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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
covering 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.

T'oo 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 speeific 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 tromble 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 found 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 (Seetion 10) covering such topics as transistor character-
istics, lead connections, parameter definitions, transformer and battery
specifications, and specialized fest and repair methods. Also included
in this section is data on transistor interchangeability.

— Louis E. Garner, 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.



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.



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, 3-8B, 3-C, 3-D, ! 92-93-94-95-
Booster 3 3-E 96
Control 9 Jen 362
2-A, 2-8, 2-C,
Hearing Aid 2 2.0 64-65-66-67
2-A, 2-8,2-C, 2-D, ' 64-65-66-67-92—
High Fidelity 2,3 |3-A,3-B,3-C,3-0, | 93-94-95-9%
3-E
2-A, 2-B, 2-C, 2-0, 64-65-66-67-377
Instrument A )
3-A, 3-B,3-C, 3-D, | 92-93-94-95-96
Inteccom 3 3-€
2-A,2-8,2-C, 2-D,
239 |34 3-8 3-C. 3 92-93-94-95-9%
Labsiatory )3, B f ' "\ 54-65-66-67-377
3-E, 9-0
3-A, 3-8, 3-C, 3-D,
Megaphone 3 3-F © 92-93-94-95-95
[ |
AWPLIFIERS ’
Meter 9 9-0 n
: Microphone 2 2-A,2-B,2-C,2-D  64-65-66-67
r;her 2 2-A, 2-B,2-C, 2-D !64—65—66—67
' 3-A, 3-8, 3-C, 3-D, | 92-93-94-95-95
Phonagraph 3,9 3-E, 9-C 325
}7 I
' Pawer 3 3-A, 3-B, 3-C, 3-D, | 92-93-94-95-96
. 3-E
Preamplifiers (Preamps) 2 2-A, 2-B, 2-C, 2-D | 64-65-66-67
Public Address 3 3-A, 3-8, 3-C, 3-D, | 92-93-94-95.-9§
3-£
3-A, 3-8B,3-C, 3-D, ! 82-93-94_95-95-
Recorder 3,9 3-E, 9-R 359 93-94-95-9
Relay T 9 Ten 362
3-A, 3-8B, 3-C, 3-D, |92-93-94-95-95—
Servo 1,3,9 |3-E, 9-V, 1-A, 1-B, |42-43-40-399
_u-c .
Stereophonic (Stereo) 3 3-A,3-B,3-C,3-D,3-E 92-93-94-95-96
Stethoscope 2 2-A,2-B,2-C,2-D | 64—65-66-67 |
Automobile&ar) 7 7-B, 7-C, 7-D 270-273-274
Automobile (car), *'Hybrid"’ 6 6-L, 6-M, 6-N 251-252-253
Broadcast Band 5 5-G, 5-H, §5-1,5-), |165-183-184-186
RADIO 5-K, 5-L, 5-M 187-188-183
RECE{VERS Broadcast Band, *"Hybrid’ 4 4-A, 4-B, 4-C, 4-D | 110-111-112-113

TABLE

AA CONTINUED

ON NEXT PAGE




— TROUBLESHOOTING CHARTS QUICK—REFERENCE TABLE
FOR CHARTS ON I __REFER TO |
CLASS EQUiPMENT | seoTiow®] TABLECS) _ [ PASE®) ]
| 56, 5-H, 51, 5-J, |185~183-184-186~
Communications : 5 5-K, 5-L, 5-M 187-188-189
[Conelad | 9 B _ojm
| Converter, Amateur Band 8 %W -]
Converter, FMto TV . L@_‘ o lﬂ o
T 5-G, 5-H, 5-1, 5-J,
Te 1 Em 185183184~ 186~
Direction Findet 59 5-K, 5L, 5-M, ‘
| 9-E 187-188-189-330
i - T {'5-6, 5-H, 51, 5=,
Longvave s \:_K e 185-183~ 184189~
_L o J—,,;E S| 1e6-187-186-330
RADIO ) J | 5-8, 5-H, 5-1, 5~J, 1 185-183-184-186-
Marine 59 | 5-K 5-L, 5-M, 9-E | 187-188-189-330
RECEIVERS — T — -
, 5-G, 5-H, 5-1, 5-J, | 185-183-184-186—
Mditi-band i 5 | 5-K,5-L, 5-M 187-189-189
Nayigatot I I 330
l 5-G, 5-H, 5-1, 5-3, | 185-183-184-186—
Pocket 5 §-K, 5-L, 5-M | 187-186-189 I
Radio-Phonograph o j: !
185-183-184-186-
Short-wave 187-188-189-335
309-311-313-314-
Television L !'315-318
Truck T 251-252-253
—_— e — 38
| Conventional L 346
' 3-A,3-B, 3-C, 3-D, | 92-93-94-95-
RADIO Modulators 3 IaE ]9
TRANSMITTERS Phone Oscillators J: 9 9K |34
 Remote Control [ 9 J9-K9-M 1346355 |
o Wireless Microphones | 9 %K |34
o Amplifier [ I S [
Astomobile radio o6 _|e0 4
POWER Converter, D.C. 1o AC. 8 9L 1%l ]
{ Converter, D.C.toAC. gr: 9 L 131 ]
- s - —
SUPPLIES D?smeﬂghaﬂr D 9 0 |3 |
High voltage (Photofiash, Strabe) I R D k) A ]
Inverter, 0.C.to A C. L 9 | S )
Pratoffosh | T8 eu 3w j
L S TN < WSSV N——
- T I'3-A, 3-8, 3-C, 3=D, | 92-93-94-95-96—
Amplifiers I 3, 9§_‘> 3-F, 90 97-377
TEST Bridges, Imedance T 9 9-0
Cowve Tracers | [Tg_
INSTRUMENTS Curve Tracers __ 3 9-0
Field Strength Meter 5-G, 5-H, 5-1, 5-4, | 185~184-183-185-
(Setvice as receiver) 5.9 15-K,5-L, 5-M, 9-0 ' 187-188-189-377
- — — B
TABLE AA — CONTINUED ON NEXT PAGE
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TROUBLESHOOTING CHARTS

QUICK-REFERENCE TABLE

FOR CHARTS ON REFER TO
CLASS EQUIPMENT SECTION(S TABLE(S) PAGE(S)
Frequency Meter 3 1 9-0 n
Meters 9 9-0 377 o
2-A, 2-B, 2-C, 2-D, | 377-64-65-66-67
Preamplifiers 2,9 9-0
Pulse Generators i 9 9-0 n
Radiation Instruments 9 9-P, 9-Q 382-384
Signal Genertos, Audio 9 |90 317
Signal Generator, Radio
(Service as small Transmitter) 9 9—K! 9-0 ;341,377 .
Signa! Tracer, Tuned 5-G, 5-H, §-1,5-J, | 185-184-183-186~
TEST (Service as radio Receiver) %9 15K 5-L,5-M,9-0 | 187-188-189-379
Signal Tracer, Untuned I 3-A, 3-8, 3-C, 3-D, | 92;-93-94-95-96—
INSTRUMENTS | (Service as audio Amplifier) 39 | 3E,50 377
Sound Level Meter 2-A, 2-8, 2-C, 2-D, | 64-65-66-67—
(Service as audio Preamp) T 2,9 9-0 n
Square—wave Generator 3 [ 9-0 : 317 o
Stethoscope [ 2-A, 2-8,2-C, 2-D, | 64-65-66-67~
(Service as audio Preamp) ; 2,9 9-0
Sweep Generatoy
(Service as small Transmitter) T 9 9-K, 9-0 N 346,377
" Waveform Generator Ty | 9-0 377
| Wave meter 9 3-0 [ 317 _
LAlarms, Burglar ! 9 S-N ’ 362 -
i Alarms, Fire 9 3-N - 362
[ Atarms, Flood 9 JeN
Automobile Ignition systems
" (Service as Power Supply) 9 -L 351
‘ Computers 1,9 | 1-A, 1-B, 1-C, 9-W ‘ 40-42-43-405
[Conelrad Alarm Receiver 9 |o-B N
SPECIAL | Controls ] | 9N 362
Controls, Radio Remote 8 9-M 358
EQUIPMENT Dosimeter Charger , [] 9-0 384
Flashers, Lamp _ I T 394
Geiger Counter o 8 |e-P__ 382
Humidity Controls 9 | 9-N_ R . 362
Instruments 9 9-0 ;317 .
Organs, Electronic
(Service as Audio Amplifiers) ' 3 j:é'iafi 3-0, ﬂf‘%‘L
Photoelectric Controls 9 9-N 362 S
Photofiagh 9 -u_ 397 .
Radio Direction Finders 9 9-E 330
Radio Navigators 9 9-E__ 330
LRadiological Survey Meter F 9 9-p 382
Servo Systems 1-A, 1-B, 1-C, 3-A, 40-42-43-92-93-
(Service as Audio Amplifiers) 13,9 |3-8,3-C,3-D, 3-E, l 94-95-96-399
9-v
Tape Recorders 9 | 9~R, 9-8 I 399-390

Table AA — Concluded
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COMMERCIAL EQUIPMENT SERVICE DATA

TRADE NAME MODEL TYPE OF REFERENCE DATA
OR _

MANUFAGTURER | NUMBER EQUIPMENT FIG. NOS. PAGES |TABLES | PAGES
AUTOMATIC . ] 139- 40— —
RADIO MFG. PTR-158 Receiver 5-18, 5-19, 5§20 1141 5-A 142
AUTOMATIC .
RADIO MFG, TT-600 Receiver -4, 4-5 o102 (40
BENDIX Automobile
RADIO FM88BH T 6-25, 6-26 221-222 | 6-F,6-G | 223-224
3ENDIX Truck §-21, 6-22 217-218 | o_
RADIO R74BT Receiver 6-23, 6-24 219 I 6-£ 220
BENDIX Automobile 6-14, 6-15, 208~209 _
RADIO Rassc Receiver 6-16, 6-17 210-211 5-C . 2
BENDIX Autemobile §-5, 66, 67,6-4198-199-200 N
RADIO Re4BF Receiver §-9,6-10,6-11 |£01-202-203) 6-A 208
BENDIX Truck 6-21, 6-22 217-218
RADIO R84BT Receiver §-23, 6-24 219 6-¢ 20
BENDIX Automobile §-29, 6-30,  |z30-231
RADIO R858M-S Receiver 6-31,6-32 035 5-1 2%
BOGEN, Public Address __
bAvID BT12 Amplifio: 3-5,3-6 75-16 -
CADILLAC Automobile 258-259- | 7-A,7-B,| 266-270
BROUGHAM 7268085 Receiver L5 18 g5 7-C,7-0'| 273-27
CENTRALAB TA<8 Preanplifier 721 16 o
CENTRALAB TA-7 Preamplifier 2-1 ‘ 46 -— ==
CENTRALAB TA-11 i Hearing Aid 2-14, 2-15 59-60 - -

: Amplifier
CHEVROLET Automobile o
CORVETTE 372156 Recoiver §-27, 6-28 227-228 [6-H 229
CHEVROLET 987575 Automobile §-12, 6-13 206-207 |6-8 208

_ Receiver
cuBIC - Waveforn 9-30, 9-31 368-369 | __ N
gCJRPORAT|ON : Generator 9-32 370
CuslCc Pulse
corporaTION | 597 Generator 9-33,9-34 1312 | -~ -
CUBIC Curve __ .
corPORATION | 5% Tracer 8-33 $74
DELCO Automobile
RADIO 372156 Besiyel §-27, 6-28 227-228 | 6-H 229
DELCO Automobile
RADIO 987575 Ceneiver §-12, 6-13 206-207 | 6-B 208
DELCO Automobile 258-259 | 7-A,7-B
RADIO 7268085 RIS g 7-€.7-D
DU MONT, , 5-26,5-27, | 148-149
ALLEN B. 1210(RA-502) Receiver 5-28,5-29  |150-151 | -
EMERSON » L _ . N
RADIO 838 Receiver 4-6, 4-7 104~105
EMERSON . -
RADIO 843 Receiver 4-8 108
FIRESTONE 4-C-29 Receiver 4-4,4-5 101-102 | 4D 113
FIRESTONE 4-C-33 Receiver 5-185-195-20 |10 | 5a | 12
FIRESTONE 4-C-34 " Receiver 5-34 B = =
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FORD FEM-18805-8 6-23. §-24 217 to 219 6-E 220
GE (GENERAL ) 5-11,5-12, 131-132-
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KNIGHT Audio
(Allied Radio) 935283 Mixer rN' 2-8,2-8  [51-52-53 - -
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Amplifier !
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LEL Wrist Radio Receiver 5-4 119 —= -—
Automobile i
| LINCOLN FCC 15491-B M Tuner 6-25, 6-26 21-222 | 6-F,6-6 223-224
MADISON— 30 Hi Fi
FIELDING “Micamp”' Preamplifier 2-5.2-6 50 - o
" - Multi-band
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MAGNAVOX CR-744 Receiver 5-21 143 — -
Automobile 6-29, 6-30,
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Section 1

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 last 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 designed 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 componenis 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 wor_king on the_mim'aturiz_ed
circuits in which transistors are used. A soldering gun is satisfactory, as is a “pencil”
type iron or a 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, needle-
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 fest 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 chms/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 encountercd 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 VITVM and Volt-Ohm-Milliammeter will meet most test
requirements. Such an instrument is shown in Fig. 1-5.

Fig. 1-4: A Multitester chosen for 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 for both shep 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 VTVYM is needed for some tests, but is not as essential to servicing tran-
sistorized equipment as it is in the repair of vacuum tube operated gear. The TRIPLETT
Model 631 is a combination YTVM-VOM and hence may be used for all types of 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 of servicing, a general purpose R.F. Signal Generator is
needed for the test and alignment of transistorized radio 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, (¢) 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 809, of the “troubles” en-
countered in tube-operated electronic equipment are due to defective
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Fig. 1-8: A line-operated D.C. power supply or “battery eliminator”

is voluable in
transistor work. The unit shown here is suitable for servicing small 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 1009, “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 fransistors, and
are useful for selecting similar types and “matched” pairs.

Fig. 1-10: For fairly extensive tests of both low-power and 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/fCM). 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 servicing 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 specific 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
amplifiers, 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 mneeded for
checking the radiation pattern and relative power output of antennas.

The audio specialist needs an A.C. VITVM 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).

F;;g. 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.



PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES

TEST SIGNAL

\\\‘//

Op O

CABLE
INPUT

DEVICE

AMPLIFIER
STAGES

MODIFICATION
CIRCUITS

CONTROL
CIRCUITS

QUTPUT
AMPLIFIER

OUTPUT
DEVICE

INDICATOR
CABLE

20

POWER SUPPLY

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 nccessary Impedance Maiching Networks, 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 Direci-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 portable 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 single 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 fiow 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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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 IN51 diede hos broken loose frem the IF.
transformer terminal.

2)

3)

4)
5)

With the power “On,” reinspect the circuit. Watch for smok-
ing components, arcing or sparking, etc.

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

Listen for “frying” or arcing sounds.

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 inspzction
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. Volimeter, 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 VOLTAGE (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.



28 PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES

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 R.F. 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 R.F. 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,” (¢) 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
I.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.

4)

5)

6)

7

8)

)]

when testing computers, counters, or other types of equipment.
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.

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.

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).

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 LF. frequency
in the L.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.

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.

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, he 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.

4)

5)

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

Turn the equipment “On.”

Make any conirol adjustments necessary for normal operation.
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.

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

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



BASIC TEST PROCEDURES 35

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 bclow 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 LF. 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 @ 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 fry 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.

(¢) 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,
youw'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 can 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 previous 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
S0 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 1B: This “Universal” Troubleshooting Chart identifies 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 . . . for 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
o 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 servicing ANY TYPE of transis-

torized electronic gear. Most of the steps require but a few seconds . .

. a minute or

two at the most. 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.
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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
gize, 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,

a5
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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 frend 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 form. The
schematic diagram is given at (a), lead connections for the CENTRALAB TA-6 (and
TA-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 (R1, R2, R3), the input
coupling capacitor (C1), 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 (B1, 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, C1 serves as the input
coupling capacitor and to block any D.C. present in the input signal.
Base bias is supplied by voltage divider R1-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 current)
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. C1 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 and 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 (B1l) 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. C1 serves as the input coupling capacitor,
and R1 as the emitter load resistor. Base bias is furnished through
voltage divider R2-R3. A 22K resistor, R4, is used as a collector load,

P cl c2 J2)
INPUT ¢ {— —— | > OUTPUT
= 150 MFD. E c .25 MFD, x|

R4
22K
8 R3
R1 é 10K
s R2 $
1800 > W1
820 3
- 81
= 2.6v
+

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 for 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, SW1.

In operation, the magnetic cartridge is connected to Input jack
J1 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, C1 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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Fig. 2-8: Schematic wiring diagram of the KNIGHT Mixer shown in Figs. 2-7 and 2-9. A common-emitter circuit configuration is used.

The single PNP transistor is powered by a 4.0 volt mercury battery (Bl).
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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 of 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 J1, 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 R1, R2 and R3, together
with gain controls R4, R5 and R6 make up the basic “mixer” network.
In operation, C1 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 R10. Operating power is supplied by a single
4.0 volt mercury battery (B1). 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 C1 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-FI PREAMPLIFIERS. 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-amplitier. 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
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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 0.59,. With the Bass and Treble controls in their center
(flat) position, the instrument’s frequency response is flat within
0.5 db from 20 ¢ps 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 (BA1, 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 SW1 serves
three functions. One section (SW1A) selects the input signal to be
applied to the first stage (X1) through coupling capacitor C1. A
second section (SW1B) shorts out the unused input jacks to prevent
“cross-talk” and noise pick-up. Finally, a third section (SWI1C)
switches in different coupling networks (R8-C4 and R9-C5) between the
emitter electrode of the second (X2) and base of the first (X1) 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 X1 to serve as a control over the amplifier’s frequency
response characteristic.

In operation, X1’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. R11 and C6 form a
simple decoupling filter. X1’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, R17, C11, Treble control R18, and C12; from
here, the signal is coupled through C10 and compensation network
C13-R19 to Level control R20, and then to X83’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 X38’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 of 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 (SW1) 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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Fig. 2-14: The basic schematic diagram of the CENTRALAB TA-11 amplifier.
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A photograph of this unit is given in Fig. 2-2(b). This

circuit is typical of that used in Hearing Aid amplifiers. Four PNP transistors are employed, with the common-emitter configuration used in

each stage.
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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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Fig. 2-15: Lead connections for the TA-11 amplifier . . . refer to Figs. 2-14 and

2-2(b).

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 (B1), 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 159
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 PINP transistors are used
in the amplifier. C1 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 . . . R1-R2 in the
first, R4-R5 in the second, R8-R9 in the third, and, finally R11-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 R10 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 o pair of
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 conirols, 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.

COMPLAINT 'i PRELIMINARY TESTS
!
Check battery; try out unit, adjusting all controls; maoke sure input
DEAD ‘ and output connectors are secure; if plug-in transistors used, moke
I sure they are all in sockets,
I
| ]
WEAK | Check battery; apply test signal and check unit's operation; check
| D.C. operating voltages on transistor electrodes.
| —
H Try wriggling input ond ocutput cobles; watch for open shielding; try o
HUM OR NOISE 50-100 MFD. by-pass across battery or power supply as check for high
\ impedance circuits.
l| Check bottery; check unit’s operation, reodjusting controls; make
DISTORTION sure a normal input signal is used; obtain case history...if unit has
“:een subjected to high temperatures, test all transistors.
OSCILLATION || Check batrery; check shielding; use substitute electralytic {about 100
(Squealing} i, MFD.) to shunt across by-pass and filter capacitors.
[t — - —_
Check bettery and power supply connectors; operate unit under normal
INTERMITTENT conditions, adjusting each control or switch over full range; wriggle
OPERATION input and output connecters and cables; make sure transistors are
i firmly seated in their sockets (if used).

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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o 3 ) E- L] a - o o i o 3 a LN ) o g 0 =
[~ x 4] O - O »w| 0 | [N z = o | o owe oE
DEAD * . . o |o . .
WEAK * ° o |o [ . °
NOISY * . e | o * * ° Noisy load resistor (rare)
HUM * * .
DISTORTION * * * * [} ]
INTERMITTENT . * * * LI ) ° [
OSCILLATION * * o | * Also ‘"Motorboating"’
TEMPERATURE . o . *
SENSITIVE
MICROPHONIC . o | e . * . *
TABLE 2-B: GENERAL COMPLAINT TROUBLESHOOTING CHART . . . for preamps and Hearing Aids. Various complaints

are listed, along with probable defects. The most common defects are identified with an asterisk (*), while other defects
which can cause the complaint are identified with large dots.
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CABLES
Ree————— CA|
PACITORS CONNECTORS
PROBABLE
DEFECT
2 2
sl 5| el & = DESCRIPTION
INTERMITTENT MBI i3
COMPLAINT HEIIR sle|g|s| & 2 g
S| El gl e || 5| sl s| 2| £l 2| 2 8
R I IHE I HHEHEHEHE
S| 8 || S 25| 2| S22 2 B2
- b - = - - | &
HERIHEIHE NI IR
] o ) 2 1 o o ] o (3 o o L4 [ d L d
-d [=] - O -9 [ -9 a -8 [~] a ol > ol o
DEAD * A o | o . & | '"Works now and then"
WEAK . » . ] o | o ‘““Yolume changes suddenly’’
HUM OR NOISE N oo | o |* * | @ | * ["Ncise comes and goes'’
DISTORTION * ° . * | e “‘Becomes garbled now and then’’
OSCILLATION * 3 * * **Starts squealing sometimes”’
MOTORBOATING * . [ * ““Putt—putt sound comes on’*
TEMPERATURE * ° * * | o "Works fine on some doys —
SENSITIVE not so good on others’’
{
TABLE 2-C: INTERMITTENT COMPLAINT TROUBLESHOOTING CHART. An “intermittent” complaint is one that comes

and goes . . . the unit may work normally most of the time. It is the most difficult type of trouble to isolate. As before,
common defects are identified by an asterisk (*), others with large dots.



PROBABLE
DEFECT

R l’ BATTERY

RESISTORS CAPACITORS lTRANSIST. l

DISTORTION
COMPLAINT

Weak

High resistance
Poor contoct
Changed valse bias
High valve load
Low value load
Emitter R,

Open coupling
Leaky coupling
Open by-pass
Leaky by-pass
Weak

Leaky

High gain
Defective transducer

Defective transformer

Defective control

REMARKS

GARBLED

*
L ]
L
L]
*
L )

WEAK & DISTORTED

DISTORTS ONLY ON
PEAKS

POOR LOW FREQ.
RESPONSE

POOR HIGH FREQ.
RESPONSE

DISTORTS WITH
TEMP. CHANGE

DISTORTS AT MAX.
YOLUME

DISTORTS ON MIN.
VOLUME

TABLE 2-D: DISTORTION COMPLAINT TROUBLESHOOTING CHART. Often, the complaint is . .
works, but not quite right.” Such complaints may be grouped together as varying types of “distortion” . .

. "“the eguipment
. that is,

a departure from normal operation. This chart will help you to track down the trouble in minimum time. Again,

- defects «

ing the basic complaints are identified with asterisks (*).
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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 tfransistors, 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 elecirical
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 amplifiers . . . 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 wiring diagram of 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 R1, 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 (megative 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 T1 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, B1, controlled by a SPST push-button switch (SW1).

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 amplitier. 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 R1, 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
C1, poor battery contacts, or an intermittent switch (SW1). 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 (TR1,
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 R1-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 T1 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.A, 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 65" x 334" x434” overall, the BT12 weighs only
315, 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 0 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 chms) microphone.
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Fig. 3-5: The BOGEN Model BT12 P.A. amplifier, a fully 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 PINP 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 of 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 arcas, 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, 3314, and 16%23 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 TPA1 (and TPA2)
portable phonograph is typical. The TPA1’s schematic diagram is
given in Fig. 3-8, with the etched circuit board amplifier itself shown
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T

Fig. 3-8: Schematic wiring diagram of the PHILCO Model TPAI transistorized phono-
graph. Powered by four 1.5 volt flashlight cells, this instrument features direct-coupling
to the loudspeaker.

in Fig. 3-9; the Volume control (R1), loudspeaker (SPKR), motor
speed control (R11), battery power supply (Bl and B2), and DPST
“ON-OFF” switch (SW1) are mounted in the instrument’s cabinet
and are not part of the amplifier “chassis.” SWI1 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 TPAl 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 R1 and, from here,
is coupled through input transformer T1 to the first stage. T1 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 (B1, 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 wiring diagram of the LAFAYETTE Model KT-104 Audio Am-
plitier. 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 cariridges
. . . the “HI IMP” input, which by passes the first stage (TR1), 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 C1 to TR1’s base electrode. TRI1 is operated without
externally applied base bias, and R5 serves as its base return resistor.
The amplified output signal appearing across TR1’s collector load
R6 is coupled through C2 and C3 to Volume R1; 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 R1 the signal is
applied to a tone control network consisting of Bass contrcl R2, C4,
C5, R7, R8, 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, R11, is coupled through C10 to TR3’s base. Bias for
this stage is supplied by voltage divider R12-R13, working in conjunc-
tion with emitter resistor R14, by-passed by C12. TR3’s amplified
output signal is coupled through interstage transformer T1 to the
push-pull output stage; T1 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 R16, in series
with the positive power bus. Unbypassed emitter resistors R17 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 T1’s primary through coupling
capacitor C14; this reduces harmonic distortion and improves overall
amplifier performance. C13 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 R15 and C11, with addi-
tional decoupling for the first two stages (TR1 and TR2) furnished
by R10 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, (¢) 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 filtering
provided by a BF-1 Filter to obtain minimum ripple. The amplifier 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, TRI, 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 1K 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 Mifd. 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 TR1’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.

6 WATT
#1 POWER
PREAMP AMP SPEAKER

— 4}~ power  |——oi
| l |——| | I SUPPLY
9V 9v ]

»2 6 WATT
POWER
PREAMP AMP SPEAKER

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 Transmitier 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 LF. 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.

38 V (NO LOAD}
34V (4A)
7 vac C1-1500,t,50V
SILICON BRIDGE - FOUR- IN537'S
(a)

20

— 50V (NO LOAD)
45V (4A)

47K
Yawi AMPLIFIER #1
+

47K =
I/2W  AMPLIFIER #2
50V (NO LOAD}
=~ 45V (4A)

115V AC

Ci— 1500 uf, 50 VOLTS
c2- 1500 uf, 50 VOLTS
C3- 1500 uf, 5O VOLTS
C4~ 1500 uf, 50 VOLTS
SILICON BRIDGE - FOUR- IN1(IS

(b)

Fig. 3-14: Schematic wiring 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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PRE-AMPLIFIER
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s irowsn AMP,

T 2

TRy~ POWER TRANSISTOR (MOUNT ON HEAT SINK) C.B.S. 2N256, 2N156 OR EQUIVALENT,
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T, - STANCOR P-6469 II7VAC TO 25.2 OR EQUIVALENT

D} ,D3,D3,D4 - GENERAL ELECTRIC IN9|I GERMANIUM RECTIFIERS

Cj,C2- SOptd , 50 VOLT

By -3, 4VOLT MERCURY CELLS IN SERIES, MALLORY TR-233R OR EQUIVALENT

Fig. 3-15: Circuit of @ REGULATED power supply. Here, a power transistor (TRI) 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 (C1) . . . 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 (C1) serve as a basic D.C. source. However,
in order to improve voltage regulation, a power transistor (TR1) is
used as a series regulator, with small mercury batteries (B1) 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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Fig. 3-16: A general block diagram which can be applied to ALL types of transistorized audio amplifiers. Not all instruments will include all
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). o
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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 Player 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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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 (1a, 2a, etc.) ONLY if 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-B: DISTORTION COMPLAINT TROUBLESHOOTING CHART — Use this chart as a guide where the customer
complains . . . “the amplifier works, but not quite right"”” Common defects are identified by an asterisk (*); less com-
mon defects which can cause the same complaint by a large dot.
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TABLE 3-C: NOISE COMPLAINT TROUBLESHOOTING CHART — Where the complaint is “hum,” "hiss,” or a similar noise, use this chart
g to identify possible sources of trouble. As before, the more common defects are identified with asterisks (*).
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High Power Factor

Scintiflation

Open input Filter
Leaky Input Filter
Shorted input Filter
Open Output Filter

Leoky Output Fiiter

Shorted Output Filter
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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.

SHIIINdWY OIaNY ONIDIAAIS



96 PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES

CHECK FOR PROCEDURE

Using Audio Generator, apply sine-wave signals @ 50, 100, 500, 1,000, 5,000
and 10,000 cps. Observe input and output on Qscilloscope, noting any devic-
Distortion tion in wave-form, Vary input level from minimum fo specified moximum ot
each frequency. Adjust Loudness, Level end other controls over sperating
range,

1, Using Square-Wave Generatar as signal source and Oscilloscope to check
output wave-form, check performance with 50, 100, 1,000 cps signals,

watching for ive ding of high freq v signals, tilt of fow
frequency signals,
Frequency Response tl, Use Audio Generator as signal source, applying sine-wave signals over

range from 50 cps to 20 KC. Keep input signal constant, checking output
level with YVTVM or Oscilloscope.
With either test technique, adjust tane controls over full range, noting changes
in equipment operation,

Use Square-Wave Generator and Oscilfoscope. Check with T KC and 5 KC

Transient Response signals, watching for overshoots.

Use Audio Generator as signal source. Connect 20 watt resistor across out-
put terminals...volue equal to loudspecker impedance. Measure power output
Powar Output using YTYM and formule {P = E?/R) with normal input and moximum signais.

In addition to busic tests outlined above, check system for overall balance,
Steren using Output Meter,

TABLE 3-E: HI-FI 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 o 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 fogether 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

97
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Fig. 4-1: Block diagram of typical “hybrid” portable radio receivers. Tubes are used in the R.F., LF. 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 “B” (high

voltage) power supply may be used in place of “B” 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 manufaciurers, 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 LF. 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 IL.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 “B” battery.
The receiver’s "A” battery, which supplies filament 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.
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Fig. 4-4: AUTOMATIC RADIO's Model TT-600 receiver. The schematic wiring diagram
is given at (a), chassis layout at (b), and an interior view of the receiver, showing
battery location, is given at (¢). 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 iwice 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 L1, 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 1V6 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 LF. value. Next, the LF. signal developed by the mixer
is coupled through LF. transformer T1 to the LF. amplifier stage, a
type 1AH4 subminiature tube. After additional amplification here,
the LF. signal is coupled through the 2nd LF. 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 RADIO’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 R1 as an AVC control
signal for the R.F. mixer. Rl is bypassed by C1, providing a slight
delay in AVC 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 T8 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 1V&6’s filament.

The audio power stage consists of iwo 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 LF. amplifier
stage. Returning to the 1AH4, a small porfion of the amplified LF.
signal appearing across T2’s primary is coupled back through C3 and
T1’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 L1. 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 LF. 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 114” to 234" 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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transistor driver stage ahead of the output amplifier to obtain in-
creased power output and greater gain.

Referring to Fig. 4-8(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 67l4-volt “B” 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, 1.1, tuned by variable capacitor CI1.
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 L.F.
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Fig. 4-7: Exterior view of EMERSON's Model 838 receiver.

signal obtained from the 1R5 is coupled through IL.F. transformer T1
to the 1U4 LF. stage, with its amplified output signal coupled through
T2 to the diode section of a 1U5 diode-pentode vacuum tube. R8 and
Volume control R9 serve as the diode’s load, with the D.C. portion
of the detected LF. signal coupled back through R7 to the 1R5 as
an AVC control signal. The audio portion of the detected signal is
coupled through C14 to the 1U5’s control grid. Thus, the 1U5 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 1U5’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 C17 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) of EMERSON's Model 833
portable radio. A full-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 ‘B’ 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 neced 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,



SERVICING "“HYBRID” PORTABLE RECEIVERS 107

a PNP iransistor is used as a 15 KC blocking oscillator, with trans-
former T1 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
R1-R2, with R1 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.-LF. circuits through common-coupling in the battery.
The stepped up voltage obtained from T1 is rectified by a semicon-
ductor diode, D1, and filtered by a “Pi” network made up of C2,
L1, and Cl1. Due to the high operating frequency (15 KC), the
“ripple” filter, L1-C1, can be made up of relatively small components;
C2 is made moderately large, however, to insure good voliage regula-
tion. The D.C. output voltage (B-}) obtained ranges from about
40 to 100 volts, depending on T1’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

2)

Fig. 4-9:

Resistance checks — before making such tests, turn the set
“Off,” and, preferably, remove the batteries . . . then remove
the transistors.

Battery replacement - “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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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.

3)

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
polarity when replacing batteries.

Transistor replacement — as mentioned in earlier Sections,
transistors seldom “go bad” unless abused. If 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 LF. 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 Generator 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 Generator “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 cac—

PROCEDURE CHECK IN ORDER
LO0K FOR
T GENERAL . 2 s ;
COMPLAINT

a. Defective battery, tubes.
DEAD Batteries Tubes Audio System R.F.<|.F. Stages b. Open or shorted copacitors.
c. Defective converter stage.

a. Weok battery, tubes.

WEAK Botteries Tubes R.F.~1.F. Audio System b. Lecky by-pass capacitors.
Stages c. Misalignment,

R.E.-LF a. Shorting tuning capacitor.
NOISE s;"'"' . Audio System | Shielding Alignment b. Noisy control.

¢. Open by-pass; defective shislding.

a, Defective tubes.
INTERFERENCE Tubes R.F. Stages I.F, Stages Alignment b, Misalignment.
<. Defective converter,

R.F.-LF, e, Weak battery,
OSCILLATION Batteries By-pass Shielding Alignment b. Open by-pass capecitors.
c. Dofective shielding.
R.F. I.F. Tuned circuit a. Gassy R.F,~I.F. tubes.

POOR SELECTIVITY Alignment Alignment AVC Circuit Components b. Impreper alignment.
c. Defective coils, copacitors,

a. Weak battery, gassy tubes.
DISTORTION Batteries Tubes Audio System Louvdspeaker b. Leaky coupling, by-pass cap,
c, Impreper bias.

a. Dofective battery, tubes.
INTERMITTENT Battery Tubes Copacitors Wiring b. Intermittent copacitors.
¢. Defective wiring, 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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Unable to tune stations. * L4 . . * o L4 *
Tunas only one station. * * * . . . * *
Dead at high end of band. * * . . *
Deod at low end of band. * * . hd . . hd
Squesaling on station. * . * * °
Oscillation off station. * . * . .
Poor selectivity. * . . * »
""Blasting’’ on station. * °
Does not track dial. . * *
Drift with time. * L] * . * O *
Noise as set is tuned. * .
Works for while, cuts out. * * . *

TABLE 4-B: RF.-ILF. TROUBLESHOOTING CHART — If the trouble is in the R.F., converter, or LF. stages,
chances ore you'll encounter one of the complaints listed. The more common defects are identified with an
asterisk (*); less common defects with a dat.
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Audio section dead, > e | . ) o |e | *
Low gain. * O . . . | e *

Low power output, * 'Y . P *
General *‘garbling’’, * | * ole o | e O o | e oo e *
Distortion on peaks, L A * o | e o | e . o | e | *

Distortion at low volume. . . . *
Poor low freq. response. Y * * . o | e | @
Poor high freq, response, . * o | o
Noise when volume is varied, . *
Squeoling — motorboating, * “ | o "
Sensitive to temperature, M ° * | o ° *
Hiss or other ncise. * . * . *

TABLE 4-C: AUDIO TROUBLESHOOTING CHART —

quality may be in EITHER tube OR transistor stages.

specific component.

In “hybrid” receivers, defects which affect sound (audio)
Use this chart as a guide when isolating trouble to a
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In most cases, Alignment is for maximum loudspeaker volume
(using a modulated R.F. or LF. signal). For more accurate adjust-
ment, an Output Meter should be comnected 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 Qutput 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

Volume contra} - — Maxi all adj Connect dununy anteuna in series with outpot lead
of signal generator.
No signal applied to antenna. Connect ground lead of signal generator to chassis,
Dial Setting Generator Dummy Genarator Trimmer Trimmer
Frequency Ant, Connection Adjustment Function
1. Fully apen £33 K A MEFD {AHL Grid Maxiwum Ouiput LE,
Top & Bottam
2. Fuily open 135 Ko A MFD 1Vo Grid Maximum Input LF,
Top & Buttom
3. Fully open 1610 K¢ .1 MFD 1Ve Grid Mauximum Useillator
Trimmer
4. Tune in signal 1400 KC Lousely couple
from gedverator signal generator Maximum Auntenna
to “Magua Loop™ Trimmer
Rep lig procedure s a final check.

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 for the alignment of ANY portable “hybrid" receiver. Be sure to
use the correct LF. 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 (MADT), 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 types 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
compiuters. 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, (¢) 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 ftransistorized portable receiver. A line-operated Power
Supply is used as a power source in place 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 (B1l) 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 C1-L1; individual stations are selected by adjustment of L1’s



SERVICING TRANSISTORIZED PORTABLE RECEIVERS 117

“slug.” A tap on L1 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 and 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 T1 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 LA1, 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 T1, 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 C1 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 AVC control signal. The audio
signal is coupled through C8 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

Fig. 5-4: Schematic wiring diagram of LEL's “wrist radio.” The circuit shown is typical
of those used in non-superhet 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-
sulated 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 (C1) to 600 KC, then without
disturbing antenna tuning, adjust the R.F. tuning control
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set features two R.F. stages and is designed for earphone operation only.
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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 T1’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, cornmunications 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 oscillator. 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 (I.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
LF. value. Next, the I.F. signal is amplified by one or more tuned
LF. 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 1.F. amplifier, diode-triode (or
diode-pentode) 2nd detector-first audio amplifier, beam power or
pentode audio output tube, and either a selentum 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: REGENCY'’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-1 is given in Fig. 5-6. Later versions of the TR-1
are very similar to it in external appearance and even in chassis lay-
out, but use somewhat modified circuitry. For example, the original
TR-1 used all NPN transistors; the TR-1G, a later version, uses
NPN transistors in the R.F. and L.F. stages and a PNP transistor in
its audio stage. The schematic wiring diagram of the TR-1G is given
in Fig. 5-7. Different versions of the TR-1 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, R19, R12
and C16 are not used in all models, and C12 (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 L1, tuned by variable capacitor
C1A; a step-down sccondary winding on the antenna core, 1.2, 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, opecrating in conjunction with emitter resistor R3. The first
transistor is operated as a converter; 14, 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 cmitter resistor R3 and thus to insure good
circuit Q; this coil is tuned by variable capacitor C1B, ganged with
C1A . . . both series padder (C3) and trimmer (A5) capacitors are
provided. An LF. signal at 262 KC is developed by the converter
stage and selected by its output load, tuned LF. transformer T1. R4
and C5 form a decoupling filter in the collector supply circuit.

In a transistorized receiver, an interstage ILF. transformer serves
a dual role. It not only selects the LF. signal, by virtue of its tuned
primary 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 LF. 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 T1’s secondary is
applied to the base-emitter circuit of the second stage, an NPN R.F.
transistor serving as the receiver’s first LF. amplifier. Its amplified
output signal appears across the tuned primary winding of second
LF. transformer T2. An R-C network, C21-R18, 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-R18 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 AVC action later.

The amplified IF. signal is coupled by T2’s secondary to the
second LF. amplifier stage, with its output signal, in turn, developed
across T3’s tuned primary winding. The operation of the second
LF. 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 C11 and C12,
in conjunction with emitter resistor R10. Collector current is fur-
nished through decoupling filter R11-C13. Stage neutralization is
provided by network C22-R19, connected between T3’s secondary and
the transistor’s base.

From T3’s secondary, the amplified LF. signal is applied to a
conventional diode detector, D1, with the detected signal appearing
across the diode load resistor, Volume control R14. Series resistor
R12 and shunt capacitors C15 and C16 serve as an R.F. filter to remove
the LF. components of the detected signal. The signal appearing
across R14 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 C17, 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 (L.S1). The output stage is a PNP transistor operated as a single-
ended Class A amplifier; base bias current is furnished through
voltage-divider R15-R16, in conjunction with emitter resistor R17,
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, J1, 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 SW1, ganged to Volume control R14, and
bypassed by C18. Normal current drain is about 56 MA.

The AVC 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 AVC 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 AVC
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 AVC 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 LF. amplificr. 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 C8 With the diode (D1) connection used
in the second detector, the D.C. component of the detected LF. signal
is negative with respect to circuit ground; its amplitude, of course,
depends on the amplitude of the LF. 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. C8, at the juncture of R5 and R13, serves
both as a by-pass and to provide a slight delay in the application
of the AVC 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-1G 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 J1). 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 LF. transformers (T1, T2, T3), in turn, for a peak read-
ing on the Output Meter. Next, shift the Signal Generator to 535 KC
and set TR-1’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-1's chassis, with case removed. The chassis is held in
its case with a single screw.

The Alignment procedure outlined, except for exact LF. value
employed (some sets use 455 or 456 KC LF. 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-1’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. ftransistors, 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
(R11). 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 LF. amplifiers,
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respectively. In later runs, type 2N135 transistors were used in the
converter and both LF. stages. Either type 2N78 or 2N169 may be
used in the first audio (detector) stage. A small diode, Y1, 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 (Y1) 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.-L.F. transistors used.

Since we examined basic stage functions in considerable detail in
reviewing the operation of the Regency TR-1G 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.

PR o~

SENERALGD eLecTRip |

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-1G, and consist of
(in order), a converter, 1st LF, amplifier, and 2nd L.F. amplifier. As
in the other set, the interstage L.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 LF. stages. The local oscillator circuit is different. ..
in the TR-1G, 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 (T1) 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 LF.
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 (R11); as stronger signals are received,
or as R11 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 {ransistors; 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 LF. 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 C10. 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 LF. 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 AVC 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 LF.
transformers are peaked at 455 KC, the oscillator coil’'s (T2) core
at 600 KC, and the oscillator’s trimmer (C1D) 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 T1 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 (X1) is “weak’ and should be replaced.
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If any of the R.F.-L.F. transistors are replaced (X1, 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 (%4 or 1 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: Overall view of the HEATH Model XR-1 receiver. This “full size” portable
receiver uses a moderate size oval loudspeaker and is powered by standard flashHght
batteries. It is sold in “kit"” form.



SERVICING TRANSISTORIZED PORTABLE RECEIVERS 135

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-1’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-1G, 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 Joopstick antenna is mounted on insulating clamps across the top of the
chassis.

verter and two LF. 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 1.F. stages, of the
detector, and of the first audio amplifier is quite similar to that of the
carlier 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
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detector and is coupled back and applied only to the base of the
1st LF. 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 LF. 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 LF. 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 AVC 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 AVC circuit.

To see how the diode does its job, let’s consider its operation.
Under “normal” conditions, the LF. 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 L.F.
stage’s 1K 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 LF. 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
AVC control signal can be developed by the second detector. Applied
back to the 1st LF. stage, this AVC 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 LF.
transformer. This, of course, reduces the overall gain of the converter
stage, and drops the level of the signal applied to the first I1.F. stage,
compensating for the increased amplitude of the strong signal. Since
the diode is most effective against very strong “overload” signals,
it is frequently called an cverload 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-1G and GE Model 675 receivers. The set’s L.F. is
455 KC.

While the XR-1 uses NPN transistor types in its R.F.-L.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 LF. stages, audio types in
the audio section. This receiver is shown in Fig. 5-18, with its

Fig. 5-18: AUTOMATIC RADIO'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 “I)” 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 LF. 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 LF. frans-
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 (T1)
and the juncture of the 1st LF. 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 AVC 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 I.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
T1’s primary, reducing converter gain.

There is one other difference between this circuit and the ones
we have examined earlier. Note that the LF. transformers (T1, 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.
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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 LF. 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” LF. transformers, and obtains its AVC
control signal from the 2nd detector, with this signal applied only
to the base of the first LF. amplifier (through R11, bypassed by C6).

ALIGNMENT PROCEDURE
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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 Broadcast Band.

However, unlike the other receiver, the CR-744 is a ‘“personal”
sized portable, is equipped with a 23} 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 LF. is 4565 KC. The overload diode is not used here,
and a different neutralization arrangement is employed. In the CR-
744, the neutralization networks are connected between the base of
one stage and the secondary of the following LF. transformer; thus,
Q2’s neutralization is provided by C9 and R9, and Q3’s by C10 and
R10.

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 LF. 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
2%; 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 LF. stages and PNP units in its audio
section. With the common-emitter configuration used in all stages,
the set includes a converter, two LK. amplifiers, a diode detector,
a single-ended Class A audio stage, and a push-pull Class B power
amplifier. Using tapped LF. transformers, and with an AVC control

Fig. 5-22:—OQverall view of the RCA Model 7-BT-9J 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, LF. neutralization is obtained by using tapped secondary
windings on interstage L.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, AVC control is applied to the converter stage as well as
the 1st LF. amplifier. This is accomplished by obtaining the con-
verter’s base bias from the emitter electrode of the LF. 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 AVC
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.
AVC amplifier for the converter, Q1.

Fig. 5-24: Rear view of 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, R11 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, 10K 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 R1-R18. This
last change, of course, removed AVC control from the converter
stage; to compensate for this, an overload diode was connected between
Q2’s collector and the junction C11-R11, 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 314” 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
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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 LF. 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 LF. stages, and PNP units in the audio driver and
push-pull power output stage. One diode (CR02Z) serves as the 2nd
detector, the other (CR01) as an overload diode. A close examination
of the circuit reveals many of the features we have observed in the
other receivers studied. Tapped 1.F. transformers are used (T101,
T102, and T103). The second detector serves not only to demodulate
the amplified LF. signal, but to provide a D.C. signal for AVC
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 R105, to control the gain of
the 1st L.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 234" PM loudspeaker and has a max-
imum power output of 130 milliwatts (or 100 milliwatts with not
over 109, distortion). With an LF. 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.
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Fig. 5-27: Schematic wiring diagram of 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 of the 1210 (RA-902) receiver, with back cover 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, (TR1), 1st LF. (TR2), and 2nd 1LF. (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 (D1) 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 AVC 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 LF. 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 L.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.
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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 514" PM loudspeaker,
or a maximum output of 250 milliwatts. With an L.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 six-transistor receivers discussed earlier.
For example, the Model 4-C-34 has two neutralized LF. 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. AVC bias voltage is ob-
tained from the 2nd detector (at the junction R11-R14) and coupled
back as a control over the gain of the 1st LF. 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.-L.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
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Fig. 5-31: Schematic diagram of 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 of the owner. The “charging unit”
shown is part of 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.-LF. 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
AVC control signal; this is obtained from the 1st LF. stage’s emitter
resistor, R7, and coupled back to the mixer through voltage divider
R1-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-

AR

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 LF. amplifier, in addition to serving its normal func-
tion, also serves as an AVC D.C. amplifier for the mixer.
Continuing, a double-tuned first LF. transformer (T1) is used.
This represents another departure from earlier circuitry; as you’ll
recall, only the primary windings were tuned in the L.F. transformers
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used in the other sets studied. T1’s tuned secondary is tapped to
provide a match to the 1st L.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 LF. 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 C8. A familiar design is used in the third LF. trans-
former; T3; it has a tuned, but untapped, primary, and an untuned
step-down secondary. The 2nd LF. stage is neutralized by a signal

Fig. 5-33: Close-up of the P-715C 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 C10.
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-10K 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
Joudspeaker, 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 LF. is 455 KC; tuning range from
540 to 1600 KC.

Referring to the schematic diagram, we find that the 8-BT-10K
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 Q8 as the 1st and 2nd LF. 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-10K, a “full-size” seven-transistor portable
receiver.

to the 1st audio amplifier, Q4. AVC control bias is coupled back from
the 2nd detector circuit through R2, bypassed by C4, to the 1st LF.
stage, and through R4, bypassed by C5, to the 2nd LF. amplifier
{Q3). The audio signal developed across Q4’s emifter 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 LF.
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, Q1 serves as a converter
and Q2 and Q3 as the 1st and 2nd LF. 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 C10.
An overload diode, CR1, is used between the converter and 1st LF.
stages. The amplified I.F. signal obtained from the last LF. 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, RT1, 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
LF. amplifier, but, unlike the others, is applied to the stage’s emitter
rather than its base circuit. Note that R8, bypassed by C8 and C14,
serves as a common emitter resistor for both the 1st L.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 R8 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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Fig. 5-39: Chassis layout used in the 9-TX-2 receiver.

AVC 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 1-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 LF. 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 234” PM loudspeaker. It is designed to be operated from
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Fig. 5-40: Wiring diagram of the RCA Model 1-BT-3 receiver (a) and its separate Battery Chargers (b), DC-3 and BCS-4 . . . the latter
unit includes a separate PM loudspeaker which is connected to the receiver through earphone jack J1. g
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four penlight cells connected in series to supply 6 volts or from
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

+ a
BATTERY PHONES
JACK
/ ANT. TERM.
P . -
i -
L H H

IP } O

e

of
&)

\\
la@ :AT‘ERY

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

1-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 (P1), step-down power transformer (T1), semiconductor
half-wave rectifier (CR1), current limiting resistor (R1), and output
cable and male jack (J1) to fit the battery charger receptacle
mounted on the receiver itself . . . J2, Fig. 540(a). Designed for
operation on a standard A.C. power line, the charger delivers an
output of 40 MA at 54 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”7 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 L.F. amplifiers, respectively. An overload diode, CR1, is used
between the converter and 1st I.F. stages. Tapped LF. 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
LF. 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 Raythcon 8TP Series, as a further example, are eight-
transistor sets using a mixer, separate local oscillator, two LF. 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 .
Step Side of Sig. Gen. Pointer MAi]uéLiotn
Gen. to — Qutput Setting ax. P
Quiet T4 3rd IF
1 #2 terminal 455 ke point T3 2nd IF
of ant. near T2 1st I.F
assembly L1 1600 kc
2 Repeat Step 1
Gang .
3 1620 ke | fully ose. o e
open
Short wire -
4 placed near 1400 ke | 1400 ke | On% trimmer
antenna for Cl19
radiated signal
5 500 ke 600 kc T1 .
rock gang osc. coil
6 Repeat Steps 3, 4 and 5

TABLE 5-B: Alignment 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 LF. 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
LF. 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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b VOLTAGES
et Iﬁ With supply voltag. at 8.8 volts, no signal input, set
-i tuned to 1 MC and volume control
setting, the total receiver current should be between 12MA

and 18MA and the Emitter voltages as follows:
TRANSISTORS NORMAL MAXIMUM  MINIMUM
—0.35

Q1 ~—0.5 —0.2
Q2 —1.0 —1.2 —0.6
Q3 —1.0 —1.3 —0.75
QU —0.4 —0.55 —0.3
Qs —04 —0.55 —0.25
Q6 —0.8 —1.0 —0.6

‘Supply voltage should be measured with the Dial Light
on and the common side of the VIVM connected to
ground. Emitter voltago measured with common side of
VIVM connected to junction of R29 and C48A.

Fig. 5-42: Schematic diagram of the MAGNAVOX “50 Series” receiver. This is an 8-transistor receiver covering the AM Broadcast
Band and three short-wave bands.

168



IF ALIGNMENT

Equipment required:

1,” Signal Generator with AM Modulation

2. Oscilloscope

3. Alignment Tool, fabricated from square bakelite dowel

1o 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.

tapered almost to a point (tapered end to be .060" 5T

square ). ) . ST GENERATOR ApjUST
Connect « 10,000 chm resistor to pin 5 of Tl. Connect the TO:
signal generator through a .0l mfd. capacitor to the other 1 455KC Top of T3-12-TL for maxi-
end of this resistor. Set volume control at minimum and mum output
adjust output of generator to produce approximately .1 volt e
peak to peak on scope. Maintain generator output at low 2 455KC Eﬁilo‘ﬁl of Tl for minimum
level through alignment to prevent overload. Connect scope P

BF ALIGNMENT

Equipment required:

1, AM signal generator having frequency range of S50KC
to 22MC.

2. Oscilloscope

3. Sweep generator having frequency range of 550KC to
226MC. Available frequency deviation between 100KC
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 o be fed into the horizontal input connection on the scope.

Before proceeding with the alignment instructions as outs

TABLE 5-C: Factory alignment data for the MAGNAYOX “50 Series” multi-band

ERATOR is needed for the R.F. alignment.

lined, the tuning gang should be completely closed and the
dial pointer calibrated at the exitreme low end of the dial.
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{‘ APPROX_"'I.

A /\
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TABLE 5-C (Continued)
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RF ALIGNMENT CHART
BAND . SET TUNING - SETAM | SET SWEEP : ADJUST
SELECTOR GANG : GENERATOR ' GENERATOR :
STEP | SETITING TO TO TO : REMARKS
B 1400KC 1400KC : C28 for Maximum amplitude
1 42MC | 42MC ! C25 for maximum amplitude
1 2 11MC 11IMC . C22 for maximum amplitude
- . " Swing generator across bond width
3 ; 22MC 22MC €18 for maximum amplitude to check and make sure image fre-
B i 600KC 600KC L12 for maximum amplitude quency is higher than signal
1 1.8MC 1.8MC L11 for maximum amplitude frequency.
2 2 SMC _E’MS - L10 for maximum amplitude
3 13MC 13MC L9 for maximum amplitude
3 Repeat Steps | and 2 until no further ad justment is required.
B 1400KC 1400KC I C15 & C6 for maximum response
- _ See Figure |
1 ! 42MC T 42MC CI4{ & C5 for maximum response
. e See Figure _
4 2 11MC . 1IMC C13 & C4 for maximum response
L o See Fiqure Sweep generator should be set for
3 2ZMC ; Cl11 & C2 for maximum response | 1MC sweep width. if not available
e : See Figure adjust sweep generator, center fre-
B SO0KC 18 & 14 lor maximum response | quency to observe image response.
| 1 _ lsmC N L7 & L3 for maximum response X
S5 2 SMC } : . L6 & L2 for maximum response
3 13MC 13MC L5 & L1 for maximum response
[ Repeat Steps 1 and 2 unlil no further ad justment is required.
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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 LF. 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, Q1 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 AVC control bias which is
coupled through R18, bypassed by C42, to the base circuits of the
R.F. and 1st LF. amplifiers. The audio signal obtained from the
2nd detector and appearing across Volume control R20 is coupled

ALTERNATE ALIGNMENT

ALTERNATE ALIGNMENT trimmers and coils using a single generator. While this
Whenever the specified equipment is available, the sweep method is satisfactory for practical purposes, for optimum
generator alignment is recommended, however, there is an performance the sweep generator method for alignment
alternate method for the alignment of the RF and antenna should be used.
ALTERNATE METHCD OF ALIGNING RF & ANTENNA TRIMMERS AND COILS
I T 1 e
BAND TUNING | SIGNAL :
STEP SWITCH GANG GENERATOR : ADJUST : REMARKS
SETTING SETTING SETTING
— — L = .
B 1400KC 1400KC C15-6 for moximum amplitude ,
1 1 42MC 42MC C145 for moximum amplituds | Whon making these adjustments the Gen.
N N Signal frequency and the trimmers adjusted
2 1MC 1MC €134 for for maxi output over band width.
3 22MC 22MC C11-2 for maximum amplitude |
_____ H
{
I B 800KC 800KC 184 for maximum gmplitude
N . When making these adjustments the Gen-
2 ! 1.8MC 1.8MC L7-9 for maximum amplitide | orator should be finetuned either side of
- —— Signal frequency and the trimmers adjusted
H s5MC 5MC L8-2 for i for i output over band width.
3 13MC 13MC LS} for maximum 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 LF. 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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the reception of higher frequency bands; provision is made for con-
necting an external antenna. The set uses a 514” 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 L.F. transformer, Z1, 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 R19, bypassed by C4, to the base of the R.F.
amplifier, where it serves as an AVC control bias. AVC bias is also
applied to the 1st LF. stage through R10, bypassed by C22. When the
Bandswitch is in the Broadcast-Band, SW1 and SW2 (two lower
short-wave bands) positions, AVC is applied to the mixer through
voltage divider R6-R7, bypassed by C21; AVC 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 (LA1, 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

177

SIGNAL GENERATOR RADIO
STEP CONNECTION TO DIAL BAND DIAL PECIAL
RADIO SETTING SWITCH SETTING INSTRUCTIONS ADJUST
1 Through a .05 mfd con- 455 ke. BC Tuning gang | Adjust, in order given, Z3—3td 1I-F Pri.
denser 1o mixer base, fully open. for max. output. Z2—2nd I-F Pri.
L8  Ground lead 1o Z1—1st I-F Sec.
chassi Z1—1st I-F Pri.
[ E— §
i 1620 ke, BC 1620 k. Adjust for max. output. VC4—BC osc.
nal Generator” in proce- Oscillator is  tuned to
dure above. high side

3 Same as step 2. 580 ke. BC 580 kc. Adiust for max. output. T7—BC osc. core
This is the osc. tracking
adjustment. repeat steps
2 and 3 until no further
adjustment is necessary.

4 Same as step 2. 1500 ke, BC 1500 kc. Adjust for max. output. VC7—BC R-F

VC10—BC Ant.

5 Same as step 2. 580 ke. BC 580 kc. Adjust for max. output. T14—BC R-F core
Adjust LAl primary by LA1—BC magne. Pri.
sliding on magnecore.

Coil is held in place by
wax. Gently heat o
move,
Repeat steps 4 and 5
until no further im-
provement is noted,
6 Through 2 dummy ant, 4 mc. SW1 4 mc. Adjust for max. output. VC5—SW1L osc,
Important—See “Signal Oscillator is wned to
Generator” in procedure high side
above. .

7 Same as step 6. 2 mc. SW1i 2 mc. Adjust for max. output. T8—SW 1 osc, core
This is the osc. tracking
adjustment. Repeat steps
6 and 7 until no further
adjustment is necessary.

8 Same as step 6. 4 mc. SW1 4 mc. Adjust for max. output. VC8—SWI R-F

VC2—SWi Ant.

9 Same as step 6, 2 mc. SW1 2 mc. Adjust for max. output. T15—SW1 R-F core
Repeat steps 8 and 9 T1—SW1 Ant. core
until no further adjust-
ment is necessary.

10 Same as step 6. 8 mc. Sw2 8 mc, Adjust for max. output. VC6—8W2 osc.
Oscillator is tuned to
high side

11| Same as step 6. 4 mc. SW2 4 mc. Adjust for max. output, T9—SW2 osc, core
This is the osc. tracking
adjustment. Repeat steps
10 and 11 untl no fur-
ther adjustment is neces-
sary.

12 Same as step 6. 8 mc. SWwW2 8 mc. Adjust for max. output. VC9—SW2 R-F

. VC3—SW2 Ant.

13 Same as step 6. 4 mc. SW2 4 mc, Adjust for max. output. T16—SW2 R-F core
Repeat steps 12 and 13 T2—SW2 Ant. core
until no further adjust-
ment is necessary.

14 Same as step 6. 18.2 mc. 16 meter 18.2 mc. Adjust for max. output. VC11—Spread osc.
Osc. is tned to low
side

| 15 Same as step 6. 17.2 mc. 16 meter 17.2 mc. Adjust for max. outpur, T13—16M osc, core

16 Same as step 6. 16 meter Repeat steps 14 and 15 VvCi1l
until no further adjust- Ti3
ment _is necessary.

17 Same as step 6. 17.7 mc. 16 meter 17.7 mc, Adjust for max. output. T20—16M R:F core

T6—16M Ant. core

18 Same as step 6. 15.2 mc. 19 meter 15.2 mc. Adjust for-max, output. T12—I19M osc. core

T19—19M R-F core
T5 —19M Ant. core
19 Same as step 6. 11.7 mc, 25 meter 11.7 mc, Adjust for max. output. T11—25M osc, core
T18—25M R-F core
T4—25M Ant. core
20 Same as step 6. 9.7 mc. 31 meter 9.7 mc, Adjust for max. output. T10—31M osc. core
T17—31M R-F core
T3—31M Ant. core

TABLE 5-E: Factory alignment data for the T-9 receiver.
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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 22,56 MC; a 455 KC LF. is used. The Royal 1000 is equipped
with both fixed and detachable ferrite core loop antenna coils (Wave-
magnets) for Broadeast-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 47 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 C10) two-section tuned filter,
T2-T3, is used between the 1st and 2nd LF. amplifiers in place of the
more conventional two-winding IL.F. transformer. T3 is tapped to
provide an impedance match to the 2nd LF. stage. Both I.F. stages
are neutralized . . . the 1st through C8 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 10K isolating resistor to the Radio-
Phono switch S2 and, from here, to Volume control R1 (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 C1, to serve as an AVC control bias on the base
of the R.F. amplifier. AVC 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 LF. stage’s base
(through a 1K resistor, bypassed by C5, and T1’s secondary). The
D.C. voltage appearing on the R.F. stage’s emitter varies, of course,
in accordance with the AVC 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 (R1) 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 R1 is coupled through C21 to the 1lst 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.

ALIGNMENT PROCEDURE

—— e e ee—m e e
CONNECT GEN. TO  |INPUT §16. BAND|  SET DIAL
OPER. DUMMY ANTENNA FREQUENCY | AT TRIMMERS PURPOSE
One tutn loop coupled 435 Ke BC , 1600 Ke . T1, T2, T3, T4 Al..n LF.
loosely to Broadcast : H
Wavemagnet ! H
.2 . One turn loop coupled 600 Ke BC { 600 Kc Rock gang, | Ahgnment of BC
i loosely to Broadcast | Adjust C42 !
' Wavemagnet 4 600 Ke i
3 38 Set osc. to scale
4 § One
.5 Tutn Loop Rock, adjust Alignment of
' L18 B.C. mizer at
, Coupled i _ .. ] 600Ke .
6 " Loosely w j o Aligament
- L
7 * Broadcast W REPEAT OPERATIONS 5 &6 :
8 : 1400 Ke BC 1400 Ke 7 Alignmeac of
9 * One turn loop coupled 1400 Kc BC 1400 Xc c28 glnce Detachable
" avems gnet in center
loosely to Dewachable of a metal framed win- |
o JWavemagner | L e e el .| dow & adj, CoBTormax|
* 10 : 2.1 Me  2-4 Mc 2.1 Me Rock Alignineot of $,W. '
~ 3 Feec L25, L17, L7 osc., mixer & K
. anz#nnl
— o Wice bR e LR el S
1 ! [ 39Me  Z4Me ) 3.9 Me | C26E, C26D, Alignmenc o
- Approximartely _( : 268 muu & a;nennn
12 . 1 Foot REPEAT OPERATIONS 10 &1 |
—_— ; —
¢ 13 - and Paraliel 4.25 Mc | 4-9 Mc 425 Me _1‘ Rock L24,L Alignment !
 teom iBISMc | 49Mc | 875Mc | G26F,C26C,C26A | of ;
i REPEAT OPERATIONS 13 & 14 .
- Extended - Sy e e 7" Short Wave :
) | 97 Mc U31_meters | 97Mc D123, LIS, L5 :
© < Raverod Nt T oscill !
R 11.8 Mc 125 meters | 11.8Mc | 122, L14, L4 . Oscallator, |
PR Rl i . i = !
18 15.2 Me | 19 meeers | 15.2Mc | 121,13, 13 Mixer and H
PR AT : e i
19 17.8 Mc __ ] 16 meters | 17.8Mc ' 120, 112, 1.2 . Antenna
20 K 21,6 Mc ] 13 meters | 2L6Me |L19, L1 L1 |

* NOTE: Rm:k hmlng condenser when mkmg alignment undes Opnnuom 2, 5, 10, 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 L.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 Microammeter) in
series, observing correct ID.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. Beforc 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 LF. 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. VI'VM 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 LF. 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.”

(¢) 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, 5-1, 5-J, 5-K, 5-L, 5-M, 5-N may be applied to all types

COMPLAINTS Dead, doesn't work at all. Weak, lacks pep, poor sensitivity,

. Quick visual inspection — look for obvious defects,

. Check battery under load.

. Apply test signal to audio system.

. Apply modulated |.F, signal to I.F. amplifiers.

. Apply modulated R.F. signal to antenna (through coupling loop).

. Check local oscillator operation,

. Check individual stage electrode voltages (currents), components.
. Check transistors,

TEST
TECHNIQUES

O NN AW —

. Correct obvious defects,

. |f battery low, replace. If normal, go to step 3.

. If complaint still present, trouble is in audio system, Check loud-
speaker, then go to step 7, f normal, go to step 4,

4, If complaint still present, trouble is in I.F, stage(s). Go to step 7.

TEST If normal, go to step 5.

5. If complaint still present, defect is in antenna, in R.F. or converter

WA =

RESULTS stage, or local oscillator isn’t working (in superhets). If normal, set
AND has been repaired.
6. If local oscillator is ‘*dead]’’ try a substitute signal as final check.
DIAGNOSIS 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 transisiorized 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, 5-1,
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.

- . e »n .
COMPLAINTS Distortion, sound garbled, ‘‘sounds funny,’’ weak and distorted.

1. Quick visual inspection - look for obvious defects,

2. Check battery under load.
TEST 3. Apply test Sine-Wave signal to audio system, observe on

Oscilloscope, checking each stage. Vary input level.

TECHNIQUES 3a. Apply a substitute audio signal (voice or music), listening to

signal output, Vary input level.

4, Apply sine-wave modulated |.F. signal to I.F. amplifiers,
check output of detector with Oscilloscope.

4a. Tune in station, listen to output of 2nd detector with Signal
Tracer or substitute amplifier.

5. Check individual stage electrode voltages (currents) and
components,

6. Check loudspeaker by substifution.

7. Check transistors.

1. Correct obvious defects.

2. If battery weak, replace, |f normal, go to step 3.

3. If wave-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

TEST step 5. |f normal, go to step 4 or 4a,
4. If wave-form distorted, trouble is in |.F. amplifier. Go to
RESULTS step 5, checking I.F. stage(s). 1f normal, go to step 4a.

5. Check of stage voltages and components should isolate de-
AND fective part, Watch for leak ling or by-pass capacitors

part. ch for leaky coupling or by-p capacito

DIAGNOSIS or other defective parts which may change bias currents.
Replace any defective porte,

6. Loudspeaker may be checked at any time — however, normally
checked after step 3 or 3a 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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Poor selectivity; tunes only one station over dial; interference
from other stations; several stations picked up at one time.

COMPLAINTS

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 I.F. value, listening for

TEST signal from loudspeaker. Apply first to input of |.F, stages,

then to antenna or R.F, stage, checking I.F. alignment for

TECHNIQUES 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 overall alignment.

7. Check transistors.

1. Correct obvious defects., |f complaint persists, go to step 2.

2, If battery weak, replace. Otherwise, go to step 3.

3. If normal output obtained from I.F., check R.F. and antenna
input. If normal output obtained here, local oscillator is
TEST probably defective. Go to step 4,

RESULTS 4, If Io'cal oscillator is working on correct frt?qu.ency (dial

station frequency plus |.F. value), defect is in R,F. or

AND antenna circuit — check ihese, wcl'fching for open antenna

or R.F. coil.
DIAGNOSIS 5. Correct defects found in oscillator circuit and repeat test
step 4, then go to step 6.

6. Align set, following 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 oscillatoer) conduct
step 3 with a modulated R.F, signal at station frequency, omitting steps
4 and 5.

TABLE 5-I: GENERAL TROUBLESHOOTING CHART — “TUNING"” COMPLAINTS —
defects which affect the ability of the receiver to select individual stations occur in
the R.F. and LF. sections.
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COMPLAINTS 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 M#d.
capacitor, check filter and by-pass electrolytic capacitors

TEST by bridging across their terminals.*
Repeat step 3, using a 0.1 Mfd. ceramic capacitor, but

TECHNIQUES 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 |.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.

TEST 4. If trouble is eliminated as o particular capacitor is shunted,
replace that unit. Otherwise, go to step 5.

RESULTS 5. If trouble disappears, defect is either in R.F.-l.F, stages or

AND due to overall oscillation. Go to step 6. If complaint

persists, check audio stages (step 8).

DIAGNOSIS 6. if trouble disappears, go to step 7, realigning R.F.-I.F.
stages. Otherwise, go to step 8.

7. Realign receiver, if difficulty encountered, I.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 [,F. circuits,
check neutralization and alignment (step 7).

*NOTE: When using electrolytic capacitor as by-pass, 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

Intermittent, works now and then, works only on cool days;
fading, ‘‘blasting,

'* shaking makes cut in and out.

TEST
TECHNIQUES

1.
2,
3

'S
.

Quick visual inspection ~ watch for loose connections,
poor socket contacts, broken leads,

Check battery under load.

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
checkechart,

If complaint is not present at time of servicing, try to
introduce. Use long nose plastic pliers or tweezers to
move and wriggle components and leads.

Turn set on and allow to run until trouble develops, then
troubleshoot as in step 3.

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.

Place receiver in warm location (not *‘hot’’), then check
performance.

Place set in refrigerator for a few minutes, then check
performance.

Check transistors, watching for excessive leakage,

TEST
RESULTS
AND
DIAGNOSIS

Correct obvious defects.

If battery is weak, replace. Make sure battery contacts
are secure, Then go to step 3 or 4.

Refer to Tables 5-G through 5-J for specific procedures,
{f trouble can be introduced as a particular part or lead is
moved, you have isolated trouble. Replace any defective
parts, resolder loose connections. If unable to introduce
trouble, go to step 5.

If receiver starts working normally while trouble shooting,
go to step 6.

When trouble develops, listen to loudspeaker {or earphone)
and check AGC voltage. If AGC voltage has changed,
defect is in R.F..|,F, stages. |f AGC voltage is normal,
but sound has changed, defect is in audio section.

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.

Use this technique if complaint invelves normal operation
on warm (but not on cool) days. Again, once complaint
develops, troubleshoot in conventional manner...step 3,
Always check transistors if receiver is sensitive to
temperature variations...or as last 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 if it
is “working normally’” when on the bench. However, even the toughest “dog"” should
yield to the techniques outlined above.
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Con’t tune stations. . * o | . *
Tunes only one stat, * e | o L . * * | Check local osc. (superhets)
Dead-high end of band. * . ] o ¥ * " .o
Dead-low end of band . * e | . * * oo
Squealing-oscillation * o | * [ * | x|
Poor selectivity o |e e * Generally misalignment,
Poor sensitivity o | e o o | e . *
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Drifts with time L] . . . *
Noise with tuning *
Works for while only e |o | e *
Interforence * | - o |o[* |o
Works on some bands * d . o * * | Multisband receivers.

TABLE 5-L: COMPONENT TROUBLESHOOTING CHART — R.F.-1.F. TROUBLES — this chart lists the
defective components which may cause the complaints outlined. As in previous tables, the more common
defects are identified with an asterisk (*), less common with a dot.
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Noise as volume changed. *
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Sensitive to temperature. (] o |o | o ° | * * | *
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TABLE 5-M: COMPONENT TROUBLESHOOTING CHART — AUDIO TROUBLES — Various audio section complaints
are listed, together with component defects likely to cause the complaints.

SUIAIDI FTEVLIIOd TIZRNOILISISNVIUL ONIDIAYIS

681



PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES

o
[
-
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Low output voltage * o | *
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Excess ripple * hd
Rectifier burns out often o | *
Battery doesn’t charge L] *
Blows fuse . * o e

TABLE 5-N: POWER SUPPLY TROUBLESHOOTING CHART — This chart may be used as a guide when servicing receivers employing a line-

operated power supply or battery charger. See Figs. 5-31, 5-32, 5-33, and 5-40.




Section 6

SERVICING “HYBRID” AUTOMOSBILE
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 . . . ie., 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
yowll recall, is one in which vacuum tubes are used in the R.F.-1.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
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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 (¢) 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 nceded 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 {ransistor-operated . . . at least as
far as Broadcast-Band receivers are concerned. One of these develop-

AMP. TER AMP. AMP. [—| DRIVER RANSISTOR

J \ \ ] \

, 12AF6 12AD6 12AF6 12CNS 1248 2N155
R.F. CONVER-| [1ST IF 2ND IF DET.,AVC. POWER E( |

12-VOLT
rILTER STORAGE
BATTERY

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
aperate 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 LF. 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 LF. 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 ai the same voltage.

Ti
© B
AUDIO
INPUT 2000 MFD.
o M

SPKR.

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 T1 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 1097 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 of 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 (elecirically) 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 (Tig. 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 regulation. 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 LF. of 2625 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, V1 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 LF. signal. L1, shunted by C2 in series with C1, forms the
antenna tuned circuit; L2, shunted by C5, is the R.F. tuned circuit;
and, finally, L3, shunted by C6 and C8, forms the oscillator’s tuned
circuit . . . oscillator feedback is provided by I4. An inductive tuning
arrangement is used, with the three R.F. coil cores (L1, 12, 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 LF. signal delivered by V2 is
coupled to L.F. amplifier V3 through interstage LF. transformer T1.
V3’s amplified output signal is coupled through the second LF. 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 C12, to serve as an AVC control bias
on the R.F. amplifier (V1) and converter (V2) stages. V1’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 R10 and, from here, through coupling capacitor
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Fig. 6-6: Schematic wiring diagram of the BENDIX Model R84BF radio receiver.

C15 to the audio driver stage, the tetrode section of V4. C14 and
R11 form a simple Tone control network; as R11’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 TXI.
As we have seen, T3 matches the audio driver’s high output im-
pedance to the transistor’s low input impedance. TX1 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 Bias Conirol 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, TX1, 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 of chassis view of 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 LF. 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 AVC 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 LF.
amplifier (12AF6). Separate diodes are used for developing the AVC
voltage and as the radio’s 2nd detector, however. The “AVC diode”
is fed with a signal obtained from the 2nd LF. transformer’s primary
winding, applied through a small coupling capacitor (part 18). The
AVC 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 AVC bias appearing across resistor
45, bypassed by capacitor 27, is applied to both the mixer (through

MANUAL TUNING

(R

Fig. 6-8: Layout diagram for the Model R84BF receiver. Compare this with the
photo given in Fig. 6-7.

resistor 40) and LF. amplifier stages (through resistor 43, bypassed
by capacitor 16).

Returning to the 2nd LF. 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



SERVICING “HYBRID” AUTOMOBILE RADIOS 203

tubes and a PNP power transistor, the Model R84BC has an LF. 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 (L1), R.F. (12), and local oscillator
(L3) coils. V1 serves as an R.F. amplifier, V2 as a converter, and V3
as an LF. amplifier. Two diodes are used . . . one serving to develop

MANUAL TUNING ‘

| vouume conio

£I9 ToP
L6 ‘ £21 BOTTOM

22

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 AVC control bias, the other as the receiver’s second detector.
The “AVC diode” is fed from T2s 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 LF. signal from T2’s secondary
and, in turn, develops its audio output signal across Volume control
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NOTE 822, 843 AND B7§
CONNECTED 8Y PARTITION SHIELD A

HEATER +A
VOL CONT RIQ 10 +h Y

1172 MEG TAP AT 750K
862 Hlo+A
5 CI8A = _ w10 (22 851

TONE CONT ~
i)
RILJMEE
ow T ooow
RA46A

1]
GREEN
A

Fig. 6-11: FEtched circuit board layout . . . BENDIX Model R84BF receiver.

R13, with R12 and C10 serving as an LF. bypass filter. A Tone
control circuit made up of C13 and R15 is connected between R13’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, V4B, 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 V4B is applied to the power output stage by T3’s step-
down secondary winding. Basically, the output stage, transistor TX1,
is a single-ended Class A common-emitter amplifier coupled to its
loudspeaker load through impedance-matching auto-transformer TA4.
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

= 7 MLAuG

—
Connect a VIVM across capacitor C12 (B57 on printed circuit board to ground). :J#’l?”‘_’ﬁ:

Set Volume Control to minimum, set Tone Control to normal (full CW).
A signal g as required to keep VIVM reading berween one

105K, | oMmE SWELD CAE
. b— e

OUMMY ARTERNA
and two volts.

GENERATOR GENERATOR SET TUNER
BTEP CONNECTION FREQUENCY T ADIUSTY REMARKS
1 Thru 9.1 mf cond. to 262.5 ke HI-END STOP T2 LOWER Adjust for muximum
pin 7 of cony. V2. T2 TOP VTVM reading.
T1 LOWER
T1 TOP
2 Thru DUMMY ANT, 1605 ke HLEND $TOP cs Adjust in order for
TO ANT, RECEPT. (f'?x maximum.
‘1
3 With radio in car and anteang fully extended, tune in 2 wealt sttion tear 1600 ke.
Readjust antenna trimmer €1 for maximum.
I8 A TUNING COIL OR CORE HAS REEN REPLACED, PROCEED AS FOLLOWS:
4 UL-END SToP L1 Back earea out of coite
L2 10 where 1hey jum)
L3 remain in cail form,
3 Thru DUMMY ANT. 1605 ke NI-END STOP 6 Adjunt in order for
TO ANT. RECEPT. C5 mazimum,
4}
[3 Thra DUMMY ANT. 1180 ke 0.285 inch carringe movement  [L.3 Adjust cares in ordor
TO ANT. RECEPT. from NI-END STOP. .2 for maximum,
L1
ki REPEAT STEPS 3 AND 6 UNTIL NO FURTHER GAIN IN OUTPUT CAN BE ODTAINED.

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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DCOLORS OF TERMINAL ON SERVIGE PART. 1.3% Oov. 0 ToTEX 0——*%—1—» A" LEAD
#-INDICATES LEAD FROM TUNER COIL ASSY. @ 4 25| 82
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A L 66 10 a7

7 @ HEATERS

Fig. 6-12. Schematic diagram of the DELCO Model 987575 car radio.
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TUNER

54

JETIY

TUNER

Fig. 6-13: Parts layout diagrams of the Madel 987575 receiver. A view from the
“tube side” is given at (a), a below chassis view at (b).
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ALIGNMENT PROCEDURE

Ou(put Meter Connection Across Voice Coil
Generator Return To Receiver Chassis
Dummy A In Series With Generator
Volume Control BOSTHON ... oy s oo s s ot oad S 9Gs Maximum Volume
Tone Control Position Treble Position
Generator Output Minimum for Readable Indication
Adjust i
Steps i g:padtor [ Signu(l:0 ane::nwr Giiaernor Tune Receiver to g:é‘f{::é?
o _ Dummy Antenna o Frequency Output
1 0.1 Mfd. ! 12AD6 Grid (Pin #7) 262 KC High Frequency Stop A, B, C D
2 0.000068 Mfd. } Antenna Connector 1615 KC High Frequency Stop *E, F, G
3 0.000068 Mfd. ! Antenna Connector 640 KC Signal Generator Signal J K
4 0.000068 Mfd. } Antenna Connector 1615 KC High Frequency Stop F, G
s 0.000068 Mfd. Antenna Connector 900 KC Signal Generator Signal b

*Before making this adjustment check mechanical setting of oscillator core "H." The rear of the core should be 1%”
from the mounting end of the coil form. (This measurement is readily made by inserting a2 suitable plug in the
mouating end of the coil form.) Core adjustment should be made with 2 non-metallic screw driver.

*2L, is the pointer adjustment which is on the connecting fink, between the pointer assembly and core guide bar (See
tuner Dwg.), It should be adjusted so that when loo, ing directly at the dial the pointer is on the 1100 KC mark.
This setting is to give the correct relationship between the pointer and the dial when the radio is installed in a car,

With the radio installed and the car antenna plugged in adjust the anteana trimmer “G" for maximum volume with
the radio tuned to a weak station between 600 and 1000 KC (see sticker on case.)

TABLE 6-B: 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, 5,” 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 LF. 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.
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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.
(L2), and local oscillator (L3) coils. R.F. signals picked up by the

complished by varying the inductance of the antenna (L1), R.F.
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MANUAL TUNING REAR SPEAKER PUSH BUTTOKS TONE COKTROL ON- OFF VOLUME

T L Sy )

YELLOW
CREEN{TOL3) it
GREEN(TO L1} 2N2358
R2l
GROUND
R21
BLACK(COMMON)
BLUE (TO L2) RED
YELLOW (TO L4)

JI ]
i ANT TRIMMER n')‘ 14 roR»;f. CREEN  BLUE

on OFF VOLUME TOKE CONTROL PUSH BUTTONS REAR SPEAKER MANUAL TUNING

: D YHEEEEEE

h ‘ [
“hh Y

}I R4 RI2 L3.L4 1

U

2

)

vz

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. 6-15).
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antenna and selected by a tuned circuit made up of L1, C1, 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 LF. signal. From the converter, the
LF. signal is coupled through double-tuned LF. transformer T1 to the
L.F. amplifier and, from here, through the 2nd LF. transformer T2 to
the receiver’s 2nd detector, a conventional diode. At the same time,
the amplified IF. signal appearing across T2’s primary is coupled
through C10 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 AVC control bias, and is applied through R10, bypassed by
C4, and through R3 and R2 to the R.F. amplifier. The AVC voltage
appearing at the junction of R7 and RS, bypassed by C9, is applied
through T1’s secondary to the LF. 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 C11. Next,
the amplified signal appearing across plate load resistor R15 is coupled
through C14 to the audio driver stage. The audioc 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 I4. 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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220K

YELOW TUNER LEAD VoL CONT LEADS
CREEN TUMER LEAD w
SREEN .ws_; LM \Nﬂ.ﬁ TUNER LERD W 10 ARM

CHRYSLER P.B. B4BC

Fig. 6-17: Layout of the etched circuit board used in the Model R84BC car radio.
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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 8 VI'VM across capacitor C10 (A30 on printed circuit board to ground).
Set Volume Control to minimum, set Tone Control to normal (full CW).

A signal g as required to keep VIVM reading between one
aad two volts.
GENERATOR GENERATOR SET TUNER
STEP CONNECTION FREQUENCY TO ADJUST REMARKS
1 Thew 0.1 o coud. to 2625 ke HLEND STOP T2 LOWER Adjust for mazimum
pin 7 of comv. V2. T2 TOP VTVM reading.
T1 LOWER
Ti TOP
3 Thre BUMMY ANT. 1005 ke RLEND STOP [y ] Adjust in order for
‘TO ANT. RECEPT. Coa maxiwym,
(1)

3 ‘With redio in ear and sutcona fully extended, tune in a weak elation ness 1600 ke,
Readjost anteana trimmer €'t for mazimm.

IP A TUNING COIL OR CORE HAS BEEN REPLACED, PROCFED A8 FOLLOWS:

1 NI-END STOP Back coren out of colle

0 wher uat
vemain is coit form.
3 ‘Thra DUMMY ANT. 1605 ke BLEND STOP CeB Adjust in ovder tor
TO ANT. RECEPT. A marimym.
c
[ T DUMMY ANT. 1200 ke 0.285 inth earrisge movewest 13 Adjust cores in order
TG ANT. RECEPT. from HI-END STOP. :‘.2 for marimum.
1
7 REPEAT STEPS 5 AND 8 UNTIL NO FURTHER 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 LF. 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 of the MOTOROLA Model 397X
in a variety of automobiles, depending on the trim plate used.
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s &

Fig. 6-19: Above and below chassis views of the Model 397X receiver, showing
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
L1, 12, and L3-I4 ganged mechanically. V1 serves as an R.F. am-
plifier, V2 as a converter, and V3 as an LF. amplifier. V4’s diode

¥I7H TUNER SET TO LO¥ END
SET POINTER TO CALIBRATION
MARK AND CEMENT TO CORD

Bl

*—— 7 TURNS

DIAL -3
BACKGROUND POINTER TURNS

DIAL RESTRINGING DETAIL

PLUG TO FIT RECEIVER
ANTENNA RECEPTACLE

TO REGEIVER
->-ANTENNA
RECEPTAGLE

ETAL SHIELD CAN
MUST BE ATTACHED
TO PLUG

TO SIGNAL ——

GENERATOR .__T-ﬁ-'_| E&ME

Fig. 6-20: Servicing details for the Model 397X receiver... dial cord restringing
diagram is given at (a), core alignment tool detail is shown at (b), and the “dummy
antenna” needed for alignment is diagrammed at (c).

ALIGNMENT

Coanect an output meter across the speaker voice coil. Set volume to maximum, Attenuate geuerator output to maintain
1. 79 volts on output meter at all times to prevent averloading the receiver.

GENERATOR
GENERATOR FREQUENCY
STEP | CONNECTION (400 cycle mod) | TUNER SET TO ADJUST REMARKS
IF ALIGNMENT
1. Conv grid (pin 7) thru 455 Ke Hi end stop 1, 2, 3 &4 | Peak for maximum.
.1 mf capacitor and
chassis

RF ALIGNMENT
2. Ant recept throogh 1610 Ke Hi end stop 5 6&7 Peak {for maximum.

dummy (see Fig.)

NOTE: Do not perform steps 3, 4, 5 & 6 unless tuner has been tampered with or have beea r d. Before
proceeding with step 3, back tuning cores 1" out of coils ta eliminate their effect on trimmer adjustments. Con-
struct core alignment tools as shown,

3. Ant recept through 1610 Ke Hi eud atop 5, 6 &7 Peak for maximum.
dummy (see Fig,)
4. " 1400 Ke 13/64" from hi 8, 9 & 10 Peak for maximum.
end stop
5. " 1610 Kc Hi end stop 5 6&7 Peak for maximuro.

6. Rcpost steps 4 and 5 until no further increase, thon cement tuning cores in place.

ANTENNA TRIMMER

- Weak station 7 With radio installed in car and
around 1400 Kc antenna fully extended, peak
antenaa trimmer for maximum.

TABLE 6-D: Alignment data for the MOTOROLA Model 397X receiver.
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sections serve as the receiver’s 2nd detector and AVC rectifier, with
AVC control bias applied to the R.F. and mixer stages. The detected
audio signal appearing across Volume control R10 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, TX1,
is used as a Class A common-emitter amplifier, and delivers its output
to the PM Iloudspeaker through step-down auto-transformer T4.

Fig. 6-21: Photo giving an overall view of the BENDIX Model R74BT (or Mod. R84BT)
receiver, its loudspeaker and grille, and installation components.
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Fig. 6-22: Schematic wiring diagram of the Model R74BT (R84BT) receiver. This radio

is designed for installation in FORD trucks.
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Fig. 6-23: Chassis layout views of the Model 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.

R4
280
THERMISTOR

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,

ALIGNMENT

Connect an output meter across speaker voice coil. LEAVE SPEAKER CON-
NECTED TO SET. Set volume conirol to maximum and tone control to high. At-
tenuate signal genmerator as required to keep ourput level to 1.75 volts rms to
prevent overloading receiver. The dial pointer should straddle the figure I on
16 whea tuner is set 1o hi-end stop.

GUALYY 4857ENNA

GENERATOR GENERATOR SET TUNER
STEP CONNECTION FREQUENCY TO ADJUST REMARKS
1 Thre 0.1 mf cond. to 262.5 ke HI-END STOP T2 LOWER Adjust for maximum
in 7 of conv, V2 T2 TOP output.
POINT G} T1 LOWER
T1 TOP

2 Thru DUMMY ANT 1605 kc HI-END STOP Cé Adjust in order for

TO ANT RECEPT. (é-;' maximum output,
3 With radio in car and entenna fully extended, tune in a weak station near 1600 kc.

Readjust antenna trimmer C1 for maximum,

IF A TUNING COIL OR CORE HAS BEEN REPLACED, PROCEED AS FOLLOWS:

4 HI-END STOP L1 Back cores out of coils|
L2 to where they just
L3 remain in coil form,
5 Thru DUMMY ANT. 1605 ke HI-END STOP C6 Adjust in order for
TO ANT. RECEPT. C? maximum output,
[
6 Thru DUMMY ANT. 1200 ke 1200 ke L3 Adjust cores in order
TO ANT. RECEPT. E% for maximum output.
? REPEAT STEPS 5 AND 6 UNTIL NO FURTHER GAIN IN OUTPUT CAN BE OBTAINED.

TABLE 6-E: Alignment data for the Model R74BT (R84BT) 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 FMS88BH represents typical hybrid FM
Tuner design. This instrument was designed for custom installation
in 1958 Lincoln 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 LF,
of 10.7 MC; LF. Alignment data is given in Table 6-F, with R.F.-
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Fig. 6-25: Schematic diagram of the BENDIX Model FM88BH receiver. Designed for 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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‘ AM-FM
SWITCH

TUNING

SWITCH TUMNG

Fig. 6-26: Above (a) and below (b) chassis layout diagrams of the Model FM88BH
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 (S1, 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
1 Connect jumper across C26 to disable AFC circuit.
2 Connect Tuner to 14,4 VDC power source — Neg. to chassis, Pos, to lead P9,
4 With AM-FM switch in FM position, connect YTVYM to TP1 (Neg. lead) and chassis
- {Pos.).
4 Lift V2’s shield gh to break g d tion. C t AM Signal Generator to

this ungrounded tube shield, Set VTVM 1o 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 Adjust top and bottom slugs of T3, T2, and T1, in order, for maximum VTVYM reading.
Readjust Level (Qutput) control to keep VTVM reading between 1.5 and 2.0 volts.

7 Repeat Step 6.

8 Move Neg. tead of VTVM from TP1 to TP2, Adjust top stug of T5 to obtain VTVM

reading of approximately 1.5 volts,

9 Carefully adjust T4 and bottom slug of T5 for maximum YVTVM reading. Next, carefully
adjust top of TS for Zero Crossover. The last setting is criticel,

10 Disconnect Signal Generator ond VTVM. Replace V2's shield.

TABLE 6-F: |.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 V1, serving as low-noise cascode R.F. amplifier. V1’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 L4 is in-
jected into the mixer circuit through coupling capacitor C11. A three-
gang tuning capacitor (C1A, C1B, and C1C) resonates the antenna
coil L1, the mixer grid coil L3, and oscillator coil L5.

The 10.7 MC LF. signal obtained from the mixer is selected and
coupled to the first I.F. stage, V3, through double-tuned LF. trans-
former T1. V3’s output, in turn, is coupled to the 2nd 1L.F. amplifier,
V4, through another double-tuned LF. transformer, T2. Next, V4’s
amplified output signal is applied through a final double-tuned L.F.
transformer, T3, to the 1st limiter stage, V5. From here, a single-
tuned L-C circuit, T4, serves as V5s plate load, with the signal
appearing across it capacitively coupled to the 2nd LF. limiter V6.
Sharp cut-off pentodes are used in the LF. 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

1 With jumper across C26, Tuner connected to power source, and AM<FM switch in FM
position, connect AM Signol Generator through a 100-0hm, % watt carbon resistor
(dummy ontenna) to J12, Set receiver’s tuning caondenser fully open. Adjust the
Signal Generator to deliver an unmodulated signal at 108.5 MC.

2 Connect VTVM (3 VDC scale) to TP1 (Neg, lead) and chassis (Pos. lead),
3 Adjust C2, C8 and C13 until studs are approximately three-fourths out.
4 Coarefully odjust C13 for maximum VTVM reading. Avoid false peaks. Correct setting

is maximum YTVM 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. Close Tuner's tuning condenser. Carefully squeeze
or spread LS for maximum VTVM reading.

] Set Signal Generator to 108 MC. Vary C1 for maximum VTVM reading, then adjust C2
and C8 for maximum VTVM indication,

7 Set Signal Generator to 88 MC. Vary CT for peak VTVM reading, then squeeze or
spread L1 and L3 o obtain peok VTVM indication,

8 Repeat above step to compensate for interaction.

9 Di t Signal G tor and VTVM. Remove jumper from C26..

TABLE 6-G: RF. 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 LF. 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 P11 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 SR1 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 109, 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,
R32 is turned to a fully counterclockwise position. Next, the tuner
is connected to an accurate 144 D.C. voltage source and turned
“ON.” After a few minutes “warm up,” a VI'VM 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 mechanieally 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 LF. value; detailed
Alignment data is outlined in Table 6-H. The set uses four miniature
vacuum tubes in its R.F.-LF. 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 LF. transformer; the I.F. stage’s output is
applied to a conventional diode-type 2nd detector through a second
1LF. 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:

NOTE: When aligning the signal seeker tuner type radio, bz sure to use a vacuum tube voltmeter as indicated and be
sure to follow the alignment sequence given—(Notice that the primary of the 2ud LF. is aligned first.)

Output Meter Connection VTVM From AVC Line To Chassis
Generator Return Receiver Chassis
Dummy Antenna In Series With Generator
Volume Control Maximum Volume
Sensitivity Control Position 1
Tone Control Treble (Max. Clockwise)
Generator Qutput Not to Exceed 2 Volts at VIVM
Signal
Step Dummy Antenna Connect To '(}enerator Tune ¥eeeiver ‘:djust in
F y o

1 0.1 Mfd. 12BES6 Grid (Pin 7) 262 KC *High Frequency Stop A, B, C (Max.)

2 0.1 Mfd. 12BE6 Grid (Pin 7) 262KC High Frequency Stop D (Min.)

3 000068 Mfd. Antenna Connector 1615 KC High Frequency Stop **E, F, G (Max.)

4 000068 Mfd. Antenna Connector 600 KC Signal Generator Signal J, K (Max.)

5 000068 Mfd. Antenna Connector 1815 KC Signal Generator Signal F, G (Max.)

6 000068 Mfd. Antenna Connector 1000 KC Signal Generator Signal *AXL

*To tune to high frequency, put a 0.070” feeler gauge (or bare #13 wire) in slot against the high frequency stop.
(See tuner pictures). Turn manual control to allow the planetary arm to run against the feeler gauge.

**Before making this adjustment, check the setting of oscillator core “H.” The rear of the core should be 133" from
the mounting end of the coil form. This measurement is readily made by inserting a suitable plug in the mounting
end of the coil form. The core adjustment is made from the mounting end of the coil form with a non-metallic screw
driver. (It will be necessary to steady the core guide bar by applying a downward pressure at the antenna core end
of the bar while making these adjustments.) If this adjustment is necessary, first dissolve the glyptal seal on the
core stud and be sure to reseal after making the adjustment,

*&x“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 plugged in, adiust the antenna trimmer “C” for maximum volume with the
radio tuned to a weak station between 600 and 1000 KC (sce sticker on case),

TABLE 6-H: Alignment data for the CORYETTE 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 LF. 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 frigger 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 63). 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 pair 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 itself, 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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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 LF. of 262.5 KC, the receiver
tunes from 540 to 1600 KC; detailed Alignment data is given in
Table 6-1. 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, V4B,
transformer-coupled to a transistorized power amplifier. Here, how-
ever, a push-pull Class B power amplifier is employed, with a pair
of transistors (TX1, 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 (L1), R.F. coil (L2), and oscillator
coil (L3-I4). V1 serves as a standard R.F. amplifier, V2 as a
converter, V3 as an LF. amplifier, and one of V4A’s diodes as a
conventional diode-type 2nd detector. V4A’s second diode serves as
an AVC rectifier, with the resulting AVC 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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234 PIN-POINT TRANSISTOR TROUBLES IN TWELVE MINUTES

resistor, Volume control R13, is coupled through C15 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 . . . LF. voltage, AVC voltage, and “seek” speed.
The first two depend on received signal strength; the latter on drive
motor speed. The LF. 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 K1
de-energized its back contacts supply power to the output stage, to
V4B, 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 K1 is energized.
V4B then receives its plate voltage through K1’s “hold” coil and
the relay is held in even if S3-S4 is released. With K1 energized,
power is removed from the output amplifier and positive bias is
removed from V5B’s cathode; at the same time, additional contacts
on K1 apply power to magnetic clutch K2, to V5A’s cathode, and to
drive motor M1. This, in turn, starts the motor (M1) 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 LF. voltage is developed across T2’s
secondary. This is coupled through C11 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 K1 to drop out,
returning to its normal “LISTEN” position. Since a positive bias
is applied to V5A’s cathode when K1 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 K1 drops out is maintained
at the same distance from signal resonance regardless of station
signal strength by applying a portion of the AVC voltage through
R24 to V5B’s grid (where it combines with the LF. signal obtained
through C11).

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 LF. 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 LF. section
differs from the earlier circuits in that two I.F. amplifiers are employed,
with resistance-capacity coupling between stages. The amplified L.F.
signal obtained from the 2nd LF. 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

ALIGNMENT

Connect a VTYM from T2 term. 6 to V4 pin 7, sec Volume Control to minimum. Set Tone
Control to NORMAL (FULL CW). A sigoal g as required to keep VITVM

reading between one and two volts.

GENERATOR GENERATOR SET TUNER
STEP CONNECTION FREQUENCY TO ADJUST REMARKS
1 Through .1 m{ to conv. grid | 262.5 ke unmodulated. | Hi-end atop, T2 Bottom Adjust in order for maximum VTVM
(V2 pin 7). T2 Top reading. Repeat until no further
T1 Bottom increase can be obtained.
T1 Top
2 ‘Through dumemy anteana to [ 1805 ke unmodulated. | Hi-end atop. CeB, CeA, C1 Adjust in order for mazimum.
ant. recept.

3 With radio in cer and antenns fully extended, tune in & weak atation nesr 1600 ke. Readjust antenna trimmer C1 for maximum.

1t & tuning coil or core haa been replaced, proceed as followa:

4 Hi~end stop. L1, L2, 13 Back tuning cores out of coils.

& Through dummy antenna to | 1605 ke unmodulated. | Hi-end stop. CeB, C8A, C1 Adjust in order for maximum VIVM
ast. recept. reading.

] Through dummy sntentia to | 1000 ke uninodulsted. | Ezsctly 3§ inch carriage move- 13,12 L Adjust cores in order for maximum
ant, recept. ment from hi-end stop. VTVM reading.

7 Repeat steps 5 and & until no further gain in output can be obtainad.

T itivi role: VTVM: h ioe coll h 1 to maxi and 1 to normal
Hall ew).
a Through dummy anteons to | 1000 ke at 3 iicro- Tune for maximum. Rag Adjust for 175 VRMSB (approxi-
anL. recept. wolta modula wately one watt),
1] ‘Through dummy antenns to | 1000 ke at 250 micro- | Press TOWN seek-bar, R31 Set R31 completely counterclockwise.
ant, recept, volts modulated, Press TOWN eack-bar to start set
0%. secking. Advance R31 clockwise in
amall inerements until tuser atops
an the 250 uv signal.
10 Through dummy setenns (0 | 1000 ke at 125 micro- | Prese TOWN soek-bar. See that tuner will aot stop on 125 uv
ant. recept. volts modul igoal.

TABLE 6-I: Alignment data for the Model R85BM-S receiver.
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