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portable, offered as the last word in today’s designs, is merely a
refined version of a 30-year-old idea. Credit the prophets. This
time they were right.

In preparing this text, I have been guided primarily by the
thought of the practicing radio and television technician who is
interested in expanding his field of interest to include auto radio
servicing. In view of this, every effort has been made to provide
as much specialized servicing information as possible. Very little
space is devoted to repeating or reviewing material contained in
texts covering general radio servicing. This type of presentation
will appeal to serious electronics and auto hobbyists as well, who
may be considering an interesting auto radio project.

The arrangement of the material reflects an individualized
approach. The emphasis is always on new information. The text
first covers the auto radio servicing field in general. This is
followed by a survey treatment of installation techniques and
then servicing techniques. Theory on tuners and power supplies
is given as supplementary information. Also included is a dis-
cussion of interference problems and practical suppression tech-
niques. Check lists and hints and kinks are used thoughout
wherever feasible.

Finally, we too have attempted to probe the future. The last
chapter contains a discussion of present developments, and some
possible trends. We hope that our gift of prophecy is better (or at
least, no worse) than that of our predecessors.

The author wishes to acknowledge with thanks the following
organizations who contributed valuable source material: Eico,
Inc.; Robert Bosch Corp., Car Radio Div.; Hallett Manufacturing
Co.; Motorola, Inc.; Paco Electronics Co., Div. of Precision Ap-
paratus Co.; Pye Corp. of America; Seeley Electronics; Stromberg-
Carlson Co., Div. of General Dynamics Corp.; Tobe Deutschmann
Corp.

The author appreciates the valuable assistance ot Mrs. Ann
Kreshak, who typed the manuscript.

Massapequa, N.Y. Jack GREENFIELD





















ence. Radiated interference comes from other cars on the road,
from street lights and, inevitably, in spite of suppression devices,
from the auto in which the radio is installed.

Performance under adverse conditions

The auto radio must be capable of producing a loud audio
output signal at relatively low distortion levels in order to override
successfully the high audible noise levels normally encountered in
the moving automobile. In addition, the auto radio must provide
an audio output signal that remains relatively constant under a
wide variety of signal strength conditions encountered in the
moving auto situation (Fig. 105). Auto radio audio sections and
antenna systems are designed to help overcome the effects of the
adverse conditions described.

Servicing differences

The basic differences between auto and home radios should
lead one to the conclusion that there are bound to be some differ-
ences in servicing techniques as well. This conclusion is well
founded. To haul the average home set to the shop involves
unplugging, tucking under one’s arm, and carting away. The auto
radio presents no such easy solution. The set must be removed
from its semi-permanent installation in the auto. To accomplish
a removal usually involves a considerable number of electrical
and mechanical disconnects, plus the necessity for keeping track
of miscellaneous hardware. It also requires that the technician be
somewhat of a contortionist particularly in the region of the neck.
More often the removal operation, such as unfastening bolts and
nuts, must be carried out by touch. Tools must be used in awk-
ward, wrist-twisting positions. Because of the difficulties encoun-
tered in removing auto radios, this text advocates and details a
program for in-place servicing which resorts to bench testing (that
requires a prior removal), only as a last ditch measure to solve a
trouble.

Once the auto radio is removed from the car a certain amount
of special technical knowhow is involved in setting the radio up
for bench servicing. The fact that the auto radio uses low voltage
dc as its primary source of power makes it mandatory that such
a source be available at the bench and that the technician simulate
the polarities and other conditions found in the auto in his initial
bench setup. Since the antenna is left at the auto for example, the
technician must provide an antenna for the set at the bench. The
case of the home radio is, of course, much simpler. Outside of a
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special measure or two to ensure that he is not working on a hot
chassis in the case of ac—dc home sets, the technician need only
remove the home set from its case, plug into any ac convenience
outlet and service. It is obvious that returning a set to service is
considerably simpler in the case of the home set compared to the
auto radio.

Bench testing

The detailed bench test procedures for isolating troubles in
auto radios are essentially the same as for home sets. However, in
the areas of front ends and power supplies the technician will
encounter in the auto radio circuits and mechanical designs not
found in the home receiver.
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by the vibrator-powered radio. Prices compare favorably with
the generally low-to-medium range of the vibrator radio.

Hybrid radios

The hybrid was born when a new component, the low-plate-
voltage electron tube, was united in a single set with that other
new component, the transistor, to permit the low-voltage auto-
mobile electrical system voltage to power the set directly. The

hybrid employed these special low-voltage tubes in the rf and if
. AUDIO UNIT
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Fig. 204. Typical dual-chassis auto radio. Audio power amplifier
transistors are shown on chassis at right.

stages, and used the transistor in the audio stages. A typical dual-
chassis hybrid auto radio is shown in Fig. 204.

At the time when the hybrid set was developed, three things
held true: the transistor had not yet advanced to the point where
it amplified efficiently in the rf and if ranges; it was too costly;
and, auto manufacturers had decided to switch to 12-volt electrical
systems for their autos (the new low-plate-voltage tubes could
operate effectively at 12 volts). The hybrid set eliminated the need
for a secondary dc supply, but still had the disadvantage of requir-
ing power for its tube filaments. Hybrid sets have been offered
in the entire gamut of price ranges.

All-transistor radios

Often described as the ultimate in auto radios, the all-transistor
set employs semiconductor devices in each and every stage. These
sets place an extremely low drain on the car's electrical system
because they require no filament current. They operate efficiently
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removed from the auto, the portable becomes a battery-operated
unit powered by a self-contained power pack. The auto portable
may be used with an external speaker system installed in the dash-
board or in the rear (or both), or with its own self-contained
speaker. A conventional antenna is used with the portable in the
car; outside, it has its own built-in antenna.

A utility model auto-portable — generally priced in line with
standard (rather than deluxe) auto radios — excludes the power
supply unit and the external speaker. The utility model is pow-
ered by a self-contained battery power pack when used in the auto,
as well as when used outside. In addition, it uses its own built-in
speaker when in the auto. The sound quality is apt to be poor, but
the saving of not needing a speaker in the car may be worth it to
the customer. The utility model should be especially attractive to
anyone who expects to use the portable feature fairly often.

The question the theft-conscious customer might ask at this
point can be answered this way: the auto portable comes equipped
with a key-operated lock. The mounting rack is permanently
secured to the dash, and the portable is actually locked into place
in the rack. The radio can be removéd only by unlocking the
assembly with the key.

Playing the auto-portable concept for all its worth, manufac-
turers are marketing mounting racks which may be installed in
second cars, boats, etc., to accommodate car portables. Thus, two-
car families, or one-car —one-boat families need only one auto
portable radio, and can install it where needed and when needed.
In more instances than you would imagine, this proves a strong
selling point. In general, the mounting rack is so arranged that an
attractive cover. plate drops into place when the set is removed.

Needless to say, the portability feature makes the auto portable
a more serviceable set. In general, service fees asked for work
performed on such sets should be in line with those charged for
conventional portables, rather than auto radios. This factor
should be another strong selling point.

Rear view mirror radios

The rear view mirror auto radio represents another step ahead
toward taking full advantage of the many unusual features made
possible through transistorization. In this case, a miniature all-
transistor auto radio includes a mirror as an integral part of its
case design. The set is scaled down to the size and shape of a rear
view mirror and features a built-in non-directional ferrite antenna
that requires no connection to an external antenna. To insure
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A typical weatherproof auto radio is shown in Fig. 209. The
radio has a rust-resistant case with rubber sealed dcors which,
when properly secured, make the set weatherproof. A telescoping
rod antenna is built into the case. Standard sets are available for
use with 6- or 12-volt automotive power supply systems. Sets that
operate on other voltages are available from manufacturers on
special order.

Role of the automobile junkyard

The service technician expanding into the field of sales and
installation may have an ace in the hole in a friendly automobile
junk dealer, often a veritable gold mine of good used custom-
model car radios. It is often possible to pick up sets in excellent
condition from junked cars at a fraction of the cost of new radios.
If you take care to overhaul these receivers as required, and back
them up with your own written guarantee, they can provide a
valuable source of income. Sometimes, junkyard dealers are
unaware of the prices of new sets and, believing them to be very
high, will place an utterly ridiculous price on their stock. If a
previous customer had unwittingly paid his price, he would be a
hard man to convince as to what a fair price really should be. Of
course, junked radios, although in good condition, are not suit-
able for sale to just any customer who happens to walk in. Save
them for your special customers who are “in the know™ and can
appreciate the value of a good offer when they see one.

Test equipment

The single item of test equipment that has been most publi-
cized as the prerequisite to entering the auto radio servicing field
— the battery eliminator —is not the best answer to powering
modern auto radios on the service bench.

Battery eliminator

The battery eliminator, which was quite suitable for servicing
the vibrator-powered tube radio, has proved unsuitable in its
original form for servicing modern hybrid or all-transistor sets.
The ripple level in the dc output of the eliminator designed to
operate vibrator radios far exceeds the minimum tolerable ripple
level for the transistor stages in the newer sets. As a result manu-
facturers have warned in their service notes that the use of a
battery eliminator with a radio containing transistors can damage
the transistors and should absolutely not be used. The use of a
storage battery is recommended instead.
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As a result, a more formal approach to servicing transistor
equipment is called for. A rapid, accurate and relatively safe
method is afforded by the signal-injection technique. To imple-
ment this technique, in place of the conventional signal generator
which is cumbersome to use), a noise generator which provides a
continuous audio, if and rf output is recommended. One particu-
lar form of the noise generator, a transistor multivibrator stage,
has achieved a large measure of popularity.

The noise generator (Fig. 213, consists -essentially of a battery-
operated two-transistor multivibrator stage (V1 -V2) an output
control (R4), a traveling probe and a radiation loop. The travel-
ing probe provides an output for direct insertion of a signal into
circuits under test, while the radiation loop provides a radiated
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Fig. 218. Schematic diagram of a noise generator.

1=k

output useful in checking radio front ends. Although the multi-
vibrator stage operates on a fundamental frequency in the audio
range, the square-wave output is rich in usable harmonics up
through the broadcast-band frequencies. Placement of components
in the noise generator is not critical, and the entire unit can be
assembled (according to the ingenuity of the individual techni-
cian) in relatively short order. A typical arrangement is shown in
Fig. 214.

Signal tracer

The use of a noise generator would not be complete without a
signal tracer as a companion piece. The signal tracer serves as a
convenient means of detecting the presence of injected signals at
various receiver stages. As such, the signal tracer replaces the
oscilloscope as a go-no-go type signal detector. A simple signal
tracer useful for detecting rf, if and af signals can be built into a
probe to simplify its use. The device requires no external power.
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SPEAKER

R
@ AUTO RADIO INSTALLED
= UNDER DASH

Fig. 302. Under-dash installation of an auto radio.

dash installations will cost more than servicing the more accessible
under-dash sets. In most cases, you should be able to convince a
die-hard after he recalls the price he paid for servicing the in-dash
radio in his older-vintage auto.

Manufacturers provide accessory trim kits for their auto radio
kits containing a variety of trim plates and escutcheons, with

SPEAKER

AUTO RADIO INSTALLED
IN GLOVE COMPARTMENT

Fig. 303. Glove-compartment installation of an auto radio.

which the ingenious service technician can provide his customer
with a superior and professional-looking installation. These cos-
metic devices can often be employed to cover up major surgery
that may have been required in an in-dash installation.

The glove-compartment installation
A glove compartment installation will have to be resorted to:
I. When the customer wants to be different;
2. When the customer owns a jazzy foreign or domestic sports

or minicar and needs the room in and around the dash for
his and her knees;

3. For concealed installations of FM tuners.
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The auto radio that employs the conventional interrupter
vibrator power supply is universally compatible with car electrical
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Fig. 305. Polarity-reversing circuits used in universal auto radios with transistorized
dc-to-dc converters.

systems that employ positive or negative grounds. Auto radios that
employ a synchronous vibrator or a transistor dc-to-dc converter
as a secondary power supply, and hybrid and all-transistor sets that
operate directly from the auto battery, require an applied voltage
of proper polarity to assure operation and to avoid damage to
components.

Polarity-reversing circvits

The polarity-reversing circuit of Fig. 305 makes the radio with
a transistor dc-to-dc converter (and conventional tubes), compati-
ble with positive- or negative-ground auto power supplies. In Fig.
305-a, the circuit is shown connected for use in an auto with a
negative-ground power supply. Here, the polarity selector is con-
nected so that Q is shorted to R and T is shorted to S, which is
grounded. With the on—OFF switch oN, the positive supply voltage
is routed to the proper live point in the transistor dc-to-dc con-
verter, while the ground line forms the negative return for the
circuit, which is required for normal operation.
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In Fig. 305-b the circuit is shown connected for use in an auto
with a positive-ground power supply. Obviously, if the polarity
selector were left connected as in Fig. 305-a, negative (reversed)
voltages would be routed to the points that require positive volt-
ages for normal operation (transistors would probably be dam-
aged). Thus, the polarity-selector connections in the case of a
positive-ground supply must be made as shown. Here, Q is shorted
to T and R i$ shorted to S, which is grounded. The ground side of
the line is positive in this case and forms the positive supply lead,
while the negative line forms the return. Since the difference of
potential between the lines and the polarity of the lines in both
cases is the same (current flows through the converter in the same
direction for either case), the operation of the converter circuit is
identical for both.

For either circuit, Figs. 305-a or -b, the low-voltage battery
lines feed a dc-to-dc converter switching stage whose output is
transformer-coupled to a rectifier. This results in the production

. LI ON-OFF SW
| POLARITY
+ S| ! 5 SELECTOR RETURN VIA
SPARK RI ISOLATED CHASSIS
_ PLATE 7
S 5 '1
- - - B+AFIL
B
LI  ON-OFF SW
Fl ===
POLARITY
= sl 3 SELECTOR B+BFIL
SPARK VIA ISOLATED

+ PLATE CHASSIS

RETURN

Fig. 306. Polarity-reversing circuits used in hybrid and all transistor uni-
versal auto radios.

of identical ac components at the rectifier input in the case of
either polarity connection. The rectified and smoothed high-
voltage dc output of the converter is therefore positive with
respect to chassis ground whether the primary supply has a posi-
tive or negative ground.

Polarity-reversing circuits are also used in hybrid and all-tran-
sistor radios to make these sets suitable for use in autos with either
positive or negative ground systems. A schematic diagram of a
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special conducting section of the old tar roof, insulated by the tar
from the auto body. Today, in this era of chrome and stainless
steel, the auto antenna has become a desirable chrome accessory
that takes its place alongside the less dashing doodads that find
their place on the automobile.

Antennas have been desighed for front and rear fender mounts,
and for mounting above the windshield. Luxury autos feature
mechanized systems to raise and lower the antenna that rival the
submarine periscope system in ingenuity. Many autos feature

ANTENNA UNIT

INSULATOR { PLASTIC)
AUTO BODY Ea/l

SEALING WASHER (RUBBER)

!

BASE ASSEMBLY

LEAD IN PLUG TO RECEIVER

Fig. 309. Typical auto radio antenna assembly.

(according to the taste of their owners) two to four antennas for
one radio. This author would like a nickel for every auto that
sports an antenna that does not feed a radio. (Past surveys of
homes with TV antennas have turned up the startling statistic
that one out of six homes sporting a TV antenna on the outside
had no TV set on the inside.)

New antenna installations

New antenna installations are generally easily accomplished
with the complete instructions and hardware furnished in the
antenna kit. The required body — fender operation is simplified
through the use of power tools, and botch jobs are easily rectified
with epoxy plastic body and fender mender (available from auto
supply houses) and -a dab of suitable touchup paint. In these days
of unitized auto bodies, particularly tricky cases may require the
services of a local garage.

To determine the best position at which to install the antenna,
survey (if possible) a factory installation in a car of identical make
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and moael. rollow the directions provided with the anténna Kit
as to the size of the hole to be cut. Drill, or have a local body shop,
burn a hole of proper size at the desired location. Install the
antenna according to the instructions given in the kit. The assem-
bly of a typical auto radio antenna is shown in Fig. 309. Remem-
her, the antenna must be completely insulated from the auto

ROD

COIL SPRING

/:-X'BASE

Fig. 310. Anti-vandal antennu

incorporating a powerful coil

spring between base and rod.
hody. If insufhcient lead cable is supplied with the kit, 53-ohm
cable (such as RG-58U) of the proper length may be substituted.

Anti-vandal antennas

Auto radio antennas are not only popular with auto enthusi-
asts but also with vandals. To discourage destruction and to
attract buyers who have been victims of vandals, some manufac-
turers are selling antennas that telescope almost completely into
the fender of the auto. The author also recalls reading of an elec-
trostatic shock-producing device that one hobbyist hooked up
to his auto antenna to discourage someone’s itchy fingers.

It is ironic that the most effective anti-vandal antenna sold is
oftered as a replacement antenna, for use after the fact rather
than as original equipment. This antenna (Fig. 310), incorporates
a powertul coil spring between the antenna rod and base. Any
attempt to snap the staff from the base is discouraged by the action
of the coil spring. The arrangement is also an aid in overcoming
the possible damaging effects of driving under low bridges and
through low garage doors with the antenna raised. Before in-
stalling an anti-vandal antenna, warn your customer of the dan-
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gers that go with it. Such dangers arise when a frustrated vandal,
thwarted by the trick antenna, turns his attention to some other
ripe automotive ornament with vengeance in his heart.

The anti-vandal antenna may be installed without the necessity
of replacing the entire antenna assembly. The unit is designed to
fit over the stub of an existing antenna base assembly, and is

REPLACEMENT MAST

ALLEN HEAD SCREWS

_.-M’"/

1

L SOLID SHAFT (REMAINS OF SNAPPED MAST)

A
i

ANTENNA BASE ASSEMBLY

[ AUTO BODY

S

Fig. 311. Installing a replacement mast.

generally secured by means of screws as shown in Fig. 311. Re-
placement masts of the anti-vandal type are naturals for fastidious
auto owners who might have invested in a good paint job but
sport a twisted and tarnished antenna mast. The low price of such
replacement masts will move them quickly. A word of advice: in
general, do not permit the customer to watch the mast replace-
ment operation since the quickest and easiest way to do the job
is to snap off the old antenna. Many customers will not be too
happy with this operation. Therefore, try to do it privately. If the
customer wants to wait, be genteel — use a hacksaw.

FM antenna installations

There are two schools of thought that have cropped up concern-
ing the best place to install an antenna intended for use with an
FM (or AM/FM) auto radio. Both schools substantiate their argu-
ments with proof in the form of experimental evidence gathered
from trial runs under varying receiving conditions. The argu-
ment will surely become a classic and the trend from one to an-
other will swing like a pendulum as did the triode-pentode con-
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Installing speakers

In general, the speaker will have to be installed before the
radio itself. Always remove integral speakers from radio assem-
blies and install them separately to obtain best sound quality.
Many cars without radios will have the speaker cutout in the
dashboard, although this cutout may be enclosed by a cover plate
or dust cover. In most instances, it will be necessary only to re-
move the cover and install the speaker using the existing hard-
ware (Fig. 314).

Where it is necessary to provide a special cutout for the speaker,
choose the location under the dash carefully and determine
whether the speaker will fit. Plan to use the dash itself as the
speaker grille. To do this, design a grille template which will
enable you to form a suitable grille in the dash by merely drilling
a large number of small (14-inch) holes in a pattern of your own
design. Depending on the size of the speaker, drill holes to accom-
modate bolts with fancy heads (visible on the dash) and secure
such bolts with hex nuts and lockwashers to form studs on which
to mount the speaker. Paint the bolt heads the color of the dash.
When installing the speaker itself, use wing nuts to simplify the
task.

Speaker size

The oval speaker is the most popular for auto radio instal-
lations. The 6 x 9-, 5 x 7- and 4 x 6-inch sizes are most in demand.
(Round speakers of 5, 6, 7 and 8 inches have also been used in
autos over the years). When a 6 x 9-inch speaker cannot possibly
be used due to space limitations, a 5 x 7- or a 4 x 6-inch of good
quality can successfully replace the 6 x 9-inch with totally satis-
fying results. In fact, this is so common that manufacturers pro-
vide reduction plates which mount on existing studs for a 6 x 9-
inch speaker, for example, and provide auxiliary studs for mount-
ing 5 x 7- or 4 x 6-inch speakers (Fig. 315).

Always use high-quality replacement speakers when making
such changes, to avoid customer dissatisfaction. It is a good policy
to swap evenly with the speaker provided, and not to charge the
customer for the exchange.

In many cases, a situation such as this can be used as the starting
point for promoting the sale of a rear-speaker installation, using
the larger speaker supplied with the radio at the rear. Where an
in-dash speaker installation is really too much of a problem,
suggest a rear-speaker installation. It should not be too difficult
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Customer-relations check list
When the customer makes his appearance to look over your
job, it is important for you to provide him with basic instructions
regarding the operation of his newly-acquired auto radio. A few
patient moments at this point will do much to improve relations.
Demonstrate the following features:

1. That the radio will not operate with the ignition key off;
that it will operate with the key in either the accessory or
ignition position.

o

That the volume of sound is lowered when the car is started
(due to current drain by the starter motor).

3. The location and proper operation of all controls, including
(as applicable):
a. on — off switch;
b. tuning control;
c. volume control;
d. tone control;
e. pushbutton tuning controls;
t. search tuning controls;
g. rear-speaker controls;
h. automatic antenna-elevating control.

4. Setting up pushbutton station selectors.

Removing auto radios

There is no better point at which to begin a discussion of auto
radio removal than after an extended consideration of the prin-
ciples underlying the installation of auto radios. For the secret
behind accomplishing rapid and professional removal involves
an unfaltering understanding of all the elements that play a part
in the installation of the auto radio. Thus, with a knowledge of
installation techniques the technician can approach a removal job
with a trained eye. He will know what to look for and what to
do regardless of the job with which he is particularly concerned.

The problem of auto radio removal will be considered here
by first requesting that the reader familiarize himself with the
installation principles set forth in this chapter. With this accom-
plished, apply the auto radio removal checklist that follows in
performing almost any removal. Note that the checklist covers the
task of removing auto radios from any of their common installa-
tion arrangements.
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Auto radio removal check list

0 3 O v B o

A. Electrical Disconnects Common to all Removals

. Disconnect power lead to the auto electrical system (“A”

lead).

. Remove and check fuse. If good, set aside for reinstallation

on reassembling.

. Disconnect speaker leads.

Disconnect antenna lead.

. Disconnect “B” supply leads, if any (multi-chassis radios).
. Disconnect audio cables, if any (multi-chassis radios).
. Disconnect ground wires between chassis, if any.

. Prepare a simple sketch of the auto radio chassis indicating

the location of electrical connecting points. (This step per-
formed at this point will greatly assist in the reinstallation
operation when the service job is completed.)

B. Mechanical Disconnects — In-Dash Installations

l. Remove control knobs.

6.

. Inspect the installation behind the dash to determine if any

mechanical obstructions to removal are present.

. Inspect the installation with an eye toward determining the

precise techniques employed in securing the set.

Prepare a simple sketch indicating the basic mechanical
assembly of the installation.

. Remove or reposition any obstructions to removal that may

have been detected. Repositioning is preferred to removing
obstructions. (An obstruction may be repositioned by free-
ing it sufficiently to permit swinging it aside so that it no
longer acts as a physical obstacle to the removal of the radio.
The repositioned object should be secured in its new loca-
tion.)

Loosen, uncouple and remove fastening devices such as wing
nuts and bolts which secure the radio chassis or special struc-
tural members to the structures behind the dash.

. Allow the chassis to tip back. Guide and control its fall

behind the dash so as to bypass additional obstacles, and
remove completely when free. Repeat for additional chassis.
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8. Add to the sketch prepared for step 4 any details that will
contribute to simplifying the reinstallation.

C. Mechanical Disconnects — Under Dash, Glove Compartment
and Floor Installations

1. For most installations it is unnecessary to remove control
knobs.

2. Loosen, uncouple and remove fastening devices as required.

3. Remove radio chassis as applicable.









the use of a single-pole double-throw (spdt) switch installed in
the common line of a parallel speaker arrangement. By this ar-
rangement (Fig. 402), either speaker A or B may be operated but
not both in combination. Another simple circuit uses parallel
speakers with a single-pole single-throw (spst) switch installed

AUDIO OUTPUT TRANS

A

N

SPKRS
SPST f /
Sw

B

EITHER A OR (A8BB)

Fig. 403. In this parallel arrangement,
A can be operated alone, A and B to-
gether, but B cannot be operated alone.

in the leg connected to the voice-coil terminal of one of the
speakers. In this arrangement (Fig. 403), speaker A may be op-
erated alone (when the switch is open), or speakers A and B may
be operated together (when the switch is closed). Speaker B cannot
be used alone.

Faders
Still simple, but a much better arrangement, is shown in Fig.
404. Here the switch is replaced by a variable resistor connected
across the secondary of the audio output transformer. The speaker
AUDIO

OUTPUT
TRANS

E" FADER cw KRS

CONTROLS )50/ 1w
WW

N

Fig. 404. Fader-conirol arrangement allows either
A or B to be operated separately or both A and
B simultaneously.

voice coils are connected in series, and the common voice-coil
terminal is connected to the variable tap on the control. With
the control advanced fully clockwise, the voice coil of speaker A
is short-circuited, while the voice coil of speaker B is tied across
the transformer secondary (and the control). Speaker B plays alone
in this case while speaker A is off. With the control advanced
fully counterclockwise, the reverse occurs. The voice coil of speak-
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er B is short-circuited, while the voice coil of A is across the audio
transformer secondary (and the control). This time, only speaker
A plays while speaker B is off.

As the speaker control is rotated from one extreme to the other,
both voice coils are in the transformer secondary circuit to some
degree and the fader action takes place. When rotation takes place
clockwise from the fully counterclockwise position, at first only
speaker A plays; then speaker B begins to fade in. At the mid-point,
both speakers are of equal intensity; past the midpoint, progressing
clockwise, speaker A begins to fade out and speaker B gains in
intensity. At the fully clockwise position, speaker A is off while
speaker B is at-fiill intensity. The same action occurs in reverse
when the speaker control is advanced counterclockwise. In this
case, the ideal arrangement of having either speaker A or B or
both A and B operate has been met and surpassed.

In this situation, as in many others, a price must be paid. Some
of the sound energy will be dissipated in the fader control. Where
the car is operated sufficiently close to a broadcast station, this is
of no consequence. At greater distances, the volume may drop to
an unsatisfactory level. When this happens, extending the whip
antenna to its full length will often bring the volume up ade-
quately.

A somewhat more complex arrangement involving the use of
a special fader control containing two variable taps is shown in
Fig. 405. In this case, both speaker voice coils are in common at

AUDIO OUTPUT
TRANS

Fig. 405. More complex rear-speaker arrange-
ment employs a special fader control having two
variable taps.

one end and each are returned to a different end of the resistive
speaker control. The two taps of the control are connected together
and returned to the secondary of the audio output transformer.
With the fader control advanced fully clockwise, the voice coil of
speaker A is matched to the secondary of the audio transformer,
while the voice coil of speaker B in series with the fader control

64









existing auto radio and, if possible, consult manufacturers’ data
to determine whether built-in facilities to accommodate a rear
speaker exist. Don’t overlook the possibility that they might. The
customer who later discovers facilities you have overlooked may
be a lost customer, as far as future business goes.

REAR SPKR JACK
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REAR SPKR JACK
AUDIO OUTPUT TRANS

2
SHORTING
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cw E |
FADER‘ 3 SPEAKERS
> (< \
{ :

L4
b
Fig. 409. (a) Audio output circuit shows func-
tion of shorting plug before rear speaker is
installed. (b) Shorting plug is moved into po-
sition when rear speaker is installed.

>

Installation techniques

The job is relatively simple once the type of installation is
decided upon. The rear-speaker kit generally comes equipped
with various trim plates and grilles and other hardware to enable
the technician to come up with a truly professional installation.
The fader control or switch should be mounted in a suitable
position on the dash within reach of the driver. When the radio
is installed under the dash, the speaker control can often be at-
tached to the radio itself. Frequently, a section of universal slotted
bracket of the type used in securing the radio to the firewall can
be employed successfully in mounting the speaker control.

As mentioned earlier, the speaker is generally installed in the
trunk of the car. It is secured to the deck at the top rear of the
trunk, so as to face into the auto cabin through the deck in back
of the rear seat. Cutting into the deck can be a sloppy task, but
excellent results can often be obtained by drilling a series of 14-
inch holes in a regular pattern in the deck. If these holes are well
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troubleshooting and repair

T IME is of the essence in servicing auto radios, perhaps more so
than in other types of service operations. Only by keeping
the time factor to a minimum can you expect to charge rates that
will enable you to compete successfully in this field. In addition,
quick servicing establishes customer confidence in you and your
operation. Your best customers will, as usual, be those who were
referred by people for whom you were able to provide effective
rapid service in the past.

Rapid servicing can be accomplished only if problems brought
to you are approached with a definite plan in mind. As in many
other service operations, symptoms observed by the customer are
often the starting point. In general, it will be best to verify the
customer’s story by checking to see if you observe or hear the
same symptoms.

Thousands of words can be written on troubleshooting auto
radios (and may yet be), but words are no substitute for clear
thinking, good judgment and sound deductions made by the
service technician. This text will therefore not attempt a cure-all
but rather will offer a program to provide the technician with
a logical basis for his servicing operations.

Servicing program

The servicing program advocated herein divides servicing into
two parts — troubleshooting and repair. Troubleshooting includes
those operations necessary to locate the exact fault causing trouble.
Repair includes whatever is required to clear the trouble and re-
turn the equipment to normal operation.

The procedure to be presented requires a firm knowledge of
radio fundamentals on the part of the technician. To fill any gaps
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in this area, the paragraphs that follow discuss, on a block-dia-
gram level, first, a typical AM superheterodyne auto radio receiver,
then, the differences between AM and FM receivers.

The AM superheterodyne auto radio

Fig. 501 is a block diagram of a typical AM superheterodyne
auto radio. The major sections include the radio frequency (rf),
the intermediate frequency (if), the audio frequency (af) and the
power functions. The stages that make up each of these include:
antenna, rf amplifier, tuner and converter in the rf function; if
amplifiers and detector-avc stage in the if function; first audio
amplifier and speaker in the af function; and the primary and
secondary power sources in the power function.

The component parts that make up the individual stages (not
covered in this block-diagram discussion) include tubes, tran-
sistors, resistors, capacitors, transformers and other circuit build-
ing blocks, all of which are subject to failure.

The broadcast signal consists of audio information or program
material amplitude-modulated on a carrier in the frequency range
from 540 to 1600 kilocycles. This desired signal is said to be at
radio frequency and is often referred to as the rf signal. In AM
broadcasting, it is vertically polarized. (In commercial FM and in
television, the rf signal is horizontally polarized).

AM operation

The vertically-oriented auto radio antenna (usually adjust-
able) mounted where it is fairly free and clear of the metal
auto body, picks up the small rf signal, whose power is on the
order of microwatts. The antenna couples the signal to the first
stage in the radio receiver, a tuned radio-frequency amplifier.
The tuned circuit at this stage selects the narrow rf band as-
signed to a single station and rejects all other available bands. This
action improves the overall selectivity of the receiver. The rf
amplifier builds up the level of the selected signal and couples
the signal via additional tuned circuits to the converter stage. The
tuned circuits used in coupling again aid in improving receiver
selectivity.

The converter, a single-stage local oscillator and mixer, con-
verts the rf signal to an intermediate-frequency (if) signal. The
program information remains unchanged during conversion and
is amplitude-modulated on the if signal. The if signal is usually
the difference frequency between the rf signal and the local
oscillator signal (it can also be the sum frequency).
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The local oscillator tank circuit is ganged to the tuned circuits
that select the single broadcast station. The oscillator frequency
is thus changed automatically as different stations are tuned. The
object of this action is the underlying principle of the super-
heterodyne receiver: the if signal developed is always maintained
at the same frequency even though each broadcast station is at
a different frequency. In AM receivers, the if is usually set at
262 kilocycles.

Thus, the tuned circuits in the if amplifier stages that follow
the converter need only be fixed-tuned to the intermediate
frequency. The fixed-tuned circuits in the if stages make the
major contribution to the selectivity of the receiver, since they
can be critically peaked to pass only the narrow desired signal
band. The if amplifiers build the desired signal to a still higher
level. The output of the if amplifiers is fed to the detector stage,
which demodulates the audio program information from the
carrier.

The modulated if is rectified, filtered and fed back to the rf and
if stages as an automatic volume-control (avc) signal. The avc
signal controls the gain of the rf and if stages in an attempt to
maintain the volume of the radio output constant under condi-
tions where the received rf signal may be varying in strength. In
addition, the avc signal succeeds somewhat in maintaining a
constant volume out of the speaker for a given volume-control
setting as the radio is tuned from station to station of different
signal strength.

The audio frequency (af) signal separated at the detector stage
is fed to the first af amplifier, where the audio signal is built
up to drive the audio power output amplifiers. These amplifiers
feed the audio output transformer, which matches the impedance
of the amplifiers to the speaker voice coil for maximum power
transfer. The speaker output level is controlled by the volume
control at the first audio amplifier stage.

Primary power for the auto radio is generally supplied by the
car’s electrical system. In sets with conventional tubes, low-voltage
primary power is stepped up to a usable value by a suitable
dc-to-dc converter stage. In hybrid and all-transistor sets, che
available low dc primary voltage is used to power the radio.

The FM superheterodyne auto radio

Fig. 502 is a simplified block diagram of a typical FM super-
heterodyne auto radio. The major sections duplicate those found
in the AM radio of Fig. 501. The details of the if function are
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tions in the received signal to yield the desired audio signal. In
some sets, a ratio detector circuit is used in place of the discrimi-
nator to demodulate the received signal. The avc and audio
amplifier stages of the FM set are identical in function to similar
stages found in the AM receiver.

Troubleshooting

Troubleshooting has always been an art at which only the tech-
nician with a vast backlog of experience has been able to excel.
Though there will always be room for the expert, and trouble-
shooting will remain an art, there is an approach to trouble-
shooting that attempts to employ a scientific method that en-
ables even the inexperienced to locate faults. This approach casts
aside the routine methods of locating troubles offered for the
inexperienced technician and instead depends on his under-
standing of basic theory and his deductive powers to locate
troubles rapidly.

The scientific method of troubleshooting, stated in its basic
form, involves a discrete program for narrowing down the cause
of trouble in a given equipment first to a major function, then to
a stage and finally to a faulty component. Of course, the last of
the three procedures is the most important, since it is the
individual component that is actually subject to failure. The
scientific method does not require that all problems involve the
application of all three operations.

The preferred approach instead involves isolating a faulty com-
ponent as quickly as possible. Often, a cursory examination will
lead immediately to the faulty component, as in the case of a
burned resistor which may be detected by sight and smell. More
often, trouble will not be as apparent, but with time and experi-
ence the technician can pinpoint many common faults by their
symptoms with a high degree of accuracy. However, until the day
experience can be brought to play in troubleshooting, the method
to be prescribed should provide for the rapid location of most
conventional troubles.

Program for auto radios

A two-part approach to troubleshooting auto radios is advo-
cated as an aid to speeding up the process of isolating trouble: the
in-place and at-the-bench programs. The in-place troubleshooting
program offers the technician a systematic approach to checking
out auto radios by isolating troubles to defective parts without
removing the set from the auto. When trouble isolation cannot
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6. Is vibrator buzz audible at characteristic low level (vibrator-
powered radios only)?

a. Check accessibility of vibrator. (Since the vibrator has an
extremely high failure rate, most manufacturers take this
into account and design their sets to make the vibrator
easy to get at and replace.)

b. Replace vibrator with a unit known to be in good working
order. CAUTION: A defective buffer capacitor in the
power supply will cause premature failure of the new
vibrator. If the customer says he has had trouble recently
with the vibrator, the buffer capacitor will probably have
to be replaced. If vibrator trouble is occurring for first
time, it should be possible to replace vibrator unit with-
out replacing the buffer capacitor, without endangering
new vibrator. In older radios with a history of vibrator
failure, a new buffer capacitor must be installed before
vibrator replacement is attempted. NOTE: the capacit-
ance and working voltage value of the buffer capacitor
is critical. Always install an identically rated replacement
unit.

7. Are all accessible tubes operating properly?

a. Remove one tube with power off and replace with a known
good tube. Reapply power. Check set for normal opera-
tion. Repeat this procedure one tube at a time until all
tubes are accounted for, or until a faulty tube is found
and trouble is cleared. Return all original tubes to their
sockets at completion of each separate test operation.

8. Are interference suppressors functioning properly?

a. Check for presence of suppressor components at generator,
coil, voltage regulator, etc.

b. Check connections of suppressor components.

Bench troubleshooting

When trouble in the auto radio cannot be isolated with the set
in place, the radio must be removed from the car and brought to
the bench for further troubleshooting. For removal hints and
kinks refer to Chapter 3, which covers installations. In general,
removals may be accomplished by reversing the installation pro-
cedure.

The bench troubleshooting procedure recommended consists of
a planned systematic program designed first to localize trouble
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to a stage, and finally to isolate trouble to a defective component.
In general, the program advocates using the signal-injection tech-
nique for localizing trouble, measuring voltage and resistance at
all key points for isolating trouble.

To implement the bench troubleshooting program, schematic
diagrams (Figs. 503 through 509) covering the gamut of auto
radios, have been incorporated into this text. These schematics
should be of great help in the majority of situations the technician
will find himself faced with in actual practice. However, for the
tough sets that defy the techniques described here, it will be
necessary to obtain the service manual covering the specific make
and model of the radio being tackled. Often a manufacturer comes
up with a novel way of doing things that can be understood only
by studying the special service notes that usually accompany the
introduction of new circuits. In addition, the manufacturer’s
service manual is almost a must in cases where wiring and inter-
connections cannot be followed in the set because printed wiring
and other specialized construction is used.

Bench servicing setup

The bench servicing setup for auto radios is shown in Fig. 510.
It is important that each of the items in the check list that follows
be accomplished before proceeding.

I. Determine the operating voltage requirements of the radio
to be worked on, and adjust the battery eliminator for either 6 or
12 volts. (If a storage battery is used, set up the battery leads to
provide required output). Caution—Use only a low-ripple battery
eliminator with hybrid and all-transistor radios.

2. Determine whether the radio’s ground is to be returned to
the positive or negative power supply terminal. If there is
any doubt, recheck the auto from which the radio was taken. If
there is a schematic for the set in the shop file, check that. In any
event, guessing is not good enough. You must know before
proceeding.

3. When setting up universal radios containing a polarity-re-
versing device, adjust the device to place the isolated inner chassis
at common or ground potential with respect to the bench setup.
(Remember to readjust the polarity-reversing device, if neces-
sary, before reinstalling the set in the auto).

4. Install a common or ground return lead from the radio chas-
sis to the positive or negative terminal, as determined, of the bat-
tery eliminator or battery. Remember that in the car, except for
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universal models with isolated common chassis, this ground return
was provided by the mechanical connections between the radio
and the auto chassis.

5. Install a ground lead between the chassis of ac-operated
test equipment (a vtvm) to be used and the radio chassis.

6. Connect a matching speaker to the speaker output terminals.
Adjust rear-speaker shorting plugs, if any, to account for opera-
tion with one speaker. Adjust built-in fader controls accordingly.

7. Connect an antenna or dummy antenna (see Fig. 510) to
the antenna input terminal.

8. In two-chassis sets, be sure to cable the chassis as required.
Add an external ground wire to connect the two chassis.

9. Check that the oN-ofFF control is off. Then connect the
power lead to the selected side of the battery eliminator or battery.
Do not forget to install the fuse in series with this line. This fuse
should be the same size used in the auto.

Localizing trouble to a defective stage

Use the signal injection method in localizing troubles to a
defective stage. In hybrid and all-transistor sets, the noise gener-
ator, in conjunction with the signal tracer described in Chapter
2,"are recommended as a signal source and indicator. They are
portable and considerably less complicatéd to use than the aver-
age signal generator and oscilloscope combination. In tube sets,

signal injection may be accomplished by pulling a tube from its
socket while power is applied and then replacing the tube. This
action produces an arc as power circuits are broken. The arc
introduces a signal into the radio circuits which acts exactly like
a noise signal that is introduced by other means.

Caution: Transistors used in auto radios are vulnerable to the
shock that can be incurred by large voltage transients. Although
the “pull-to-arc” method of localizing trouble has been recom-
mended for certain industrial and military equipment employing
advanced transistor types, avoid this method when troubleshoot-
ing auto radios.

Localization should consist of a checkout of the receiver using
the signal injection technique, until the defective stage is pin-
pointed. Recommended test points for signal insertion are called
out on the servicing schematic diagrams (Figs. 503 through 509).
In general, the trouble will be in the stage associated with or
immediately following the check point where the injected signal
is lost. On some occasions, particularly in the case of shorted
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components, the trouble will be found in the stage immediately
preceding the test point where the signal is being lost.

Detailed localization procedure

A detailed localization procedure for the classic generalized
case of a dead receiver is given in Table 5—1. Since actual practice
has demonstrated that in transistor auto radios, the dead set is a
very common symptom, the generalized case actually becomes the
specific for a majority of troubles arising in these receivers.

The procedure is predicated on use of the noise generator and
signal tracer to localize trouble to a single defective stage. Multi-
ple troubles may be solved by applying the table, but the intent is
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Fig. 510. Bench setup for servicing auto radios.

the solution of single failure trouble. In general, a stage begins
at one input point and ends at the input point of the next stage.
All parts that fall between these limits are considered part of the
same stage.

Before Table 5-1 can be brought into play, check the power
supply for normal operation with the aid of a voltmeter, since
power supply troubles common to several stages are not covered
by the table.

The table is designed to help the technician localize trouble
using a minimum number of steps. Toward this end, trouble is
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Transistors are vulnerable to the voltage transients formed by
the arc generated under these conditions. In addition, such
short circuits often result in the temporary removal of protec-
tive biases (in transistor power circuits especially), causing ex-
cessive current to flow through the transistors and driving them
to premature failure. Wrap the conducting tip of the voltmeter
(and other) test prods with insulating tape so as to expose only
the shortest tip necessary when probing in transistor circuits.

Voltage measurement in transistor circuits

In servicing tube circuits, every technician is aware of the
polarity of the voltage to be expected at key points. For ex-
ample, in conventional amplifier circuits, the voltage at the
cathode that is returned to ground through a resistor is positive
with respect to ground, as is the plate voltage. The technician
even has an idea as to the value of the plate voltage to expect,
since he has probably read the B-plus voltage applied to the
stage in question. He then reasons that if the stage is cut off,
he should read full B-plus at the plate; if the stage is conduct-
ing, he should read some positive value below B-plus. By the
same token, he knows that operating bias for amplifier stages,
for example, is of negative polarity of a relatively low-voltage
value.

Since transistor circuits are new, and there are two distinct
types of transistors that are the opposite of each other in terms
of voltage polarities required for operation, some transistor serv-
icing data will be detailed here to aid the technician meeting
transistors for the first time in his experience with auto radios.

Transistors are either p-n-p or n-p-n. N and P refer to the
electrical character of the semiconductor material used in their
makeup. (This discussion applies only to junction transistors.
Point-contact transistors have found no application in auto
radio circuits). The transistor used in auto radio circuits is almost
always a three element device, containing an emitter, base and
collector (roughly analogous to the cathode, grid and plate of
the triode electron tube). N-p-n transistors are complementary
to p-n-p transistors and actually require voltages of exactly the
opposite polarity for their operation. The actual polarities to
be found in normal operation of p-n-p and n-p-n transistors are
detailed in Fig. 511.

Locating and identifying transistor electrodes
In checking voltages at tube pins, the technician must often
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The junction-resistance test consists of taking resistance read-
ings between the base and emitter and between the base and
collector in both the forward and reverse directions, with respect
to the voltage source in the ohmmeter. The manner of connection
and the normal indications expected in such a test for both p-n-p
and n-p-n transistors are shown in Fig. 514. To perform this test,
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equipment will have to be off and transistors will have to be.
unplugged from sockets. If transistors are soldered in, and pro-
vided the battery-powered ohmmeter is used, it will be necessary
to open only the base circuit to check the required junction
resistances. This need not necessarily be done at the base lead
itself; it can be done at any point in series with the base-return
circuit,

Caution: Do not attempt this test with an ohmmeter that is
part of an ac powered device (a vtum, for example), as ac leakage
from such devices can destroy a transistor.

Repair, replacement, adjustment
When trouble has been isolated, the troubleshooting operation
ends and the next step is to effect a repair that will restore the
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justment of auto radios employing transistors and printed-circuit
construction.

Replacing transistors

The transistor is a peculiar device. Witness the manner in
which these units are manufactured and typed. Often the slabs
of semiconductor material are joined with an eye toward pro-
duction of one particular type. When the processing is complete
and the units are checked to see if they meet the specifications
set up for the type aimed for, the makers are disappointed. Only
a restricted group meets the required specs. Are the rest dis-
carded, thrown out? No! Instead they receive new type numbers,
specifications are written for them and we have a new transistor
type. A glance at the current lists of available transistor types will
bear this out.

Unfortunately (for us), the transistor with the “high-falutin”
specifications is the one that goes into military and industrial
equipment. The byproducts are for home entertainment instru-
ments. This is not to say that the transistors for home equipment
are inferior. Rather, the specs for these transistor types are re-
laxed, and one finds units with a wide range of values for a given
parameter. Thus, when used in rather critical circuits where a
particular operating parameter must be within a very narrow
range of values, of two transistors having the same type number,
one may work while the other may not. Because of this replace-
ment of a known faulty transistor does not always effect a repair.
It will therefore often be necessary, especially in critical circuits
(converter stages for example), to try several transistors of the
same type number before a substitute will be found that works
properly.

Transistor replacement techniques

The physical act of replacing transistors is not as simple as the
replacement of tubes. Transistors used as voltage amplifiers may
be either soldered in place or plugged into sockets. Transistors
used as power amplifiers are generally bolted to the radio chassis,
which forms a heat sink for the power dissipated in operation.

Plug-in transistors

Plug-in transistors are not as easy to replace as plug-in electron
tubes. Part of the problem lies in the fact that the sockets of
transistors in which the leads are at the corners of an equilateral
triangle are not keyed. This makes it possible to insert the new
transistor in any one of three ways, only one of which is correct.
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A colored dot on the transistor helps differentiate between the
electrodes; however, the equivalent of this dot does not appear on
the transistor socket. As a result, it is possible to insert the tran-
sistor incorrectly, unless the special precaution is taken to mark
the socket appropriately before the faulty transistor is removed.
This mark will then facilitate the correct replacement of the new
unit. The unequal arrangement of the leads in transistors in
which the three leads are in the same plane is, in effect, a built-in
keying device which eliminates the necessity of marking the socket.
(Other transistor lead arrangements are shown in Fig. 512))

Replacing soldered-in transistors

Transistors are soldered into circuits in the manner of resistors
and capacitors to decrease the possibility of a poor connection
between the thin electrode lead and the transistor socket.

The transistor is very sensilive to heat in any. form. Inadequate
ventilation in hybrid radios, for example, will first adversely
affect transistor operation and will soon lead to eventual transistor
failure. By the same token, a soldering operation which subjects a
transistor to excessive heat for even a short period of time may
cause irreparable damage to the transistor. For this reason, special
precautions must be taken when soldering transistors into circuits
during replacement. The following techniques, when properly
applied, will assure a replacement that does not damage the
transistor.

Use a 35- to 50-watt high-quality soldering iron. Use of higher-
wattage irons is not recommended because the larger amount of
heat dissipated endangers even the life of neighboring transistors.
Use of lower-wattage irons is not recommended because of the
increased time required in the soldering operation. As a result of
their ultra-high-speed high-heat operation, gun type soldering
irons are not recommended, because of their tendency to cause
cold solder joints.

Use rosin core 60/40 high-quality solder. The 60/40 composi-
tion solder melts quickly at a lower temperature and tends to
solidify all at once. By comparison, the more common 40/60
composition solder requires a higher temperature to melt and
solidifies over a range of temperatures, increasing the tendency to
form cold-solder joints.

Use some form of heatsink device between the point being
soldered or unsoldered and the body of the transistor. The use
of a long-nosed pliers as a heat sink in this application is recom-
mended (Fig. 515).
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When a power transistor is being replaced, check the following
points:

Has the mica washer been completely coated with a film of

the proper silicone grease?

Has the transistor been bolted down with adequate force?

Adjusting audio output power-transistor circuits

Push-pull and single-ended transistor audio output stages are
operated class B to obtain maximum power efficiency. However,
the class-B transistor amplifier can be biased for either zero col-
lector voltage or for collector-current cutoff. In the zero-collector-
voltage condition, heavy collector current can flow in the absence
of a signal (an undersirable condition in auto radios). Therefore,
car radio power output stages employ collector-current cutoff bias
in which collector current flows only during the half-cycle of input

SCREWS POWER INSULATING 7 SOCKET

/ TRANSISTOR WASHER

RIVETS i

HEAT SINK OR SCREWS

Fig. 516. Exploded view of power transistor mounting. Mica washer coated
with silicone grease electrically isolates transistor case from chassis.

signal. Due to the different characteristics of transistors of the
same type number, it is necessary to readjust the stage bias each
time a power output transistor is replaced. The bias is adjusted
to produce the proper collector current cutoff value, which varies
depending on the transistor used and the circuit design.

Manufacturer’s service notes generally contain a complete pro-
cedure covering this adjustment, for which a control is generally
incorporated into the circuit design. Where service notes are not
available, collector-current cutoff (Ico) values for a given tran-
sistor at the circuit operating voltage can be obtained from a
transistor data handbook.

Repairing printed circuits
Printed circuits used in auto radios (and home entertainment

instruments in general) include printed-wiring boards used in
conjunction with conventional component parts (resistors, capa-
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citors, etc.). The printed-wiring board begins as a conductor
(copper) laminated insulator (plastic) board. The wiring design
is transferred to the conductor surface by silk-screening with a
chemical agent known as a “resist.” The copper surface is -then
treated with an etching solution which attacks the free copper,
leaving the resist-treated pattern to become the wiring of the
printed-circuit board.

Conventional component parts are used to bridge gaps in the
wiring to make up the intended circuit. These components are
secured to the board either through the use of plated holes into
which the part leads are inserted or through the use of eyelets
which make electrical contact with the printed wiring at the
surface of the board. Often, printed wiring is used on both
surfaces of the board. In this case, plated holes or eyelets are again
-used to establish electrical contact between the board surfaces.

Empbhasis is being given here to the manner in which parts or
wiring on different surfaces are connected, since experience has
indicated that the connections in printed circuitry are the weakest
link. Connection points are more subject to failure than com-
ponent parts. Troubleshooting and repair operations should pro-
ceed with this point clearly in mind.

Repair hints and kinks

Since printed wiring is, actually, nothing more than metal foil
bonded to a plastic conductor, repair of printed circuits is likely
to be a delicate procedure. Both the removal and installation of
component parts of printed-circuit boards can, if improperly
executed, cause damage to the sensitive printed wiring. The hints
and kinks listed below should arm service technicians with a
foreknowledge of printed-circuit repair techniques.

Many printed-circuit boards are coated with a protective plastic
substance which maintains a hermetic seal to protect the wiring
from exposure to air. Remove any such protective coatings by
scraping the circuit board in the area to be repaired. If cold
scraping does not work, gently heat the area with a hot soldering
iron to soften the plastic before scraping.

Caution: Never use solvents to remove protective plastic coat-
ings. Solvents may dissolve the adhesive bond betweenj the printed
wiring and the circuit board.

Always use a small 35- to 50-watt soldering iron of high quality
when making printed-circuit repairs. The key to effective solder-
ing is the application of relatively high heat to a small area to
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insure the melting and flow of solder in the shortest possible time.
Bargain irons often do not fulfill their promise to deliver high
heat. High-wattage irons (100 to 150 watts) are often large and
have a tendency to heat too large an area to too high a tempera-
ture. Soldering guns, unless specially designed for printed circuit
work, rarely meet the requirement for adequate solder flow during
a repair operation.

Always use 60/40 (tin-lead) rosin core solder of the highest
quahty, preferably a commercial solder recommended for printed
circuit use. When in doubt, use fluxless 60,40 solder and a flux
solution made of rosin dissolved in alcohol. Always use alcohol to
remove excess flux after a soldering operation.

Caution: The use of corrosive fluxes in soldering printed cir-
cuits can cause serious damage to printed wiring at connection
points in a very short time.

Wherever possible, replace component parts by allowing the’r
original connections (the wiring) to the printed circuit board to
remain intact. Cut the body of the faulty component away. Form
loops at the ends of the leads of the new component and the re-
maining leads of the old component, secure the loops together
and solder. This technique is illustrated in Fig. 517. Where the
leads of the defective component are too short, greater lead length
may sometimes be obtained by breaking apart the old component.
If this fails to provide long enough leads, the component will
have to be removed from the board. Proceed according to the
hints and kinks given below.

Always apply the soldering iron to the pigtail lead of a com-
ponent part being removed — never to the printed-wiring foil at
the joint. Work rapidly but carefully. Remove the iron the in-
stant the solder has melted.

When installing new components after a complete removal
operation, be sure to provide sufficient lead length to allow for
a subsequent replacement to be made by the more conservative
technique previously described. Cinch pigtail leads to the foil to
obtain a secure mechanical connection wherever possible. Again,
heat the lead rather than the foil. Remove the iron as soon as
solder has had a chance to flow adequately into the joint.

When excess solder remains in a plated or eyelet hole after
component removal, do not attempt to clean the hole by apply-
ing heat. Instead, drill the solder out carefully, using a drill size
slightly larger than the size of the lead to be inserted in the hole.
It is best to start drilling from one side. Stop when partway
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The rf stage

In the average home radio, the signal picked up by the antenna
is fed directly to a converter stage where the intermediate
frequency is formed. In the average car radio, however, the
converter stage is preceded by a radio-frequency amplifier stage.
The rf amplifier isolates the antenna from the converter to
suppress unwanted back radiation, improves the selectivity and
sensitivity of the receiver, suppresses image interference (more of
a problem with a 262 kc if) and improves the overall gain of the
receiver. These assets gained from the use of an rf stage in the
mobile car radio outweigh the liabilities of additional complexity
and cost. As a result, only the very low-priced economy models are
without this feature.

Among the complexities introduced by the rf stage is the need
for one additional tuned circuit. In the radio without an rf stage,
the input circuit to the converter and the local oscillator tank of
the converter require retuning as the radio is switched from
station to station. Since the output of the converter is at the if
for each station, the coupling circuit used is fixed tuned, as
previously described. In the radio employing an rf stage, an
additional tuned circuit must be incorporated between the rf
stage and the converter since the frequency to be coupled will
be different for each station selected.

Tracking

In all radios, tuning consists essentially of adjusting both the
resonant frequencies of the tuned coupling circuits that handle
the rf signal before it is converted to an equivalent if signal, and
the frequency of the local oscillator or converter oscillator tank
circuit. The oscillator frequency must always be separated from
the selected rf signal by a frequency equal numerically to the
intermediate frequency. The tuning elements in coupling and
oscillator circuits are generally ganged mechanically, to insure
proper tracking. Tracking, then, is the process in which all tuned
circuits are simultaneously adjusted to the correct resonant
frequency over the entire band of frequencies being tuned.

Tuned circuits

Tuned (or tank) circuits at the broadcast frequencies are made
up of capacitors and inductors. Either the capacitive or the
inductive component may be varied to act as the actual tuning
clement. The ganged air-dielectric capacitor used in the home
radio is an example of a variable capacitive tuning element used
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for simultaneously adjusting rf coupling circuits and the converter
oscillator. The variable capacitor has proved to be a poor
component for use in auto radios since it does not remain stable
under the shock and vibration encountered.

In the car radio, variable inductive tuning elements are
employed because of their inherent mechanical stability. The most
common method of varying inductance is by positioning a brass
or powdered-iron slug within the core of a coil. This type of
tuning is referred to as slug tuning and is used for adjusting
the fixed-tuned frequency of the if coupling stages as well.
Powdered-iron (a magnetic material) slugs concentrate the
magnetic lines of force in the core of the coil to increase its effective
inductance. Increasing the inductance decreases the resonant
frequency of the associated tuned circuit. With nonmagnetic
conductors (such as brass), the opposite effect is obtained. As the
brass slug is inserted in the core of the inductor, the resonant
frequency of the associated tuned circuit is increased. The use
of different slug materials accounts for the differences in direction
of insertion, and the subsequent results obtained from tuners of
different manufacturers. The tuning slugs are mechanically ganged
to provide the necessary tracking action required in radio tuning.

TOWN SEARCH PUSHBAR COUNTRY SEARCH PUSHBAR

PUSHBUTM I CONTINUOUS TUNING CONTROL

Fig. 601. Typical deluxe auto radio with continuous, search and push-
button tuning controls.

Avuto radio tuner

Auto radio tuners consist essentially of a mechanical unit
designed to position tuning slugs or cores automatically and
simultaneously in the coils associated with the tuned coupling
circuits of the rf and converter oscillator sections. These ganged
tuning slugs may be operated by the continuous tuning control
accessible to the user on the front panel of the radio, or by push-
buttons which facilitate the selection of one of a number of preset
stations. Deluxe models incorporate elaborate search-tuning
mechanisms controlled by the listener which are designed to seek
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Fig. 602. Typical manually operated continuous tuning unit section of a deluxe auto
radio tuner. Pushbutton and search tuning are included.

strong stations in a given area one at a time in sequence until a
desirable program is found. A typical deluxe radio that in-
corporates all the tuning devices described is shown in Fig. 601.

Manual continuous tuning

In manual continuous tuning, the user turns a tuning knob to
effect a change in the position of the tuning slugs in the tuning
coils associated with the tuned circuits in the radio. A typical
manually-operated continuous-tuning unit is shown in Fig. 602.
The unit illustrated is the manual continuous-tuning section of
a deluxe tuner that also includes pushbutton and search tuning.
The continuous-tuning unit consists of tuning coils (7) in which
tuning slugs (8) are positioned through the action of a treadle
assembly (11). The operation is controlled by a manual tuning
knob (1). Motion is transferred from the manual tuning knob to
the treadle assembly through a gear train (2,3,4,5 and 6).

When the manual tuning knob is rotated, the continuous tuning
shaft (2), through the action of us pinion gear (3), rotates the
crown gear and pinion (4), which in turn rotates the split gear
and bushing (6). The split gear and bushing assembly is frictional-
ly coupled to the clutch and disc assembly (5) to which the
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well. The pushbutton tuning section consists of pushbutton- (15)
operated push arms (14), which operate the tuning-unit treadle
assembly (11) by an adjustable cam (13) associated with each
push arm. The cams are normally adjusted to different angles with
respect to the push arms.

Detailed operation

When a pushbutton (15) is pressed, the push arm operates the
clutch release arm (12) to disengage the clutch and disc assembly
(6) . This in turn isolates the split gear and bushing assembly (6)
and the entire gear train to the manual tuning knob (I). This
prevents the manual tuning system from rotating when a push-
button is operated. As the push arm moves in, the adjustable cam,
which is locked at this time, pushes against the treadle assembly,
which rotates on its pivot point (10). The treadle assembly stops
when it assumes the angle determined by the locked cam.
Through this action, the tuning slugs (8) that are ganged to the
core carriage (9) are simultaneously positioned in their asso-
ciated tuning coils to select the desired station. The action on
the ganged tuning slugs of cams adjusted at three different angles
is illustrated in Fig. 604. When the pushbutton is released, the
clutch release arm (12 Fig. 603) engages the clutch and disc
assembly, which again ties the continuous tuning gear train to
the treadle assembly. This action locks the tuner on station.

Setting up pushbuttons

To preset pushbuttons to the desired stations, the radio is
first tuned manually to the first station to set the treadle assembly
(11, Fig. 603) to the angle that corresponds to the desired station.
The pushbutton is then unlocked (by pulling it out or by un-
screwing it several turns) to release the adjustable cam on the
pusharm. When the pushbutton is depressed or depressed and
screwed in, the adjustable cam is locked in the angular position
determined by the settmg of the treadle assembly.

Each pushbutton is adjusted in a similar manner. Once set,
depressing a pushbutton will return the treadle assembly to the
preselected angular position, thus positioning the tuning slugs
to select the desired station.

Search tuning

Search tuning could logically be called automatic continuous
tuning. In search tuning, the user operates a search pushbutton or
bar. The search-tuning system operates the tuner automatically
until the next strong station on the dial in the particular area is
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hybrid auto radios). This typical electronics section includes
trigger tube Vl-a, relay tube V1-b, search relay RY1, country push-
button S1, town pushbutton S2, drive motor Bl and reversing
switch S3. The circuit also shows the radio’s first and second if
stages, and the detector-avc-first audio stage. These stages
provide the lock-in control signal for the search-tuner electronics
section.

Depressing either the town or country pushbuttons grounds
one side of the search relay and energizes the relay. The relay
contacts all close momentarily, applying ground through F to the
external circuits connected to contacts A through E. Contact B
grounds the cathode of relay tube V1-b, removing bias for this stage
and driving the stage into full conduction. The conduction of the
relay tube in series with the search relay holds the relay energized
after the momentary town or country pushbutton is released.

When the country pushbutton is depressed, switch E6 opens and
the suppressor of the first il is returned to a higher B-plus point.
Under these conditions, the radio operates at maximum sensitivity
to insure pulling in even weak signals in the country. When the
town pushbutton is depressed and switch E6 is closed, the radio
is set up for operation under conditions of reduced sensitivity to
account for the relatively stronger city radio-station signals. When
the search relay is energized while E6 is closed, closing of contact
B returns the suppressor grid of the first if tube to ground through
R23, the town sensitivity control. The radio operates at reduced
sensitivity during the search operation in this condition. Normal
operation is restored when the search relay is de-energized on
reaching the next strong station on the dial.

With the search relay energized, the speaker voice coil is
grounded through contact A to silence the speaker during tuning.
Power is applied to drive motor Bl through contacts D and E.
When reversing switch S§3 is operated, the direction of current flow
through drive motor Bl is reversed and motor Bl turns in the
opposite direction.

Drive motor Bl operates the search-tuning drive assembly which
positions the tuning slugs and tunes the radio to the next station
on the dial. When the new station is approached, a station-level
signal from the output of the second if amplifier and an avc-level
signal from the avc section of the detector-ave-first audio stage
are fed back and combined at the input of trigger tube Vl-a.
Vl-a couples the resultant signal to the grid of relay tube V1-b to
cut off the relay tube when a station has been reached. Since the
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drive motor and search-tuning drive assembly have a tendency to
coast after the relay tube is de-energized, the system is set up so
that the relay tube cuts off before the station is tuned perfectly.
The coasting action is then used to bring the radio exactly on
station. The station-level and avc-level signals are used in combi-
nation to control the trigger tube, since the added levels of these
signals will remain constant for stations of relatively equal signal
levels. (Where the signal level is slightly weaker, avc will be high
to compensate for it; where signal level is strong, avc will be low).
The combined system insures that the trigger tube will react
the same way to all qualified stations.

The combined voltage applied to the control grid of trigger tube
V1-a is amplified by V1-a. The resultant pulse (negative) is coupled
from the plate of V1-a to the control grid of relay tube V1-b. Tube
VI1-bis cut off by the negative pulse de-energizing relay RY1 which
removes power from the drive motor. The motor coasts to a stop.,
positioning the search-tuning drive assembly and associated slugs
at precisely the center frequency of the desired station. With the
search relay de-energized, the speaker voice coil is switched back
to the audio output circuit.

Detailed mechanical analysis

When power is applied to the search-tuner drive motor (16), the
tuning slugs (5) are positioned in the coils (6) of the tuned circuits
according to the following detailed analysis (refer to Fig. 607).
The search-tuning drive motor runs the drive gear (10) which
operates the planetary gear (11). The planetary gear in turn
operates the pinion gear (13) which operates the power transfer
gear (9). The power transfer gear drives the power takeoff gear
(8) and the tuner drive shaft (15), which is clutch-coupled to the
pinion gear (2). The pinion gear applies power to the tuning
gear (1), which operates the treadle assembly (4) in a manner
similar to the action of the power transfer in manual tuning. The
clutch coupling (3) between the tuner drive shaft and the pinion
gear prevents damage to the search-tuning drive motor, in case
the tuning mechanism jams during automatic tuning.

When the treadle assembly has moved to the end position in
either direction, the reversing switch (7) is actuated, changing the
direction of the search-tuning drive motor. The search tuner
is able to search for stations in either direction as a result of this
arrangement.

The control clutch (12) actuated by the solenoid (14) operates
on the planetary-gear assembly only during search tuning to per-
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dependent on a resonant circuit formed by the buffer capacitor
and the inductance of the transformer. For this reason, the value
of the buffer capacitor is extremely critical. (Typical values run
from between .02 and .005 pf rated at 1,600 to 2,000 volts). A 5,000-
ohm resistor is often connected in series with the buffer capacitor
to limit the secondary current in cases where the buffer capacitor
develops a short. In many power supplies, the bufter capacitor is
tied across the entire transformer secondary.

Resistors R1 and R2 are hash suppressors used to reduce spark-
ing at the vibrator contacts. Choke L2 and capacitor C2 make up
a hash filter: the choke keeps rf interference from entering the A
supply leads; the capacitor bypasses this interference to ground.

At the power input circuit, spark plate capacitor Cl and choke
L1 prevent ignition interference carried in on the A supply lead
from getting into the tube heater circuits. The choke blocks these
interfering currents, while the spark plate capacitor bypasses them
to ground.

Synchronous or self-rectifying vibrator

The synchronous or self-rectifying vibrator, as the name im-
plies, is a device that accomplishes automatic rectification (con-
version to dc), without the aid of an external rectifier tube. A
simplified schematic diagram of a typical self-rectifying vibrator
is shown in Fig. 705. It contains an extra pair of rectifying con-
tacts (3 and 4) in addition to the elements found in the conven-
tional interrupter vibrator. In practice, these contacts are con-
nected across the secondary of the vibrator stepup transformer.
In operation, with oN-oFF switch SI closed, contacts 1 and 2 of
the vibrator perform the normal interrupter vibrator function and
produce the characteristic vibrator ac waveform at the primary
of stepup transformer T1.

However, when the vibrator coil is energized and the armature
is activated to make contact 1, contact 3 is also made. Under these
conditions, contact 3 grounds the bottom leg of the secondary of
T1. Current thus flows through the load, through chokes L3 and
L2, to the center tap of T and returns to ground through the
bottom leg of Tl and grounded contact 3. (Note that current
flows from the load to the center tap of T1).

After the vibrator de-energizes, the armature springs back and
makes contacts 2 and 4. This time, the top leg of the secondary of
T1 is returned to ground, and current flows through the load.
through chokes 1.3 and L2, to the center tap of T1, through the
top leg of the secondary of T1, and on to ground through closed
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contact 4. In the case of this alternation, current again flows
through the load to the center tap of T1’s secondary. Since the
current through the load always flows in the same direction, the
action described is obviously rectification. A positive rectified dc
voltage is obtained at the center tap of the secondary of T1.

The synchronous vibrator will produce a positive voltage at
the secondary-winding center tap only if the storage battery is
connected with a negative ground as shown in Fig. 705. If it is
connected to have a positive ground, a B-minus voltage will be
developed and the radio will not operate. To use a synchronous
vibrator in an auto radio connected in a positive-ground system,
it is necessary to reverse connections at the primary or secondary
of the stepup transformer (reversing the polarity) to permit nor-
mal operation.

HTR PWR TO
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i
&' LEAD Fi L ]
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evoc *+  9a ON-OFF SW L2
SPARK (0N
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RETURN = = CONT:
SYNCHRONOUS
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Fig. 705. Simplified schematic diagram of the synchronous or self-rectifying vibrator
power supply.

Transistor dc-to-de converters

The discussion so far should indicate to you that to make high-
voltage dc from low-voltage dc, you need only find a means of
switching and reversing the low-voltage dc, applying the resultant
ac voltage to a suitable stepup transformer and rectifying. The
vibrator has proved to be an effective method of accomplishing
this conversion. However, the vibrator has several inherent dis-
advantages that have kept mobile-equipment designers on their
toes looking for a better device.

High failure rate and noisiness are the most serious shortcom-
ings. The basic reason for them is the fact that the vibrator is a
mechanical device. What was sought as a replacement was a rela-
tively passive all-electronic switching device, of proper size, that
could handle the power. The answer was found in the transistor.

121




Transistors were developed that could be switched, could re-
verse signal polarity and could handle the power. However, the
same component (the transistor) at the same time made obsolete
the need for transforming low-voltage dc to high-voltage dc. It of-
fered designers a means of achieving at low operating voltages the
amplification standard tubes could only obtain at high operating
voltages. Nevertheless, transistor dc-to-dc converters were devel-
oped, in many cases, not for new equipment designs but to replace
vibrators in existing equipment. Many auto radios employing con-
ventional electron-tube stages and circuit designs to meet the de-
mand for sets at all price levels, are abandoning the vibrator as
a means of obtaining high-voltage dc for tube operation. These
radios are employing instead one or another form of the transistor
dc-to-dc ‘converter.

In essence, two basic types of transistor dc-to-dc converters have
emerged. One generally employs two transistors in a multivibrator
type switching circuit to generate the required ac waveform. A
second method uses a power transistor in a blocking oscillator cir-
cuit to convert the low-level dc to a suitable pulsed signal. In both
cases, the transistor switch is used in conjunction with a stepup
transformer and a stage of rectification. The transformer in the
case of the two-transistor switching circuit is apt to be of complex
design and thus expensive; the transformer used with the block-
ing-oscillator transistor can generally be of simpler design and
consequently is currently held in greater favor by auto radio man-
ufacturers.

Multivibrator power converter: circuit analysis

The dc-to-dc converter power supply (Fig. 706) includes power
transistors V1 and V2 (each a type 2N443 p-n-p power transistor
or equivalent), bias networks R1, R2, R3 and R4, desparking
capacitors Cl and C2, saturable reactor transformer T1, and full-
wave rectifier D1, D2 and associated filter network Rb5, C5-b
and C5-c. In brief, circuit operation depends on the multivibrator-
like action of the transistors wherein one is driven to saturation
while the other is held near cutoff. The saturable reactor trans-
former controls the state of the transistors in a manner similar, to
the control effected in a conventional multivibrator-by R-C net-
works. The control action is in the form of positive feedback from
the collector circuit to the base circuit. Note that the transformer
primary is in the collector circuit while the transformer feedback
winding is returned to the base.
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to build up in the opposite direction. A voltage of opposite polar-
ity is built up in the various windings, driving transistor V2 into
conduction. The saturable reactor transformer repeats the pre-
vious action in the case of V2. The cycles are repeated until power
is removed.

The characteristic square waveform of the converter is induced
into the secondary of T1, wherc .t is stepped up and applied to
the full-wave rectifier. Since an almost perfect square wave results,
the rectified signal is almost perfect dc and requires very little fil-
tering. The dc output is applied as B-plus to the plate and screen
circuits.

Blocking-oscillator power converter: circuit analysis

The power supply circuit of Fig. 707 includes a transistor
blocking-oscillator stage and a rectifier stage. The blocking os-
cillator circuit consists of transistor V1 (a 2N176 p-n-p power trans-
istor), blocking-oscillator transformer T1, resistors R1 and R2 and
network R3, C4. The rectifier stage is a conventional half-wave
type made up of silicon diode D, varistor R5 and filter circuit
R4, C3-b and C3-c.

When power is first applied, the base-emitter junction of V1
is forward-biased and current flows in the collector circuit. The
collector-circuit transformer winding induces a negative voltage
in the transformer winding at the base of V1, causing the collector
current to increase. A positive feedback action is set up that drives
the transistor to saturation. At saturation, the collector current
reaches a constant value and a voltage is no longer induced in
the transformer winding at the base. The collapsing field around
the winding in the base circuit applies a positive voltage to the
base, driving the transistor into cutoff. Capacitor C4 charges to
the positive potential induced at the base to hold the transistor
cut off. The collapsing field in the base winding induces a reverse
voltage in the collector-circuit winding that applies a negative
voltage to the collector. The base and collector currents are
thereby reduced to zero, as are the fields around the transformer
windings. With the collapse of the fields, capacitor C4 begins dis-
charging through resistor R3. Transistor V1 is cut off until capaci-
tor C4, discharging through R3, drops the base voltage to the
point at which V1 is once again forward-biased. At this point,
conduction begins again and the blocking-oscillator action is re-
peated until power is removed. The oscillator output is applied
to the half-wave rectifier circuit, where it is rectified and filtered
to yield the required dc output.
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ing an easy path to ground for interference currents, by attenu-
ating the interference where it is created or by containing it. In
autos, capacitors are used to bypass interference, resistors to at-
tenuate it and shields to contain it once it has been radiated. The
effectiveness of capacitors and shields is dependent on the tech-
nique of bonding which establishes and insures a low-impedance
path to ground for the interference currents. In modern auto
radio installations, all of these techniques and devices are used
to keep the level of interference low.
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Fig. 803. Typical installation of bypass capacitors at automobile generators.
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Bypass capacitor

The bypass capacitor is a relatively simple, low-cost component
used for bypassing interterence in the frequency range up to 10
mc  (broadcast-frequency band 540-1600 kc). The construction
of a bypass capacitor is shown in Fig. 802. Typical bypass capaci-
tors are shown in the same figure. The bypass capacitor has a
bracketed metal body for one conductor and a pigtail lead or a
stud for the second. The stud-type bypass capacitor is preferred
hecause of its greater effective frequency range.
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plugs or separate resistor suppressors. The resistor cable is 7 milli-
meter cable in which the conductor is non-metallic. The conductor
is a cord impregnated with a graphite (carbon) compound. Both
the resistivity and the conductivity are accounted for by this con-
struction. The graphite particles represent the conductive portion
and their spacing provides the resistivity.

For short wires the resistivity is 9,000 to 12,000 ohms per foot.
For longer wires (say, 2 feet) a resistivity of 3,000 to 6,000 ohms
per foot is used.

The rest of the cable is finished like ordinary, conventional 7
millimeter cable, having a jacket of rubber covered with neoprene.

Shielding

Radio-frequency energy radiated by high-tension wiring in the
automotive system can be suppressed through shielding. Shield-
ing keeps radiated radio interference contained within a specific
region to prevent its entering a sensitive region. Where higher
frequencies are met, as in short-wave sets and in FM auto radios,
shielding becomes more important as a suppression measure.

Many auto manufacturers, recognizing the importance of ade-
quate ignition-wiring shielding, have designed their ignition wir-
ing into a duct which serves to contain radiated interference. The
installation of such ducts is beyond the scope of operations of the
average radio service technician. However, effective results may be
obtained through the application of special shielded ignition wir-
ing available from auto supply houses. A typical shielded-wiring
installation is shown in Fig. 810.

Bonding

Bonding is the term applied to the method of connecting two
metallic units to provide a low-impedance path for rf currents. As
such, bonding is the key to achieving good results in applying
suppression components. Capacitors and shields must be bonded
at all connection points to the auto chassis and ignition com-
ponents. Failure of a bond can destroy the effectiveness of a sup-
pression measure. Often, interference troubles can be traced to
failure of a bond rather than to component failure.

The following techniques will help assure a good bond.

1. Abrade all surfaces involved in a bond to bare metal.

2. Use tooth type lockwashers (preferably internally and ex-
ternally toothed) when nuts and bolts are used to make the
connection in a bond. Tighten connections so that the
teeth bite into metal surfaces being bonded.
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the case when he wheels his vehicle up to the front door of the
service shop: “The radio plays beautifully when I'm outside
taking it easy waiting for my wife, but when she shows up and I
start the engine, you can hardly hear the music because of static”.
Part 1 of the troubleshooting procedure has been accomplished.
At this point, impress upon this customer the fact that he has an
interference problem that will involve checking the entire auto-
motive system, as well as the radio.

Identifying the type of interference

One way of classifying interference is by the way it is spread.
Radiated and conducted interference get their names from this
system. Radiated interference is transmitted from the source of
interference, is picked up by the antenna or antenna lead-in and
is fed to the receiver front end along with the desired signal.
Conducted interference is directed into the receiver through the
power leads.

With the engine running and the radio operating at high
volume, short the antenna to a suitable ground point on the auto.
If signal and static are attenuated equally, the interference is
being radiated. If the signal is strongly attenuated but the static
is only slightly attenuated, the trouble is being caused by
conducted interference.

Locating the source of interference

Just as the keen mechanic can evaluate the condition of an auto
cngine by listening to it purr, so can the trained auto radio
troubleshooter learn to identify .and locate the source of inter-
ference by its aural characteristics. Through this approach, the
time required to perform many interference troubleshooting jobs
can be reduced considerably. The trick is to listen with a discern-
ing ear to the effects of interference at the speaker, and the best
time to listen and learn is during off hours.

Caution: Do not use a transistor radio for the procedurc to he
outlined.

Any one of several methods may be employed to learn what in-
terference from different interference-generating components in
the automotive system sounds like. The simplest involves the use
of the radio itself and a probe consisting of two lengths of lead
wire, a 10-yufcapacitor and two alligator clips as shown in Fig.
811-a. Attach one alligator clip to the antenna and the second clip
to the automotive system component to be checked. Disable the
suppression component at the point under test. Start the engine,
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ference in that it manifests itself when the auto is in motion and
for a very short period after the auto is stopped. Interference from
this source is almost always accompanied by telltale mechanical
squeaks and rattles. These are an aid to pinpointing the site of
trouble. ‘

A body-noise problem can be confirmed by rocking the auto (as
in checking shock absorbers) while listening to the radio with the
engine off. Frying, snapping, or scratching sounds at the speaker
produced by this test confirm a body-noise problem.

To clear such interference, apply bonding straps in conjunction
with internal —external tooth type lockwashers at the site of
trouble.

Typical installations of bonding straps from engine blocks to
auto frames (a common trouble spot) are shown in Fig. 812.

Tire static

Tire static is a special form of body noise in which interference
is generated by the discharge of static electricity from the wheel
assembly to the axle. Tire static appears as a periodic popping
sound in the speaker. It can be reduced or eliminated by applying
static-collector springs to the wheel assembly. These springs are
installed beneath the axle locknut dust cap, and serve to ground
the wheel assembly to the axle. A typical static-collector installa-
tion is shown in Fig. 813. As an added measure, dusting graphite
powder into the inner tube of the tire helps reduce static build-
up

A kit that includes all components required to reduce tire-
static interference is available from most auto supply stores.

interference problems in. FM auto radios

The average consumer knows from his experience with home hi-
fi systems that the FM set should provide wide-band audio sound
in a static-free background. Imagine what happens when he hears
background noise and gobbled sound issuing from his auto radio
receiver. Such noise is commonly associated with FM auto radios
which are installed in cars whose ignition systems are not effective-
ly suppressed.

In normal operation, an automobile ignition system is a notori-
ous generator of wide-band random interference pulses. Such
pulses, when introduced into the tuned circuits of FM receivers,
mix with the carrier signal in such nonlinear stages as the limiter,
to produce static in the audio output. Through effective suppres-
sion techniques, including the application of feed-through capaci-
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tors, it is possible to achieve noise-free FM reception, in areas of
good signal strength.

Another noise problem in FM auto radios is encountered in
weak signal areas. Here the intereference introduced from neigh-
boring vehicles often overcomes desired signals. The limiter stage
in the FM set is unable to eliminate completely this AM type of
noise in the presence of a weak program signal. Static in the audio
output is the result. There is no simple solution to this problem.
Some customer education on the subject of auto FM radio limita-
tions vs home radio FM may be in order.

Importance of ground points

Eliminating the final, last little bit of interference, sometimes
depends on unusual, and often unknown, details. In one instance
an auto radio was mounted on the firewall and a shielded battery
cable brought through the firewall to the receiver. To make sure
the shield was grounded, it was attached to the car chassis with a
length of shield braid. However, noise pickup was traced to the
cable. The grounding braid was unsoldered from the cable and
moved back and forth along its length. A point was found at which
noise disappeared. The braid was then soldered to the battery
cable shield at this point.

In some makes of autos, the hood is supplied with grounding
points, making grounding contact with the car frame when the
hood is closed. The positioning of the grounding points is extreme-
ly precise, another indication that ground location can be critical.

An in-dash installation may presuppose automatic grounding
since the case of the receiver becomes part of the car frame. But,
especially in the case of vibrator-powered receivers, circulating
currents in the metal case of the receiver can induce noise voltages.
Probe the case with shield braid (the other end of which is securely
fastened to the car frame) to learn if an additional ground is
needed.

While this test is awkward to do in some installations, it isn’t
practical to postpone it for bench servicing. On the bench the
receiver isn’t subjected to the interference it receives when in the
car, with the car operating.
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complete audio amplifier section that enables it to drive its own
speaker. Fig. 902 is the schematic diagram of the unit.

Previously, all available FM auto radios were either tuners or
converters that had to be used with an AM radio or a separate
external audio amplifier and speaker system to function properly.
The natural implication was that the FM tuner or converter could
play “through” an existing AM auto radio system. The FM tuner
and converter were unattractive to a buying public aware that
their existing AM auto radio could not offer the quality sound
approaching their packaged “hi-fi's” at home. (Many probably
reasoned that as FM listeners at home, they seldom if ever listened
to AM, and that the purchase of an FM tuner would do little
more than render their existing AM auto radio obsolete). Psycho-
logically, nobody likes to admit that the auto radio that cost
nearly $100 is good for nothing more than its audio amplifier
section. Years ago, it may have been possible to build a convinc-
ing case around this point, but an enlightened public has become
a somewhat more sophisticated buying group. The differences
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Fig. 903. 4 simulated stereophonic system for
auto radios. The operation of the system is
based on the use of a crossover network.

between and the purposes of a tuner and an audio amplifier are
no longer so mysterious.

Stereo

True stereophonic listening involves the reception of multi-
channel program material picked up and transmitted via a multi-
channel system. To date, in commercial broadcasting, two and
three channels have been used, with two channels via radio being
the most common. (A number of three-channel stereo broadcasts
were transmitted using AM, FM and TV sound facilities in the
stereo flurry that followed the introduction of the stereophonic
phonograph record). Commercial broadcasting of binaural and
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stereophonic programs from both live and magnetic tape sources
has been a common practice since about 1952.

The standard approach to stereo radio broadcasting has dictated
the use of the AM source as one channel and the FM source as
the second. Several special systems of FM multiplex have been
devised which permit the simultaneous transmission of two chan-
nels multiplexed (or scrambled) together within the frequency
band normally assigned to a single FM channel. Experimental
broadcasts employing FM multiplexing have been made. Many
regard FM multiplex as the straw that will break the AM strangle
hold on stereo broadcasting and will usher FM-only stations into
the stereo fold.

Attempts made in the past to adapt the auto radio to stereo
reception always have been variations of the twin-speaker — single-
program-source theme. This absence of at least two channels
immediately removed such systems from qualifying as true stereo
systems. Stereo systems based on a single program source generally
were a ‘‘souped-up” or glorified version of the fader-controlled
front- and rear-speaker system. The gimmick that produced the
stereophonic effects was an audio crossover network that per-
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PROGRAM — -~ Y,
LISTENER

Fig. 904. Typical two-channel stereophonic broadcasting system employing AM
and FM radio systems.

mitted the high frequencies to come from one of the speakers
(usually the front) while the low frequencies were shunted to the
other speaker (the rear), which was installed in the trunk — a sort
of baffle (Fig. 903). Surprisingly enough, this technique helps pro-
duce an illusion of listening in depth to true stereo. The effective-
ness of the phenomenon probably can be explained as a psycho-
logical one in which the brain automatically fills in the sound
gap between the highs coming from the front and the lows coming

147







effect of stereo listening. The effect may be achieved, moreover,
through a front-to-back placement of speakers as well as by a
side-to-side placement with respect to the listener. The effect of
front-to-back stereo may be likened to that of a listener sitting
with the performers of a symphony orchestra or jazz band as
opposed to sitting as an audience in front of the performers.

The “sitting-in-the-orchestra” effect is exactly what made the Kos-
telanetz sound of pre-hi-i days so different from all other record-
ings. Kostelanetz utilized a technique in which he placed the
pickup microphones at key points among his players to capture
that special sound quality. This technique has been adapted for
use in modern high-fidelity recordings. The first time it was
employed on a major musical scale was to record the Philadelphia
Orchestra under Ormandy performing Tchaikovsky's Sixth Sym-
phony. To this day, listening to this recording is startling since
the effect achieved is that of an orchestra in motion. The multiple

REAR RIGHT SPEAKER
FOR AM PROGRAM
(OR FM PROGRAM)

REAR LEFT
SPEAKER FOR
FM PROGRAM
(OR AM PROGRAM)

Fig. 906. Alternate method of speaker placement for stereophonic reproduction.

microphones in the orchestra emphasize everything (which may
be a distortion of what Tchaikvsky planned for the listener),
but no one can deny that a new insight into the music is to be
obtained from the technique.

Jazz, of course, is recorded often using this technique since the
mood is more intimate and is played often for the jazzmen seated
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	Foreign-to-domestic tube equivalent data

	The installation diagram of Fig. 324 shows a typical floor installation.
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	Typical installations for generators are shown in Fig. 803 and for voltage regulators in Fig. 804. Coil installations are shown in Fig. 805. Note that the bypass capacitor is always installed at the

	generator armature close to the actual source of interference, never in the field circuit. Note also that the bypass capacitor is
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