTORS. In order of value, the different method~ 
which can be used to check a suspected transistor are as follows: 
(a) A Laboratory-type Transistor Analyzer; (b) Substitution; (c) A 
Service-type Dynamic Tester; (d) A Service-type Static Tester. 
Refer to Section 1 for details on these instruments. If adequate test 
equipment or a replacement transistor (for substitution) are not 
available, the suspected unit can be given a simple qualitative ( Good
Bad) check using a standard Ohmmeter; this test is illustrated in Figs. 
10-2 and 10-3. 

The Ohmmeter test method is based on the fact that the tran
sistor, in a sense, may be considered as two semiconductor diodes with 
a common element. Each "diode," if good, should have different 
values of resistance depending on the polarity of a D.C. voltage ap
plied to its electrodes. If the unit's "anode" is made positive and its 
"cathode" negative, a low forward (or conducting) resistance is 
measured; on the other hand, if the "anode" is made negative and 
the "cathode" positive, a very high inverse (often called back or non
conducting) resistance value is obtained. Low resistances will be ob
tained regardless of polarity if the unit is shorted, or, if open, high 
resistances in both cases. As a general rule-of-thumb, the greater the 
ratio between a diode's forward and inverse resistances, the better the 
unit. 

An Ohmmeter, of course, has a built-in D.C. source - its battery. 
The D.C. polarity applied to a component being checked can be 
reversed by the simple expedient of interchanging the instrument's 
test leads. To check a transistor with an Ohmmeter, then, first 
measure the D.C. resistance between its base and emitter leads (or 
pins), reversing the Ohmmeter leads to obtain both forward and 
inverse emitter junction resistance values. Compare the two readings 
obtained. You should obtain a high resistance measurement with 
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one connection, a low resistance value with the other, with the ratio 
between the two at least 25 to 1, but running to over 100 to 1 in good 
quality units. 

Next, repeat the test, but this time measuring the D.C. resistance 
between the transistor's base and collector leads, thus checking its 
collector junction. Be sure to reverse the Ohmmeter test leads to 
obtain both forward and inverse resistances. Again, compare the two 
readings obtained. 

Fig. 10-3: Checking medium and high power (multi-watt) transistors. 

Where low-power transistors are checked, the base-emitter or 
base-collector forward resistances, in general, will be less than 500 
ohms, while the inverse resistances may run from lOK to 50K, or 
more. If the forward and inverse resistances of either junction (base
emitter or base-collector) are low, the transistor is shorted or very 
"leaky." If both resistances are high, the unit is open. If there is no 
difference between forward and inverse resistance values, whether the 
actual values are high or low, the junction checked is defective. In 
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either of the three cases, the unit is defective and should be discarded. 
Be sure to check both the base-emitter and base-collector junctions, 
however, for one may check "good" while the other is either open or 
shorted. The same technique is used to check power transistors, but 
the actual resistance values obtained will be much lower than in the 
case of small units; however, the ratio between forward and inverse 
resistance values of either junction should remain high. 

In practice, the resistances measured with specific D.C. polarities 
applied to the base-emitter or base-collector junctions will depend on 
whether PNP or NPN units are checked, although the ratio between 
forward and inverse resistance should be in the same general range 
regardless of transistor type. Basic resistance readings for PNP and 
NPN low-power transistors and for PNP high-power types are dia
grammed in Figs. 10-4 (a) , 10-4 ( b) and 10-4 ( c) , respectively. 

CAUTION: As outlined in Section 1, care must be taken to 
avoid damage to a transistor when Ohmmeter tests are made. If pos-

INVERSE FORWARD 
HIGH RESISTANCE LOW RESISTANCE 

(a) 

BASE 

~--~+ high f\. ~---------.. 

(c) 

INVERSE FORWARD 
HIGH RESISTANCE LOW RESISTANCE 

(b) 

~LL.ECTOR 

EMlTTVBASE 

TRANSISTOR CONNECTIONS 

(PIN VIEW) 

Fig. 10-4: Relative Ohmmeter readings between various electrodes of PNP (a) and 
NPN (b) low-power and PNP (c) high power transistors. 
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EXPLANATION OF PARAMETER SYMBOLS 

SMALL SIGNAL & HIGH FREQUENCY PARAMETERS (at specified biosl 

Abbreviated Definitions 

Com, base - output admittance, input AC open-circuited 

h1• Com. base - input impedance, output AC short-circuited 

hrb Com. base - reverse voltage transfer ratio. input AC open-circuited 

htb 

b Com. emitter forward current transfer ratio, 
Com. base f 

__ ,_•____________ output AC short-circuited 

hte Com. collector 

hoe, hie 

f •• 

f •• 

f,ux 

Examples of other corresponding com. emitter symbols 

Com, base 

Com. emitter 

the frequency at which the magnitude of the small
signal short-circuit forward curreut transfer ratio is 
0.707 of its low frequency value. 

Maximum frequency of oscillation 

__ •_______________ Capacitance measured across the output terminals C • Collector to base f 
Coe Collector to emitter with the input AC open-circuited 

Base spreading resistance 

G. Com~ emitter Power Gain ( use Cb for com. base) 

CG. Conversion gain 

NF Noise Figure 

SWITCHING CHARACTERISTICS Cot specified bias! 

__ tr _______ R_is_e_t_im_e____ These. deJ?end on both transistor 

Ohmic delay time ! 
Storage time and circuit parameters t, 

----------------
t, 

Vcz (SAT.) 

hr• 

bra (INV) 

IB2 (MOD) 

IP 

Iv 

Rsao 

Vsa 

Vv 

Fa lit i me 

Saturation voltage at specified le and Ia. This is defined only with the collector 
saturation region. 

Com. emitter - static value of short-circuit forward current transfer ratio, hFE =-¾;-
Inverted hn ( emitter and collector leads switched) 

UNIJUNCTION TRANSISTOR MEASUREMENTS 

Modulated interbase current 

Peak point emitter current 

Valley current 

Interbase resistance 

Interbase voltage 

Valley voltage 

7/ Intrinsic stand-off ratio. Defined by VP = 'I) V BB + 2
;~ ( in ° Kelvin) 

--------TABLE 10-A: Definitions of basic parameter symbols. 



USEFUL REFERENCE DATA 413 

Ic, Im, Ia 

Vea, v.,a 

Ve• 

Va• 

BVeao 

Veso 

BVcso 

VCER 

Vess 

VPT 

Veen 
Vccm 
Vnaa 

Ico, Icea 

I20, I11eo 

ICBO 

DC MEASUREMENTS 
PC currents into collector, emitter, or base terminal 

Voltage collector to base. or emitter to base 

Voltage collector to emitter 

Voltage base to emitter 

Breakdown voltag<•~ collector to l)ase junction reverse biased, emitter open-circuited 
( value of le should be specified) 

Voltage collector to emitter, at zero base current, with the collector junction 
reveTSe biased. Specify le. 

Breakdown volta~e. collector to emitter, with base open-circuited. This may be a 
function of both "m .. ( the charge carrier multiplication factor) and the ho of the 
transistor. Specify le. 

Similar to Vcgo except a resistor of value '"R" between base and emitter. 

Similar to VcEo but base shorted to emitter. 

Punch-through voltage, collector to base voltage at which the collector space 
charge layer has widened until it contacts the emitter junction. At voltages above 
punch-through, VPT = Ven - Vsa 

-------- --- -- ------
Supply voltage ccllector to base ~ 
Supply voltage collector to emitter 
Supply voltage base to emitter 

NOTE - third subscript 
may be omitted if no 
confusion results. 

Collector current when collector junction is reverse biased and emitter is DC 
open-circuited. 

Emitter current when emitter junction is reverse biased and collector is DC 
open-circuited. 

Collector current with collector junction reverse biased and base open-circuited. 
------------ ----

lcBS Collector current with collector junction reverse biased and base shorted to emitter. 
-- -- ----------

IECS Emitter current with emitter junction reverse biased and base shorted to collector. 

Rsc Collector saturation resistance 

OTHER SYMBOLS USED 

Pew Peak collector power dissipation for a specified time limit 
-- -------

Pc.Av Average maximum collector power dissipation 

Po Power output 
------- -- -- --

z, Input impedance 
-- -- --------

Zo Output impedance 
------ -- -------------

T1. Operating Temperature 

T1 Junction Temperature 
------ ----

TsTo Storage Temperature 

NOTE: In devices with several electrodes of the same type, indicate electrode by number. Example: 
Is2. In multiple unit devices, indicate device by number preceding electrode subscript. Example: he. 
Where ambiguity might arise, separate complete electrode designations by hyphens or commas. Exam
ple: V1c1-2c1 (Voltage between collector #l of device #1 and collector #1 of device #2.) 

NOTE: Reverse biased junction,means biased for current flow in the high n•sistance direction. 
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sible, use a VTVM or series-type Ohmmeter having an internal bat
tery voltage of 4.5 volts or less. Don't use a shunt-type Ohmmeter. 
If in doubt about the type of instrument you have, connect a 1000 
ohm resistor in series with one Ohmmeter lead when making the tests, 
subtracting its value from your final readings. A 100 ohm resistor 
may be used when checking power transistor types. In either case, 
the series resistor serves to limit "forward" currents to safe values. 

TRANSISTOR REFERENCE TABLES. Reproduced here through the 
courtesy of General Electric's Semiconductor Division, Tables 10-A, 
10-B and 10-C supply useful data on transistor specifications and 
characteristics. Table 10-A lists and defines the symbols used to iden
tify transistor parameters. Table 10-B explains basic transistor ratings 
and lists JETEC registered transistor types made by all manufac
turers, giving both maximum ratings and typical operating values for 
various parameters. This is not a complete listing of all transistor types 
which may be available, however, for some types are made only for 
military use, others are not assigned JETEC registration, and still 
others are made as experimental or developmental units in limited 
quantities. In addition, new transistor types are being introduced almost 
on a month-by-month basis by nearly every major manufacturer. For 
the latest specifications of any particular transistor type, it is best to 
contact the manufacturer of that unit and to obtain appropriate 
Technical Data Sheets. Table 10-C, finally, gives overall outlines, 
dimensions, and lead (pin) connections of various transistor types; 
most small transistors employ the lead arrangements given at 3 or 4, 
regardless of actual body shape or overall dimensions. Refer to Fig. 
10-4 ( c) for standard power transistor connections. 

Transistor interchangeability data is given in Tables 10-D and 
10-E, reproduced here through the courtesy of Bendix Red Bank and 
RCA's Semiconductor Division, respectively. Table 10-D refers 
specifically to power transistor types, while 10-E lists all types. In 
each Table, however, standard transistor types are listed, together 
with the individual manufacturer's suggested replacement. A cross
reference between other types may be obtained simply by noting 
which have identical "replacements" specified. 

As a general rule, low-frequency (audio) transistor type can be 
interchanged without difficulty as long as maximum ratings are ob
served and the units have similar gain (alpha or beta) figures ... 
and, of course, are of the same general type (PNP or NPN). Dif
ficulties may be encountered when substitutions are made in R.F. or 
I.F. circuits, however. If a replacement has less gain that the original, 
the circuit will suffer a loss of sensitivity; if more gain, regenera
tion, and, possibly, oscillation may result. In any case, a change 
in circuit neutralization (which depends on interelectrode capacities 
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EXPLANATION OF SYMBOLS 

TYPES AND USES: G.==Grounded-emitter Power Gain. 
AF, AF Out. and Pwr Gain measured at 1 Kc. 
RF, IF, and Osc Gains at 455 Kc. 
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Si-Silicon High Temperature Transistors ( all others germanium) 
ft-Point contact types 
AF-Audio Frequency Amplifier-Driver 
AF Out-High current AF Output 
Pwr-Power output 1 watt or more 
RF-Radio Frequency Amplifier 

~SAfl ci:~~X,d~i~~ c~C:~~ a~~;'u~vi,!iPjJ given tran-
sistor type.) 

Osc-High gain High frequency RF oscillator 
IF-Intermediate Frequency Amplifier 

Po=Maximum Power Output at 5% harmonic distortion, in mw 
except where noted as watts. Class A aina].e-ended, Class B 
Push Pull. 

lo IF -Low IF ( 262 Kc) Amplifier 
Sw-High current High frequency switch 
AF Sw-Low frequency switch 

RATINGS: 
Pc=Maximum collector dissipation at 25°C (76°F) ambient room 

temperature. Secondary designations are ratings with connec
tion to an appropriate heat sink. 

BVcs=Minimum collector-to-emitter breakdown voltage. GE tran-
sistors measured with Base-to-emitter resistance as follows: 

lOK for AF and AF Out PNP 
I Meg for RF, IF, and Osc PNP 
Open circuit for NPN 

•under BVc111:::::Minimum collector-to-base breakdown voltage (for 
grounded base applications). 

lc==Ma:rimum collector current. (Negative for PNP, Positive for 
NPN.) 

T,==r:!~~~0co~..:~~1s~::~: !f'Jf:~~;~~:rurr::t be derated 

hr.==Small signal base to collector current-gain, or Beta ( except 
where emitter to collector gain, alpha 11, is given). 

f.-.==Alpha cut-oD-frequency. Frequency at which the emitter to 
collector current gain, or alpha, is down to 1 V2 or .707 of its 
low frequency audio value. For some power transistors, the 
Beta or base-to-collector current-gain cutoff-frequency is 
given as noted. 

MANUFACTURERS: 
Am-Amperex 
Bendix-Bendix Aviation Corp. 
CBS-CBS-Hytron. 
Cle-Clevite Transistor Products. 
Die-Delco Radio Div., General Motors Corp. 
GE-General Electric Company. 
GP-Germanium Products Corp. 
Mall-P. R. Mallory and Company, Inc. 
Mar-Marvelco, National Aircraft Corp. 
M-H-Minneapolis-Honeywell Regulator Co. 
Motor-Motorola, Inc. 
Mu-Mullan! Ltd. 
Phil-Philco. 
Ray-Raytheon Manufacturing Company. 
RCA-RCA. 
Sprague-Sprague Electronics Company. 
Syl-Sylvania Electric Products Company. 
TI-Texas Instruments, Inc. 
TS-Tung-Sol. 
W-Westinghouse Electric Corp. 
WE-Western Electric Company. 

--- MAX. RATINGS --- ---- TYPICAL VALUES ----

JETEC 
No. !?!! Mfr. u .. 

..... 
No. 

Pc111w 
@25"C IVcs le 1110 . .. 

2N22 Pt. WE Sw 120 -100 -20 55 1.9« 
2N23 Pt. WE Sw 80 -50 -40 55 1.9« 

··••-Clan ••~•c G.tl. A I 

2N24 Pt. WE AF 120 -30 ___ --=-25 __ s ~•-+~'-·"'----------------< 
IN25 Pt. WE AF 200 -50 -30 60 2.5o 
2N26 Pt WE Sw 90 -30 -40 55 
2N27 NPN WE AF 50 35 100 85 100 --------------+-------
2N28 NPN WE AF 50 30 100 85 100 
2N29 NPN WE AF 50 35 30 85 too 
2N30 Pt GE Ob90lete 100 .10 7 40 ~ 

2N31 Pt. GE Ob90lete 100 30 7 4-0 2 2a 
2N32 Pl RCA 50 -40 -8 40 2.2o 
2N33 Pt. RCA Obaolete 30 -8.5 -7 40 

2N34 PNP RCA AF 50 -25 
2N35 NPN RCA IF so 25 
2N36 PNP CBS AF 50 -20 

2N37 PNP CBS AF 50 - 20 
2N38 PNP CBS AF 50 -20 
2N38A PNP CBS AF 50 - 20 

2N41 PNP RCA 
2N43 PNP GE 
2N43A PNP GF. 

AF 
AF 

so 
2'0 
155 

-25 
-30 
-25 

-8 
8 

-8 

-8 
-8 
-8 

-JS 
-300 

50 
50 
50 

40 
40 
45 

so 30 
50 15 
_so~ 
so 40 

100 5.1 
too s.1 

.s 

1 
2 

2.7 

.6 

.8 

17 

21 .. .. .. ,. 
32 
32 .. 

o... 

l.3 40 40 
1.3 40 40 

125 

----+---------------! 
2N44 PNP GE 
2N45 PNP GE 
2N46 PNP RCA 

AF 
Obsolete 

2N47 PNP Phil AF 
2N48 PNP Phil Al-' 
2N49 PNP Phil AF 

-2NSO _P_I_ --c-,.--
2NSI Pt Cle Sw 
2N52 Pt Cle RF 
2N53 Pt. Cle RF 
2NS<I PNP W AF 
2N55 PNP W AF 
2NS6 PNP W 
2N57 PNP W 

~2=N=59-~PN=P W 

AF 
p~ 
AF Out 

-

240 
155 

50 
so 
50 

50 
100 
120 

JOO 
200 
200 

200 
20W 

180 

-30 -300 100 11 1.0 39 40 
-25 100 Jl l.0 38 40 

see2N4I ---
-- --

-35 -20 65 
-35 -20 65 
-35 -20 65 

" 32 
38 

. .. 
8 .. 
8 .. 

- IS - I SO 2a 3 20 
-50 -8 50 20 

----~~- __ ________=.! __ ~ 20 
-50 -8 50 2o 5 20 
-45 -10 60 32 .5 40 
-45 -10 60 20 .5 39 
-45 - --- -10 ~ ~,,---.,----3-.---------1 
-60 -.8A 60 U SW 

-20 _ -~'='''-----="~----'"--------"3-0'---------''°cc.._ _ _c,..=.._J 

TABLE 10-8: Registered transistor types and their basic characteristics. 
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MA.X. RATIMGS --- ---- TYPICAL VALUES ----
J[T£C Dwg. 

No. 
Pomw-Clan 

No. 

:?N60 
2N61 
2N62 

-

Type Mfr. u,e 

l'l\'P W AF Out 180 
l'~f) W AF Out 180 
I'~ I' Phil Uhl!Qlete 50 
P'.\'l'-.R~,-, --~,=,------+--,o-o- -
PI\P Ray AF 100 
PNP Ray Al<' 100 

BVcs lcmo T.1°C 

-20 -200 85 
-20 -200 85 
-35 -20 
-22 -·~ 85 
-15 -10 85 
-12 -10 85 

11NP- \\·,-; Obsolete lW - to 
PNP Sy! Pwr 2W/4W -25 
PNP W Pwr IW -50 

SA 
-I.SA 
-250 

80 
70 
60 
55 Ri":A Obsolete ~0 - 40 - -20 

65 
45 
40 
22 
45 .. 
40 

f.,i:,mc 

6 
8 

1.2 
.2 
.4 

.25 
2.5 

G .. db 

2R 
26 

39 
41 
42 

23 
25 

Pt 
PNP 
PNP 

W AF Sw 200 - 50 low level 
W AF Sw ___ 200 __ - SO hieh level 

PNP ___ w-·- Al-' Sw 200 --- -50 very low level 
PNP GE Obsolete 50 -20 -10 60 20 I 38 

" 
30 
30 

40 
40 
40 

600 
400 

ZN63 
2N64 
2N65 
2N66 
Zr-;'68 
2N71 

2N12 
2N7:I 
2N74 
2N75 
2N76 
2N77 
2N7B 
2N7Q 
2NBO 
2Nfll 
2NR2 
2:'IJQ-1, 
2N94A 
2~ 

2NQ6 
2N97 
2N97A 
2N98 
2N98A 

PNI' RCA AF .15 -25 -15 50 55 .7 44 
~~-- ca~ -a=.-~---3~-+--- os -~,~5---2~0--~.5~1------'1~0--~,~--~2~,--~~-

50 

P'.'.P HCA AF 3'> -.10 -50 46 44 
PNP CBS AF 50 -25 -8 Iii 80 
pl\P- (~- Oh?.Olete -- --- - 5o -20 -~5 100 :rn 
PNP CBS At' :15 -20 -15 Hi .10 
Nl'N Syl RF Sw .10 20 50 75 30 
NPN Syl Rt' Sw .10 20 SO 75 40 
l\PN Syl Pwr e-----2~5W/4\V- 25 I.SA 70 40 .4 
Pl'l,P RCA Obsolete SO -.10" -20 55 35 .5 

38 ,. 

50 

600 

~::~ ~;=!::~--::~:-- - ~~ !~ ----:¾--· -;: }-~--:---~;~~----~ 
NPN (;p IF 50 40 10 75 38 2.5 22 

2N9'i 
2Nl00 
2Nl01 

~::~ :~: ;: - -5='1---!! --{~ ;: ;: :~:!----';"';----~ 
NPN (;P ff 25 25 S 50 100 5 23 
PNP SyJ Pwr __ IW -25 -1.SA 70 23 

2N102 Nl'N Syl 
2NI0J Nl'N C:P 
2Nl04 PNP RCA 

2Nl05 PNP RCA 
2NI06 PNI' Ray 

l'wr IW 25 15,\ 70 23 
(ieQI IF 50 ·15 IO 75 5 .75 IS 
AF ___I_~_ -10 -~~-- 70 44 .7 41 

Afo' .15 -25 - IS 50 55 .75 42 
AF 100 -6 -10 85 45 .8 36 

600 

600 

40 
2Nl07 PNP (;E AF I 50 -h .-~--·---~ -+--'2~0 __ ~1~--~'~•----
2Nl08 
2Nl09 
2Nl10 

2Nlll 
2NlllA 
~Nll2 

2Nll2A 
2Nll3 
2Nll4 

2Nll7 
2Nll8 
2Nll9 
2Nl23 
2Nl24 
2Nl25 

2Nl26 
2Nl27 
2Nl28 
2Nl29 
2Nl30 
2Nl31 

2Nl32 
2Nl:n 
2Nl35 

PNP 
PNP 
l'l 

PNP 
PNP 
PNP 

CBS 
RCA 
WP, 

Ray 
Ray 
Ray 

PNP Rey 
PNP Rey 
PNP Ray 
NPN Tl 
NPN Tl 
NPN Tl 
PNP GE 
NPN Tl 
NPN Tl 

AFOut 50 -20 -15 
AF Out SO -12 -15 50 
Sw 180 -:'io* -50 85 

IF 150 -1:; -200 85 
IF 150 - 15 -200 85 
RF 150 - l'i -200 85 

IF 150 -1:i -200 85 
RF 100 -6 -5 85 
RF Sw 100 -6 -5 85 

Si (-903) 1so 45* 25 175 
Si (•904) 150 4:;• 25 175 
SiA.F 150 45* 25 175 

------
RFSw 8 100 -20 -125 85 
RFSw 50 JO 8 75 
RFSw 50 10 8 75 

-·--

70 
32 

40 
40 
40 
40 
45 
65 

12 
24 
.98a. 

50 
18 
32 

5.0 

5 
10 
20 

NPN Tl 
NPN Tl 

RFSw 50 10 75 
RFSw 50 JO 75 
SB Osc :rn -4.5 -5 85 

60 5 

PNP Phil 

PN P Phil SR Osc 
PNP Ray AF 
PNP Ray AF 

PNPRay AF -
PNI' Ray AF 
PNP rn:; IF 

30 
R4 
a4 

84 
84 

100 

130 S 
35 60 

-45 -5 85 20 40 
-22 -10 85 22 
-15 -IO 85 45 

-12 -10 85 90 
-1.'i -10 85 25 
-12 -50 85 20 

2NI36 PNP GF. RF 100 
100 

50 

- 12 -50 85 40 

4.5 

6.5 
lO 2Nl37 PNP GF. RF -6 -50 85 60 

2Nl38 PNP Ray AF Out -12 -20 40 140 

-45 -100 85 10 2Nl38A P~~ AF Out 
2Nl39 PNP RCA IF -16 -15 70 48 4.7 

33 

,o 
33 
32 

35 
33 

39 
41 

42 
:16 
29 

75 

- -------

---------· 

" 3' 
30 

25 

2Nl40 PNP RCA Osc 

HO 
35 
:15 -16 -15 __ 70~-4~5 ___ 7 __ 

29 
29 
2R 

2N141 Pwr PNP Syl 
2Nl42 Pwr NPN Syl 
2Nl4:J Pwr PNP ,Sy) 

2Nl44 Pwr NPN Syl 
2NI45 H' NPN Tl 
2Nl46 IF NPN Tl 
2Nl47 Osc NPN Tl 
2Nl4R lo IF NPN Tl 
2Nl48A Jo JI,' NPN Tl 

1.5W/1W 
1.:;W/4W 

!~/1W_ 
JW/4W 

65 
6.5 

65 
65 
65 

2Nl49 lo IF 6.'i NPN Tl 
2Nl49A loll-' 65 NPN Tl 
2Nl50 lo IF fi5 ~-----+- --
2Nl50A lo IF 65 

NPN Tl 
NPN Tl 

2Nl55 Pwr 8.5W J>NP CHS 
2N 156 Pwr 8.5W =~-=~~---------+--- ---
2N 158 Pwr 8.5W 

PNP f:BS 
PNP C:BS 

2N lSRA Pwr 8.5W PNP r:m; 
2Nl59 Sw 80 l't S!>f_lljl:Ue 

-.10 
30 

-30 

:rn 
20 
20 

20 
16 
32 

16 
32 
16 

32 
-30 
-30 

-60 
-60 
-50 

-.SA 65 
.SA 65 

- .SA 65 

.8 
5 
5 

65 
75 
75 

75 
75 
75 

5 75 
S 75 
5 75 

5 
-3A 
-3A 
-3A 
-'.~A 

-10 

75 
as 
85 

85 
R5 

40 .4 
40 .• 
40 .4 

40 .4 

26 
26 
26 

600 
600 
600 

26 600 
3.1 max 
36 max 

39 max 
35max 
35max 

38max 
.18max 
41 max 

41 max 
48 
40 

.18 33 2W 

40 
41 

18 .16 2W 

.18 40 2W 

.18 
2 

• 
:JOO 
:JOO 

5W 

5W 

SW 

50 

100 

SW 
5W 
SW 

SW 

9W 
9W 

17\\' 
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--- MAX. RATINGS --- ---- T\'P-!CAL VALUES 

JIT'EC l>wg. Pcmw Pomw-Class 
t•o. Ty,. Mfr. u .. Ho. @ zs·c BVcB lcma T1°C hh f .. b me G.db ,. 8 -- -- -- - --- -- -- -- - -- -- - -

2Nl60 NPN GP Si IF 150 40 25 150 " 4 34 
2Nl60A NPN GP Si IF 150 40 25 150 " 4 ,. 
2Nl61 NPN GP Si RF 150 40 25 150 28 5 37 

-
:?Nl61A NPN GP Si RF 150 40 25 150 " 5 37 
2Nl62 l\iPN GP SiRF 150 40 25 150 38 • 38 
2Nl62A NPN GP Si RF 150 40 25 !50 38 • 38 
2Nl63 NPN GP Si RF 150 40 25 150 50 6 •• 2Nl63A NPN GP Si RF 150 40 25 150 50 6 40 
2Nl64A NPN GE Oboole\o 65 15 ~o 85 40 8 39 max 

2Nl65 NPN GE Oboole\o 65 15 20 85 72 5 36mu: 
2Nl66 NPN GE Oboolete 25 6 20 50 32 5 ,,. 
2Nl67 NPN GE Sw 3 75 30 75 85 30 9 
2Nl68 NPN GE °'-1oto 55 15 20 75 20 6 39 max 
2Nl68A NPN GE 0.. 3 65 15 20 85 40 • 39 ma• 
2Nl69 NPN GE IF 3 65 l5 20 85 ,::: 9 35 malt 

2Nl69A NPN GE IF 3 65 :?5 20 85 72 9 35 max 
2NJ70 NPN GE RF 3 55 6 20 50 20 • 27 
2Nl72 NPN Tl IF 65 16 5 75 28 
2Nl73 PNP Die ~ 40W -60 -7A 90 l00 .6 • WW 
2Nl74 PNP Die ~ 40W -80 -TA 90 45 .2 20 sow 
2N175 PNP RCA AF 20 IO -2 so " .8 n 
2Nl76 PNP Moto< ~ -12 -600 80 25 3W 
2N178 PNP Moto< Pw, IOW -12 -600 80 30 29 3W 
2Nl79 PNP Motor ~ 20 60 •• 32 , .. 
2Nl80 PNP CBS AF Out 150 -30 -25 75 60 .7 37 3W :JOO 
2N181 PNP CBS AF Out 250 -30 -38 75 GO .7 34 110 600 
2Nl82 NPN CBS IF 100 25 IO 75 25 3.5 
2Nl83 NPN CBS Sw 100 25 10 75 40 7.5 
2NIB4 NPN CBS Sw 100 25 JO 75 .. 12 
2Nl85 PNP Tl AF 150 ,o !50 50 55 40.5 2 :?50 
2Nl86 PNP GE AF Out I 100 -25 -200 " " .8 28 300 
2Nl86A PNP GF. AF Out 1 200 -25 -200 85 " .8 30 750 
2Nl87 PNP GE AF Out I 100 -25- -200 ij~ 36 I 30 300 
2Nl87A PNP GE AF Out I 200 -25 -200 85 ,. l 30 750 
2Nl88 PNP GE AFOut. I 100 -25 -200 85 54 1.2 32 300 
2Nl88A PNP GE AF Out l 200 -25 -200 85 54 1.2 32 750 
2Nl89 PNP GE AF l 75 -25 -so 85 24 .8 37 1 
2Nl90 PNP GE AF l 75 -25 -50 85 36 I 39 I 
2Nl91 PNP GE AF l 75 -25 -so 85 54 1.2 .. l 
2Nl92 PNP GE AF l 75 -25 -so 85 75 1.5 n l 
2Nl93 NPN Sy! o.c so 15 75 6 3 
2Nl94 NPN ~yl o.c -- so 15 - 50 .7_5_ 7.5 

-
3.5 15 

2N206 PNP RCA AF 75 -30 -so 85 47 .8 .. 
2N207 PNP Phil AF 50 -12 -20 65 100 2 
2N207A PNP Phil AF so -12 -20 65 100 2 
2N207B PNP Phil AF 50 -12 -20 65 100 2 
2N21l NPN Syl 0.. so 10 50 75 30 3.5 
2N212 NPN Sy! Ooc 50 10 so 75 15 6 22 
2N213 NPN Syl AF 50 25 100 75 150 .. 
2N214 NPN Syl AFOul 125 25 75 70 70 .. 29 200 
2N!!l5 PNP BCA AF 50 -30 -50 70 44 .7 41 
2N216 NPN Sy! IF so 15 50 75 15 3 26 
2N217 PNP RCA AF 50 -25 -70 50 70 33 160 
2N218 PNP RCA IF 35 16 15 70 •• 4.7 30 
2N219· PNP RCA 0.. 80 -16 -15 71 75 10 27 
2N22o PNP RCA AF 50 -10 -2 71 65 .8 n 
2N223 PNP Phil AF JOO 18 150 65 95 .6 37 I 
2N224 PNP Phil AF Out 150 -25 -150 75 75 .5 36 300 
2N225 PNP Phil AF Out 150 -25 -150 75 75 .5 36 300 
2N226 PNP Phil AF Out 100 -25 -150 65 55 .. 30 300 
2N227 PNP Phil AF Out 100 -25 -ISO 65 55 .. 30 J.00 
2N228 NPN Sy! AF Out 50 25 75 70 .8 26 !00 
2N229 NPN Sy! AF 50 12 40 75 25 1.6 

2N230 PNP Mall ~ !SW -30 -2A 85 83 .014 {/jJ 
2N233 NPN Sy! AF so 10 so 75 4.5 
2N234 PNP Bendix ~ 25W -30 -3A 90 25 2 

~ 

2N234A PNP Bendix Pw, 25W -30 -3A 90 25 2 
2N235 PNP Bendix ~ 25W -40 -3A 90 33 2Vi 
2N235A PNP Bendix ~ 25W 40 3A 90 33 2W 

2N236 PNP Bendix ~ 25W -40 -3A 95 35 4 
2N236A PNP Bendix Pw, 25W -40 -3A 95 35 • 2N237 PNP Ma, AF 150 -45 -20 55 70 I .. 
2N238 PNP Tl AF 50 -20 60 42 
2N240. PNP Phil SBSw 10 -6 -15 16 
2N241 PNP GE AF Ont I 100 -25 -200 85 73 1.3 35 300 

2N24IA PNP GE AF Out l 200 -25 -200 85 73 1.3 35 7$0 
2N242 PNP !pi' Pw,- -45 -n 100 40 5 Kc (,Bl 30 2.5W 
2N243 NPN SiAF 750 60' 60 150 94• 30 

2N244 NPN Tl SiAF 750 60• 60 150 .9711. 30 
2N247 PNP RCA Drift RF 35 -35 -10 85 60 30 (37@ l.5Mc) 
2N248 PNP Tl BF 30 -25 -5 85 20 50 12 

2N249 PNP Tl AF Out 350 -25 -200 60 45 31 50 500 
2N250 PNP Tl Pw, 12W -.)0 -2A 80 50 6 Kc 34 6W 
2N251 PNP Tl Pw, 12W -60 -2A 80 50 6 Kc 

~--
6W 

---- -
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--- MAX. RATINGS --- ---- TYPICAL VALUES ---- I JtTlC Dwg, PcfflW P.mw-Clea .... Type Mfr. u,. .... ~ IVca lcma T.1•c .,. '••IIIC G.da. A • -- -- -- - -- -- -- - -- -- - -
2N253 NPN Tl IF 6S 12 5 75 30 
2N254 NPN Tl IF 6S 20 5 7S •• 2N255 PNP CBS Pw, J.SW/6.25W -15 -3A 8S 40 .% 23 lW 5W 
2N256 PNP CBS Pw, 1.5~,~~~: -30 -3A 85 .. .2 26 2W lOW 
2N257 PNP Cl, Pw, -20 85 50 7 Kc (ft) 30 lW 
2N260 PNP Cle Si 200 -10 -so ISO 16 1.8 38 
2N260A PNP Cle s; 200 -30 -so 150 16 1.8 38 
2N261 PNP Cl, Si 200 -75 -so ISO 10 1.8 36 
2N262 PNP Cl, Si RF 200 -10 -so ISO 20 6 .. 
2N262A PNP Cl, Si RF 200 -30 -so 150 20 6 .. 
2N26s PNP GE AF l 7S -2s -so BS llO 1.5 .. 
2N267 PNP RCA RF Drift S.me aa 2N247 e.oep_t. for Dell. IMd• 
2N268 PNP Cl, Pw, 2W/2SW -•• 1 6 Kc (B) 28 
2N26BA PNP Cle Pw, 2W/10W -·• 90 20 
2N269 PNP RCA Sw 3S -20 -100 70 35 • 
2N270 PNP RCA AF Out 150 -2s -150 so 70 32 500 
2N274 PNP RCA RF Drift 35 -40• -10 8S 60 30 .. 
2N277 PNP Dloo Pw, SSW -•o -12A 95 60 .5 .. 16W 30W 
2N278 PNP Dloo Pw, SSW -so -12A 9S 60 .s ,. 16W 30W 
2N279 PNP Am AF 125 -20 -•• 75 •• .3 
2N28o PNP Am AF 12S -20 -10 7S 52 .3 
2N28l PNP Am AF -16 -50 7S 70 .35 34 38 
2N282 PNP Am AF 167 -16 -so 7S 70 .35 23 390 

(matched pr} 

2N2B3 PNP Am Sw IZS -20 -10 75 .. .5 
2N284 PNP Am Sw 125 -32 -125 75 .. .35 min 
2N284A PNP Am Sw 125 -60 -125 75 .. .3S min 
2N29o PNP Dloo Pw, SSW -70 -12A 9S so .. 2S %OW ISW 
2N291 PNP Tl AF 180 -25 -200 BS .. 33 so 500 
2N292 NPN GE IF 3 6S 15 20 BS 25 6 35m1u: 
2N293 NPN r.e RF 3 65 15 20 BS 2S 7 39ma11. 
2N297 PNP Cl, r- ISW -60 -SA BS 35 6 Kc 
2N301 PNP RCA Pw, 12W 

_., 
-2A BS 70 30 %.7W 

2N301A PNP RCA Pw, 12W -60 -2A BS 70 30 2.7W 
2N302 PNP Roy Oboolet.e 150 -10 -200 .. .. 7 
2N303 PNP Ray Obooloto 150 -30 -200 85 7S 14 
2N306 NPN Sy! AF •o 12 75 30 .75 
2N307 PNP Syl AF Out -35 -IA 75 25 • 2N307A PNP Syl Pw, 17W -35 -2A 75 20 3.5 Kc 27 
2N308 PNP Tl IF 30 -20 -s 55 ,1 
2Nl09 PNP Tl IF 30 -20 -5 ss .. , 
2N310 PNP Tl IF AF 30 -30 -5 5S 37. 
2N311 PNP Motor Sw 75 -15 BS 50 
2N312 NPN Motor Sw 7S 15 BS 50 
2N313 NPN GE o ........ 65 15 20 BS 25 5 36mu 
2N314 NPN GE Obaolete 65 15 20 BS 25 • 39ma11. 
2N315 PNP GT Sw 100 -15 -200 BS 20 5 
2N3lt> PNP GT Sw 100 -10 -200 85 30 12 
2N317 PNP GT Sw 100 -6 -200 BS 30 20 
ZN'.HK PNJJ GT Photo 50 -12 -20 too .75 
2N31Q PNP GE AF Out 2 240 -20 -201} 85 33 2 30 750 
2N32n PNP GE AF Out 2 2to -20 -200 85 fB 2.S 32 750 
2N:i2l PNP GE AF Out 2 240 -20 -200 85 48 3 35 750 
2N:l22 PNP GE AF 2 ... -·· -100 85 70 2 39 

2N32:l PNP GE AF 2 140 -16 -100 85 90 2.5 .. 
2N324 PNP GE AF 2 ... -16 -100 BS 80 3 .. 
2N325 PNP Syl p~ 12\\' -35 -2A 8S 40 .2 
2N'.l26 NPN Syl Pw, 7W 35 2A BS •• .2 
2N327 PNP Ray SiAF :l.15 -50 -100 160 .. .2 32 
2N328 PNP Ray AF 33.') -35 -JOO 160 24 .35 ,. 
2N:t29 PNP Ray AF .135 -30 -100 160 50 s 36 
2N.130 PNP Ray AF 335 -45 -so ... 30 .25 3f 
2N33l PNP RCA AF 200 -30* -10 85 •• .1 44.5 

2N3.l2 NPN TU.F. SiAF 4 150 45• 25 200 15 30 35 
2N333 NPN Tl-GR Si·AF • 150 45• 25 200 3.'i 33 39 
2N334 NPN TJ-GF. SiAF • 150 45• 25 175 .975 11 8min 

--~ 

2N335 NPN TI~GR SiAF 4 150 .,. 25 200 50 38 42 
2N336 NPN Tf:GE SiAF 4 150 45* 25 1,:; .99 11 7 
2N344 PNJ> Phil RF (-S8101) 20 -5 ~~ 22 50 

2N345 PNP. Phil RF (-SfH02) 20 -5 -5 8,'i 60 50 
2N346 PNP Phil RF (""S8103) 20 -5 -5 85 15 75 
2,\350 PNP Mot.or Pw, !OW -40* -3A 90 30 S Kc min 31 8W 

- >-----
-40* -3A 90 45 5 Kc min 33 8W 2N351 PNI' Mot.or rw, ]OW 

2N352 PNP Phil Pwr 25\V -40 -2A JOO 65 16 Kc 36 2.SW IOW 
2N35.1 PNP Phil rw, 30W -40 -2A 100 •o 16 Kc 36 SW IOW 

2NJ.'i,l PNP Phil Si01'C 150 -25 -50 140 IS l5fmu 
2N:t55 PNP Phil Si Sw 150 -10 -50 140 JR 25 fmu: 
2N356 NPN GT Sw 100 18 500 85 30 3 

2N357 NPN GT Sw 100 15 500 85 30 6 
2N358 NPN GT Sw 100 12 500 85 30 ' 2N376 PNP Motor Pw, JOW -40* -3A ,. 60 5 K<"mio 35 BW 
2N378 PNP TS Sw !SW -20 -3A BS 35 7 Kc(/J) 
2N379 PNP TS Sw ISW -40 -3A 85 30 i Kc (fl) 
2N3BO PNP TS Sw ISW -30 -3A BS 60 7 Kc(.6) 
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JETEC 
No. ~ Mfr, -- --

2N3Bl PNP TS 
2N382 PNP TS 
2N383 PNP TS 
2N384 PNP RCA 
2N386 PNP Phil 
2N:1s1 PNP Phil 

2N393 PNP Phil 
2N394 PNP GE 
2N395 PNP GE 

2N396 PNP GE 
2N397 PNP GE 
2N398 PNP RCA 

2N399 PNP Bendi1 
2N40l PNP Bendix 
2N402 PNP w 
2N403 PNP w 
2N404 PNP RCA 
2N405 PNP RCA 

2N406 i~~ RCA 
2N407 RCA 
2N408 PNP RCA 

2N409 PNP RCA 
2N410 PNP RCA 
2N411 PNP RCA 

2N412 PNP RCA 
2N413 PNP Ray 
2N413A PNP Ray 

2N414 PNP Ray 
2N-U4A PNP Ray 
2N41S PNP Ray 

2N41SA PNP Ray 
2N416 PNP Ray 
2N417 PNP Ray 

2N422 PNP Ray 
2N425 PNP Ray 
2N426 PNP Ray 

2N427 PNP Ray 
2N428 PNP Ray 
2N438 NPN CBS 
2N439 NPN CBS 
2N44o NPN CBS 
2N44,4 !'IPl'I GT. 
2N445 NPN GT 
2N446 NPN GT 
2N447 NPN GT 

2N45o PNP GE 
2N451 NPN GE 
2N452 NPN GE 
2N4S3 NPN GE 
2N454 NPN GE 
2N460 PNP TS 

2N461 PNP TS 
2N462 PNP Phil 
2N464 PNP Ray 

2N465 PNP Ray 
2N466 PNP Ray 
2N467 PNP Ray 

2N489 GE 
2N490 GE 
2N491 GE 

2N492 GE 
2N493 GE 
2N494 GE 
2N495 PNP Phil 
2N4.96 PNP Phil 
2N508 PNP GE 

2N518 PNP GE 
2N519 PNP GT 
2Ns20 PNP GT 

2N521 PNP GT 
2Ns22 PNP GT 
2N523 PNP GT 
2N524 PNP GE 
2N525 PNP GE 
2N526 PNP GE 
2N527 PNP GE 
2N529 NPN- GT 

PNP 

2N530 NPN- GT 
PNP 

2N531 NPN- GT 
PNP 

u .. --
AF Out 
AF Out 
AF Out 
RF Drift 
p~ 
p~ 

Sw 
Sw 
Sw 

Sw 
Sw 
Sw 
Pw, 
Pw, 
AF 
AF Out 
Sw 
AF 
AF 
AF Out 
AF Out 
IF 
IF 
RF 
RF 
RF 
IF 

RF 
IF 
RF 

IF 
RF 
RF 

AF 
Sw 
Sw 

Sw 
Sw 
Sw 

Sw 
Sw 
$~ 
Sw 
Sw 
Sw 

Sw 
SiPwr 
SiPwr 

SiPwr 
SiPwr 
AF 

AF 
Sw 
AF 

AF 
AF 
AF 
SiUni 
SiUni 
SiUni 

SiUni 
SiUni 
SiUni 

SiOSC 
SiOSC 
AF 

Sw 
Sw 
Sw 

Sw 
Sw 
Sw 

AF 
AF 
AF 

AF 
AF 

AF 

AF 

Dwa. .... -

2 
2 

2 
2 
2 

8 
6 
6 

6 
6 

s 
5 
5 

5 
5 
5 

2 

8 

2 
2 
2 

2 

--- MAX. RA.TINGS ---
Pcmw 

@ 25"C IVc• lc111e1 Tz•C -- -- --
200 -25 -200 85 
200 -25 -200 85 
:mo -25 -200 85 

120 -30 -10 85 
12.SW -60 _,. 

100 
12.SW -80 

_,. 
100 

50 -6 -50 85 
150 -10 -200 JOO 
150 -15 -200 JOO 

150 -10 -200 100 
150 -JO -250 JOO 

50 -105 -100 85 

25W -40 -3A 90 
25W -40 -3A 90 

180 -20 -150 85 

180 -20 -200 85 
120 

_,. 
-100 85 

150 -18 -35 85 

150 -18 -35 85 
150 -18 -70 85 
150 -18 -70 85 

80 -13 -15 85 
80 -13 -I< 85 
80 -13 -15 85 

80 -13 -15 85 
150 -18 -200 85 
150 -15 -200 85 
150 -15 -200 85 
150 -15 -200 85 
150 -10 -200 85 

150 -10 -200 85 
150 -12 -200 85 
150 -10 -200 85 
150 -20 -100 85 
150 20 -400 85 
150 -18 -400 85 
150 -15 -<00 85 
150 -12 -400 85 
100 30• 85 

100 30• 85 
100 30• 85 
JOO )5 85 
100 12 85 
100 10 85 
100 6 85 

150 -12 -)25 85 
85W 65 5A 150 
85W 65 SA 150 

85W 65 2A 150 
85W 65 2A 150 

200 -45• -400 100 

200 -45* -400 JOO 
150 -40"' -200 75 
150 -40 -100 85 

150 -30 -100 85 
150 -20 -100 85 
150 -15 -100 85 

SEE G-E TRANSISTOR SPECIFICATIONS 
SEE G-E TRANSISTOR SPECIFICATIONS 
SEE G-E TRANSISTOR SPECIFICATIONS 

SEE G-E TRANSISTOR SPECIFICATIONS 
SEE G-E TRANSISTOR SPECIFICATIONS 
SEE G-E TRANSISTOR SPECIFICATIONS 

150 
150 
140 

150 
100 
100 

100 
100 
100 

225 
225 
225 

225 
100 

100 

100 

-25 
-10 
-16 

-12 
-15 
-12 

-10 
-8 
-6 

-30 
-30. 
-30 

-30 
15 

)5 

IS 

-50 
-50 

-100 

-125 

-500 
-500 
-500 

-500 

HO 
140 
85 

85 
85 
85 

85 
85 
85 

100 
100 
100 

100 
85 

85 

85 

419 

---- TYPICAL VALUU ----
hh -
50 
75 

JOO 

.981 a 
20 
20 

155 
150 
150 

150 
150 

60 

.96 a 

.97 a. 

35 
35 
65 
65 

45 .. 
75 

75 
30 
30 
60 
60 
80 

80 
80 

140 
50 
15 
18 
20 
30 
25 

35 
65 
15 
35 
60 

125 

60min 
)6 
12 

30 
15 

.96 .. 

.9811 .. 
26 .. 
90 

180 

18 
18 

125 

60min 
25 
40 

70 
120 
200 

30 •• 6. 

8) 
17 

22 

27 

fali>fflC --
I 2 
J.5 
1.8 
JOO 

7 Kc 
6 Kc 

60 (,an 
5.5 

7 

7 
JO 

600 Kc 
850 Kc 
12 

650 Kc 

650 Kc 

6,8 
6.8 
10 

10 
2.5 
2,5 

7 
7 

10 

10 
10 
20 .. • • 
II 
17 
2.5 min 

Smin 
10 min 
.Sm.in 
2min 
Smin 
9min 

11 
400 Kc 
400 Kc 

400 Kc 
400 Kc 
J.2 

1.2 
.5 mio 
. 7 

.8 
1 

1.2 

J5fmu 
25 fmu 

3.5 

11 
.Smin 
3 1nin 

8min 
15min 
21 miu 

2 
2.5 
3.0 

3.:J 
2.5 

3.0 

3.5 

••••-Clea 
G.db ,. I -- - -
25 500 
33 500 
31 500 

3• 

33 
30 
37 

32 30 .. .. 
33 160 
33 160 

38.8 
38.8 

10 
33 

16 
35 
30 

30 
20 
27 

38 

• 2.5 

• 10 

.. ., .. .. 

45 
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JETEC 
No. Type Mfr. 

z:-.:;3z r,,,;pr-,. <;T 
l•NP 

z:-,.:;;11 ('1.£'1',;- f;T 
PNP 

•.. 
""TQ~NJ1~-11 l'wr 

Z!'.5'.\8<\. PI\I' \f-11 Pwr 
:!:,./:;;\(I p~p \i-11 l'wr 

;:;,,,;,:•,<>A P~I' \t-11 l'"'r 
Z\':'i,10 l''.'11' \I-II l'"r 
:!:\<5,iOA PNI' \t-H f',,.,r 

PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES 

.... 
No . 

-- MAX. RATINGS -- i--- TYPICAL VALUES ---
Pc 111w p.,111w-aou 

@ 2s 0 c IVc1: le "'a y.,~c ~ ~ G.. •• ~ ~ 

100 l:O 85 3:! 44J 

100 15 S'i f 3- l:i 

-ioW- -80•-· -·20 95 r----- 8 Kc --------

rn~_:11: -~~g ___ :~ l ~ t 
~i~ ::g: :~g :~ I ~ t~ 

2"'!',H fl'.\I'.. Rt:, --RI-~--- - !~w -=~~:-- ::::;~-- -:: +- nil -- 3~ Ke -- 10 f----

:g: ::~: =~! i~ i ~~ : ~~ ~! ::?\'554 P'.\'I' \fotor P'-1-r 
.:?:\,i5.'i l':\I' \lot.or f'y,r 

;?;.;_ ;)j ~ I',', 1> --,t-H l'"'r 
2'.'.:'ij,~_, .P'.\.P \t-ll p,.., 
Z'.\:'i75 PNP \1-H P-..r 

-~·F,·::;, P°:'. I' "\fl! l'wr--
2'.\fi7j PNI' \tu Phot-0 
Zi\,i7R PNI' RC.\ :,..,. 
z~5-;-q !'NP -RI.\ --- S-.. 
Z!\.380 1'~1' RC', Sw 
2~;,91 l':'<1' RCA :--w 
21';,11::: l''.\I' RC;,, s,,., -
2'.'/.SH:I l'!\r RC,\ Sw 
::!'.\'.',84 !'',"I' RCA Sw 
2r",,.'i&i ~(':',I' HCA Sw 
2S6:H !'iP' (iE :,..,. 
2!\6:l~, Ni>;,,. ,a-: Sw 
2:,,,;6:lt> f',;1•:-,; ,;1-:- s ... ---
3~21 J>t Syl NN 
:l'.'oi2:.! M•~ WI-: RF 
:l!'o:?.I Np:... GI' 
3'.'l:!J... [';I''\ (;(' 
:l'.\:nn r,.p11, ,a• 
:lN:?:IC Nf'N {;r·--
:l.t\:!(,I M'!\, (;E 
:1r'-1:10 NP'.\ (;E 

-.1N'.ll NJ''\ "fa,; 

.i.~:~~ ~ ::~ i:r 
llh1«1k-lr 
Ob-.,lrlr 
111,.,.,],.tf' 
/If 
J\F 

-foow -tio•·--·-1sA·--- q~ +---- 6Kc 
IOOW -RO• -ISA 9:; 6 Kc 
IOOW -f'iO• -15..\ 9'i 5 Kc 
IOOW --80"' --.:..ISA - 'lS t - 5K~---- ----
25 -2,i -10 55 

~~~- ={!- =!~~------ !! :- -~~ --- ~ ----
120 - U -400 85 I 4.'i I"; J=~---=-:1----=·:-i~ :.: f----~~ J.: ------------ ···--···4 
lg~ :n :!3i :~ i i3 !: 
120 24 200 - 85 t ·10 
150 20 300 ll5 15 R 
150 20 300 85 , 25 12 
1:.0 20 3M sat 35- -- l; 

JOO -~~---· ~~ : %a 2J 

50 10 5 lll 

: = -~------ ~-- ~: 
50 6 20 B:ilOO Jfl 
5o fi 20 s:;100 ao 

~~ _ -·-·-r--·----·-ir---ii r~1r~-~i~, l~::~ 

----·12 

" 15 

" .. 
JO 
JO 
11.5 .. 

and gain) may be necessary, as well as realignment of the circuit. 
To avoid trouble, it is always best to use exact duplicate replace
ment types if possible. 

Table 10-F lists the names and addresses of transistor and semi
conductor manufacturers, and may be used as a guide when requesting 
technical data or specification sheets. 

TRANSISTOR AMPLIFIER CHARACTERISTICS. Aside from its 
electrical specifications, a transistor's operating characteristics in a 
signal handling stage are determined by how its electrodes are con
nected and by the (D.C.) bias currents supplied to each electrode. 
Theoretically, any "amplifier," whether a single device or a complex 
multi-stage instrument, has two input and two output connections 
or terminals. Amplifying devices such as tubes and transistors have 
three active elements; in a vacuum tube, these are its plate, grid, and 
cathode, while in a transistor, the analogous electrodes are its col
lector, base, and emitter, respectively. With only three active elements 
in either device, one of these must be common to both input and out
put circuits when the units are used as amplifiers. The circuit ar
rangements which permit each electrode, in tum, to serve as the com
mon element, constitute the basic circuit-configurations. These are 
shown and identified in Fig. 10-5, with the common-base configuration 
shown at (a), common-emitter at (b), and common-collector at (c). 
In practice, the "common" element may sometimes be connected to 
circuit ground, with the term "common" replaced with the expression 
"grounded." Thus, a common-base configuration may be called a 
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grounded-base configuration in some cases, and so on. The three basic 
transistor circuit configurations are roughly analogous to the vacuum 
tube's grounded-grid, grounded-cathode, and grounded-plate (often 
called "cathode-follower") circuits, respectively. Since the transistor's 
common-collector configuration is roughly analogous to the vacuum 
tube's cathode-follower circuit, the former is sometimes called an 
"emitter-follower." 

In practical equipment circuits, any of the three basic configura
tions may be used to handle D.C., audio, or R.F. signals, depending 
on the individual transistor's specifications, and on the nature of the 
input coupling and output load devices. For example, the output 
load may be a resistor, I.F. transformer primary, audio transformer 
primary, choke coil, deflection yoke (in a TV set), earphone, electro
magnetic relay, or meter (in an instrument). The input signal may 
be supplied through a coupling capacitor or transformer, may be 
obtained from a transducer (such as a microphone or phonograph 
cartridge), or may be applied by a sensing device, such as a photocell 
or magnetic sensing coil. If the output signal is coupled back to the 
stage's input with the proper phase relationship and with sufficient 
amplitude to overcome circuit losses, the stage becomes an oscillator. 

However, regardless of the type of signal handled and the specific 
input coupling device or output loads employed, an amplifier stage's 
relative input and output impedances, its voltage and power gain, and 
the phase relationship between its input and output signals depend 
on the circuit configuration used. The general operating characteristics 
of the three basic circuit configurations are summarized in Table 10-G. 

Generally speaking, a circuit in which an input signal is applied 
between one active element and a common one, with the output signal 
obtained between the third active element and the common one, is 
called a single-ended stage. However, two amplifying devices may be 
connected in such a way that their input circuits and output loads 
have common connection points, with identical signals applied to each 
amplifier, except for phase; the signals, here, will be 180 electrical 
degrees out-of-phase, so that a positive-going signal is applied to one 
device while a negative-going signal is applied to the other, and vice
versa on succeeding half-cycles. This type of arrangement, requiring 
two transistors (or tubes), is a push-pull amplifier. In effect, one 
amplifier is said to "push" the signal through its load while the other 
is "pulling." Basic single-ended and push-pull amplifier circuits are 
diagrammed for comparison purposes in Figs. 10-6(a) and 10-6(b), 
respectively. Again, depending on the nature of the output loads and 
input devices, either type may be used to handle D.C., audio, or 
R.F. signals, and, with proper feedback, either may serve as an oscil
lator. Since the use of a single unit or a pair in push-pull is inde-
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'"f~ MAX MIN 

-1 -
t 

~DIA 
.460 
MAX .322 DIA 

l c::::::J j EMITTER 

I 
.020 MAX :-.i i.

CGLASS EXTENSION) 11 

• 250MAX. 

h 

DIMENSIONS WITHIN 
JETEC OUTLINE JETEC BASE 

T0-5 E3-44 

• 375MAX. 

"320 MAX. .530MAX. 

l c:=::::::::;:;:==;:;:::::::::: =={= r- .036 MAX. 

n n n 017 .. +.002• 
EMITTER-+u u+BASE LJ LEAD DIA.•. ~001• 

--l l-.o4el ""COLLECTOR 
f-.192.j 

1.s· 

.151 • 

. 131 

.055 
-:a:.. 

.235MAX • 

L .. ~ . ..J 

• 

• 
TABLE 10-C: Transistor outlines and lead connections. Also see Fig. 10-4(c). For 
types not easily identified by lead location or spacing, look for a colored dot or line 
(generally red). This identification is placed next to the COLLECTOR electrode by 
some manufacturers. 
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DIMENSIONS WITHIN 
JETEC OUTLINE 

TO-5 
JETEC BASE 

E3-44 
IIOn 1: This zone is controlled for auto
matic handling. The variation in actual 
diameter within this zone shall not exceed 
.010. 

IIOTI 2: Measured from max. diameter of 
the actual device. 

NOn 3: The specified lead diameter ap
plies in the zone between .050 and .250 
from the base seat. Between .250 and 1.5 
maximum of .021 diameter is held. Outside 
of these zones the lead diameter is not 
controlled. 

DIMENSIONS WITHIN 
JETEC OUTLINE .... TO- 5 
JETEC BASE ...... E3-53 
IIOn I: This zone is controlled for auto
matic handling. The variation in actual 
diameter within this zone shall not exceed 
.010. 

NOTE 2, Measured from max. diameter of 
the actual device. 

IIOTI 3: The specified lead diameter ap
plies in the zone between .050 and .250 
from the base seat. Between .250 and 1.5 
maximum of .021 diameter is held. Outside 
of these zones the lead diameter is not 
controlled. 

Bl 
EMITTER ... E} LEAD 2 

BASEONE .. BI TINNEDLEADS 
BASETWO .. B2 .011:!::88f 

(NOTE 3) 

.37OMAX 
.36OMIN 

.335MAX 
.325 MIN 

.37OMAX 
.36OMIN 
.335MAX 
. 325MIN 

D 

423 

0 

PIN I • EMITTER 
PIN 2 BASE 
PIN 3 COLLECTOR 

.150MIN .26OMAX 
(NOTEI) .25OMIN 

l.5MIN 

•-~! 

• 
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----.995 MAX.------

. 370 
MAX. 

.395 
NOM •.004 c:: 

.160MAX. 11
10-32 
THO 

CLASS 2 
FIT 

r--, 
I 
I .380 

MAX. 

_1_ 

~ :1 
1 r-030 MAX. 

.100 
NOM 

PIN I - EMITTER 
PIN 2 BASE 
PIN 3 COLLECTOR (INTERNALLY 

CONNECTED TO CASE) 
WEIGHT:.40 OZ. 

.960MAX 
DIA. 

625 
NOM 
DIA 

MAX. ALLOWABLE TORQUE ON STUD- 15 IN. LBS 

• 
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-r 
.260MAX .150MIN 
.250M!N (NOTE!) 

.136 
MAX. 

ORIENTATION 
RANDOM 

:!:;DIA. 

! 

l_ 

~335 MAX 
.325MIN 

I I 
-j.200:!:.0IO f'--

= EMITTER 

I 

DIMENSIONS WITHIN 
JETEC OUTLINE 

T0-12 
JETEC BASE 

E4-54 
NOn I: This zone is controlled for auto
matic handling. The variation in actual 
diameter within lhis zone shall not exceed 
.010. 

NOTE 2, Measured from max. dia11eter o'. 
the actual device. 

NOTE 3: The specified lead diameter ap 
plies in the zone between .050 and .250 
from the base seat. Between .250 and .5 
maximum of .021 diameter is held. Outside 
of these zones the lead diameter 1s not 
controlled. 

----, 

.020 MAX :-J 1+
IGLASS EXTENSION) 11 

I 

.055 
-:541 

* CUT TO 0.200" FOR USE IN SOCKETS. 
LEADS TINNED DIA. .018 
MOUNTING POSITION - ANY 
WEIGHT: .05 OZ. 
BASE CONNECTED TO TRANSISTOR SHELL. 
DIMENSIONS IN tt>;CHES. 

425 

• 



426 PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES 

pendent of the common element, any of the three basic configura
tions may serve in either single-ended or push-pull amplifiers. 

Referring to Fig. 10-6 (a), a PNP transistor is used in a single
ended common-emitter configuration, with the input signal applied 
between base and emitter, and the output obtained between collector 
and emitter. Base bias current is supplied through a resistive voltage
divider (lOOK-lOK) and stabilized by the voltage developed across 
an emitter resistor (lK), bypassed by Cl. A resistive collector load 

... 
idi ... ,.f ~ .. " .. .. .. " .. 

0" 0 0 ~; 0 .s ~ .. .., E t +> E .., <;; ., 
"" ., " ., ., " ., ., .... .. i:i""" .... ... >c! •rC 0 •rl ... ...... " ... .. ~-rl" ., ., ., " ., ., 

~~~ 
., 

" H 0, <0 ., . " ., .. 
e!i "' Ii rl Ii ",0 ~,&'§ ~ li'it C a, ,o Q Cr< 

i:i .. ~ "l:9 z .. "' .. "'9 z"' "-"' .. " :.it::~ '4 i... ill ... z .., ... "' ... z "' ... "' ... z i/::/::z "' ... "' 
2Nl55 2N2J5A 2NJ01 2N235A 2N5J8* 2N6J8B 2N678 2N678 
2Nl58 2N6J9A 2NJ01A 2N235A 2N538A* 2N6J9B 2N678A 2N678A 
2Nl58A 2N6J9A 2NJ07 2tl2)4A 2N539* 2N637B 2N678B 2N678B 

2Nl73* 2N677B 2NJ07A 2N2J5A 2N539A* 2N6J8B 2N678C 2ti678C 

2Nl74* 2N677C 2NJ50 2N2)6A 2N540* 2N637B B-113 2N418 
2Nl74A* 2N677C 2N351 2N236A 2N540A* 2N637B B-134 2N677A 
2Nl76 2tl235A 2N352 2N235A 2N554 2N234A B-1J4A 2N677B 
2Nl78 2N235A 2NJ53 2N236A 2N55S 2N235A B-134B 2N677C 
2N234 2N234A 2N37S 2N639B 2N574* 2N677B B-177 B-177 
2N234A 2N234A 2NJ76 2N2J6B 2i,S74A* 2N677C B-178 B-179 
2N2JS 2N2J5A 2NJ78 2N639 2N575* 2N677B B-179 B-179 
2N235A 2N2J5A 2N379 2N6)9A 2N575A* 2N677C CTP11.CX. 2N234A 
2N2J5B 2N235B 2N380 2N6J9A 2N627 2N677A CTP1108 2N234A 
2N2J6A 2N2J6A 2NJ86 2N6J8A 2N628 2N677B CTP1109 2N234A 
2N236B 2N2J6B 2N387 2N6J8B 2N629 2N677C CTPllll 2N6)8 

2N242 2N2)5A 2N399 2N399 2N6JO 2N677C CTP1117 2N2J6A 
2N250 2N2J~A 2N400 2N400 2N637 2N6J7 DT 80* 2N677C 
2N2Sl 2N6J9A 2N401 2N401 2'N6J7A 2N6J7A DT 100* 2N677C 
2N255 2N2J4A 2N418 2N418 2N637B 2N6J7B MN 32 2N235A 
2.11256 2N234A 2N419 2N419 2N6J8 2N6)8 X-137 2N677B 
2N257 2N2)5A 2N420 2N420 2N6J8A 2N6J8A X-160 2N420A 
2N268 2N6J9A 2N420A 2N420A 2N6J8B 2N6)8B X-163 2N6J8B 
2N268A 2N6)9A 2N421 2N421 2N6)9 2N6J9 X-164 2N6)7B 

2N277* 2N677A 2N441* 2N677 2N639A 2N6J9A X-166 2N6)8A 

2N278* 2N677 2Nh42* 2N677 2N639B 2N6J9B X-167 2N637A 
2N28S 2N285A 2N443* 2N677B 2N677 2N677 x-168 2N639B 
2N285A 2N285A 2N456 2N639 2N677A 2N677A X-169 2N6J9A 
2N296 2N639A 2N457 2N639A 2N677B 2N677B X-171 2N639 

2N297 2N6)9A 2N459 2N639B 2N677C 2N677C X-172 2N6J8 
X-173 2N637 

TABLE 10-D: POWER TRANSISTOR INTERCHANGEABILITY CHART. Prepared by 
BENDIX, this table lists standard power transistors and equivalent BENDIX types. To 
establish a correspondence between other types, check lor those with the SAME 
BENDIX type listing. Types identified with an asterisk (*) are not in the standard 
"diamond" shaped package shown in Fig. 10-4(c). 

(RL - 5K) is used. The input signal is applied through a coupling 
capacitor, with the amplified output signal, appearing across RL, 
obtained through a D.C. blocking capacitGr. 

The common-emitter configuration is also used in the push-pull 
circuit shown in Fig. 10-6 (b) ; again, PNP types are employed. Here, 
the two input signals (having a 180° out-of-phase relationship, but 
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INTERCHANGEABILITY DIRECTORY 

The following directory has been prepared to 
guide designers, experimenters, and servicemen in 
selecting the proper RCA transistor type as a r~• 
placement and to help identify and describe many 
or the transistor types whicl1 have been introduced 
on the market by different manufacturers. More 
than 500 type designations are listed including junc• 
tion types, point-contact types and phototransistor11. 

In using the Traneietor Directory, note that the 
basic type designations of different manufacturers 
b1ay ha\'e been assigned according to different sys .. 
tems. Some basic designations consist only of a 
number such as 210, 355, 1032, etc.; others consist 
of a combination of letters and digits such as 2N77, 
X78, SBIOO, etc. In either case the basic designa• 
lion may or may not have a prefix composed of one 
or more letters, sucb. as CK, GT, H, OC, ZJ, etc., 
which indi<-ates the particular manufacturer. For 
certain transistors, this prefix becomes an essential 
part of the type designation w!1en as sometimes 
happens, two or more manufacturers utilize the 
same designation for different transistor types. 

Identifying information about the Type To Be 
Replac"d including the following: (1) manufac
turer's prefix, if any, (2) the basic type designation 
in bold face, (3) symbol to de•ignate the manu
facturer, (4) symbol to indicate the description, for 
examplf', GPA=Germanium, P·D•p, Alloy-Junction 
Type ( denotes the structural arrangement and kind 
of Sf:mi<"onductor materials used in the device), 

and (5) claSI of service is cl1arted in tl1e first five 
columns. The next two columns show the RCA Di• 
rect Replacement Type, or the RCA Similar Type, 
respectively., when one or the other is available. 

Basic designations shown in Column 2 of the 
tabu]ation are listed in numerical - alphabetical 
sequence. Those starting with a digit are given. 
first; tho.'!e starting with a letter appear at the end 
of tl1e tabulation. 

Types listed in the Similar RCA Type columa 
(Column 6) are not directly interchangeable with 
the types listed in the Basic Designation column 
because of mechanical and/or electrical diff'er
ences. For more information as to degree of sim
ilarity refer to respective transistor data. 

How to Use 
1. Look in Column 2 for basic designation of 

type '9 he replaced. 
2. If type to be replaced ha, a prefix, look for 

that prefix i~ Column I. 
For example: If type CK-762 is to be replaced, 

find the basic de.signation 762 in Column 2 and the 
wefix CK in Column I. 

3. Consult Column 6 for con-esponding RCA 
Direct Replacement Type, 

4. Ir no Direct RCA Replacement Type is 
shown consult Column 7 for RCA Similar Type 
and obtain respective transistor data to determine 
degree of similarity. 

A = Amper~x.: 
= Bendix 

KEY TO SYMBOi.~ I'I C:Ol.l'\11' :! 

M = Motorola HR = Radio Ra·eptcr 
S = Sylvania 

= Bogue (Germanium Products) 
~ CIIS-H ytron 
= Clevite Corporation 
= Delco 
= C.eneral Electric 

MAI. - Matlory 
Mil • 1\.linnf>.apolis.lJor1evwell 
N =- N udeoni<-s · 
NA =- National Airnofl 
NU • National 1Jniuu 
P = Philco 

SPl\ = Sprague 
SS = Scientific Specialities 
1"EC = Transitron 
TI = Te.(as Instruments 

II 
BO(i 
CBS 
cc 
DEL 
GE 
GT 
HA 

= General Transistor 
= Hughes Aircraft 

RCA = Radio Corporation or Amrrkn 
RK = Raytheon 

TS = Tung-Sol 
WE = Wes tern Elecbic 
\\'I. ,.,. \\' t.'Stinghoust! 

KE\" TO SYMBOi.'; l"i C:OU'\11' .1 

GC = Germanium, Point•Contact Type 
GN A = Germanium, n•p-n. Alloy.Junction Type 
GNG = Germanium. n·p--n, Grown-Junction Type 
GPA = Germanium. p--n•p, AU01,•Jum:tion Type 
GPD = (iermanium, p-n•p, "Drift" Type 
GPG = Crermanium, p-n-p, Grown-Junction Type 
GPS = Germanium, ,,.n-p, Surface-Barrier Type 

S'.'\A = Silicon, n-p•n, Alloy.Junction Type 
SNCI = Silicon, n-p•n, Grown.Junction i.'ype 
SPA = Silkon, p-n-p, ~Uoy-Junction T:vpe 
SP(; = Sili(·on, p•n-p, (;rown-Jum:tion tvpe 
SD = Semicondu<>tor Diod,~ • 

• RCA l)'f,es shown in this c-olumn 
a:re dire<·t replacements under all 
circumstances for corresponding 
types to he repla<:ed. 

t RCA types shown in this column are not dire1;tly interdurngeahl1~ with the 
types to be replaced because of mechanical and/oc elt.wtric·al diffcnmn•s. For 

Ja0
: ~~f°..!ri:eti: Co~:::Ci:i i~~;j~:~~::~n~~t-~~~r~:~\~il1:.~!S~(1i7~::,.~~ 

TABLE 10-E: GENERAL TRANSISTOR INTERCHANGEABILITY DIRECTORY. 
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INTERCHANGEABILITY DIRECTORY 
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MANUFACTURER'S NAME ADDRESS 

1. Amperex Electronic Corporation 230 Duffy Ave,, Hicksville, New York 

2. Bendix Aviation Corporation 201 Westwood Ave., Long Branch, N. J. 

3. CBS-Hytron 100 Endicott St., Danvers, Mass. 

4. Clevite Transistor Products 241-257 Crescent St,, Waltham 54, Massachusetts 

5. Delco Radio (GM) 700 E. Firmin St., Kokomo, Indiana 

6. Fretco, Inc. 406 N. Craig St,, Pittsburgh 13, Pa. 

7. General Electric 1224 West Genesee St., Syracuse, New York 

8. General Transistor Corp. 91°27 138th Place, Jamaica 35, N, Y, 

9. Hughes Products International Airport Station, Los Angeles 45, California 

10. lndustro Transistor Corp. 35°10 36th Ave,, Long Island City 6, New York 

11. International Electronics Corp. 81 Spring St,, New York 12, N. Y. 

12. Lonsdale Tube Co. (PHILCO) Church Rd., Lansdale, Pa, 

13. Minneapolls-Honeywell 2753 Fourth Ave., S., Minneapolis 8, Minnesota 

14. Motorola, Inc. 5005 E. McDowell Rd., Phoenix, Ariz. 

15. Nueleonic Products Co. 1601 Grande Vista Ave., Los Angeles 23, California 

TABLE 10-F: TRANSISTOR MANUFACTURERS. 

TYPES 

Germanium, low & hi power. 

Germon;um, low & hi power. 

Germanium, low & hi power. 

Germanium, low & hi power. 

Germanium hi power types. 

Germanium & silicon. 

Germanium & silicon; silicon hi power; 
tetrodes. 

Germanium & silicon; phototransistors. 

Germanium & silicon. 

Germanium low power. 

Germanium, low & hi power, 
phototransistora. 

Germanium, low & hi po>Mtr, silicon. 

Germanium, low & hi power, hi power 
tetrodes. 

Germanium, low & hi power, silicon. 

Silicon types. 

{ Continued on next page) 
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MAMUFACTURER'S MAME 

16. RCA 

17. Radio Development & Research Corp. 

18. Raytheon Mfg. Co. 

19, Sperry Semiconductor 

20. Sprague Electric Co. 

21. Sylvania Electric Products, Inc. 
----- -·------ ---

22, Texas Instruments, Inc, 

23. Transitron Electronic Corp. 

24, Tung-Sol Electric, Inc. 

25. Westinghouse Electric Corl), 
f----· 

----

ADDRESS 

Somerville, New Jersey 

100 Pennsylvania Ave., Paterson, N,J. 

55 Chapel Street, Newton 58, Mass. 

Great Neck, N. Y. 

125 Marshall St., North Adorns, Moss. 

100 Sylvan Rood, Woburn, Moss. 
--------

6000 Lemmon Ave., Dallas, Texas 

168 Albion St., Wokefield, Mass. 

95 Eight Ave., Newark 4, N. J. 

P. D. Box 868, Pittsburgh 30, Pa. 

-- -- ..... --------------

TYPES 

Germanium, & Silicon, low & hi power. 

Germanium & silicon, tetrodes, 

Germanium & silicon, 
····---~-- -----

Si I icon types. 

Germanium & silicon, 

All types. 

Al I types. 

Germanium & silicon, low & hi power. 

Germanium, low & hi power. 

Germanium & silicon, low & hi power. 

& 

'V 

z 
-1:. 
0 
i 
-4 

-4 
:a ,., 
z 
"' iii 
-4 
0 
:a 
-4 
:a 
0 
C .. ... 
ffl 

"' 
z 
-4 

~ 
ffl ... 
< 
"' 
3: 
i 
C 
-4 

"' "' 



USEFUL REFERENCE DATA 433 

identical otherwise) are furnished through transformer Tl's center
tapped secondary, with the stage's amplified output signal supplied to 
its eventual load through transformer T2, which is equipped with a 
center-tapped primary. Note that both the input devices and output 
loads have common connection points (the center taps). Base bias 
current is supplied to both transistors simultaneously from a resistive 
voltage-divider (R-47), with unbypassed emitter resistors used (8.2) 
to stabilize circuit operation. For minimum distortion and highest 
operating efficiency, a push-pull amplifier should be supplied with 
input signals of equal amplitude, and each amplifying device should 
provide equal gain, thus permitting balanced operation. In practical 

BA.SIC AMPLIFIER CHARACTERISTICS 

i OUTPUT 
CIRCUIT CONFIGURATION IHPUT IMPEDANCE IMPEDANCE 

Common-Emitter* 
IGrovnded 0 Emitter) 

Common-Bose 
/Grounded-Bose) 

i Cor,,mon-Collector•• 
IGrounded-Collector) 

Moderate Moderate to high 
500 to 5K ohms 5K to SOK ohms 

Very low to mod. High 
25 to 250 ohms SOK to 500K ohms 

High Moderate to low 
5K to l Megohm l OK to l 00 ohms 

VOLTAGE GAIN 

H,gh 

Moderate 

Low (lus 
thonl,O) 

"~" o~~ ~ 
H,gh-~ 

Moderate to 
High 

Low 

lePho,e I 
lePh~ 

NOTES: *Multi•wott power tron1i1tor1 hove low input ond output impedonces, A Clou A single-ended omplif,er may hav• an U'lput 
impedanc• of 10 ohms, on output impedonce of 30 ohms {typical). A Clau B push•pull amplifier moy hove on input 
imp•donce of 100 ohms, on output impedance of 50 ohms • 

.... A11ologou1 to the vacuum-tube "cathode follower," this circuit orrangement is often called on "emitter-follower," 

TABLE 10-G: General characteristics of basic transistor circuit configurations. Refer 
to Fig. 10-5. 

transistor circuits, this is often achieved by carefully selecting tran
sistors which have identical operating characteristics and using them 
in matched pairs. Although a common-emitter configuration is shown 
in Fig. 10-6 (b), push-pull common-collector or common-base circuits 
may be employed if desired. 

There is one other factor affecting an amplifier stage's operating 
characteristics, regardless of transistor type, circuit configuration, 
actual application, and whether single-ended or push-pull arrange
ments are used. This is the relationship between its operating (fixed) 
bias currents and the amplitude of the signal applied to its input 
circuit. In practice, this relationship is identified by the amplifier's 
Class of operation. There are four basic Classes. 

In a Class A stage, operating bias is such that a fixed current 
flows through the output load at all times, with this current varied up 
and down about its average value by the input signal. Thus, the entire 
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cycle of the applied signal affects output current, and the output 
signal is an exact (but amplified) duplicate of the input. Since the 
output current can fluctuate to a maximum of twice its mean or 
steady-state value or, as a minimum, can be reduced to zero, the out
put power of a Class A stage can never be more than half the (D.C.) 
power supplied, and such an amplifier has a maximum efficiency of 
50%. The Class A amplifier is the most common type encountered in 
transistor work. It has the least inherent distortion of the four basic 
Classes. 

INPUT 
(0) 

l 

INPvT 

(b) 

INPUT 

(cl 

EMITTER 

BASE 
2 

BASE 

EMITTER 
1 

+ 

COLLECTOR 
4 

OUTPUT 

-I 
+ 

OUTPUT 

Fig. 10-5: Basic transistor circuit configurations (a) Common-base (or "Grounded
base"), (b} Common-emitter (or "Grounded-emitter"), and (c} Common-collector (also, 
"Grounded-collector" or "Emitter-follower'). 
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In a Class AB stage, operating bias is such that a fixed current 
flows through the output load at all times, but the current is much 
lower than the maximum that can be developed through the load by 
an input signal. Thus, more than half, but less than the full cycle of 
the applied signal affects output current. The output signal of a 
single-ended Class AB stage, then, is highly distorted, and approx
imates the input signal with part of one half-cycle "clipped" off. As 
a result, Class AB amplifiers are used only in push-pull arrangements 
when distortion-free operation is needed (as in audio amplifiers); 
here, of course, the output signal waveform is restored to duplicate 
the input signal by the combining action of the two amplifiers. In 
practice, a Class AB transistor stage is one operated with a very low 
fixed bias current. The Class AB stage is more efficient than a Class 
A stage since the output load current can be more than twice its 
steady-state (no signal applied) value. 

ICOK 

.. 
IOI< 

(o) 

c, 
= ~50,.,. 

r, 

IIECXML 

'---------6--·Ec 

(b) 

Fig. 10-6: Transistor amplifier circuit~ ... (a) Single-ended, (b) Push-pull. 

A Class B stage is similar to a Class AB amplifier, except that 
zero bias is used, and current flows through the output load only 
during half of the input signal. The output signal, then, approx
imates only a half-cycle of the input (its waveshape approximates 
that of the input signal as it would appear if passed through a half
wave rectifier) . Class B stages, of course, are more efficient than Class 
AB, but, like Class AB, are used only in push-pull arrangements if 
minimum distortion is needed. 

When a push-pull transistor amplifier is operated with zero bias, 
considerable distortion can occur at the cross-over point where first 
one, then the other, of the two transistors, takes over. One, of course, 
handles positive-going half-cycles, the other negative-going half-cycles 
of the applied input signal. To minimize this cross-over distortion, 
most push-pull transistorized audio amplifiers are operated with a 
small bias as Class AB stages but, nonetheless, are called Class B 
amplifiers by convention. To avoid confusion, this conventional 
practice has been observed in describing circuits in earlier Sections. 
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CLASSES OF AMPLIFIER OPERATION 
-·--· ··-··· --------·--- . ········· ...... . .. ···-• ·-·- - -··-·---. . ---··-------•·· ·-··· 

CLASS BIAS USED EFFICIENCY GENERAL APPLICATION 
-~-

A Moderate 50% General purpose audio and R.F. amplification; instrument amplifiers; 
low and medium power output; may be used single-ended or push-pull. 

(Moximum) Steady (D.C.) load current. 

AB Low 60-70% R.F. or audio, but used push-pull only in audio or modulated R.F. 
circuits; moderate to high power output; may be used single-ended in 
pulse amplifiers. Current through load for more than hall, but less 
than full, operating cycle • 

... --· ---

B Zero 78% Application is same as Class AB amplifiers; generally used push-pull. 
(Maximum) Current through load for half of operating cycle. 

-········ .. 

C Reverse 90-98% Used as R.F. amplifier, clipper, or pulse amplifier; may be used push-
pull or single-ended; not used as audio amplifier; moderate to high 
power output. Current through load for appreciably less than half of 
operating cycle. 

NOTES: 1. Transistor oscillators are generally Class A or Class AB amplifiers, 
2. Efficiency figures given as "Maximum" are theoretically ideal, and are not obtained in practical circuits, 
3. Actual power output depends on type of transistor used and operating parameters. A Class A single-ended 

amplifier using a multi-watt transistor may deliver more output power than a push-pull Class B amplifier 
using low power transistors. For transistors of the same type, however, Class AB and Closs B amplifiers 
will deliver greater output than Closs A circuits. 

- .. ·-·-·---- --------·---·------··- ··- --------- ···-··--· ----
TABLE 10-H: General characteristics of transistor amplifiers based on Class of operation. 
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or R.F. amplifiers using a tuned output load (which serves to restore 
signal waveform by its resonant "flywheel" action). 

All four Classes of transistor amplifier operation are described 
and summarized in Table 10-H. 

Fig. 10-7: Using a Battery Tester to check a small transistor battery. JI a suitable 
tester is not available, batteries should be checked with a Voltmeter UNDER LOAD. 
JI in doubt, try a substitute unit known to be in good condition. 

COMPONENTS 
Except for their physical size and actual electrical specifications, 

all components used in transistorized equipment correspond exactly 
to the components found in tube-operated gear. Paper, ceramic, mica, 
and electrolytic capacitors are used in both, as are carbon and wire
wound resistors and potentiometers. In transistorized equipment, 
however, the low operating voltages employed and relatively low 
circuit impedances can for the use of low-voltage capacitors having 
higher capacity values than is customarily encountered in tube cir
cuits. Thus, a typical transistor circuit capacitor may have a rated 
D.C. working voltage of only 3.0 to, say, 15 or 20 volts. These low 
working voltages necessitate care in making Ohmmeter checks for 
"leakage," particularly where electrolytic capacitors are used, for the 
Ohmmeter's built-in voltage might easily exceed the component's rated 
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value. Continuing, transistor R.F. and I.F. bypass units may have 
typical values of from 0.01 Mfd. to 0.1 Mfd., as opposed to values of, 
say, 0.0005 Mfd. to 0.002 Mfd. in tube circuitry. Audio coupling 
capacitors may have values of from 0.5 Mfd. to 30 or 50 Mfd., with 
electrolytics used in these circuits; in contrast, tube audio circuit 
coupling units are generally paper or ceramic capacitors, with values 
ranging from 0.002 Mfd. to a high of about 0.1 Mfd. Bypass and 
filter capacitors, too, may have r~latively large values in transistor 
circuits, with some units running as high as 1,000 to 2,000 Mfd. Low 
wattage (one-tenth to one-half watt) resistors are used in most low
power transistors circuits, but 5 or 10 watt units may be found where 
high power types are employed; here, however, resistance values will 
run much lower than are found in tube circuits, with values of under 
one ohm not uncommon. Transistor R.F. and I.F. coils have electrical 
characteristics similar to their vacuum tube counterparts, but, since 
they are often subminiaturized, may have somewhat higher distributed 
capacities and lower operating "Qs." 

BATTERIES. Almost all transistorized equipment is designed for 
battery operation. Four basic types of batteries are used . . . (a) 
familiar zinc-carbon units, (b) alkaline-cell batteries, (c) mercury 
batteries, and (d) nickel-cadmium batteries. Of these, the zinc
carbon and alkaline-cell types are basically similar, and have similar 
output voltages per cell. Mercury batteries are more expensive than 
either of the first two types, but have a much longer operating life, 
with the advantage that they maintain an almost constant output 
voltage until the end of their service life; the output voltage of a zinc
carbon cell, of course, drops as the unit is gradually exhausted. Care 
must be taken to identify the type of battery used in a particular 
piece of equipment to avoid errors in making voltage readings and 
when installing replacements. In a mercury or nickel-cadmium bat
tery, the output voltage per cell is less than in zinc-carbon units; 
a mercury battery has a "no-load" initial output of about 1.3 volts/cell, 
as opposed to an output of better than 1.5 volts/cell for zinc-carbon 
units. This difference becomes more pronounced where multi-cell 
batteries are considered, with a 3-cell mercury type having an output 
of 4.0 volts versus better than 4.5 volts for a 3-cell zinc-carbon type. 
Further, output connections may differ. For example, the outer shell 
of a mercury cell is its positive terminal, with its "button" the neg
ative terminal. In the familiar zinc-carbon cell used in flashlights, 
the outer shell is its negative terminal, with the button electrode 
positive. The electrode connections of alkaline-cell and nickel
cadmium units are similar to those of the zinc-carbon cell. Nickel
cadmium batteries are rechargeable and may be found in many port
able receivers and, often, in transistorized TV sets. To avoid possible 
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Unit Weight of 
,,...1aCHANGEASLE WITH 

Cat11lo1 Volts 0Yer.i,II Di'"en1ion1 Pachge UnitPachg• Te,rnin11ITyp• National 
Number w H Quantity in Pounds Carbon Other NEDA 

ACTIVATORS FOR TRANSISTOR CIRCUITS 
A.O,v. 

2U6 • , 'r(. , .. , 1 oz. Snap Type 216 160< 1604 
A4 ' 1½'2 1½'1 21¾i , ¼ FlatContoch 
NE 1½ k, 11~ 48 4/5 Flashlight 
xx• 9,13½ Hi2 2½2 21½2 , 2on. Socket 239 1900 1900 
D6 9 2'{, 2 3),, , , Snap Type 276 1603 1603 
2N6 9 Bi "' 2¾ , 3/10 Snap Type 246 1602 1602 

••• 6 213,i 2 7)(, 1 2½ Snop Ty119 274 1400 
930 1½ lJ(,(diom.) 12){, 12 ½ Flcuhlight I015E 
130 I½ '¾',(diam.) 11K, 12 T¼ Fkuhlight 635 
230 1½ 12){,(diam.) 22¾', •• 1½ Flashlight A1O0 
D6PI 3, 6.9 21½2 1!{, 71½1 , ,,,, Socket 2506 1601 1601 
C6X ' 2j(, 1¼1 6){, 1 ll Snc,p Type 2356 .. ' l!{, l){z 11½2 1 .. Snap Type 226 1600 1600 

*P6M ' l){l ,½"1 I'\, , \I Snap Type 226 1600 1600 ., 7½ 2'{, 2 21,;, 1 ll Snap Type 707 
•M6 ' I'¾', Jl¾'t 2?{, , 21, Snap Type 266 1605 
.,D65 • 2¼ 1¼ 7% , 1¾ Socket 2761 1608 
*2Z3 4½ 1¾ 1¼ 2¾ 1 ¼ Snap Type 1610 

INDUSTRIAL-ELECTRONIC- TRANSISTOR BATTERIES "A TYPES" 

.. 1½ ''(..(diam.) 2'¾. 12 3/< Flashlight 
II 1½ l½2(diom.) JW, " ,5.4/5 Socket 1052P VS070 23 .. II', 1¾~(diom.) 1'\'. 12 1/2 Flashlight 1015E 
2Z I½ 1¼ % •'¾ 10 3/4 Fla,hlight l016E 
2HP 1½ 23½2 1" •!s', ' 4-1/5 Binding Post WJ.54 VS101 700 
F2BP 3 22¼2 I" •½1 5 ' Binding Post WJ.52 VSIOO 701 
f4BP • "' 2ll 4 , 1-2/5 Biriding Post VS040S 915 
2F2H 3 "' "' 4½', 5 7 Binding Post VS136 703 
422 3 11½2 '¾, 2){, 10 1-1/5 Bron Straps 750 VS134 704 
432 ... 13½', 2½, 2¼ 10 2 Bron Strops 751 VSl-'2 705 ... '"' 21¾', W, 2% 1 3/10 Bron Straps 703 VSJ33 706 
2F4FI. 6 <II 21){, •½ 1 2-4/5 flexiblelecid1 

IND UST RI AL-ELECTRONIC- TRANSISTOR BATTERIES "B TYPES" 
R.,C.A. 

4156 22½ 31
½2 21; 2"'12 , Binding Post 763 VS102 710 

51565C 22½ .,,. 2½ 2¾ • Spring Clip 778 VS131 70. ,,.. 45 4¼'1 2r{, 5\1 1 Bind;ng Post W376 VS1l2 709 
KIO 15 1¼ 3/, 11!)1 1 2ou. Flot Contact 417 
k15 22½ 1¼ " 2¾'1 1 2ou.- Fla! Contact 420 
k20 30 1¼ '){. 22½"1 1 Jou. Flot Contact <JO 
u,o 15 1 l¾a l7{, 1 1oz. Flot Contact "' VS083 208 
Ul5 22½: 1 '¼ 11½', 1 1 oz. Flot Contact 412 VS084 209 
U20 30 I l,£~ 21Jf1 I 2ou. FlotConto,:::t 413 ¥508.5 210 
W30 45 3 l1~ 31¾'1 1 3/5 Binding Po,t 
xxa 22½ 11½, '){. 33/1 1 ,1, Socket 425P 
XX22 33 21½'2 l){l ,,, 1 1/3 5oeket 433P 
XX30PI 45 21½'2 l¼'J ,!{2 , 1/2 Socket ,ssP 
YID 15 1Jf2 l!f2 I'¾'., , I Flot Conto,:::t 504 
Y1' 22½1 19)2 1½2 ;~~! 1 1 oz. Flat Conlocl 505 
Y20 30 1)/, % 1 1oz. Flot Conto'ct 506 
Y'lOS 30 19{1 1½1 2¾', l 1 o, FlatContocf 507 
Z30NX 45 J!{i F 11 •'~, • 7-3/5 Binding Po,t WJ.50 VS11' 711 
U200 JOO 2l\l 2½1 '" I , Pin Jacki "' ¥5093 722 .. ,. .. sl{, 2½"2 7'<, 1 "' Socket 487 

•Z3oT 45 3 2j(, 4¼ 11', Soeket 

IND UST RI AL-ELECT RON IC- TRANSISTOR BATTERIES "C TYPES" 
2370PI '"' 4\.i ,2u. 2'l(, ' 3-1/2 Binding Po,t 771 VS030 718 
2370 41', 3'¾", "' 23/1 5 3.3/4 Binding Poo 761T VS130 712 
5540 7½ ' " 2¾ 5 2-2/5 Bind. Post Neg. lwod 773 VS029 713 
5360 '"' 21½", 2½2 22¼2 10 2-1/.5 Binding Po,t 781 ¥S028 714 
W5BP 71', 21½2 2½"2 1¾ <I• Binding Po,t 

TABLE 10-1: Transistor battery specifications and interchangeability data. 
Catalog Numbers are listed in the first column; RCA, NATIONAL 
("Eveready"), NEDA, and other types in the last three columns. 

BURGESS 
CARBON 
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transistor and component damage, always check battery polarity be
fore installing a replacement unit. 

The batteries used in transistorized equipment may be checked 
using standard techniques. Check the unit's output voltage under 
"no load" and "full load" conditions; an appreciable drop generally 
indicates a defective battery. As an alternative, a service-type Battery 
Tester may be used, as shown in Fig. 10-7; such a unit checks the 
battery's voltage under load and provides a "GOOD-?-BAD" type 
of indication. 

As a general rule, transistorized equipment is less sensitive to 
exact operating voltage than is tube-operated gear, and a transistor
ized receiver, for example, may continue to work nicely on voltages 
ranging from 40% below to 60% above its normal rating. More im
portant than exact supply voltages, in most cases, is the battery's 
internal impedance or resistance. A high resistance here may cause 
interstage coupling through the power supply, regardless of supply 
voltage; this, in turn, may cause complaints ranging from "weak" 
operation to "squealing," "distortion," or "regeneration," depending 
on the equipment's circuit. A simple check here is to try shunting 
the battery with a 1,500 to 2,000 Mfd. capacitor, observing circuit 
polarity (working voltage should be at least equal to battery voltage, 
but may be higher) ; if the complaint is cleared, chances are the 
battery has a high internal resistance and should be replaced, no 
matter how it checks on voltage tests. 

Transistor battery reference data is given in Table 10-I. Here, 
standard types of dry batteries are listed, along with their physical 
size, type of terminal, and output voltages; interchangeability in
formation is given, too. This Table may be used as a guide when 
selecting replacement batteries for equipment being serviced. 

There is one other type of "battery" that may be encountered 
from time to time ... the Solar or Sun Battery. Basically, these are 
silicon or selenium photocells which can supply a small amount of 
electrical power . . . generally a fraction of a volt and up to a few 
milliamperes per "cell" ... when exposed to a source of strong 
light, such as the sun. A few radio receivers have been built using 
Sun Batteries as alternate power sources. Generally, these are 
equipped with rechargeable batteries or dry battery power packs to 
permit their operation at night or on overcast days. The transistor 
circuits used in such sets are virtually identical to those encountered 
in more conventional receivers. 

AUDIO TRANSFORMERS. Small iron core audio transformers are 
used much more frequently in transistorized equipment than in tube
operated devices. Here, they serve not only as impedance-matching 
audio output transformers but, just as often, for interstage coupling. 
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IMPEDANCE I UNBALANCED POWER D.C. RESISTANCE 
ARGONNE PRIMAR'i SECOND.~RY i CURRENT PHI. MILLI· PHI. SEC. OVERALL 

NUMBER TYPE OHMS OHMS D.C. MA WATTS OHMS OHMS SIZE 

AR-141 Input 500,000 l 500 CT .3 350 3500 6C 1"xl/4"x3/"" 

AR-142 lnput 500.000 200 CT .3 350 3500 20 1.··x¾··,.:,;4'' 

AR-143 Input 250,000 200 CT s 350 3500 20 l"x¾"x 3;., 

AR-144 Input 200,000 1.500 CT s 350 3000 65 1 ··xJ,~ ''xl;' ·· 

AR-100 Input 200 aoo 1.000 0 100 3600 90 r::i:::;~~::: 
AR-126 Input 150,000 l.500 CT 2 100 3700 55 

AR-101 Input 100,000 3.000 CT s 100 3600 60 r:~t:::~~t: 
AR-145 Input 100,000 2.000 CT s 350 3000 ;o 
AR-102 Input 100,000 1.500 CT s JOO 360C 4C l"x3/4."x31~" 

AR-146 Input 100 000 so s 350 3000 '' l''x3f..''x¾·' 

AR-127 Input 50.000 3 000 CT I JOO 2000 SG l"xl/4."xl/4" 

AR-128 Input 50 000 1.500 CT 2 JOO 3000 so t·'xl/.C'x¾·' 

AR-129 Input 50 000 1.000 2 100 2500 w l"xl/.i'xl/4'' 
A.R-148 Input 50 000 500 CT I 175 1300 20 l/4''x~h,''x5/a'' 

AR•l49 lnput 50 000 200 CT l 175 1300 10 s;,··xs;8"xS/8 ·• 

AR•l47 Input 50.000 30 CT l. 175 1300 l 5 l/,''x~/s"'x5/a'" 
AR•JSO Input 40.000 JOO l. 175 850 6 3/,"x~/s"x5/a" 
AR-103 Dnver 20,000 2,000 CT I 100 400 so l"xl/,"x¼" 

AR·104 Dnver 2.0.000 1,000 0 100 400 so ~,::~~:::;~::: 
AR-151 Dnver 20.000 800 CT Ls 175 600 60 
AR•l05 Dnver 20.000 400 JOO 600 30 f"xl/,"x¾"" 

AR.130 Outpul 20.000 8 .5 100 400 0 6 t:::::j:::;!jf: 
AR·13l Oulput 20 ODO 32 .5 JDC 400 03 
AR.106 Dnve~ 16 000 4 000 1. JOO 620 350 ~:::z::::i::: 
AR.152 Dnver JS DOC! 200 CT 15 175 SSC 10 
AR•l07 Driver 15 000 200 15 250 1000 20 f"x3t,·•x1;,·· 
AR•l08 Driver 10000 3 ODO CT 0 100 200 coo J/4 ··xS/e .. ic~/s"" 

AR-109 Dnver 10.000 2 000 0 JOO 500 so ¾''xS/s''x5/s·· 
AR.153 Driver 10 000 200 CT 2. 175 400 :o ¾''x~/s''x5/s'' 
AR-110 Output 10,000 16 2 150 60C 25 3/,''xS/s'"x5/s" 

AR•l32 Ou1put JO.ODO 8 1. 100 600 6 ¾''x5/s"'xS/s'' 
AR•J33 Output JO 000 3.2 I 100 600 3 ¾"x¼"x¼'' 
Aff.tsa Input 5.000 CT 80,000 2 175 350 ;aoo ¾"x5/s"xS/s" 
Aft.J57 Input 5,000 45.000 2 175 250 l60C ~;::: ;!jf ;!jf AR-156 Input 5,000 30000 2 175 ISO !300 
AR-155 Input S 000 l0.000 2 175 ISO 450 3/,''xS/8··x5/s'' 

AR-154 Input S 000 7.500 CT 2 175 ISO 400 ¾"xS/8x¼" 
AR-173 Driver 5 000 3.000 CT 2. 350 200 90 1•·x¾"x1/," 
AR-Ill• Output 5.000 100 l 100 600 10 ¾"x¼"x¼"' 
AR-134 Output 4.000 CT 8 4 250 150 B l"x¾"x¾" 
AR-135 Output 4 ooo er 32 4 250 ]50 3 l"x3/,"x¾" 
AR-112 Output 3.500 200 I. ISO 120 25 l"x3/,"x¾" 

AR-113• Dnver 3,000 CT 1.000 9 ISO 100 60 ¾''xS/a''xS/a'' 
AR-114 Output 2.500 II 10 ISO 50 II l/(~~:::~~:: 
AR-115 Input 2.000 CT 8.000 CT 0 ISO :so 600 

AR-116 Output 2,0UO 200 4 250 120 w l .. x¾''x¾" 
AR-175 Driver 21'00 1,500 CT 2 350 ISO 60 

l/!::~~~:::~!f::: AR-159 Dnver 1500 500 CT 4. 175 100 20 

AR-136• Output I ODO CT 10~ 4. 250 120 10 r:~~f :~i::: AB-137• Ou!put I 000 CT 4. 250 120 9 
AR-13S- Output l 000 CT 32 4. 250 120 3 1··x¾''x¾'' 
AR-160 Output 800 CT 3.2 5. 175 40 3 :{:.'-Sf:'.:~ta::I AR-161 Output 650 CT 16 5 175 27 '3 
AR-162 Ou!pul 500 CT 500 CT 5 350 lB :8 l "x3/4"xJJ!•· 

AR·I63 Output 500 CT 150 CT 5 175 18 B t::·.~t::·.~t::·. 
AR-165 Output 500 CT 50 s 175 18 4 
AR-117 Output 500 CT 30 0 100 20 15 3/,''x5/s"'7,,5/s'' 
AR-118 Outpu1 500 CT 16 .0 100 20 15 t:::~i:::~t::: AR-164 Outp1.:t 500 C'T 8 5. 175 18 .8 
AR-II9 Ou1put 500 CT 32 _o___ JOO 20 3 3/,"x%''xS/8 '' 

AR-166 Output 400 CT 16 5 175 16 13 ~:·.~i:::~~'.'. AR-120• Output 400 CT II I ISO 20 9 
Aft.167 Output 400 CT 8 or 3 2 5. 175 16 6/3 ¾''xS/a"'xS/a'' 
AR-168 Output 300 CT 16 6 

~-175 12 14 ¾''xS/a··xS/a" 
AR-12)• Output 300 CT 32 0 150 20 25 31(!if;~j::: AR-139• Output 250 CT B 2 250 IS 7 

AR-122• Output 250 CT 3 2 .0 ISO 11 3 l"xJ/,"x¾" 
AR-123 Input 200 2.000 CT 2 150 II 50 l'"xl/,&'"i,;l/,'' 
AR-124• Output 200 CT 16 0 250 20 13 ¾''xS/s'"xS/e'' 
AR-169 Output 200 CT 8 or 3.2 7 175 9 .6/ 3 ¾"x¼"xS/e' 
AR•l40• Output 200 CT 3.2 2 100 10 3 l/t'.:~~:::~i::: AR-170 Output 160 CT 8 0~ 3 2 B 350 10 6/3 
AR-176 Output 125 CT B 8 350 4 7 l"xl/,"x¾"' 
AR-174 Output 125 CT 3.2 B. 350 6 .3 3/!::~!j:::~~::: AR-171 Output 100 CT 10 CT 10 175 4 8 
AR.172 Output 48 CT 8 or 3.2 15 350 , 3 6/.3 l"xl/,"x¾" 
AR.125 Input 3 4 ODO 0 250 14 50 ¾"xS/e"x5/s" 

TABLE 10-J: Transistor transformer reference guide. ARGONNE type numbers are 
given in the first column, together with complete electrical and mechanical specifica
tions to permit the choice ol a replacement type. 
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Interstage transformers, of course, are encountered rather seldom in 
tube equipment. Table 10-J lists various standard Input, Driver, and 
Output transformer types which may be found in transistorized equip
ment, and may be used as a general replacement guide. In each case, 
full electrical specifications and physical dimensions are given. 

WAVEFORM ANALYSIS 
Most of the basic service techniques outlined in Section 1 serve 

to isolate defects causing a major change in equipment performance 
. . . such as "weak operation," "squealing," "motorboating," "dead 
set," and so on. Perhaps as high as 85% to 95% of the service com
plaints encountered will fall into this general category. When servic
ing precision amplifiers, Hi-Fi equipment, and similar gear, however, 
it is often necessary to check for minor changes in equipment opera
tion and to track down troubles which may cause a slight deterioration 
in overall operation. Here, more refined techniques must be employed, 
the most effective of which are Sine-Wave and Square-Wave Analysis 
tests. The basic test method used is shown in block diagram form in 
Fig. 10-8. The equipment to be checked may be a broadband Video 
amplifier, a Hi-Fi system or a precision Laboratory amplifier. The 
test instruments are an appropriate test Signal Generator and a good 
quality Oscilloscope. To start the tests, the equipment is first ter
minated in an appropriate output load (RL) ; in the case of a Hi-Fi 
amplifier, this may be a 25 or 50 watt non-inductive resistor with a 
resistance equal to the impedance of the loudspeaker normally driven 
by the amplifier. All equipment controls are set for "normal" opera
tion; later, as the tests proceed, these controls may be adjusted over 
their operating range as a check to see that they perform their desired 
functions. The Signal Generator is connected to the equipment 
through a shielded cable and isolating capacitor (Cl); the capacitor's 
value should be quite high . . . a good rule here is to use a unit 
with a capacity from five to ten times that of any interstage coupling 
capacitors used in the equipment. The Generator's output Level or 
Attenuator control, originally, is set to supply an input signal am
plitude equal to the equipment's normal rating. Later, the input level 
may be increased above this value to check "overload" point, or 
reduced to relatively low values to check the equipment's performance 
with low-level signals. 

Actual tests are carried out by using the Oscilloscope to observe 
input and output signal waveforms and amplitude as input frequency 
and, later, levels are varied. Deterioration in signal waveform is 
indicative of certain types of defects. Later, an identical technique 
may be used to check the performance of individual stages in the 
equipment, as illustrated in Fig. 10-9. 



~ 
GENERATOR 

C 1 
i-- --- -
I 
I 

+ 
SHIELDED LEAD EQUIPMENT 

UNDER 

TEST 

_..,._ ____ -

--7 
I 
I 
I 
,.. .. , --- ... _, 

RL 
SHIELDED LEAD 

Fig. 10-8: Basic equipment set-up for Sine-Wave or Square-Wave performance tests. 
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(--- OUT'\, 

I 
Fig. 10-9: A single-stage transistor amplifier. A PNP transistor in the common-emitter 
circuit configuration is shown. 

+ + 

(a) (b) 

+n 
\j +~ 

(c) (d) 

Fig. 10-10: Various types of Sine-wave distortion ... (a) Normal waveform, (b) Flat
tened negative peak, (c) Flattened positive peak, and (d) Both peaks flattened or 
clipped. 
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An Audio or R.F. Signal Generator is used for Sine-Wave 
Analysis tests, depending on the operating characteristics of the equip
ment. Typical signal waveforms encountered here are illustrated in 
Fig. 10-10; Table 10-K indicates typical stage defects or operating 
conditions which may cause each type of distortion. Frequency 
response measurements may be made by keeping the input signal 
level constant (by adjustment of the Signal Generator's output 
Attenuator) while applying different input signal frequencies over the 
equipment's operating range, using the Oscilloscope to check output 
signal amplitude (across RL) at each frequency. This general type 
of test is excellent for determining the effectiveness of Tone controls 

TRAHJISTOR TYPE 51HE-WAYE DISTORTION SH FIG. PIIOIAILE CAUSES 

PNP Non• 10-10 (a) Circuit operation normal. 

Negative peaks clipped 10,10 (b) Low bias; battery voltoge low; weak transistor; 
high value load rHiator. 

Positive peaks clipped 10-10 (c) High bias; weak or hi9h rHistonce battery; 
leaky transistor; leaky coupling capacitor; 
low value load resistor. 

Both peaks c Lipped 10-10 (d) Overdrive; weak hattory; weak transistor. 

NPN None 10-10 (a) Circuit operation normo I, 

Negative peaks clipped 10-10 (b) High bias; weak or high resistance battery; leaky 
transistor; leaky coupling capacitor; low value 
load resistor. 

Positive peaks clipped 10.10 (c) Low bias; battery voltage low; w.ak transistor; 
high value load resistor4 

' Both pealc s c I ipped 10-10 (d) Overdrive; weak battery; waalc transistor. 

TABLE 10-K: Sine-wave distortion Reference Chart. 

in adjusting an amplifier's frequency response characteristics. 
Square-Wave Analysis tests are made using exactly the same 

basic technique, but with a Square-Wave Generator used in place 
of a Sine-Wave test source. As a general rule, Sine-Wave tests are 
best for identifying and locating distortion or for precision frequency 
response measurements. Square-Wave tests, on the other hand, permit 
more rapid checks of overall frequency response and are superior for 
checking an amplifier's response to transient signals. In making 
Square-Wave tests, however, care must be taken to keep input signal 
levels well below the equipment's "overload" point, not only to 
protect transistors and other components from excessive transient 
peaks, but to prevent signal waveform distortion which can be misin
terpreted. With a Sine-Wave test signal, overload shows up immedi
ately as a flattening of signal peaks; with a Square-Wave signal, 
overload simply causes the waveform's flat top to become "flatter." 



SQUARE-WAVE INPUT OUTPUT WAVEFORM FIG. HO. DIAGNOSIS 
- -~ 

Low frequency Like input 10-11 (o) Circuit operation normal. 

(50-100 c,p.s.) Slonting down 10-11 (b) Poor low frequency response - partially open 
coup I ing or emitter by-pass capacitor. 

Sharp pulse Extremely poor low frequency response - open 

--- coupling capacitor or shorted primary in inter• 
stage transformer. 

- - t----

Slanting up 10-11 (c) Accentuated low frequency response - partially 
open by-pass capacitor or defective decoupling 
filter. 

Rounded top 10-11 (d) Accentuated response at fundamental frequency 
of square wave - defective interstage tran S• 

former, changed value coupling or by-pass capo-
citors, defect in degenerative feedback network. 

Rounded edge 10-11 (e) Poor moderate frequency response - excessive 
distributed capacities, defective interstage 
transformer, 

Damped oscillation 10-11 (f) Peak in middle range of frequencies - changed 
value by-pass capacitor, defective coupling 
transformer, inadequate shielding, poor lead , 
dress, defect in feedback network, defective 
by-pass or deco up I ing capacitors. 

---

TABLE 10-L: Square-waye distortion Reference Chart - Low Frequencies. 
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Fig. 10-11: Various types of Square-wave distortion •.• (a) Normal waveform, (b) Downward slanting (or tilted) 
top, (d) Rounded top, (e) Rounded leading edge, and (f) "Ringing" or damped oscillation. 
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SQUARE-WAVE INPUT OUTPUT WAVEFORM FIG. NO. DIAGNOSIS 

Medium frequency Like input 10-11 (a) Circuit operation normal. 

(500-2500 c.p.s.) Slanting down 10-11 (b) Phase, shift, poor low frequency response - parti• 
ally open coupling or emitter by-pass capacitor, 

Sharp pulse Extremely poor low and middle frequency response; 
open coup I ing capacitor or shorted primary in 
interstage transformer, 

Slanting up 10-11 (cl Accentuated response at middle frequencies -
partially open by-pass or filter capacitor, defect in 
feedback network. 

Rounded top 10-11 (d) Accentuated response at fundamental frequency of 
test square-wave signal - defective interstage 
transformer or partially open by-pass capacitor, 
defect in feedback network, poor lead dress, 

Rounded leading 10-11 (el Poor moderate to high frequency response - ex• 
edge cessive distributed capacities, defective inter• 

stage transformer, 

Damped oscillation 10-11 (f) Peak at high frequencies - changed value by-pass 
capacitor, defective coupling transformer, poor 
shielding, improper lead dress, defect in feedback 
network, open load resistor (in video circuits). 

TABLE 10-M: Square-wave distortion Reference Chart - Medium Frequencies 
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SQUARE-WAVE IMP.UT 

High frequency 

(5 KC - 20 KC) 

OUTPUT WAVEFORM FIG. HO. DIAGNOSIS 

Like input 10-11 (a) Circuit operation normal - high frequency response 
reasonably_ flat to 10 or 20 times input square-wave 
frequency. 

Slanting down 10-11 (b) Phase shift, poor medium frequency response - partially 
open coup I ing or emitter capacitor. 

Sharp pulse ---- Extremely poor medium frequency response - open 
transistor or interstage transformer. 

Slanting up 10-11 (c) Accentuated response at high frequencies, causing phase 
shift - defect in frequency compensation network, 
changed value loading resistors (in video amplifiers). 

Rounded top T0-11 (d) Accentuated response at fundamental frequency of test 
signal - should show up as "damped oscillation" when 
lower frequency test signal used. Open by-pass or 
decoupling capacitor, poor lead dress, defective shield• 
ing, defect in feedback network. 

Rounded edge 10.11 (el Poor high frequency response, with "rounding., increasint 
as high frequency response falls off - excessive dis• 
tributed capacities, increased value load resistor, open 
peaking coil (in video ckts,) 

Damped oscillation 10-11 (f) Peak in response at frequency beyond normal (desired) 
range - open by•pass or decoupling capacitors, poor 
lead dress, defective shielding, open load resistor (in 
video circuits), wrong value or misadjusted peaking coil, 
improperly loaded interstage transformers. 

TABLE 10-N: Square-wave di1tortion Reference Chart - High Frequencies. 
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If the latter occurs, of course, an off-hand observation may lead one 
to conclude that circuit operation is normal when, in fact, there may 
be serious defects present. Typical Square-Wave signal waveforms 
are illustrated in Fig. 10-11, with Tables 10-L, 10-M, and 10-N in
dicating stage defects or operating conditions which can result in 
each of the patterns shown at low, medium, and high frequencies, 
respectively. 

SPECIAL REPAIR METHODS 
In many types of service and maintenance work, "diagnosis" may 

represent a major part of total repair time, with a defect easily 
corrected once isolated. Generally speaking, the opposite situation 
holds true as far as the repair of miniature transistorized equipment 
is concerned. Here, a defect may be isolated in minutes using the 
test techniques outlined in Section 1 and the various Troubleshooting 
Charts given throughout this book. Once a defective component is 
pin-pointed, however, considerable effort may be required to remove 
and replace it. This is due to the ultra-compact circuitry employed, 
the small physical size of the components themselves, and the special 
care which must be exercised to avoid damage to other circuit com
ponents and wiring while a repair job is carried out. Often, a defective 
part is "buried" under other components which may be easily damaged 
by the heat of a soldering iron or by physical pressure. Fine coil 
leads, for example, may be "snapped" if an excessive twisting or 
bending motion is imparted to their terminal lugs. 

To keep actual repair time to a minimum, then, it is imperative 
that proper service tools (as outlined in Section 1) be obtained, and 
that skill be acquired in their use. In addition, "standard" service 
procedures may be modified slightly to adapt them to the repair of 
miniature equipment. In routine service work, for example, accepted 
practice is to make a secure mechanical connection between a com
ponent lead or hook-up wire and a terminal lug before soldering. 
This is difficult to accomplish in cramped quarters, and, in most cases, 
is not necessary. Lap-type soldered connections are quite satisfactory 
in all equipment except military or industrial gear subject to extreme 
continuous vibration or shock. 

Another technique easily modified is the installation of circuit 
wiring. Standard procedure here calls for the installation of con
ventional insulated hook-up wire, stripped and tinned at both ends; 
to save time, some service technicians employ "push-back" wire. 
When working with miniature equipment, however, it is much easier 
.... and faster ... to install fine, bare, pretinned wire, slipping on 
a piece of small pre-cut spaghetti tubing for insulation after one end 
is connected. The tubing is cut slightly shorter than the wire to 
allow room for soldering at each end. 
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Transistors and other semiconductor components are easily 
damaged by excessive heat. However, these parts are frequently wired 
permanently in their circuits. A soldering iron must be used to re
move the components for test or to install replacements. To avoid 
damage here, a heat sink should be used to conduct excessive heat 
away from the component. This is simply a fair size "chunk" of 
metal interposed between the point at which the soldering iron is 
applied to the component's lead and the component itself. The use 
of standard lone-nose pliers and a small alligator clip as heat sinks 

Fig. 10-12: Using long-nose pliers as a "heat sink." 
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is shown in Figs. 10-12 and 10-13, respectively. All soldering ... or 
de-soldering work . . . in transistor circuits should be carried out as 
quickly as possible, using a clean, hot, well-tinned soldering tool. 
The hot tip should be held against the work only for as long as is 
necessary to complete the job. 

OCHED CIRCUIT REPAIR. Etched circuit boards are used exten
sively in the manufacture of transistorized equipment. As mentioned 
briefly in Section 1, special tools and materials are available for the 

Fig. 10-13: Using a small alligator clip as a "heat sink." 
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repair of etched circuits, and the service technician undertaking such 
jobs should acquire the necessary tools as soon as the volume of his 
work warrants their use. Special-purpose hand tools useful for etched 
circuit board repair are shown in Fig. 10-14; these are used in con
junction with "standard" hand tools such as long-nose pliers, diagonal 
cutters, and so on. In addition to a small-tip soldering iron (or gun), 

Fig. 10-14: Special tools for servicing etched-circuit boards . . . A - wire brush; 
B - knife edge; C - bent point; D - double point; E - end cutters. 

cup-shaped and bar-shaped soldering tips may be needed for simul
taneously heating several connection points at a time; often, these 
are available in special kits, as illustrated in Fig. 10-15. The soldering 
tool, of course, should be kept clean and well-tinned. 

Typical circuit board repair techniques are illustrated in Figs. 
10-16 through 10-20. If a two-lead component such as a resistor or 
capacitor is defective, replacement is accomplished most easily by 
using the technique shown in Fig. 10-16 (a). The part is cut out 
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Fig. 10-15: Printed circuit board De-soldering Kit. This consists ol a handle, soldering 
iron heating element, and various attachments suitable for de-soldering printed 
circuit components. 

using diagonal cutters, with care taken to "save" as much of the 
component leads as is practicable. The replacement component, then, 
is attached to the short leads left by the defective part and soldered 
in place; this method avoids the need for soldering to the circuit 
board itself. In a few instances, it may be difficult to reach com
ponent leads using standard diagonal cutters; here, end cutters 
similar to those shown in Fig. 10-14 (E) may be employed . . . 
proper technique is illustrated in Fig. 10-17. 

If a two-lead component is mounted in such a way that the 
method illustrated in Fig. 10-16 (a) cannot be used, it is usually 
necessary to apply heat directly to the component terminals on the 
foil side of the board and to pull the component leads through the 
board one at a time, using a pair of pliers. If preferred, an alternate 
method is to cut the leads flush with the board, then to apply heat 
to each terminal to melt the solder, pushing out the remaining short 
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Fig. 10-16: Replacing printed circuit board components ... (a) technique for replac
ing resistors and capacitors; (b) technique to use when replacing coils. 
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length of wire and cleaning out the hole from the rear; a stiff wire, 
such as a straightened paper clip, may be used for this job. Proper 
technique is shown in Fig. 10-19. With both holes cleaned, the re
placement component is simply fitted in position, and its wires fed 
through the proper holes. Excess lead length is cut off, and the unit 
soldered in position. 

Multi-terminal components such as can type electrolytic capac
itors, coils, I.F. transformers, and so on, can be removed by heating 
all their terminals simultaneously, using a cup or bar-shaped tip on 
the soldering tool. If a suitable tip is not available, the technique 

Fig. 10-17: Using end-cutters to remove a ceramic capacitor from an etched circuit 
board. 

illustrated in Fig. 10-16(b) may be employed. Here, each terminal 
is first cut free from the component. Next, the short terminal pieces 
are removed one at a time by applying the soldering tool and pulling 
on the lead with a pair of long nose pliers. Once all the terminals 
have been removed, excessive solder can be cleaned away by apply
ing the hot soldering tip and brushing with a small wire brush; use 
care during this operation to avoid accidental shorts as the old solder 
in brushed away. If considerable solder is present, don't try to remove 
it all at once. Instead, heat and brush away a little at a time until 
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the area is clean. Finally, the replacement component is fitted into 
the cleaned terminal holes, with its terminals soldered in conventional 
fashion one at a time. 

The circuit boards themselves may be damaged in a variety of 
ways. If excessive heat is applied during soldering (or de-soldering) 
operations, the copper foil wiring may raise or, in extreme cases, may 
peel off entirely. The foil may be cracked or broken under the stress 
of component remove!. In other instances, an accidental short across 
a power carrying conductor may fuse and melt the foil. And, of 
course, the board itself may be cracked by excessive mechanical pres
sure or shock; sometimes the cracks are so minute they are difficult 

Fig. 10-18: A wire brush may be used to brush away excess solder prior to de-soldering 
a component lead. 

to spot with the naked eye . . . here a magnifying glass and strong 
light source may be handy. An alternate technique for finding minute 
cracks (often called micro-cracks) is to flex the board slightly in the 
area of the suspected crack, checking for an open circuit using a 
standard Ohmmeter; this last method, of course, is a practical varia
tion of ihe familiar Brute-Force technique described in Section 1. 
A similar method may be used for locating poorly soldered component 
connections. Cracks, breaks, or opens in the copper foil wiring may 
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be repaired simply by soldering a short piece of bare hook-up wire 
across them as a "bridge." 

Equipment manufacturers generally solder all circuit board con
nections in a single operation, using a "dip" soldering process. After
wards, the board's "wiring" (foil) side is coated with silicone resin 

Fig. 10-19: You can use a straightened paper clip to "open" solder holes. 
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to protect the wiring, to minimize leakage, and to reduce the chances 
of accidental shorts. For a professional touch, a similar technique 
may be used by the service technician once he has completed a repair 
job and cleaned the board of excess solder and dirt. Silicone resin 
compounds are available through most distributors, both in bottle 
form, for application with a brush, and in easily used push-button 
Aerosol cans; see Fig. 10-20. 

Fig. 10-20: Once repairs have been completed, an etched circuit board may be given a 
protective coat of sprayed-on silicone resin. 

When working with etched circuit boards, the following precau
tions should be observed at all times: 

1) AVOID OVERHEATING - Hold the soldering tip in place only 
for as long as is needed to melt the solder and to insure a good job. 
Keep the tip clean, hot, and well-tinned. 

2) USE A MINIMUM OF SOLDER - When installing a component 
or repairing a board, use only enough solder to insure a good job. An 
excessive deposit may cause shorts or may result in an intermittent 
defect in the future. 

3) USE A MINIMUM OF PRESSURE - Avoid excessive stresses 
on the etched circuit board or its components. Don't flex the board 
unduly when removing or installing. If difficulty is encountered when 
removing or installing a circuit board on a chassis ( or in a cabinet), 
find and correct the cause . . . don't force! 
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UNIQUE DEFECTS. From time to time, the practical service 
technician will encounter unusually difficult diagnosis jobs. These 
"dogs" fail to yield to standard troubleshooting techniques and, in 
the end, can be repaired only after exhaustive tests and, frequently, 
after a component-by-component check through several stages. In 
most instances, such defects are unique to a particular make and 
model of equipment and are the result of either a poor batch of com
ponents used in a given production run or a slight "bug" in circuit 
design which was later caught and corrected. As we have observed 
in earlier Sections, it is not unusual for a manufacturer to make a 
number of changes during the production of a single model. Once a 
unique defect has been tracked down to its lair, most technicians 
like to make a note of it for future reference in the event the same 
type and model of equipment again crosses their service bench; the 
accepted rule here is "once is enough." To aid in this, Table 10-0 
has been included for the convenience of the reader in keeping a 
record of Unique Defects he encounters in his own work. These may 
be recorded as found, thus, forming a permanent, personal check-list. 

GENERAL NOTES 



MANUFACTURER AND MODEL NUMBER CO?i;PLAINT CAUSE AND CURE 

TABLE 10-0: UNIQUE DEFECT REFERENCE CHART. Fill in this blank table with unusual complaints you encounter in your service 
work, thus building up your own personal file of "Service Tips" 
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T ABU 10-0: UHIQUf DEFECT REFERENCE CHART (Continued). 

CURE C 
UI 
Ill ... 
C .. 
• Ill ... 
"' = z n 
Ill 

ICII 

!: ,. 

... 
0, 
Col 



MANUFACTURER AND MODEL NUMBER CO!.lPLAINT CAUSE AND 

TA.BLE 10-0: UNIQUE DEFECT REFERENCE CHART (Continued). 
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IN DEX 

A 
"A" batteries - 100. 
AC-DC sets - 122. 
A.C. Leakage - 250. 
A.C. VTVM - 17. 
A.C. Voltmeter - 17, 30, 36, 58, 129, 

179, 369. 
Adjacent channel trap - 287. 
Adjustments, TV - 308-310. 
AFC - 224-225. 
AFC, Horizontal - 300. 
AGC - 260 (also see A VC) . 
AGC, TV - 283-287, 289-292. 
Aging, microphone - 48. 
Alarms - 360-363. 
Alarm, Burglar - 360. 
Alarm, fire - 361. 
Alarm, flood - 361. 
Alarm, pressure - 361. 
Alarm, smoke - 362. 
Alarm, sound - 362. 
Alarm systems - 360-362. 
Alignment - 35-36, 40, 41, 109, 113, 169-

171, 176-177, 179-180, 205, 208, 213, 216, 
220, 223, 224, 229, 236, 238-239, 
265-267. 

Alignment, FM converter - 339. 
Alignment, radio navigators - 329. 
Alignment, Short-Wave converter - 334. 
Alignment, superhet - 128-130, 133, 139 

(also see Alignment) . 
Alignment, T.R.F. - 119. 
Alignment, TV - 310. 
Alignment tool - 36, 216, 239. 
Alkaline cell battery - 101, 438-440. 
Alpha cut-off frequency - 276, 412, 415. 
Ambient temperature - 62, 75,, 144, 160, 

179, 196, 272. 
Amateur Band converter - 330-336. 
AM Broadcast-Band - 103-113, 114-190, 

191-275. 
AM Broadcast-Band receivers - 103-113, 

115-100, 191-254, 255-275. 
Amplifiers, audio - 45-67, 68-96, 293-294, 

296, 34444, 345, 385-391. 
Amplifiers, booster - 73-74, 388, 391. 
Amplifier, Class A - 69, 126, 132, 140, 141, 

144, 151, 153, 157, 160, 165, 171, 176, 179, 
182, 192, 194-195, 265, 269, 433-434, 435. 

Amplifier, Class AB - 95, 435, 436. 
Amplifier, Class B - 73, 75, 80, 84, 90, 

103, 136, 140, 142, 144, 148, 161, 163, 
167, 160, 165, 171, 176, 179, 192, 195, 
230, 232, 265, 345, 435, 436. 

Amplifier, Class C - 436-437. 

467 

Amplifier classes - 435-436. 
Amplifier characteristics - 420-421, 433-437. 
Amplifier, complementary - 132, 266, 296, 

357-360. 
Amplifier, direct-coupled - 79, 132, 287-

289, 320-321, 357,360, 369-370. 
Amplifier, general purpose - 80-82. 
Amplifier, Guitar - 87. 
Amplifiers, high fidelity, or Hi-Fil - 80-86. 
Amplifier, I.F. - 193-194 (also see Sections 

4, 5, 6, 7, 8, 9). 
Amplifiers, instrument - 87, 360-367. 
Amplifier, intercom - 87. 
Amplifier, laboratory - 87. 
Amplifiers, low-level - 45-47. 
Amplifiers, Musical Instrument - 87. 
Amplifiers, multiwatt - 68-96, 192, 263-265, 

344, 345. 
Amplifiers, Public Address (P.A.) - 74-77. 
Amplifier, paging - 87. 
Amplifier, phonograph - 77-80. 
Amplifier, power - 68-96, 259, 344, 345. 
Amplifier power supplies - 89-90. 
Amplifiers, push-pull - 72, 76, 80-81, 84, 

103, 136, 140, 142, 144, 148, 161, 163, 
167, 160, 165, 171, 176, 179, 192, 230, 
232, 238-239, 250, 265, 345, 421, 433. 

Amplifier, relay - 357-360. 
Amplifier, R.F. - 169, 193-194. 
Amplifier, resistance-coupled - 45-63, 75, 

80. 
Amplifier, servo - 87, 398. 
Amplifier, single-ended - 72, 126, 140, 141, 

144, 153, 157, 160, 165, 171, 176, 179, 192, 
194-195, 250, 269, 426, 433. 

Amplifier, tuned (audio) - 88. 
Amplifier, talkback - 87. 
Amplifiers, test - 366-367. 
Amplifier, transformer-coupled - 68-96. 
Amplifier, transformerless - 83. 
Amplifier, video - 287-289. 
Analysis, Complaint-To-Cause - 21-23. 
Analysis, Equipment - 19-21. 
Analysis, Sine-Wave - 30, 82, 441-449. 
Analysis, Square-Wave - 30, 82, 441-449. 
Analysis, Voltage - 25-26. 
Analysis, Waveform - 30, 312, 441-449. 
Analyzer, Audio - 17. 
Analyzer, Distortion - 367. 
Analyzer, Transistor - 12, 13. 
Antenna, dummy - 142, 176, 216, 220, 224, 

239, 266. 
Antenna Impedance Bridge - 17. 
Antenna system - 121. 
Atomic Energy - 376. 
Atomic Radiation Instruments - 376-385. 
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Amlio Analyzer - 17. 
Audio driver - 148, 151, 153, 157, 160, 165, 

179, 195, 232, 238. 
Audio Generator - 8, 96, 441-449. 
Audio I.F. (TV) - 292-293. 
Audio Output Meter - 86. 
Audio output power - 192. 
Audio output stage - 194-195. 
Audio Sine-Wave Generator - 8, 371, 

442-450. 
Audio transformers - 440-442. 
Audio Wattmeter - 17. 
Auto-transformer - 141, 195, 269. 
Automatic Frequency Control (see AFC) 
Automatic Gain Control - 260 (also see 

AGC, AVC). 
Automatic Volume Control (see A VC). 
Automobile Ignition systems - 352-353. 
Automobile radios - 191-254, 255-275. 
AVC - 20-21, 101-113, 119, 126-128, 138, 

140, 144, 146, 148, 151, 153, 154, 157, 160, 
165, 171, 176, 178. 

Azimuth - 399. 

B 
"B" batteries - 100. 
"B" eliminator - 106-107. 
"B" supply, transistorized - 100, 106-107, 

193, 225-226, 228, 230, 248-352. 
BFO - 333. 
Balance - 265. 
Back resistance - 409. 
Balanced operation - 106. 
Balancing stereophonic systems - 17, 58, 

86. 
Balum transformer - 282. 
Bandpass filters - 88. 
Bandwidth (TV) - 28.1, 287. 
Bass - 54, 56, 57, 80, 83. 
Batteries - 41, 180, 438-440. 
Batteries, "A" - 100. 
Batteries, "B" - 100. 
Batreries, alkaline cell - 101, 438-440. 
Batteries, mercury - 101, 108, 116, 117, 

142, 302, 437-439. 
Batteries, nickel-cadmium - 149, 302-304, 

437-439. 
Bandwidth (TV) - 283, 287. 
Bass - 54, 56, 57, 80, 83. 
Batteries - 41, 180, 438-440. 
Batteries, "A" - 100. 
Batteries, "B" - 100. 
Batteries, alkaline cell - 101, 438-440. 
Batreries, mercury - 101, 108, 116, 117, 

142, 302, 438-440. 
Batteries, nickel-cadmium - 149, 302-304, 

438-440. 
Batteries, zinc-carbon - 302-304, 438-440. 
Batt,eriea, rechargeable - 149, 164, 438-440. 
Batt,ery charger - 150, 164, 302-304. 

Battery, "dead" - 22, 42, 107, 438-440. 
Battery eliminator - 10, 197, 249. 
Battery, high resistance - 58, 438-440. 
Battery polarity - 108, 180, 438. 
Battery, tapped - 130, 155. 
Battery Tester - 19. 
Battery tests - 440. 
Battery, "weak" - 107, 180, 438-440. 
Beta - 115, 412, 415. 
Beta cut-off frequency - 276, 412, 415. 
Bias adjustment, TV - 310. 
Bias control - 71. 
Bias current - 128. 
Bias-erase oscillator - 391. 
Bias oscillator - 391. 
Bias voltages, typical - 25. 
Binaural - 85. 
Blanking signal - 298. 
Blasting - 128. 
Bleeder resistor - 22. 
Block Diagram, Composite - 20, 280. 
Blocking oscillator - 296, 300. 
Blurred - 35, 315. 
Bonding test equipment - 5, 6. 
Booster amplifier - 73-74, 388, 391. 
Boost voltage - 300. 
Boxes, Decate - 18. 
Bridge, Antenna Impedance - 17. 
Bridge, Impedance - 19, 38. 
Bridge rectifier - 89-90, 302, 350. 
Bridging - 37, 181. 
Brightness control, TV - 289. 
Broadcast-Band ,AM - 103-113, 114-190, 

191-254, 255-275, 320-326. 
Broadcast-Band, FM - 220, 336-337. 
Broadcast-Band superhets - 103-113, 114 

190, 191-254, 255-275. 
Brute-Force - 458. 
Brute-Force Test - 33-34, 458. 
Burglar alarm - 360. 
Buzz, intercarrier - 307. 

C 
Cables - 269. 
Calibrator, Crystal - 17. 
Calibrator, Voltage - 15. 
Capacities, interelectrode - 69, 97, 115, 

126, 412. 
Capacitor Checker - 38. 
Capacitors - 437-438. 
Capacitors, leaky - 23, 43, 93-95, 181, 43? 

438. 
Capacitors, open - 23, 29, 32, 42, 93-95, 

181, 437, 438. 
Capacitors, shorted - 23-25, 42, 93-95, 

181, 437, 438. 
Capacitor- Resistor Checker - 19. 
Carbon microphones - 48, 71, 344, 345. 
Cartridges, magnetic - 48-51, 71, 80. 
Cartridge, microphone - 46-49, 71. 
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Cartridge, phono - 49-51. 
Cascode - 224. 
Cat's-whisker - 97. 
Ceramic phono cartridge - 58, 78. 
Changed value resistors - 25, 38, 93-95. 
Characteristics, amplifier - 420-421, 

433-437. 
Characteristics, transistor - 415-420. 
Charger, battery - 150, 164, 302-304. 
Charger, Dosimeter - 383-385. 
Checker, Capacitor - 38. 
Checking transistors - 11, 12, 409-411. 
Circuit configurations - 420-421, 426, 433. 
Circuit currents - 5, 181. 
Circuit Disturbance Test - 32, 250. 
Circuit loading - 124, 141, 263, 285. 
Circuit Q - 124, 141, 285. 
Class, amplifier - 433-437. 
Class A amplifier - 69, 126, 132, 140, 141, 

1~m.M~W~1~1~m.1~TI~ 
182, 192, 194-195, 265, 269, 433-434, 4:l5. 

Class AB amplifier - 195, 435-436. 
Class B amplifier - 73, 75, 80, 84, 90, 103, 

l:l6, 140, 142, 144, 148, 151, 153, 157, 160, 
165, 171, 176, 179, 192, 195, 230, 232, 263, 
345, 435-436. 

Class C amplifier - 436-437. 
Clamp diode - 333. 
Clock-Radio - 166. 
Coils open - 25, 38, 93-95. 
Collector current runaway - 70, 195, 196. 
Color TV - 305. 
Common-base circuit - 420-421, 433-434. 
Common-collector circuit - 420-421, 

432-433. 
Common-emitter circuit - 420-421, 433-434. 
Common-coupling - 107, 180. 
Communications Receiver - 17. 
Compensation network - 56, 58. 
Compensation, temperature - 230, 238, 

260, 265, 272. 
Complaint-To-Cause Analysis - 21-23. 
Complementary - 84, 132, 265. 
Complementary amplifier - 132, 265, 

296, 357-360. 
Complementary multivibrator - 391. 
Components - 436-441. 
Component testers - 19. 
Component Tests - 37-38, 43, 44. 
Composite Block Diagram - 20, 280. 
Computers - 400-404. 
C'.,ondenser Substitution Boxes - 17. 
C'.,onducting resistance - 409. 
Conelrad receiver - 320-322. 
Connectors - 272. 
Continuity - 38. 
Contact microphone - 87. 
Contrast control, TV - 289. 
Controls - 353-364. 
Controls, industrial - 356-360. 
Controls, noisy - 58. 

Controlled-Rectifier - 305, 408-409. 
Controls, tone - 54-58, 80-83. 
Counter - 402. 
Counter, Geiger - 378-383. 
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Coupling, Signal Generator - 119, 128, 176. 
Converter - 193-194. 
Converter, Amateur Band - 330-336. 
Converter, D.C. to A.C. - 347-348. 
Converter, D.C. to D.C. - 348-352. 
Converter, FM - 336-340. 
Converter, high-frequency - 115. 
Converter, R.F. - 20-21, 101-113, 116, 121, 

330-340. 
Converter, Short-Wave - 330-336. 
Cross-coupling - 53, 90, 109. 
Cross-over distortion - 434. 
Cross-Hatch Generator - 371. 
Cross-talk - 55. 
C-R Checker - 19. 
CRT accelerating voltage - 301. 
CRT, Test - 18. 
CRT Tester-Rejuvenator - 19. 
Crystall Calibrator - 17. 
Crystal-controlled oscillator - 343. 
Crystal microphone - 48. 
Crystal phono cartridge - 55, 78, 79. 
Crystal, quartz - 344. 
Current measurements - 5, 181. 
Current requirements - 272. 
Current Tests - 26-27. 
Cut-off current - 69, 413. 
Cut-off frequencies - 69, 412, 415. 
Cut-off frequency - 69, 412, 415. 
Cut-off frequency, alpha - 276, 412, 415. 
Cut-off frequency, beta - 276, 412, 415. 
Curve Tracer, Transistor - 373-376. 
CW transmitter - 343-344. 

D 
Damper diode - 301. 
Damped oscillation - 446. 
D'Arsonval meter - 367. 
D.C. to AC. converter - 347-348. 
D.C. to D.C. converter - 348-352. 
D.C. motors - 78, 385-386. 
D.C. polarities - 181, 162, 409. 
D.C. Voltmeter - 25-26. 
Dead - 32, 35, 39, 40, 42 (also see all 

Troubleshooting Charts). 
"Dead" battery - 22, 42, 107, 438-440. 
"Dead" stage - 32. 
Decade Boxes ~ 18. 
Decoupling 75, 81, 180. 
Defects, transistor - 11, 181, 409-411. 
Deflection, Horizontal - 298-302. 
Deflection, Vertical - 296-298. 
Degenerative feedback - 47, 54, 56, 57, 62, 

71, 83, 84, 195, 205, 211, 263. 
Demodulator - 121. 
Detector, first - 121. 
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Detector, peak - 290. 
Detector Probe - 15, 16, 29, 88. 
Detector, ratio - 292-293. 
Detector, second - 20-21, 101-113, 116, 

121, 148. 
Detectors - 193-194. 
Detectors, Mine - 405. 
Detuning - 23, 181, 182, 285. 
Diagnostic techniques - 40. 
Difference frequency - 121. 
Differential Pre-amplifier - 364, 365. 
Diffused-junction transistors - 114-115. 
Diode - 97-113, 407. 
Diode, clamp - 333. 
Diode, overload - 138, 140, 147, 148, 160, 

165. 
Diode, semiconductor - 408-409. 
Direct-coupled amplifier - 79, 132, 287-

289, 296, 320-321, 357-360, 369-370. 
Direct-coupling - 132, 265. 
Direct Probe - 29. 
Discriminator - 225. 
Distorted - 32, 40, 41, 42, 442-449. 
Distortion - 22, 29, 39, 40-42, 108-109, 160, 

180, 191, 263, 443-450. 
Distortion Analyzer - 367. 
Distortion, cross-over - 435. 
Distortion, harmonic - 54, 81, 126, 165, 

265. 
Distortion, intermodulation - 54-55. 
Distortion Meter, Harmonic - 17. 
Distortion, microphone - 48. 
Distortion, Sine-Wave - 444. 
Distortion, Square-Wave - 445-450. 
Dose, radiation - 383. 
Dosimeter - 383. 
Dosimeter Charger - 383-385. 
Dot-Bar Generator - 8. 
Double-tuned I.F. transformer - 154, 176. 
Drift transistors - 283. 
Driver, audio - 84, 90, 91, 148, 151, 153, 

157, 160, 165, 171, 176, 179, 195, 232, 238. 
Dummy antenna - 142, 176, 216, 220, 224, 

239, 266. 
Dummy load - 248. 
Dynamic earphones - 73. 
Dynamic microphone - 48, 55, 61, 71, 80. 
Dynamic Tests - 23, 27-34, 43, 44. 
Dynaverter - 349. 

E 
Earphones, dynamic - 73. 
Earphones, magnetic - 73. 
Electrocardiograph - 366. 
Electrometer - 367. 
Electronic photofiash - 393, 395-396. 
Electronic Organs - 87. 
Electronic Stethoscope - 58, 60, 366. 
Elecronic Switch - 15. 
Elevation - 399. 

Emitter-follower - 84, 420-421, 433-434. 
also see Common-collector). 

Encapsulated preamps - 46-47. 
Equalization - 54, 56, 57, 58, 83. 
Equipment Analysis - 19-21. 
Erratic operation - 35, 39, 41. 
Error signal - 396, 398-400. 
Etched circuit repair - 452-460. 

F 
Fading - 128. 
Fail-Safe operation - 362-364. 
Feedback, degenerative - 47, 54, 56, 57, 62, 

71, 83, 84, 195, 205, 211, 263 (also see 
Feedback, inverse and Feedback, negative). 

Feedback, inverse - 106, 157, 165, 195, 263. 
Feedback, negative - 81, 84, 106, 157, 160. 
Field Strength Meter - 17, 367. 
Filter - 81, 82, 87. 
Filter, bandpass - 88. 
Filter, L-type - 225, 293, 301, 302. 
Filter network - 107. 
Filter, Pi-type - 225, 232. 
Filter, Power Supply - 18, 82. 
Filter, ripple - 107, 302-304. 
Fine tuning - 118. 
Fine tuning (TV) - 282, 283. 
Fire alarm - 361. 
Fire control - 399. 
First detector - 121. 
Flasher, Light - 391-394, 396. 
Flash Unit - 395-396. 
Flip-flops - 401-403. 
Flood alarm - 361. 
Flyback Tester - 19. 
FM Broadcast-Band - 220, 336-337. 
FM converter - 336-340. 
FM TeleVerter - 336-340. 
RM Tuner - 220-226. 
Forward resistance - 409. 
Foster-Seeley discriminator - 225. 
Frequency Calibrators - 371. 
Frequency, cut-off - 69, 412, 415. 
Frequency Meter - 17, 363, 365, 367. 
Frequency ranges, Signal Generator - 6, 7. 
Frequency response - 8, 30, 50, 55, 57, 60, 

69, 74, 80, 82, 84, 87, 96, 263. 
Frequency stabilization - 261. 
Frequency Standard, Secondary - 17. 
Front end - 21, 32, 167, 232. 
Front Ends, TV - 281-283. 

G 
Gain, stage - 29, 32, 47, 420, 426, 433. 
"Gain,, test9, transistor - 12. 
Garbled - 22, 39, 41 (also bee Distortion). 
Geiger Counter - 378-383. 
Geiger-Muller tube - 378-379. 
General complaint - 39. 
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General purpose Amplifier - 80-82. 
Generator, Audio - 8, 96, 442-450. 
Generator, Audio Sine-Wave- 371, 442-450. 
Generator, Cross-Hatch - 371. 
Generator, Dot-Bar - 8. 
Generator, Marker - 8, 35, 36, 371. 
Generator, Noise - 19, 257. 
Generator, Noise - 371. 
Generator, Pulse - 8, 371, 372-373. 
Generator, R.F. Signal - 8, 371. 
Generator, Sine-Wave - 8, 96, 442-445. 
Generator, Square-Wave - 8, 96, 371, 

445-450. 
Generator, Sweep - 371. 
Generator, UHF - 8. 
Generator, IBtrasonic - 8, 371. 
Generator, Waveform - 368-370, 372-373. 
Germanium - 97. 
Grid-Dip Meter - 17, 182. 
Ground loop - 94. 
Ground polarity - 25. 
Grounded-base circuit - 420-421, 433-434. 
Grounded-collector circuit - 420-421, 

432-433. 
Grounded-emitter circuit-420-421, 433-434. 
Grounding soldering irons - 2. 
Grounding test equipment - 5, 6. 
Guitar Amplifiers - 87. 
Gyro-compass - 398. 

H 
Hand tools - 3. 
Harmonic distortion - 54, 81, 126, 165, 

263, 265. 
Harmonic Distortion Meter - 17. 
Harmonic radiation - 39. 
Hartley oscillator - 225. 
Hash - 35. 
Hash, ignition - 194, 257. 
Hearing Aids - 45, 66-63. 
Heat dissipation - 195. 
Heat sink - 69, 84, 182, 196, 249, 272, 

451-452. 
Hi-Fi amplifiers - 80-86. 
Hi-Fi preamps - 49-51, 54-58, 83. 
High Fidelity amplifiers - (see Hi-Fi). 
High Fidelity preamps - (see Hi-Fi). 
High-frequency converter - 115. 
High frequency limitations - 227, 287. 
High resistance battery - 58, 438-440. 
Hiss - 48. 
Horizontal AFC - 300. 
Horizontal damper - 301. 
Horizontal deflection - 298-302. 
Horizontal Hold control, TV - 300. 
Horizontal Range control, TV - 300. 
Horizontal sweep - 298-302. 
Hum - 9, 29, 32, 35, 41. 
Hum level - 55. 
Hybrid automobile radios - 191-254. 
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Hybrid equipment - 4. 
Hybrid radio receivers - 97-113, 191-254. 

I.F. - 20-21, 101-113, 116, 121. 
I.F. amplifier - 193-194. 
I.F. transformer, double-tuned - 154, 176. 
I.F. transformer, tapped-141-142, 144, 148. 
I. F. transformer, general - 124, 141. 
Ignition hash - 194, 257. 
Ignition systems, automobile - 352-353. 
Impedance Bridge, Antenna - 17. 
Impedance, Bridges - 19, 38, 367. 
Impedance, input - 69, 181, 195, 413, 432. 
Impedances, internal - 69, 413, 415-420. 
Impedances, output - 69, 195, 413, 432. 
Inaccurate calibration - 35, 39, 377. 
In circuit tests - 38. 
Indicator - 20, 30. 
Indicator, null - 88, 326. 
Indicator, output - 88. 
Industrial controls - 356-360. 
Injection, Signal - 30-32. 
Input impedance - 69, 181, 195, 413, 433. 
Inspection, Visual - 23-24, 40, 41, 43, 60, 

457. 
Instrument amplifiers - 87, 366-367. 
Instruments, Atomic Radiation - 376-385. 
Instrument Preamplifier - 15, 58, 364, 

365, 366-367. 
Instruments, Test - 4-19, 364-377. 
Insulation testers - 367. 
Intercoms - 87. 
Intercom, radio - 166. 
Intercarrier audio - 292-293 340 
Intercarrier buzz - ;107. ' · 
Interchangeability, transistor-426, 427-430. 
Interelectrode capacities - 69, 97, 115, 126, 

263, 412. 
Interference - 29, 35, 41. 
Interference, AM - 304. 
Intermediate frequency - 121. 
Intermittent - 32, 39, 40, 181. 
Intermodulation distortion - 54, 55. 
Inverse feedback - 106, 157, 165, 195, 263 

also see Feedback, Degenerative and 
Feedback, Negative). 

Inverse resistance - 347-348. 
Inverter - 347-348. 
Isolation transformer - 250. 

J 
Jeweler's tools - 3. 
Junction transistor - 97, 114-115 (also see 

Transistors), 

L 
Laboratory amplifiers - 87, 366-367. 
Laboratory Oscilloscope - 15-16. 
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Lead dress - 181. 
Lead inductances - 115. 
Lead connections, transistors-411, 422-425. 
Leakage - 69, 77, 80. 
Leakage, transistor - 11, 12, 181, 410-411. 
Leaky capacitors - 23, 42, 93-95, 181. 
Leaky transistor - 25, 39, 410-411. 
Light Flasher - 391-394, 396. 
Light Meters - 367. 
Limiter - 224. 
Line losses - 46. 
Local oscillator - 102-113, 121, 153, 182, 

193-194, 260-261, 281-283. 
Lock-in operation - 359. 
Logic circuits - 404. 
Long-Wave receiver - 326-330. 
Loop antenna coil - 121 (see Receiver 

listings). 
Loop, radiating - 119, 128, 176. 
Loudspeaker, Test - 248. 
Low Capacity Probe - 15. 
Low sensitivity - 35. 
Low-voltage tubes - 193, 250, 256. 
Lowered efficiency - 35. 
L-type filter - 225, 293, 301, 302. 

M 

MADT transistors - 114-115, 282, 283, 344. 
Magnetic cartridges - 48-51, 71, 80. 
Magnetic earphones - 73. 
Magnetic microphones - 48, 61, 71. 
Magnetic phono cartridges - 49,-51, 55, 80. 
Magnetic saturation - 83. 
Magnifier - 3, 24, 457. 
Marker Generator - 8, 35, 36, 371. 
Manual, Service - 8, 25-26, 35, 312. 
Manufacturers, transistor - 431. 
Manual tuning - 241-243. 
Matched pairs - 12, 108, 181, 182, 230, 

272, 432. 
Maximum reading - 36. 
Megaphone, Power, 70-72. 
Mercury batteries - 101, 108, 116, 117, 142, 

302, 437-439. 
MESA transistors - 114-115, 282, 283. 
Meter, Audio Output - 86. 
Meter, Field Strength - 17, 367. 
Meter, Frequency-17, 363, 365, 367. 
Meter, Grid-Dip - 17, 182. 
Meter, Harmonic Distortion - 17. 
Meter, Light - 367. 
Meter, Output - 113, 110, 128, 176, 179. 
Meter, Q - 19, 38. 
Meter, Radiological Survey - 378-383. 
Meter, Reflected Power - 17. 
Meter, Sound Level - 17, 58, 60, 86, 369. 
Micamp - 49-51. 
Micro-Alloy Diffused transistors - 114-115 

(also see MADT transistors). 

Microammeter - 27. 
Micro-cracks - 457. 
Microphones - 48. 
Microphone aging - 48. 
Microphone, carbon - 48, 71. 
Microphone cartridge - 48-49. 
Microphone, contact - 87. 
Microphone, crystal - 48. 
Microphone distortion - 48. 
Microphone, dynamic - 48, 55, 61, 71, 80. 
Microphone "hiss" - 48. 
Microphone, magnetic - 48, 61, 71. 
Microphone mixers - 51-54, 76. 
Microphone preamp - 48-49. 
Microphone, ribbon - 48, 55. 
Microphone sensitivity - 48. 
Microphone, wireless - 342. 
Microphonic - 34, 54, 92. 
Midgetape - 385-391. 
Military equipment - 404-405. 
Milliammeter - 27. 
Milliroentgens - 378. 
Milliwatts - 68. 
Milliwat transistors - 192. 
Mine detectors - 405. 
Miniature tubes - 103-105. 
Minimum reading - 36. 
Misalignment, TV - 306 (also see 

Alignment). 
Mixers, microphone - 51-54, 75. 
Mixers, R.F. - 20-21, 101-113, 116, 121, 

153, 193-194. 
Modulation - 121. 
Modulators - 87, 345. 
Modules - 248. 
Monaural - 85. 
Monitor receiver - 320-322. 
Monostable multivibrator - 381. 
Motor - 228, 234, 245-246, 260. 
Motors, D.C. - 78, 385. 
Motors, servo - 68, 87, 398-400. 
Motors, spring - 78. 
Motorboating - 35, 92-95, 180, 181, 182. 
Multi-band receivers - 166-180. 
Multitesters - 4, 5, 26. 
Multitester ranges - 4, 5. 
Multitester specifications - 4, 5. 
Multivibrator - 381, 391, 401. 
Multivibrator, complementary - 391. 
Musical Instrument Amplifiers - 87. 

N 
Navigators, Radio - 326-330. 
Negative feedback - 81, 84, 106, 157, 1611 

(also see Feedback, Degenerative, and 
Feedback, Inverse). 

Network, filter - 107. 
Network, Pi - 107. 
Neutralize - 126. 
Neutralization - 126, 132, 140, 141, 142, 

144, 155, 160, 180, 261, 284-286. 



INDEX 

Nickel-cadmium batteries - 149, 302-304, 
437-439. 

Noise - 29, 32, 41. 
Noise, generator - l!M, 257. 
Noise generator - 371. 
Noise level - 45, 54. 
Noisy - 32, 35, 40, 48. 
Noisy controls - 58. 
Non-conducting resistance - 409. 
NPN transistors - 25, 407-409, also see 

Tra1U1istors) • 
Null-326. 
Null indicator - 88, 326. 
Null reading - 36. 

0 

Ohmmeter, series-type - 5, 411, 414. 
Ohmmeter, shunt-type - 5, 411, 414. 
Ohmmeter Tests-25, 38, 249, 409-411, 414 
Open cspacitors-23, 29, 32, 42, 93-95, 181. 
Open coils - 25, 38, 93-95. 
Open transformers - 25, 93-95. 
Open resistors - 23-25, 42. 
"Open" transistors-- 22, 42, 410-411. 
Operating currents - 69, 181, 195, 438-440. 
Operating current, TV - 310. 
Operating voltages - 274, 438-440. 
Operating voltages, TV - 312. 
Organs, Electronic - 87. 
Oscillation - 29, 32, 35, 40, 41, 109, 180, 

181, 182. 
Oscillation, TV I.F. - 306. 
Oscillator, Armstrong - 384. 
Oscillator, bias - 391, 436. 
Oscillator, blocking - 296, 300. 
Oscillator, crystal controlled - 343. 
Oscillator, Hartley - 225. 
Oscillstor, local - 102-113, 121, 153, 182, 

193-194, 260-261, 282-283. 
Oscillator, Tickler Feedback-321, 322, 384. 
Oscillator, phono - 341-343. 
Oscillograph, recording - 366. 
Oscilloscope - 14-16, 28, 30, 36, 129, 176, 

179, 367. 
Oscilloscope, Direct-Coupled - 15. 
Oscilloscope, Laboratory - 15-16. 
Oscilloscope specifications - 14-16. 
Output impedsnces - 89, 195, 413, 433. 
Output indicator - 36, 88. 
Output Meter - 113, 119, 128, 176, 179. 
Output power - 192. 
Output stage, audio - 194-195. 
Outlines, transistor - 422-425. 
Overall frequency response - 36 (also see 

Frequency response) . 
Overdrive - 74, 84, 444. 
Overload - 29. 
Overload diode - 138, 140, 147, 148, 160, 
165. 

Overload point - 442. 
Overshoot - 8, 96. 

p 

P.A. amplifiers - 74-77. 
Paging amplifiers - 87. 
Pair, matched - 12, 108, 181, 182, 230, 

272, 432. 
Parameters - 412-413, 415-420. 
Parasitic oscillations - 35, 346. 
Parts Substitution Tests - 36-37, 90. 
Peak - 326. 
Peak detector - 290. 
Peak reading - 36. 
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Personal portables - 101, 114-190 (also see 
Pocket receivers) • 

Ph Meter - 367. 
Phase - 8, 432. 
Phase comparator - 300. 
Phase-inverter - 84. 
Phase shift - 84, 445-450. 
Phasing - 79. 
Phono csrtridges - 49-51, 55. 
Phono cartridge, ceramic - 55, 78. 
Phono cartridge, crystal - 55, 78, 79. 
Phono oscillator - 341-343. 
Phonographs - 77-80. 
Phonograph amplifier - 77-80. 
Phonograph preamps - 49-51. 
Photocell controls - 359-360. 
Photoelectric cell - 21. 
Photoflash, electronic - 393, 395-396. 
Phototransistor - 408-409. 
Pi-network - 107. 
Pi-type filter - 225, 232. 
Pickup, phonograph - 49-51, 55, 78. 

324-325. 
Pickup, Vibration - 58, 60. 
Picture tube - 288, 289. 
"Picture tube," semiconductor - 305. 
Pin connections, transistors - 411, 422-425. 
Pips- 36. 
Plug-in components - 41. 
PNP transistors - 25, 407-409 (also see 

Transistors) . 
Pocket radio receivers - 117-121, 122-134, 

142-155. 
Point-contact transistor - 97. 
Polarities, D.C. - 181, 182. 
Polarity - 25-27, 37, 248-249. 
Polarity, battery - 108, 180, 437. 
Polarity of grounds - 25. 
Polarity, transformer - 182. 
Poor definition - 307, 315. 
Poor contrast - 35, 307, 311. 
Poor selectivity - 35. 
Poor sync. - 35, 316. 
Poor tracking - 35. 
Portables, personal (see Pocket receivers) . 
Portable receiver - 97-113, 114-190. 
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Power amplifier - 68-96, 259, 344-359. 
Power Megaphone - 70-72. 
Power Pack - 396. 
Power pack, vibrator - 192-193, 232. 
Power requirements - 4-5, 45, 192. 
Power requirements, TV - 280. 
Power supplies - 345-353. 
Power supplies, amplifier - 89-90. 
Power Supplies, test - 8-9, 10, 82. 
Power Supply Filter - 18, 82. 
Power supply polarity - 248-249. 
Power Supply ratings - 8-9. 
Power supply, regulated - 89-90. 
Power supply, TV - 302-304. 
Power Supply, typical - 10. 
Power transistors-19-195, 230-232, 411, 426. 
Preamp - 46, 75, 80, 83, 90, 91. 
Preamps, Hi-Fi - 49-51, 54-58, 83. 
Preamp, microphone - 48-49. 
Preamplifier - (see Preamp). 
Preamp, phonograph - 48-51. 
Preamplifier, Differential - 364, 365. 
Preamplifier, Instrument - 15, 58, 364, 365. 
Pressure alarm - 361. 
Printed circuit amplifier - 46-48, 59-61, 

78-79. 
Printed circuit Repair Kits - 4. 
Printed circuit repair methods - 452-460. 
Probe, Detector - 15, 16, 29, 88. 
Probe, Direct - 29. 
Probe, Low Capacity - 15. 
Probe, R.F. Demodulator - 15, 16, 28. 
Probe, R.F. Detector - 16, 29, 88. 
Professional Test Techniques - 23-38. 
Proximity Fuses - 405. 
Public Address System - 74-77. 
Public Address Amplifiers - 74-77. 
Pulse Generators - 8, 371, 372-373. 
Punch-through - 344. 
Push-back wire - 449. 
Push-button tuning - 226, 234, 243-244. 
Push-pull amplifier - 72, 75, 80-81, 84, 103, 

136, 140, 142, 144, 148, 151, 153, 157, 160, 
165, 171, 176, 179, 192, 195, 230, 232, 
238-239, 250, 265, 345, 421, 433. 

Q 

Q - 124, 141, 155, 260, 262. 
Q Meter - 19, 38. 
"Q" Multiplier - 333. 
Quanta - 379. 
Quartz crystal - 344. 

R 

Radar - 405. 
Radiation dose - 383. 
Radiating loop - 119, 128, 176. 
Radio, clock - 166. 

Radio-Direction Finders - 326-330. 
Radio-Intercom - 166. 
Radio Navigators - 326-330. 
Radio-Phonograph - 166, 322-325. 
Radios, pocket - 117-121, 122-134, 142-155. 
Radio receivers, Broadcast-Band - 101-109, 

115-166, 197-219, 226-248, 255-267, 319-325. 
Radio receivers, "Hybrid" - 97-113, 

191-254. 
Radio receivers, portable - 97-113, 114-190. 
Radio remote control - 354-356. 
Radiological Survey Meter - 378-383. 
Radio, table model - 160-162. 
Radiotelegraph transmitter - 343-344. 
Radio transmitters - 340-345. 
Radio transmitter modulators - 87, 344-345. 
Radio tuner - 85. 
Radio, wrist - 116-117. 
Radios, automobile - 191-254, 255-275. 
Ranges, multitester - 4, 5. 
Ratio detector - 292-293. 
R-C time constant - 391. 
Receiver, Conelrad - 320-322. 
Receivers, "Hybrid" - 97-113, 191-254. 
Receiver, monitor - 320-322. 
Receiver, Long-Wave - 326-330. 
Receiver, personal - 117-121, 122-134, 

142-155. 
Receiver, portable - 97-113, 114-90. 
Receiver, remote control - 355-356. 
Receiver, semi-portables - 114, 148-152, 

162-165. 
Receiver, signal-seeking - 226-248, 255-275. 
Receiver, Short-Wave - 166-180. 
Receiver, superhet - 101-113, 115-116, 121-

180, 191-248, 257-269, 278-305, 322-330. 
Receiver, television - 276-317. 
Receiver, T.R.F. - 115-121, 320-322. 
Receiver, wrist - 116-117. 
Rechargeable batteries - 149, 164, 302-304, 

437-439. 
Record player - 77-80, 322-325. 
Recorder, Tape - 385-391. 
Recording Oscillograph - 366. 
Rectifier, bridge - 89-90, 302, 350. 
Reflected Power Meter - 17. 
Reflex circuit - 292-293, 321. 
Remote control - 354-356. 
Regeneration - 117, 134. 
Regenerative detector - 117. 
Regenerative receiver - 320-322. 
Regulated power supply - 89-90. 
Relay - 228, 234, 244, 247, 257, 260. 
Relay amplifier - 357-360. 
Relay, photocell - 359-360. 
Repair Kits, Printed Circuit - 4. 
Resistance-coupled amplifiers - 45-63, 75, 

80. 
Resistance measurements - 5. 
Resistance ranges - 5. 
Resistance Tests - 24-25, 38, 92. 
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Resistors, changed value - 25, 38, 93-95 
(also see all Troubleshooting Charts). 

Resistors, open - 23-25, 42. 
Resistors, shorted - 23-25, 42, 93-95. 
Resistor Substitution Boxes - 17. 
Response, frequency - 8, 47, 50, 55, 57, 60, 

69, 74, 80, 82, 84, 87. 
R.F. amplifier - 169 193-194. 
R.F. converters - 330-340. 
R.F. Demodulator Probe - 15, 16, 28. 
R.F. Detector Probe - 16, 29, 88. 
R.F. mixer - 193-194. 
R.F. Signal Generators - 6-8, 9, 10, 265. 
R.F. transistors - 114, 255, 276-278. 
R.F. VTVM - 182. 
Ribbon microphone - 48, 55. 
Ringing - 446. 
Ripple, 9, 18, 82, 88, 89, 90, 259, 346, 349. 
Ripple filter - 107, 225, 250, 304. 
Rolling - 35. 
Rolling picture - 308. 
Room acoustics - 17, 58. 
Runaway, collector current - 70, 71, 75, 84, 

195-196. 
Runaway, thermal - 70, 71, 75, 84, 195-196. 

s 
Saturation - 225. 
Saturation current - 69. 
Saturation, magnetic - 83. 
SB transistors - (see Surface-Barrier 

transistors) . 
Scintillation - 94, 95. 
'Scope - (see Oscilloscope). 
Search-tuning - 226, 234, 244-148. 
Second detector - 20-21, 101-113, 116, 121. 
Secondary Frequency Standard - 17. 
Selectivity - 34, 141, 155, 182, 251, 260. 
Semiconductor - 97. 
Semiconductor diode - 107, 408-409. 
Semiconductor "picture tube" - 305. 
Semiconductor symbols - 407. 
Semi-portables - 114, 148-152, 162-165. 
Sensitivity - 133, 134, 160, 180, 182, 257, 

260. 
Sensitivity control - 329. 
Sensitivity, microphone - 48. 
Sensor - 21, 360. 
Separator, sync - 295, 296. 
Service life - 11, 35, 45, 438. 
Servo amplifier - 87, 398. 
Service Manual - 8, 25-26, 35, 312. 
Servomechanism - 396, 398-400. 
Servo motors - 68, 87, 398-400. 
Servo systems - 68, 87, 396, 398-400. 
Set-up, Conelrad receiver - 321. 
Set-up, Short-Wave Converter - 333. 
Shelf life - 54. 
Shelf life, battery - 89, 90. 
Shift Register - 402. 
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Shorted capacitors - 23-25, 42, 93-95, 181. 
Shorted resistors - 23-25, 42, 93-95. 
"Shorted" transistor - 22, 42, 409-411. 
Short-Wave Converter - 330-336. 
Short-Wave receivers - 166-180. 
Signal Generator - 6, 7, 8, 28, 30, 35-36, 

176, 179, 370-376. 
Signal Generator, R.F. - 6-8, 9, 10, 371. 
Signal Generator coupling - 109, 119, 128, 

176. 
Signal Injection - 30-32. 
Signal Injection Test - 6, 8, 96, 250. 
Signal-seeking radio sets - 226, 234, 

244-248. 
Signal to noise ratio - 50. 
Signal Tracer - 16, 27, 28-30, 88, 182, 366. 
Signal Tracing - 28-30, 39. 
Signal waveforms - 245. 312. 
Silicone grease - 196, 249. 
Silicone resin - 459-460. 
Sine-Wave Analysis - 30, 82, 441-449. 
Sine-Wave distortion - 443. 
Sine-Wave Generator - 8, 96, 441-449. 
Single-ended amplifier - 140, 141, 144, 153, 

157, 160, 165, 171, 176, 179, 192, 194-195, 
250, 269, 421, 433-434. 

Single-side band - 333. 
"Slave" sweep - 115. 
Smeared - 35, 39, 315. 
Smoke alarm - 362. 
Snow - 35, 311. 
Soldering gun - 2. 
Soldering iron - 2. 
Soldering pencil - 2. 
Soldering tools - 452-460. 
Solenoid - 228, 247, 357. 
Solid-state "picture tube" - 305. 
Sonar - 405. 
Sound alarm - 362. 
Sound Level Meter - 17, 58, 60, 86, 369. 
Spatial perspective - 85-86. 
Spark-plates - 199, 202, 211, 213, 219, 

239, 268. 
Spikes - 248, 265. 
Spring motors - 78. 
Square-Wave Analysis - 30, 82, 442-450. 
Square-Wave Generator - 8, 96, 371, 

441-449. 
Square-Wave Tests - 15, 441-449. 
Squealing - 35, 92-95, 180, 181, 182. 
SSB - 333. 
Stability - 55, 56, 62, 134, 160, 165. 
Stabilization, frequency - 261. 
Stabilization - 54, 81, 199, 230, 261, 262. 
Stage gain - 29, 32, 47, 128, 138, 432. 
Stage neutralization - 126, 132, 140, 141, 

144, 155, 261, 285. 
Static accumulation - 5. 
Static Tests - 23-27, 43, 44. 
Stereo - (see Stereophonic). 
Stereophonic systems - 17, 58, 85. 
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Stereophonic system balancing - 17, 58, 86. 
Stethoscope, Electronic - 68, 60, 366. 
Strobe-light - 398, 395-396. 
Storage battery - 192. 
Streaks - 35, 314. 
Strobe tube - 393, 396. 
Sub-miniature vacuum tubes - 45, 99, 101, 

103. 
Substitution Boxes - 17 
Substitution Boxes, Condenser - 17. 
Substitution Boxes, Resistor - 17. 
Substituiton Boxes, Zener Diode - 18-19. 
Substitution Tests - 17, 36, 181, 409. 
Superhet - 115. 
Superhet receivers - 101-113, 115-116, 121-

180, 191-248, 257-269, 278-305, 322-330. 
Superheterodyn - (see Superhet). 
Surface-Barrier transistors - 5, 32, 114, 

115, 183, 283, 333, 336, 343. 
Surveillance TV - 405. 
Survey Meter, Radiological - 378-383. 
Sweep Generator - 169-170, 371. 
Sweep Generator, R.F. - 7, 8, 36, 169. 
Sweep Generator, TV - 8, 36, 310. 
Sweep, horizontal - 298-302. 
Sweep, vertical - 296-298. 
Sweep width - 8, 298-302, 316. 
Switch, Electronic - 15. 
Symbols, transistor - 407. 
Sync separator - 295, 296. 
Systems, Public Address - 74, 77. 
Systems, Servo - 68, 87, 396, 398-400. 

T 

Table model radio - 160-162. 
Talkback amplifier - 87. 
Tape deck - 85. 
Tape playback - 85. 
Tape Recorder - 385-391. 
Tapped battery - 130, 155. 
Tapped I.F. transformers - 141-142, 144, 

148, 160, 165. 
Tearing - 35, 300, 307, 308. 
Telemetry - 405. 
Teletypewriters - 405. 
Television - (see TV) . 
Temperature, ambient - 144, 160, 179, 

196, 272. 
Temperature compensation - 84, 144, 230, 

238, 260, 265, 272. 
Temperature sensitivity - 34, 69, 272. 
Test, Brute-Force - 33-34, 467. 
Test, Circuit Disturbance - 32. 
Test CRT - 18. 
Test Equipment - 4-19. 
Test instruments, transistorized - 364-376. 
Test Loudspeaker - 18, 248. 
Test Program - 401. 
Test Techniques, Professional - 23-38. 

Test, Substitution - 36. 
Tester, Battery - 19. 
Tests, Component - 37-38, 43, 44. 
Tests, Current - 26-27. 
Tests, Dynamic - 23, 27-34, 43, 44. 
Tester, Flyback - 19. 
Tester, Insulation - 367. 
Tests, Ohmmeter - 25, 38, 409-411. 
Tests, Parts Substitution - 90. 
Tester-Rejuvenator, CRT - 19. 
Tests, Resistance - 24-25, 38, 92. 
Tests, Static - 23-27, 43, 44. 
Testing transistors - 9, 11-13, 409-411, 414. 
Tests, Voltage Ane.lysis - 90. 
Tetrodes - 114-115, 282, 283, 406-409. 
Thermal runaway - 70, 71, 75, 84, 195, 

196, 272, 344. 
Thermistor - 21, 144-145, 148, 160, 179, 

205, 211, 219, 230, 232, 238, 265, 272. 
Thermocouple - 360. 
Thermostat - 76. 
Thorium - 378. 
Thyratron - 305. 
Time constant R-C - 391. 
Tool, Alignment - 36, 216. 
Tone arms - 78. 
Tools - 2-4, 451-452. 
Tone control - 153, 263, 269 (also see 

Treble and Bass). 
Transducers - 87, 89. 
Transformerless amplifier - 83. 
Transformers, audio - 440-442. 
Transformer, Balun - 282. 
Transformer-coupled amplifiers - 68-96. 
Transformer, isolation - 250. 
Transformers, open - 25, 93-95. 
Transformer polarity - 182. 
Transients - 8, 82, 96, 183, 248, 265, 444. 
Transistor Analyzer - 12, 13. 
Transistor breakdown - 11, 409-411. 
Transistor characteristics - 415-420. 
Transistor construction - 97, 114. 
Transistor Curve Tracer - 373-376. 
Transistor defects - 11, 181, 409-411. 
Transistor, diffused-junction - 114-115. 
Transistor, drift - 114-115, 283. 
Transistor gain tests - 12. 
Transistor, high power - 68-70, 260, 410, 

411. 
Transistor impedances, typical - 69, 433. 
Transistor interchangeability - 426, 

427-430. 
Transistor, junction - 97, 114-115. 
Transistor lead connections - 411, 422-425. 
Transistor "leakage" - 11, 12, 181. 
Transistor, leaky - 25, 39, 409-411. 
Transistor, low power - 68-70, 260, 411. 
Transistor, MADI' - 114-115, 282, 283, 344. 
Transistor manufacturers - 431. 
Transistors, medium power - 68-70. 
Transistor, Mesa - 114-115, 282, 283. 
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Transistor, Micro-Alloy Diffused Type -
(see Transistor, MADT). 

Transistor, milliwatt - 69, 192, 260. 
Transistor mixers - 51-54. 
Transistor, NPN - 25, 407-409. 
Transistor parameter - 412-413. 
Transistor pin connections - 411, 422-425. 
Tr.ansistor, power - 193-195, 230-236, 411, 

426, 432. 
Transistor, point-contact - 97. 
Transistor, PNP - 25, 407-409. 
Transistor, "open" - 22, 42, 409-411. 
Transistor operating current - 69, 181. 
Transistor outlines - 422-425. 
Transistor, "shorted" - 22, 42, 409-411. 
Transistor, Surface-Barrier - 114, 115, 183, 

283, 333, 336, 343. 
Transistor symbols - 407. 
Transistor Testers - 9-13. 
Transistor Tester specifications - 11-12. 
Transistors, testing - 9-13, 409-411, 414. 
Transistor tests - 9-13, 249-250, 409-411. 
Transistors, tetrode - 114-115, 282, 283, 

408-409. 
Transistor types - 415-420. 
Transistor types, R.F. - 114, 255. 
Transistor, Unijunction - 305, 408-409, 

412, 419. 
Transistor Voltmeter - 367, 369-370. 
Transistors vs. tubes - 191. 
Transistor, ''weak'' - 133. 
Transistorized "B" supply - 100, 106-107, 

193, 225-226, 228, 230, 348-352. 
Transmitters - 340-345. 
Transmitter, CW - 343-344. 
Transmitter, radiotelegraph - 343-344. 
Transmitter, remote control - 354-355. 
Transit time - 115. 
Trap, adjacent channel - 287. 
Treble - 54, 56, 57, 80, 83. 
T.R.F. receivers - 115-121, 320-322. 
Trigger - 228, 230, 246, 257. 
Tube, Geiger-Muller - 378-379. 
Tube receivers - 122. 
Tube Tester - 4. 
Tubes vs. transistors - 191. 
Tuned amplifier - 88, 336-367. 
Tuner, FM - 220-226. 
Tuners, TV - 281-283. 
Tuning, manual - 241-243. 
Tuning, push-button - 226, 234, 243-244. 
Tuning, signal-seeking - 226, 234, 244-248. 
Turret tuning - 283. 
TV - 8, 276-817. 
TV Alignment - 810. 
TV Front Ends - 281-283. 
TV interference - 804, 814. 
TVM - (see Transilltor Voltmeter). 
TV operating currents - 310. 
TV operating voltages - 312. 
TV receivers - 8, 276-817. 

TV remote control - 354-856. 
TV Sweep Generator - 8, 36, 310. 
TV tuners - 281-288. 
TV waveforms - 312. 

u 

UHF characteristics - 114-115, 277. 
UHF Generators - 8. 
lltrasonic Generators - 8, 371. 
Unijunction - 805, 408-409, 412, 419. 
Unique Defects (Chart) - 461. 
Uranium - 378. 
Unstable - 41. 

V 

Vacuum tube - 1, 45, 99, 101, 103. 
Vacuum tube defects - 11. 
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Vacuum tubes, low-voltage - 193, 250, 256. 
Vacuum tubes, miniature - 103-105. 
Vacuum tubes, subminiature - 45, 99, 101, 

103. 
Vacuum tubes vs. transistors - 191. 
Vacuum Tube Voltmeter - (see VTVM). 
Varistor - 225. 
Vertical deflection - 296-298. 
Vertical Hold control, TV - 298. 
Vertical sweep - 296-298. 
Vibration Analyzer - 367. 
Vibration Pickup - 58, 60. 
Vibrator - 192- 193. 
Video amplifier - 287-289. 
Vibrator power pack - 192-193, 232. 
Video I.F. - 283-287. 
Visual Inspection - 23-24, 40, 41, 43, 60, 

181, 457. 
Voltage Analysis - 25-26. 
Voltage Analysis Tests - 90. 
Voltage breakdown - 344. 
Voltage Calibrator - 15. 
Voltage doubler - 896. 
Voltages, operating - 274. 
Voltage surges - 5. 
Voltage requirements - 4-5, 45. 
Voltage transients - 5. 
Voltmeter, A.C. - 30, 36, 58, 88, 179, 369. 
Voltmeter, D.C. - 25-26. 
Voltmeter, Transistor - 867, 369-370. 
Voltmeter, Vacuum Tube - (see VTVM). 
Volt-Ohm-Milliammeter - 4, 5, 19, 26. 
VOM - 4, 5, 19, 26. 
VTVM - 5, 6, 265, 369. 
VTVM, A.C. - 17. 
VTVM, line operated - 5. 
VTVM ranges - 5, 6. 
VTVM, R.F. - 182. 
VTVM specifications - 5, 6. 



478 PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES 

w 
Wattmeter - 367. 
Wattmeter, Audio - 17. 
Waveform - 30, 96. 
Waveform Analysis - 30, 442-450. 
Waveform Generator - 8, 368-370, 372-373. 
Waveforms, signal - 245. 
Waveform, T - 312. 
Wavemeter - 17, 367. 
Weak - 32, 35, 39, 40, 42 (also see all 

Troubleshooting Charts). 
"Weak" battery - 107, 180, 438-440. 

"Weak" transistor - 133, 409-411. 
Wireless microphone - 342. 
Wrist radio - 116-117. 

y 

Yoke, TV - 298, 301. 

z 
Zener Diode Substitution Box - 18-19. 
Zeniac -19. 
Zinc-carbon batteries - 302-304, 438-440. 


