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Pielace
THE discussions and directions for installing and
servicing automobile radio rece:vers contained n
this book represent the empirical endeavors of various commercial laboratories and receiver manufacturers
spread over a period of many years.. That automobile
radio receivers have reached their present stage of development through the tireless efforts of these people, we
must heartily acknowledge.

The writer wishes to also acknowledge the kind help
in the compilation of material, use of illustrations, etc.,
without which the text would be difficult of presentation
to the reader.
The purpose throughout has been to compile pertinent
data on how to really install and service the modern automobile radio receiver. That the writer has attempted to
weed out all the non -essential details which have crept into

the art can be appreciated by the reader, and though,
from lack of sufficient space, the text may not completely

cover a phase to the minute detail, the writer feels and
hopes that this book will serve the purpose for which it
has been written.

The treatment of each topic has been such to contain
a precise statement of the fundamental principle involved,
to assure the reader's clear understanding of this principle,

without distracting his attention by the discussion of a
multitude of details and mathematical expressions, which
are primarily for the engineer, and tend to confuse rather
than clarify a statement for the auto -radio -technician.
In a word, this is a practical treatise based on practical

experience by practical radio people for the practical
radio -technician, he who is already conversant with the
engineering but is primarily interested in the practical end
of the art.
-B.B.B.
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CHAPTER I

Introduction
BEFORE proceeding with the discription of the modern day automobile receiver it may he pertinent to

pilot, editor of Radio Broadcast magazine, conducted many experiments toward the view of manufacturing
look back and review this important receivers designed exclusively for radio
autobranch of radio and trace its growth mobile and aviation use. In this work
from the earliest use of radios for mo- Mr. Lynch was assisted by Mr. Samuel
bile use.
(Wireless) Egert and Mr. Egert's engiResearch by the author reveals that neer, Joseph Heller. After many models
radio receivers halm oeen used in auto- had been designed and constructed, the
mobiles since the beginning of the
broadcast era by the Westinghouse

project was dropped as being prema-

ture.
During the time of Mr. Lynch's enRadio Station KDKA in 1920. In almost
every instance these installations were deavors, a concern known as Transi-

adaptations of the battery -type home tone of Long Island City, New York,
broadcast receiver to that of mobile began production of automobile receivuse. Almost any small receiver of a ers. This concern was later purchased
satisfactory degree of sensitivity was and merged by the Philco interests.
suitable and to say the least these auto While the Transitone receivers were
installations were very inefficient even manufactured on a commercial basis, it
as were the home receivers of that was invariably necessary to alter and
effect many changes in the receivers
period.
During the years of 1925 and 1926, a
prominent radio figure, Mr. Arthur H.

Lynch, a former World War aviation

which resulted in a more or less custom
built receiver for any particular installation. One of the early Transitone
models is shown in Fig. 1.
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Radio receivers in the home have become a part of every day life and there-

butor suppressors were employed. Elaborate bypassing of the low tension

bile radio is therefore the accumulation
of vast empirical work since 1920. In

the ?motor performance became erratic.
The use of a suppressor for each spark plug and the distributor, in addition to
the numerous bypass condensers, resulted in considerable accessory expense.

fore it was natural that the popularity system and intricate shielding of the
of the automobile receiver should in- high tension system of the car was also
crease. The commercial and municipal necessary.
use of mobile receivers also served as
The above method of ignition interfurther incentive to manufacturers until ference suppression was very unsatisnow most all have added the mobile re- factory from the standpoint of motor
ceiver to their production lines. This performance. Each suppressor had a renaturally was not before considerable sistance of from 10000 to 30000 ohms,
laboratory work had been expended in and two of these in series limited the
development. The modern day automo- ignition power to such a degree that

the early years the art knew none of
the "Rule of the Thumb" methods of
manufacturing, installation, and servicing. as are practiced today.
EARLY AUTOMOBILE RADIO
RECEIVERS

As mentioned in the above paragraphs, the early automobile receivers
were similar in design to the home receivers. Most all were battery operated.
The tubes, the only types available
during that period, were the 01A, 12A
and 71A. Most all of the receivers employed tuned radio frequency stages,
followed by the conventional grid leak
and condenser detector, and transformer coupled stages of audio frequency.
These receivers were without benefit
of automatic volume control (AVC);
delayed automatic volume control (DA VC); automatic noise suppression
(ANS); and of late, automatic fre-

In many cases installation was expensive and difficult because of the intricate shielding required.
the
appreciating
Manufacturers,
above faults which naturally tended to

limit sales, have gradually developed

the present day system wherein only
one master suppressor is employed, with
simple bypassing of the low tension sys-

tem, and the elimination of shielding.
This system is made possible by the
use of antenna and low tension filters
within the receiver, these filters berving to

isolate the receiver from the

ignition interference.
THE AUTOMOBILE ANTENNA
The

antennae were of various

de-

zigna. Some were installed in the roofs
the automobile and others under the
quency control (AFC), as used with of
chassis.
The latter were in the form of
many of the automatic and push-button coils, heavy
cable loops, metal plates,
tuning systems.
The receivers were very insensitive screens and pipes or rods. Since the
in comparison with the modern day re- antennae of this type have comparatively small pickup, especially the under
ceiver. The sensitivity was not imtype, it can be realized that
proved until the advent of the screen carriage
the
improvement
in receiver sensitivity
grid tube (the old 222), which was later
with the screen grid tubes contributed
followed by the tube types 24, 32, 35, greatly
to improve the volume, and the
and 51. The introduction of these tubes
of local ignition interferelimination
injected new life into this branch of the
ence.
The
advent
of the turret top all radio industry, as by their use the F.ensteel automobiles doomed the roof -top
of
the
receivers
was
greatly
sitivity
the
increased resulting in greater volume, antennae, and further impaired by
pickup
of
the
under
-carriage
type
better audio quality, and less motor greater shielding effects. Thus the devinterference.
top and verMuch work had been expended during elopment of the turret
rod (fish -pole) antennae used althe early days on the ignition interfer- tical
day
ence problem from which evolved the most exclusively on the modern
automobiles.
method wherein sparkplug and distri-
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GENERAL CONSTRUCTION

of greater power handling possibilities.
From the beginning of the art there The type 79 is a high -gain twin -triode
has been similarity in the general con- output tube especially developed for
struction of the receivers. One of these Class "B" amplification.
being the inclusion of the components
Special purpose tubes were also dewithin a metal container for the protec- veloped, these were the 6A7 converter
tion of the components against damage, tube used as a mixer and oscillator in
and for shielding against ignition inter- superheterodynes; the type 6F7 which
ference. The receivers have been con- combined a high -gain screen -grid penstructed along two general types, the tode and a triode in the same envelope.
entirely self-contained and the remote This tube found a variety of uses. The

cable control. In the former

6B7 contained a high -gain screen -grid
pentode and twin -diodes in a single envelope. This tube was developed prinand installed underneath the dash or cipally for use as an intermediate fredirectly behind the dash. The latter quency amplifier and diode detector,
type can be installed in any convenient the latter section used for automatic
portion of the car but is most usually volume control.
installed over the steering post. Either
Attention was given to the improveof these two types may be provided ment of the output tubes which resulwith additional or separate housed ted in the development of the 12A6.
speakers. Especially, where large the 6B5, 41 and 42. Followed by the 6V6
speakers are employed for greater fide- and 6L6, which are of the beam power
the re-

ceiver, speaker, and tuning controls are
within the one housing or container,

lity,

or where provisions have been type.
Upon the advent of the metal tubes
(using the universal or octal base) the
above types were supplied in many

made in the construction of the car for
a header speaker of small size. Within
the last two years many of the automobile receivers are provided with automatic tuning devices, which may be
contained within the receiver housing
or arranged to fasten onto the housing
as an auxiliary unit.
SPECIAL TUBES DEVELOPED

The radio tube manufacturers, realizing the necessity for increased sensitivity, developed a special series of
tubes which were directly responsible
for greater efficiency in receiver design. These tubes were designed to
work on voltages of from 6 to 8 volts,
but with the nominal voltage rating of
6.3 volts. The current consumption is
slightly more than that of the 01A and
is 0.3 ampere. These tubes are the type
36, a screen -grid pentode high -gain de-

cases with the universal base and given
new designations. Within recent
months a new type base has been introduced and is known as the loctal, which
however has not as yet been used in the
automobile service due to greater voltage requirements for the filament.
AUTOMOBILE
SUP ERHETERODYNES

Upon the release of the new automobile tube series, the superheterodyne
circuit became universally adapted for
use in mobile

receivers. The many
tubes used in this type of receiver resulted

in the need for a greater and

more efficient source of power than was
economically supplied by B batteries.

This need had been partially solved

tector and amplifier tube; the 37, a by the use of small motor -generators
triode; the 38 an output tube of the and converters. They had been
used
screen -grid pentode type, and the 39 a previously in the deluxe and expensuper -control screen -grid pentode radio -

sive auto installations, but generally
were unsatisfactory from the standThe first series of automobile tubes point of low efficiency
and bulk. The
were later followed by improved types former in the order of 60
per cent. The
such as the 76, 77, 78, 79, 84 and 89. mechanical noise of such devices
necesThe 84 is a special cathode type full sitated remote installation, usually
wave rectifier used with vibrator con- der the car and at some distance unfrom
verters. The type 89 is an output tube the receiver. In many of the
installafrequency amplifier tube.

AUTOMOBILE RADIO

tions both the receiver and power supply unit were installed at some distance
from the control panel, using flexible
cables of varying lengths up to eight or
nine feet in length.
The design engineers, undaunted and
spurred by more modern requirements,
adapted and improved upon Dr. Lee de
Forest's vibrator converter, which was
used by him for supplying power to the
receiver and transmitting apparatus
upon the occasion of the first public de-
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FRECUENCY MODULATIONS

RECEIVERS FOR AUTOMOBILE

At the time of this writing no information has appeared anywhere regard-

ing the possible use of Major Armstrongs frequency -modulation system
in automobile receivers. There is no
doubt the "F M" system of broadcasting
is the coming thing. Many stations have

already "tooled -up" for it and several
are already on the air. The main spurt
will come as soon as the Federal Commonstration in 1907.
Vibrator converters have been devel- munication Commission allocates the
oped to the efficiency of 90 to 98 per- frequency range and the band width.
cent. These units and their applications
For automobile radio F M is a "natuwill be found described in a later chap- ral" since it is practically static -free;
ter of this book.
both man-made and the natural variety.
Considering the great efficiency of It will make possible the complete eliof ignition -noise suppressors
modern day receivers, the author will mination
as well as low-tension line filters. It
not devote additional space for the de- will also open a new field of research
tailed description of the older receivers, on radio equipment designed for car
but will relegate them to the archives use such as for example television,
of auto -radio history with a salutation short-wave receivers and transmitters,
facsimile etc.
and the greatest of reverence.

CHAPTER II

Features of the Modern

Automobile Radio Receiver
RADIO receivers designed for automobile use, as now manufactured,
are in a class comparable in perfection

in sensitivity to that of the home receiver. That this is a fact, can be substantiated by comparison of the low

reader will appreciate that in many instances, tube for tube, the automobile
receiver may be considerably superior

stallation.

to the modern home receivers. The

pick-up possibilities of the automobile
antenna to those of greater pick-up as
used in the average home receiver in-
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The order of sensitivity of the usual
automobile receiver, in which the mixer
stage is preceded by a single stage
of radio frequency amplification, is
found to be in most cases, less than one
micro -volt for the full output power to
the speaker. In order to obtain this degree of sensitivity, the overall amplifi-

cation of the receiver must be large.

This necessitates high -gain stages,
stability of operation, and adequate

shielding, (without which the aforemen-

tioned gain and stability are not possible) all of which requires proper engineering design if the receiver is to be
compact.

Economy of operation is also of prime
importance as prolonged operation will
place a drain upon the battery (which
is already over -burdened) that will
quickly run down the voltage to a point
that the automobile as well as the radio
becomes inoperable. It is for this

stage is coupled into a single stage of
intermediate frequency followed by the

second detector or demodulator. This
stage also combines the A.V.C. or delayed

A.V.C.

function

and the first

audio frequency stage when the duo diode triode tubes are used. The output
of the first A.F. stage may be followed
by the output tube or by a driver stage,
when the output stage is of the class

"B" amplification type.
The smaller receivers which usually
are of the single unit under -dash type,
couple the antenna directly to the Mixer stage through an efficiently designed
R. F. Coil. The local frequency genera-

tor or oscillator is combined with the
mixer; this stage may be of the auto -

dyne type, or may employ the converter
type tubes such as the 6A7 or 6A8. In
some instances, the 6F7 type tube may

be employed, the triode section used
for the oscillator portion and with the

reason that the special purpose and pentode section in the mixer portion of

dual -type tubes have been developed, the circuit. The mixer stage is then folmention of which was made in the pre- lowed by a single stage of intermediate
frequency amplification that is coupled
ceding chapter.
to the second detector or demodulator
THE CIRCUIT
in which is also combined the A.V.C.
The supeilieterodyne principle is now function and first audio frequency
stage. The plate of this stage is then
almost universally used with innova- coupled
to the output tube of the 41
tions or rather, features incorporated in or 6K6 type,
which seldom delivers an
the design which are so electrically ad- audio frequency
of more than
vanced that few changes in this direc- two watts withoutoutput
distortion.
tion can be expected for some time to
In either of the two types of receivers
come. The circuits of the receivers may there
or may not be found an addibe broadly divided into two general clas- tionalmay
which is used solely for
ses; those in which a stage of radio power tube
rectification.
For a further conirequency amplification precedes the servation of space and
power
mixer stage, and those in which the an- economy, this tube maygreater
be dispensed
tenna is coupled directly to the mixer with and a synchronous type
vibrator
stage. The single stage of radio frequen- used instead.
cy amplification is used principally for
No changes have been made in the
adjacent channel selectivity rather than general circuit line-up for the past few
for the amplification. In the smaller re- years with perhaps the exception of the
ceivers, in which the antenna is coup- use of the newer type tubes which of
led directly to the mixer, adjacent chan- course are more or less equivalents of
nel selectivity is obtained by efficient the older types, but having the octal or
design of the antenna coupling trans- universal type base. The advent of the
former or coil.
push-button tuning system in the home
The conventional receiver of the re- receivers has also resulted in the use of
mote cable -controlled type consists of this system in automobile receivers,
the tuned radio frequency stage; the especially in those receivers of the
mixer stage, in which is usually com- under -dash mounting type.
In the following pages of this chapter,
bined the local frequency generator or
oscillator although the oscillator stage commercial circuits are analyzed. The
may employ a separate tube. The mixer author, hampered by the lack of space,

AUTOMOBILE RAD10
endeavored

has

never

the less to cover the various innovations in circuit design which may
be broadly common to
many manufacturers, although in such instances
the actual circuit con-

stants may be different.
COMMERCIAL
RECEIVER

CIRCUITS

In Fig. 3 is shown the
model

No.

1440

Ford-

Philco circuit which may
be said to be of the conventional type. With the
exception of the values of
the components, the lineup of the circuit is more
or *less common to many

other man ufacturers.

This receiver is designed

for use with a remote

speaker, which in the

case of the Ford Cars is
of the "header" type, although under -dash speak-

ers are adaptable. The

antenna input of the receiver may be adjusted
for any type antenna for
most efficient response.

Delayed A.V.C. is incorporated and is combined
with

the

demodulator.

This latter is of the half
wave type, both diodes of
the duo -diode triode type

75 being connected

to-

gether. The octal base
approximate equivalents
of this tube are the 6Q7
and 6V7. The triode sec-

tion of the tube is used
for the first A.F. stage

and is of the voltage -amplification type. Iron -core
transforintermediate
mers are used, which has

standard

more or less
practice be-

ciency.

Although

become

cause of increased effithis

9
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particular receiver does not use iron - nition interference elimination by isocore R.F. transformers, they may be lation of the receiver supply circuits
found as standard equipment in many from the low tension system of the car.
of the current receivers. The A.F. out- Fig. 4 shows the receiver in the espeput stage enrdloys the type 41, the oc- cially shaped housing designed for the
tal base equivalent being the 6K6. Many Ford cars, although it may be installed
of the receivers may use the type 42 in almost any other car. Beside the re(octal base equivalent is the 6F6) which ceiver is shown the control head, flexiis slightly superior, or use the 6B5 (oc- ble remote cables, medallion, and
tal base equivalent is the type 6N6) "header" type speaker. Some users may
which is a triple -twin or direct -coupled prefer under -dash speakers which may
power output tube. Other receivers will be used, connected to the receiver in
be found to use the 6V6 which is of the the same manner as the connections
beam power type, in which power sen- are made to the "header" speaker.
sitivity is greatly increased at the exThe "header" type loudspeaker seems
pense of some distortion.

to have been short lived. The latest
In many receivers, the first audio trend is either a one -unit receiver with

stage is coupled to a driver stage which

may employ any of the low -mu type
tubes. They are coupled to the class
"B" output stage either by transformer
or auto -transformer, depending upon
the driver output requirements.
The class "B" output stage may use
any of the twin triode output tubes es specially designed for that service.
These are all hi -mu tubes, with a no signal plate current cut-off characteristic.

The receiver uses a

full -wave non -

self-contained speaker or a two -unit re-

ceiver with an external loudspeaker
having a special universal bracket for
mounting behind a grille on the dashboard.

Most 1940 automobiles have
decorative grilles designed specifically
for this purpose. From the authors

point of view, the header (above the
windshield) is the best location for an
auto -radio loudspeaker. Distribution of

the sound is more even than with the
speaker mounted under the dashboard
where it tends to "boom," and where

vibrator in conjunction

the volume, when too great for the

with a full -wave rectifier tube to provide the high voltage requirements of
the receiver. Other receivers may employ a synchronous vibrator in which
case the necessity of the rectifier tube
is dispensed with.
The receiver is provided with low
voltage input filters which assist in ig-

people riding in the rear seats. Header
type speakers, unless provided for by
the manufacturer, present installation
problems such as suitable mountings,
running wires through the corner posts,

synchronous

driver, is not loud enough for the

etc.

Fig. 4.-The complete Ford-Philco receiver n ith the control unit and header type dynamic
speaker. Note the familiar VA on the remote control head.
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THE MODEL A-177
CROSLEY ROAMIO
F.

RECEIVER
C

In Fig. 5 is shown the Crosley Roamio Model A-177. In
this receiver the R.F., Mixer,
and I.F. stages are conven-

T1

tional and similar to the drcult in Fig. 3. Comparison of

eg

the circuits will show that a
low -mu duo -diode triode, the
type 6R7G, is used as the clef

modulator and first A.F. The
output of the triode section is

coupled by a step-up auto transformer
6V6G

beam

into push-pull
power output

tubes. The A.V.C. circuit is
arranged for noise suppres-

-

aion. The R.F. and I.F. trans=

,
A....

formers are of the aircore

c4a

type. As considerable current

o L.

is required by the two beam
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power tubes, a

6W5 - full

wave rectifier tube is used in
conjunction with the non synchronous vibrator. Provi-

sions are made for connections to two external speak era.

Regarding rectifier tubes,
the OZ4 series are being used
more and more for auto radio

:... A

work. These are cold catho-

Z
o
k aa

de (no filament) gaseous ree-

'4., ^g

titters which pass about 76

22

milliamperes of plate current.

....",1
o 0V

c

=c
f:
scoc

ll E

.E

.: F
Hr
1i
,c1...:

ii k

::,-e

Since they require no Mament current they represent
quite a saving in battery current. Additional battery current is saved by the increasing

use

of

multi -purpose

tubes and permanent magnet
dynamic speakers.
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THE ZENITH MODEL
7M91 RECEIVER

Another receiver similar

to those described above
is that of the Model 7M91

Zenith, shown in Fig. 6.
This receiver uses a class
"B" output stage in which
the twin -triode 6N7 is em-

ployed. The 6Q7, a duo diode triode (hi -mu type)
functions as demodulator,
A.V.C. and 1st A.F. stage.
The output of this voltage amplifier is resistance cou-

pled to the driver stage in
which the 6C5 is employed. The driver -stage out-

put is coupled by a stepdown class "B" push-pull
transformer into the grids

of the 6N7 output tube.
The balance of the circuit
is more or less conventional.

THE ARVIN MODEL 7
RECEIVER

In Fig. 7 is shown the
Arvin model 7 receiver.
This circuit is of particu-

lar interest and was developed expressly for economical battery drain. The
lineup has been used in
many of the Delco and General Motors receivers as

well as by other manufacturers.

AUTOMOBILE RADIO

13

;-

P?'
-

8i8
.axc.

Inspection of the circuit

reveals

only

to

five

.1-

tubes but three of these

Ix

tubes are of the dual purpose variety and thus
give the

same perfor-

N

4:0

mance as would be expected with 7 or S single tubes. The pentode
6P8) is used for the R.F.
stage, the triode section
of

the

this tube serves as
first A.F. stage;

p.;

0.
02O

<-.

u 0°

!A§

-

r-

---., L__ I--_ J
I

do

3a

-AMMIW-

r- ----..
1-La.uf

ofLL

a

6A7 or 6A8 combines the
mixer and oscillator

r--

functions as these tubes

0O .
0Z

are frequency converters.

O

a

section of the 6F7 (octal
base equivalent is the

-

L

,

iv

000 J 8.

J

L..;-11.-

,.

)

'no
0

+

The pentode section of
the 6B7 or 6B8 functions
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The power supply portion
of the circuit is conventional

that a

in

full -wave non -syn-

chronous vibrator is used for
power conversion, the current
is rectified by a full -wave rec-

tifier of the 84 or 62E5 type.
Battery economy may be fur-

a

.

ther obtained by using the synchronous type vibrator in

°
.!

which case the rectifier tube
is not used.

THE ARVIN MODEL 35

o

RECEIVER

Another Arvin circuit of in-

terest is the Model 35 shown in

8. Eight tubes are used,
in which the R.F. stage fs of
Fig.

the 78 or 6K7 type. The mixer

and oscillator stages are not
combined in this receiver but
use separate tubes, the former
employing the type 78 or 6K7,

and the latter the type 37 or

fi

v

E
E

cc

E
Ta.

76. For economy of space the
dual-purpose tube type 6F7 or
6P8 may be substituted. The
oscillator section is coupled to

the mixer stage by a small
inductance or coil (a part of
the oscillator transformer)
which is placed in the cathode
circuit of the mixer tube. The
6B7 or 6B8 duo -diode pentode

<

tube is used in the same man-

ner as described for Fig.

7.

The demodulated voltages are
b.

I,

X
451

c
I.:

I'

21
o
I

a

then fed to a type 79 or 6N6
twin -triode (hi -mu) which in
this circuit is not employed
for class "B' amplification but
as the first A.F. stage, and as
a phase inverter for the push pull operation of the type 41 or
6K6 output tubes. Also of Riterest is the switch type of
tone control, which adjusts the
tone by steps.
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THE EMERSON MODEL 678
In Fig. 9 is shown the Emerson Model
678, a circuit in which the pentode sec-

motor through relay magnets which are

diate and audio frequencies. The demo-

in conjunction with the manual control.

pre-set for the stations desired. This
mechanism will be found at the right

tion of the 6B7 or 6B8 functions as a hand end of the receiver.
The spot tuning arrangement operates
reflex amplifier of both the intermedulation and A.V.C. functions are ac- The mechanism consists of a small ball
complished in the halfwave diode cir- bearing. a brass raceway in which the
cuit. The A.V.C. is of the delayed type ball moves, and a slotted retainer clip
and the circuit is also arranged for which acts as a guide. To adjust the renoise suppression, the degree of the ceiver for spot tuning the mechanism is
latter being adjustable by the 1000 ohm first exposed. A desired station is accupotentiometer in the cathode circuit of rately tuned to resonance, then with
a pair of slip -jaw pliers, one jaw of
the 6B7 or 6B8.
This receiver was made in two types, which rests on the bottom of the unit,
their difference being in the manner by enough pressure is applied to the ball

which the plate circuit of the pentode

section is connected to the push-pull 41

or 6K6 tubes. The first or early type
used an expensive specially designed
low -distributed -capacity

audio

trans-

former, while the improved or second
type uses a center -tapped impedance
coil as a auto -transformer. With the
second type arrangement, greater gain
is

force an indentation in the brass
raceway in which it moves. Other dedired stations are set in the same manner. The raceway is provided with a
double track, which may be used for a
new series of stations. A third station
to

setting can be made only by the replacement of the raceway. See Fig. 11,
for details of both mechanisms.

possible with a more even or flat

audio response curve.
The high -voltage power supply is of

the conventional type in which a synchronous vibrator is used for conversion. Likewise the R.F. and oscillator -

mixer stage are of the conventional

type.
THE MOTOROLA MODEL 8-80
(GOLDEN -VOICE) RECEIVER
The Model 8-80 (Golden -Voice) Moto-

rola receiver shown in Fig. 10 is of the
super -deluxe type. The arrangement. of
the R.F., Mixer and oscillator portions
of the receiver is for both push button

A

RACEWAY

and "spot" tuning. For the former arrangement a motor is employed to ro-

tate the tuning condenser shaft. Manual
tuning of the tuning condenser may be
accomplished by the conventional cable

control, a part of which Is the spot

tuning arrangement. Frequency drif'. of
the oscillator, always a problem in push-

button tuned receivers and which is

usually controlled by one of the various
A.F.C. systems, is controlled by the use
of bi-metallic type condensers. These
condensers operate on the same princi-

ple as a thermostat, and are construc-

ted in such manner as to keep the capacity within minute tolerances.
The push -buttons control the tuning

Fig. 11.-"A" shows the meehinical arrangement for push-button tunirg, while "B"
Indicates how the spot tuning mechanism is
&Quoted.
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the car operator in that he has only to
tune to the approximate setting of a
given station and the circuit then automatically does the vernier tuning.
The R. F. and Mixer portions of the
receiver are conventional. The oscillator tube and circuit is controlled thru
a special circuit arrangement which includes the 2nd I.F. or discriminator
transformer; the full -wave 6H6 diode
Irt 4,
rectifier circuit. which in addition to
'Una
functioning as the second detector or
demodulator, supplies the discriminating voltages to the A.F.C. control tube
12.-The Motorola
lel 8-80 in shown
here with the "Acoustinator-Push-Button
(V8) which is a type 6C5 triode. This
Tuning Head". The speaker is an auxiliary tube in turn controls the conventional
unit which is not shown.
oscillator circuit as inspection will reThe receiver is also provided with a veal.
remote type of combined "sensitivity
The audio frequency voltages are amand tone control" called an "Acousti- plified by another type 6C5 (V7) which
nator." This unit also contains the six is coupled to the triode section of the
push -buttons and is mounted under the
dash -rim convenient to the car opera-

6R7 (V5), the diode section of which is
employed to supply the A.V.C. voltage.

A 6V7G is used as the 2nd detector
or demodulator and 1st A.F. stage. The

is a low -mu tube) is coupled through a
class "B" push-pull step-down trans-

tor.

A.V.C. voltages are separately obtained
from one of the diodes and the other is
used for the detection. Class "AB," output is obtained through the use of pushpull 6V6G tubes, which are driven by a
6C5G. Push-pull coupling is obtained
through the use of a center -tapped impedance or auto -transformer. The triode

The plate of the driver tube (the

6R7

former into the control grids of the

Class "B" twin -triode output tube, type

6N7 (V6).

The antenna circuit is arranged for

matching to the particular type Antenna used. The high voltage supply system employs a synchronous vibrator.
Adequate filtering in the supply circuits

of the 6V7G is resistance coupled to guards against ignition interference.
The receiver, ready for installation is
the driver tube input.

Antenna compensation is provided shown in Fig. 14.
for efficient matching to any type anTHE CROSLEY MODEL A-157
tenna. The power supply circuit is conventional but a cold cathode gaseous
The Crosley Model A-157 receiver is
type rectifier (full -wave), the type OZ4, shown in Fig. 15-16. Here we have an
is used because of the heavy current example of the single -unit under -dash
drain. Supply circuits are well filtered type receiver. The circuit as can be
against ignition interference. Fig. 12 il- seen is of the conventional type with
lustrates the receiver, the "Acoustin- the exception of the R.F. stage which
ator" and push-button head.
is not incorporated. The newer type
tubes are employed which in general
THE GENERAL ELECTRIC
MODEL F.A. 80

In Fig. 13 is shown another receiver
circuit of the deluxe class which is the
General Electric Model F.A. 80. Automatic frequency control is employed,
and while push-button tuning is not incorporated in the receiver, this control
provides a desirable "safety factor" for

have slightly greater trans -conductance
which partially compensates for the

lack of the R.F. stage as far as sensitivity is concerned. The selectivity na-

turally would be greater were a stage of
R.F. employed but through correct coil

design, the selectivity is held up to a
high level. The tuning control is of the
direct type, that is, no flexible cable is
employed. The antenna circuit is arran-
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of Fig. 15 and is shown in Fig. 19. The
only difference other than component
values is that tuning is accomplished
only by the use of push -buttons. Provisions are for the selection of one of
six stations. The circuit is conventional
for receivers of this type in which no
R.F. stage is employed. Oscillator stability or control of frequency drift is
accomplished by the use of iron -core

er is of the same general type as that

-rem
q
'0 5-MF

ket which may sell for twenty dollars or
less, depending upon the quality of
parts used.
THE ARVIN MODEL 6 RECEIVER
The Arvin Model 6 under -dash receiv-

The receiver design of this unit has
been adapted by many manufacturers
as it may be economically produced in
comparison to the larger more complicated receivers. Thus the manufacturer
is able to place a receiver on the mar-

Fig. 13.-This mehentatte NhowN the circuit conectione of the General Electric model FA -80 in which automatic
frequency control Is employed for vernier tailing.
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(OfrhtE

cr)
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To CAVE

GNO
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150.500

)

THIL50.735cITIONLii

00Y IN

easy reach of both driver and passen-

appearance, short leads, and within

When possible, the receiver should
be mounted in the mid -section and underneath the dash in such manner that
the panel of the receiver is even with
the dash. This makes for a symmetrical

used.

ged for proper matching to the antenna
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SUMMARY OF VARIOUS
RECEIVER CIRCUITS

The

writer, as

mentioned

before,

hampered by lack of space has selected
the receivers described above as repre-

sentative of the various receivers on
the market. The reader will naturally
find many differences between diffetent models and between different man-

ufacturers. but to express the thought
in a more common vernacular, tube for
tube, they are all sisters under the
cover.

Fig. 14.-The General Electric model FA -30
in addition to 'LIE. A. F. C. feature

%Illicit

has an output of four Wait and 'antenna
matching file:MIPS.

tuning coils, which have the property
of compensating for changes in inductance. partly through iron -core thermal

effects, and by the resultant smaller

winding and less wire used for a given
inductance when compared to that of
the air -core type. See Fig. 18 for appearance of receiver.
THE CONTINENTAL
TOUCH-O-MATIC CONTROL

In Fig. 19-20 is shown the appearance
of the Continental Touch-O-Matic pushbutton tuning attachment which may be
applied to any receiver. The device employs an electro-magnet which through

its vibration, started by the touch of a
button, causes levers to rotate a ratchet
wheel. On the shaft of the ratchet

19 -211 --Illustrated. tit appearance dor Ow

flush -button control mounted on the steering
column.

wheel are arranged two two -section six -

position switches. Three of the sections
are employed for the Antenna, R.F. and
Oscillator circuits respectively. Each

point of each section of the switch is
connected to a small trimmer condenser.

These are contained within the unit's
housing. Sets of these trimmers are
tuned to any of five different stations.

'the additional button (White) is employed when the operator desires to
change the circuit back to manual tuning, with which the attachment has no
other connection.

Fig. DI-Illustrates the appearance of the
Arvin model ti installed under the 1181111.
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CHAPTER III

Installing Auto Sets and Antenna
wHEN installing an auto set, it is
always best to commence by
studying the physical dimensions of the
set, and then to ascertain precisely
where it will fit in under and behind
the 'Instrument panel. It must not be
raised too high, or a great deal of the
sound emanating from the speaker will
be lost in the space existing between
the dash and engine compartment wall;
nor too low, or it will greatly inconvenience front -seat passengers by ham-

pering their feet. Clearance must be
allowed for all cowl -ventilator levers.
Terminal strips or fuse blocks should
be given room, or proper servicing of
the car will be interfered with. Never
kink the 'speedometer cable to force the

set into a given area; or the price of a
new speedometer cable will be taken
out of the installation man's pay within
a few days. Where a hot-water heater is

already installed, the installation man
will require a folding rule, infinite patience, and diligence. It may be necessary to move the heater a few inches,
to find accommodations for the set. In
"Model A" Fords, the gas tank is
located in the cowl and extends downward behind the instrument board. Be
sure, when locating the set, that holes

Fig. 21.-Here Is a typical lord installation.
Note the clearance which is a result of
matched

design

of the receiver to
automobile.

Connect the battery

lead

the

marked

"hot" or "ungrounded" to an ammeter
terminal. If the customer desires to

have the ammeter register the drain of

the receiver, then connect it to the
proper meter terminal. In most cases
it is desirable to connect it this way,
so that the charging rate can be determined by the operator with the set
in use. The grounded side of the battery lead from the set cau be bolted to
any metal part or bolt which is well-

are not drilled through the tank. To grounded. Scrape all paint clean where

provide proper clearance below the set,
for passengers in front, it is best to

mount the set at an angle so that it

flares downward. A washer made from
a block of wood, in a triangular shape,
should be used to fill the void between

connections are made.
INSTALLING THE SET
Select the location for the set, watch-

ing that you have plenty of room on
all sides, and making sure that the rethe back of the set and the compart- mote cable from the steering column
will reach to where you are going to
ment wall.
Always test the set before installing place the set. See Fig. 21 for appearit. Although the set is tested at the ance of a typical installation of a Ford
factory, tubes or some part may work receiver in a 1936 Ford car. Fig. 22
loose in transit to the jobber and deal- shows typical installation of a receiver
er. And it is always easier to locate in a Chrysler car. After the actual inthe defect at a bench than in a cramped stallation of the set, control, or speakposition inside of the car. Use a short ers, and before the antenna of the set
piece of wire (about 10 feet) for the is connected, put on the distributor suppressor, distributor and generator cutaerial.
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or more of the points mentioned should
bring the noise down decidedly.
If the ignition coil is mounted under

the dash -board, on the set side of the
bulkhead, it is best not to waste time
but to remove the coil and place it in
the motor compartment, as near to the

distributor as possible. It sometimes
happens, when the switch is an integral

part of the coil, that when the coil is
removed it will be necessary to obtain

a separate switch and put it on the

dash; then, lock the original key in the
coil and solder it into place in the locked position. Bring the leads from the
new lock to the coil by using ordinary,
heavy-duty twisted lamp cord, first
sheathing it in copper shielding.
Connect up the coil, close the hood

and, using a coil of fifteen or twenty
feet of insulated wire connected to the
antenna lead and thrown on the ground

outside the car, tune in a station and
Fig.

Vitr,) sire installation. which also
uses a receiver designed to fit the ear.

note the noise level with the motor run-

ning. Unless the car is a Buick or a

similar car which has everything practically inside the motor block, it is to

out condensers, and with the battery be expected that slight noise will be
connected, turn on the set to allow it heard, but it should be decreased to
to warm up. Coil the antenna lead from
the set around on itself to neutralize some extent.
"TrIMMING THE ROTOR"
outside pickup and turn on the motor.
Nothing will be heard as far as a signal
goes but plenty of noise will be heard.

Have a couple of spare condensers
handy. One equipped with test prods

The next procedure is "trimming the

rotor" of the distributor. Remove the
cap on the distributor head and take
out the rotor (that little gadget which

will always be found to be a very handy goes 'round and 'round and actually distool. If the noise sounds excessive, this tributes the "kick"). Lightly dress down
shows that there is a great amount of the running -edge with a file to remove
ignition noise getting into the circuit the corrosion from the firing side, and
through internal pickup, battery lead, then carefully build it up with hard
remote control lead. etc. This should be solder so that it makes an actual wiping
minimized before anything is done contact with the spark plug point conabout connecting or locating the anten- tacts. Some cars use a rotor which
na. Shunt one of the "spare" conden- makes an actual wiping contact by

sers from the key side of the ignition means of a spring slider. In this case
coil to ground. Likewise try a connec- simply dress up the cap contacts and
tion from the gas indicator side; also, rotor with very fine emery cloth or,
the battery side of the coil, if it is a preferably sandpaper, until shiny.
three -contact coil. Do not try to connect

a condenser from the mid -point of the
coil to ground because, besides getting
a nasty "shot in the arm," you will "kill
the motor," since high-tension current

In the case of fixing the rotor, it need

not be stated to use extreme care, be-

cause if a slight amount too much solder or a sloppy job of soldering is done
on the tip there is a great chance of the
distributor cap being split the first time

goes through a small condenser like
sand through a sieve, and is apt to the motor is started. A few tests will
puncture the low-pressure condensers generally show how much to use in
used for the purpose. Bypassing one each individual case. It is better to
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Fig. 23.-An easily installed double runningboard ear -radio antenna.

make several tries each time, adding a
little until it just makes a light contact,
than it is to spend time and money
buying your customer a new cap for his

not removed, obtain a piece of copper
screen and place it under the floor mat,
directly beneath the location of the set,
and ground this securely to the bulkdistributor.
head. If an overhead antenna is being
The placing of the "A" battery lead used, make sure that the springs in the
can also cause a goodly amount of pick- seats and back of the seats are all well
up. Try all three suitable places for the bonded together and grounded to the
least amount of "back up" namely the chassis of the car; as well, ground all
hot terminal of the battery, the starter the metal accessories which may be
hot terminal and the ammeter terminal. placed on the car. The robe -rail of one
When the best place is found, make that particular open car caused two men to
lead as short as possible.The writer has spend over three-quarters of an anxious
found cases where a healthy -size R.F. hour on a car only to find out that this
choke properly by-passed to ground member was screwed into a wooden
helped immensely. For this purpose a back -post and was not grounded. When
simple choke is made up from annun- this rail was grounded securely to the
ciator wire wound on a suitable form. chassis, a drop in the ignition noise
From 14 to
pound of No. 14 is suffi- level (which was really unbelievable)
cient.

was noted.

under car aerial alone, not using the

INSTALLATION OF THE ANTENNA

The writer has a penchant for fish With all these tests made, install the
antenna which is to be used, and again pole or vertical rod aerials. Whereas
compare the reception with that when the under -car antenna may be more efthe outside wire was being used. If the ficient in some instances-I like to
noise level goes up it means that your know that my results will be the same
aerial is either inefficient or insuffi- all the time, so for that reason always
cient. If you are using the antenna sup- use the same style antenna, suppleplied with the car, in the roof of the menting it from time to time with the
tonneau, try supplementing it with an car aerial furnished when it proves to
under car aerial; also try using just an be as good as the fish -pole or rod aerial.
car aerial at all.
Next bond all the pipes, wires and
control rods coming through the bulkhead, on both sides, grounding both
securely and soldering all connections.
Ground the electrolock cable as well as
the speedometer cable at several places
along their lengths-first making sure
that the metal you are grounding it to
really is a ground and not "above", or
just hanging onto a wood frame -piece.
If after all these precautions have

been made a great deal of the noise is

The installation of antennae for automobile use may be in some instances at
variance with the recommended type of
installation. The owner may desire that
a roof antenna be used I in the older
cars) while practice would indicate the
use of some other type antenna for that
particular type car. If one will cast the
eye over the variable array of antenna
types. some confusion may arise as to
what type would be best for any particular installation.
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As mentioned before the writer has a
penchant for the fish -pole type antenna,
principally because results have always
been satisfactory, which cannot be said

of the other types. Perhaps the writer
is prejudiced but as earnings are a result of the least time spent on a job,
the writer has learned to steer clear of
those elements that give rise to prolonged labor. While the writer has installed radios where the roof antenna was
used, he would not do so now even if
the installation should be lost.

Fig. 24.-The rods of this under -car antenna
are arranged so that the pick-up of Ignition
noise Is as low as possible.

In Figs. 23 and 24 are shown running
board antennae which have proved satisfactory hi many installations. The

former is of the dual type, that is,

in-

stallations are made under each running
board. In installing those under -car antennae, it is seldom necessary to drill
holes through the running board as the

running board studs serve also as a
means for fastening antenna brack-

Fig. 26.-Zip !, and this car antenna extends
to a height of 44 ins.; Zip ! and it recesses
to nearly cowl -height (arrow, insert).
Note control knob below ear's instrument
panel.

Some cars have an antenna which is
of the high capacity type and is a variant of the roof antenna. This is the

ets. The lead-in, in most cases, should
be shielded from the set to within a few
inches of the antenna. The pig -tail of
the shielding braid should be fastened
to the chassis which is always the best
ground. The shielding should be groundded to the receiver housing also.
The antenna shown in Fig. 24 is of an

solid metal panel recessed in the top of
the body. Its use is effective but not recommended because of ignition pick-up
troubles involving considerable time in
the elimination thereof.

possible, but the signal pick-up as

cement.

For the turret top cars, the topper

type antenna, shown in Fig. 25, can be

improved type, designed so that the used. This antenna is fastened to the
pick-up of ignition noise is as low as top of the body by vacuum cups and
great as possible.

Fig. 26 illustrates one of the cowl

type antennae, the extension of which
may be from the inside of the car, by
manual operation or by connection to
the vacuum system of the engine. This
is of the fish -pole type. Other cowl antennae fasten to the side of the cowl,

and require that holes be drilled

in

the cowl. This is not usually desired by
Fig. 23.-The Mile° ear -top "Topper" antenna conform to the lines of the top of

the ear and is fastened down with vacuum
cups and cement.

the car owner. Another type of fish pole antenna is that shown in Fig. 27.
This type was primarily developed for
use in Ford cars but may be used with
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any other type car in similar manner.
Other fish -pole type antennae (not illustrated) have a special bracket which
allows them to be fastened to the upper
front door hinge. These may come in

various lengths and bracket arrangements, but will all be found of more or
less equal response. A very satisfactory

arrangement is two antennae of this
type, one on each side of the car with
the lead-ins connected together at the

receiver. The leads should be shielded
in the usual manner of course.
Another fish -pole antenna which is
not illustrated is the bumper type,
which is fastened to the rear bumper.
This type is not usually satisfactory as

the lead-in must be shielded and because of the length the resultant capa-

city is very high resulting in considerable signal loss. This same condition
applies when the rear bumper is hum.
lated from the chassis by fibre washers
and is used as an antenna.

In Fig. 28 are shown what may be

called ornamental type antennae; these

are fastened over the side louvres of
the hood. The writer has never used
them and would not recommend their
use as they by necessity must be in- Fig. 27.-The Ford t3pe of "fishing -rod"
A knob on the header bar controls
stalled very close to the metal hood, antenna.
either the raised r lowered position. An
thereby decreasing pick-up, and increasing capacity.

extension telescopes Into the rod shown, extended, the total length is 30 inches.

obtained, which are used to insulate

time

For Buicks and Oldsmobiles, kits of
insulating washers and inserts may be

the running boards from the body and
chassis; thus they may be used as satisfactory antennae.

ing ignition systems for new switches
there is any chance of a short, take the
first

to

disconnect

the

hot

lead from the battery and then go on

with the work.
Remember also. that a grease spot on
The writer has insulated the rear the upholstery leaves a bad impression
deck of Lincoln Zephyrs and Fords, on the customer, besides showing you
using this rear compartment door as an up as a careless worker. If you want reantenna. The capacity is very high, and peat business the surest way of getting
the shielded lead long. Unless absolute- it is to do good. clean work and let

ly necessary this arrangement is not
recommended.

There are divers undercar antennae,
which are generally not recommended
as they are subject to breakage by roadbed obstacles, which also is one of the
faults of the running -board antenna.
SUMMARY

Now a word at this time about the
care necessary when working on and
around ignition systems. A "short"
plays havoc with a car battery and if
when changing coils around and rewir-

Fig. 25.-An ornamental type of antenna

which Is fastened over the louvres on each
side of the engine head.
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your own customers send around their
friends. Fully 75 per cent of the work
done is by recommendation to the
shop, simply because the men were

clean and courteous. Where a man sees
a technician in a nice clean suit of

So when you take it off, put it back so
tight that the next fellow will have
trouble taking it off again.
Some cars have double ignition sys-

tems, and these contrary to the first
notion will not be as hard to work on
white coveralls and with clean hands as a first glance would seem to indiworking on his car, and the upholstery cate. However a word about these:
covered over with nice grease -proof don't "fool" with the spacing of the
covers, the wheel covered with a cloth, points of these systems, as a fraction
and a shield over the painted parts-it of an inch in their misplacement means
leaves an indelible impression.
trouble with the car. Building up the
If you are going to specialize more or rotor is O.K., but do not try to dress
less in this installation work-and it is the points down or bother with their
one of the few branches of radio now

really active-get a complete set

of

wrenches suitable for the removal of
the bolts and nuts on the motor and
chassis. Also make sure that each job
is really finished to the best of your
ability before it is turned over as completed. It is far better to advise a customer that "It was impossible to complete the entire job today to my satis-

adjustment unless you are an ignition
specialist and have worked on double
ignition before.

As a final word, the actual mounting
of the set in the car is simple; but, before you promise the complete installation in "one hour", prepare to have a
half -dozen experts ready to work on the

car so that it can be done. Ask a fair

rate per hour for outside work and keep
faction-I will finish it at your own con- in touch with the neighboring automovenience tomorrow," than it is to let a bile agencies. Do their work for them
customer go out with the idea that you and see how many of the friends of the
have not done the job right and be for- owners of new cars will come around
ced to come back.
and "get one put in."
In the matter of just what charges
Be positive that when you work on a
car nothing is left undone when the job should be made, a great deal will of
is turned over. All bolts and screws course depend upon your location. For
should be as tight as they were when the average installation of a new set a
you got the car, and every wire should charge of $5 plus cost of aerial is made
be properly installed so that the shield- to the customer. Where the work comes

ing cannot possibly short and cause from one of the automobile agencies

trouble.

For emphasis, let me state a case in
point. An owner of a car (a Packard to
be exact) had one of his neighborhood
radio men install a radio set in his car.
The job was turned back presumably

who most naturally have to be "counted
in" on the labor, there is a tacit under-

standing that they are to bill the customer for this amount and their commission of $1.25 is deducted from this
figure.

On all outside work where it is simfinished. But-the next day the same
of
radio man was visited by an irate car ply "noise elimination," a flat rateThis
owner and his attorney! In doing his $1.00 to $2.00 per hour is fair.
work the man had loosened a bolt on the should be adhered to in all cases and

steering column to enable him to bolt

no cut rates given. It will be found that

the set into the corner "out of the way".

a great deal of this work can be

that evening when driving the bolt had
dropped out, the steering column came
loose, and an accident had ensued. The
man was held liable because it was
afterwards proved that it was his negligence which had caused the trouble and
he had to "dig up" $700 for the damage.

have had their sets installed in an unsatisfactory manner and have never received satisfaction from the original
installation man-either because of lack
of knowledge on his part as to the correct procedure. or because of no desire
to satisfy the customer.

This bolt was not put back securely,

ob-

tained. Especially, from car owners who
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CHAPTER IV

Automobile High and Low
Tension Electrical Systems
IN order that effects of interference
from the various electrical systems of
the automobile may be eliminated from
response of the automobile receiver, it

is first necessary that the purpose and
functions of the systems be thoroughly
understood.

Every gasoline operated automobile
has what is known as a high tension or
ignition system. This system is the direct cause of at least 75% of the complaints by the owners of the receivers.
The interference may be induced into

the receiver through the antenna system or through surges and voltages induced into the low tension system. To
thoroughly understand the nature of
these interfering disturbances let us
now analyze the electrical systems of
the automobile and in this way understand how they are produced.

given an elementary
sketch of a single cylinder in an automotive engine. As may be seen, it consists of an outer metal shell C inside of
which is balanced a piston P. This inner chamber may be divided into two
sections, A and B, section A being that
above the piston and B that below the
piston. Assume that the conditions are
such that there is no gas in the cylinder
itself and the piston P is just starting
on a downward stroke. As it starts
down, a mixture of gasoline and air enters the intake valve. When the piston
reaches its lowest position, the intake
valve is closed. The piston then travels
up, compressing the mixture as it travels. In order to make the piston travel
down, it is necessary to expand this
gas. In expanding, it would push the
piston down which in turn would cause
the wheels of the car to rotate due to
the action of the crank shaft, etc. Now
the method used in the ordinary gaso-

In Fig. 29

is

29.-.t

,,t,ll

t lint

illutdrotem the ele-

ment m of an . 1.men to ry mingle eylinder of an
automobile engine.

line engine for expanding this gas is an
electrical one. As may also be seen by
reference to the figure. the cylinder has

a spark plug inserted at the head (top
of the cylinder). This spark plug has
two

terminals which

connect to

a

source of very high voltage. Now in
order for the greatest power to be obtained, the gas must expand when the
piston is starting its downward motion.
In other words, just as the piston starts
to go down, a spark is caused to jump
the gap between the two terminals of
the spark plug. As this spark occurs,
the mixture of gasoline and air ignites
and then expands, pushing the piston
downward as it does so. The piston

then travels to the end of the stroke
and upon rising pushes out the gas in
the chamber A above the piston, this
gas going out through the same (or

another) valve. The piston then starts
downward again and in so doing, gas
again enters the chamber at A with a
repetition of the preceeding steps.

AUTOMOBILE RADIO

30

(1)
wN ,YAW& Tossami.

.So TWYW
lbTnAll

The secondary or high -voltage

section;
(2) The primary or low -voltage battery section.
THE LOW -VOLTAGE SECTION

OF THE DISTRIBUTOR
MAI COAX

COHT ACT PQM

The low voltage, or primary circuit,
consists of a breaker arm, contact
points, and a condenser. One contact
point is mounted on the breaker arm
and is held closed by a tension spring.
It is forced open by the action of breaker cam lobes against a rubbing block
pressed on the breaker arm; the contact points are in series with an ignition coil and the storage battery of the
car.

THE SECONDARY CIRCUIT

The secondary or high -voltage cir-

cuit of the distributor consists of a
rotor and distributor cap which is made

of a phenol resin compound. The cap
has a terminal for each cylinder of the
motor and two others which connect to
a high-tension coil. The purpose of the
rotor is to distribute the high voltage
necessary for the firing of the plugs to

ROT OR

ARM

CONTACT
P.RIT\

LOSES

the different plugs at the proper instant.
110 V..avAtai Vv./

vv.

0.60.LIET

1207 00.
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Fig. 30.-Above, details of the spark -coil;
below, two types of automobile distributer
systems.

That relation between the rotor and
the breaker cam is always such that,

when the breaker cam causes the contact points to open, the rotor closes to a
spark plug which happens to be operating at a particular instant.
The device which is used to generate
the high voltage is shown diagrammatically in [top) Fig. 30. As may be seen,

Now, it is quite clear that the spark the coil consists of a heavy winding
plug must fire at the precise moment (the primary) wound over an iron core.
when the piston is at its highest point, This primary circuit connects, as will
else maximum power from the engine be shown later, to the car battery
cannot be realized. This means that through the breaker arm in the distrithere must be some device or devices butor. The secondary or high -voltage
which are capable of timing the instant winding is wound over the primary and
at which this spark occurs. This tim- connects to the rotor arm of the distriing is done by a device called a distri- butor, as will be shown later. The theory
butor which is located under the hood of operation is very simple.
of the car but outside the engine block.
When the primary circuit is broken
An ignition distributor may be defined by means of the breaker -arm contacts,
as a device which is used for the tim- a Sigh voltage is generated in the secing and distributing of the ignition ondary circuit which is applied to the
voltage to the spark plugs at the proper terminals of a spark plug; the particuinstant, and in the proper firing order lar plug being determined by the posiof the engine. The distributor is com- tion of the rotor arm in the distribuposed of two separate and distinct tor. When the primary circuit is broparts;
ken, the voltage generated in the seo-
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ondary increases and it is at this in- tributor is the same as the fourth exstant that the rotor arm makes contact cept that the breaker cam has as many
in the distributor. In other words, the lobes as there are cylinders and the
breaker arm acts in exact unison with contact points are set to open at the
the rotor arm in the manner illustrated same time, but are electrically separin center Fig. 30. As may be seen by ated. Two ignition coils are required.
reference to the figure, when the igni- This type of distributor is used for dual
tion switch on the dash is closed and ignition engines. (Bottom Fig. 31).
the motor is turning over, the contact
Besides the above, there are various
arm is making and breaking the battery other relays that are part of the ignicircuit which induces the voltage in the tion system. A detailed analysis of
secondary of the ignition coil that is the function of these relays will not be
applied to the particular spark plug entered into merely because they do not
making contact with the rotor arm. The play a very important role in the sernumbers in the circles in the rotor arm vicing of automotive receivers. They
cap signify the firing order of the cy- will be mentioned from time to time
linders. In this case, a six cylinder car throughout the discussion wherever it
is assumed. The type shown in center
Fig. 30 is the simplest distributor cir- is deemed advisable.
cuit that can be used. A condenser con-

nected across the contact arm is used

for the purpose of minimizing the spark-

ing that occurs at the contacts when

the breaker arm opens.
The second type of distributor shown
in bottom Fig. 30 is that using a breaker cam having as many lobes as there
are cylinders in the motor, but having
two breaker arms operating in parallel.
These breaker arms are set so that one
point will open slightly later than the

other. This allows the ignition coil a

little longer period of time in which to

build up and permits higher top car
speeds. One ignition coil is used.

The third type is the one having a
breaker cam with half as many lobes
on the cam as there are cylinders in
the motor and using two breaker arms.
(Top Fig. 31) One breaker arm fires
half the cylinders and the other breaker

arm fires the other half of the cylin-

ders. The fourth type of distributor uses

a breaker cam having half as many
lobes as there are cylinders in the motor and two breaker arms which have

lb. Tbn..0.4 CACAO?
Tts.15Aokl

separate electrical circuits. (Center
Fig. 31). The contact points must be set

to open in proper relation to each other

the same as with the third type. Two

ignition coils are used, one for each set
of contact points. The third and fourth

types of distributors allow a greater

length of time for the points to be

e
%Caw.

closed and coil to build up. This permits a greater engine speed than can
be derived from the single breaker arm
type distributor. The fifth type of dis-

Fig. 31.-Three additional types of distributor systems to which the text refers.
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As probably everyone knows, the
usual automobile is equipped with extensive lighting systems which are necessary and really constitute a part of

the rate at which the battery is charged. For this reason, a complete de-

scription of the various types of generators now in use, including their care
the ignition system of the car, inas- and maintenance, will be of vital immuch as they are controlled by the bat- portance to every radio Service Man.
tery system and constitute a drain on The natural question which arises is
the automobile battery. An examination how does a generator produce voltage?
of the distributor system of current au- The answer is to be found in the eletomobiles will show that practically mentary laws of magnetism.
Rigorous experiments show that
every car has a different mode of connection. Consequently, it would be both when a wire cut's a magnetic field at
unwise and impractical to publish these right angles to the field, a voltage is
diagrams as they will probably change generated in the wire. The wire need
with every new model of car that is not necessarily carry current in order
for the voltage to be generated. This
placed on the market.
voltage is produced only while the wire
THE GENERATOR
is In motion, and ceases as soon as the
If some means were not provided for wire stops moving. The general idea
renewing the energy in the battery of is depicted in Fig. 32.
a car, it would not be very long before
Poles N and S are the two poles of
one would be unable to start the mo- a permanent
magnet, the lines of force
tor. In order to facilitate charging tie of which extend
from the N
battery in the automobile, there is pro- pole to the S pole.directly
A
wire
AB
is placed
vided a small generator which is rotathe magnet, and then moved rated by the car engine and which sup- above
down, cutting the lines of force
plies the power necessary for charging pidly
it moves. During the time it is movthe battery while the engine is running. as
a voltage is generated between
Since this generator is a constant ing,
points
A and B. which drops to zero
source of annoyance to owners of au- after the
wire has passed through the
tomobile radio sets, and since it can- entire field.
(The voltage would also
it
might
be
well
to
not be removed,
drop
to
zero
if
the wire were suddenly
outline the theory of operation of these stopped while still
in the field.) Three
generators so that the means taken for conditions are necessary
then, in order
it
that
annoyance
eliminating the
that
a
wire
generate
a
voltage.
causes will be appreciated. Because the
(1) The wire must be in motion;
radio set in a car usually obtains its
(2) The wire must be in a magnetic
power from the storage battery, it
might at times be necessary to increase field;
(3) The wire must not be moving
parallel to the field.
The voltage generated in the wire is
constant, everything else remaining the
same. If the strength of the field be increased, then the voltage generated increases in like proportion. The same
rule holds in regard to the length of the
wire in the field, i.e. the greater the
length of wire in the field, the greater
the voltage generated. These rules may
be set down in the following manner:
(1) The voltage generated in a wire

increases as the strength of the field

increases.
This point requires some explanation.
Fig 32.-Illustrating how a moving wire

pas.:1 ng through a magnetic field develops

electrical energy.

What is meant is that the voltage generated in a wire increases as the
strength of the field in which the wire is
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Now, in order that the terminals of

moving increases. Thus, with a certain
strength field, let us say that the volt-

the device generating the voltage be at

with one of twice the strength, the generated voltage will be 4 volts.

an arrangement of copper bars distributed around the periphery of the ro-

In practice, the permanent magnets
are replaced with electromagnets. An
electromagnet is simply a coil of wire
wound over an iron core. A current is
sent through this coil which generates
a magnetic field. Since the strength

tor's shaft and is rigidly mounted on the
shaft of the rotor or armature. Two carbon brushes are mounted on this commutator, and their purpose is to collect

age generated in a certain wire is 2 a constant polarity, a device called a
volts. Now if the magnet is replaced commutator is supplied. This is merely

of this field varies directly

as the

strength of the current through this

the voltage that is generated by the

armature. The source of magnetic field
is a coil of very fine wire that connects
directly to the brushes and is called the
field coil. It is usually made in two sections diagonally opposite one another.

field coil (called the field current) the
voltage generated in the rotating wire
(called the armature) may be increas- In order to minimize the annoyance
ed or decreased by varying the field created by this generator in an automotive receiver, it is absolutely essencurrent.
tial that there be no sparking between
(2) The voltage generated in a wire
brushes and the commutator. This
increases as the speed of cutting the the
brief
description will serve to introduce
field increases.
the practical methods of dealing with
(3) The voltage generated in a wire automotive generators,
increases as the length of the wire in
The purpose of a generator is to supthe field increases.
ply current for the lights and ignition
The voltage that is generated de- of passenger cars, trucks or motor pends upon each of the above factors, coaches. It converts a small amount of
so that while any one of them might mechanical energy from the engine into
vary the magnitude of the voltage gen- electrical energy which is carried
erated, all three must be taken into through the wiring to the storage batconsideration in determining the actual tery. The surplus electrical energy is
value of the voltage.
stored as chemical energy in the batThe voltage generated in the manner tery for use at times when cranking of
shown in Fig. 32 will be the same if, the engine is necessary, or when the
instead of having the wire move and consumption of electrical energy, due to
the magnet stationary, you have the lights and ignition, exceeds the genewire stationary and the magnet move. rator output.
Generators are designed to take care
It makes absolutely no difference to
the amount of the voltage generated, of a particular kind of service and the
whether the magnet or the wire moves, total required current output deterso long as one moves with respect to mines the type of regulation (voltage
other. This is in line with our previous- variation) needed to supply the necesly mentioned statement that a voltage sary current without damage to any
is generated when a wire cuts a magne- part of the electrical system.
tic field.

(1)

If the wire of Fig. 32 were looped as
indicated in bottom Fig. 32, the voltage
generated in the loop would be greater,
due to the increased length of wire in
the field.
When voltage generation takes place,
one end of the wire becomes positive,
and the other end becomes negative. If
the direction of motion is reversed,
then the end formerly positive becomes
negative and vice versa.

(2)

Third Brush Regulation.
Thermostat control.
Manually controlled field resistance.
(c) Lamp load control.
(d) External voltage regulation.
(a)
(b)

External Voltage and Current

Regulation.

THIRD BRUSH REGULATION

The third brush method of regulating
current output is universally used because of its simplicity. It meets the
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current output is decreased by shifting
the brush opposite to the direction of
armature rotation. After adjustments
have been completed tighten the lock
screw so there will be no change in output while the generator is in operation.
An accurate reading ammeter should
be connected in the charging circuit at
the generator terminal when adjust-

ments are being made, and the maxiFig. :M.-Sketch hulkMing the position of
the third brush In the housing of the
generator.

mum current output observed as the car
is speeded up. Current output readings
taken at the generator terminal will be
approximately two amperes higher than

vides maximum generator output at

readings taken at the dash ammeter.
In case a two -coil ignition is used instead of a single coil, the readings at

round -head screw.

through the field winding and cause the

average driving requirements as it pro-

normal speeds and has a lower output
at higher speeds. This system of cur- the generator terminal will be approxirent regulation involves the variation of mately four amperes higher than the
the field strength and it accomplishes dash ammeter readings.
this result without any external apparAn important factor that must not be
atus or moving parts. The operation overlooked in this type of regulation is
depends on the reaction of the magne- that the generator must not be operated
tic field produced by the armature and finless it is connected to a battery or
the normal field from the poles.
damage to the unit will result, as the
The charging rate can be changed by battery plays an important part in
altering the position of the third brush maintaining a normal voltage condiwith respect to the main brushes. (See tion.
Fig. 33) The third brush is mounted on
When the generator is operated on
a movable plate located inside the com- open circuit, the voltage will rise abmutator end -frame. This plate is usually normally high, thus increasing several
held in place by a clamp and a small times the normal amount of current

Before changing the position of the
third brush or adjusting the charging
rate of the generator, the circuit should
be free of grease and oil, the brushes
set properly and the brush arms checked for proper spring tension. All connections in the generator circuit should
be free of grease and oil, the brushes set

properly and the brush arms checked
for proper spring tension. All connections in the generator circuit should be
clean and tight. The storage battery

should be checked for the proper water
level. Driving conditions of the individ-

ual car should be investigated and under no conditions should the charging
rate be set beyond the maximum rate
specified for the particular generator.
In order to adjust the charging rate
to a greater value, loosen the locking
screw located outside the commutator
end frame and shift the third brush In
the direction of armature rotation. The

insulation on the field coil and armature to be burned. When the generator
is to be operated without being connec-

ted to the battery it should be short

circuited by connecting the insulated
main lead to the ground. (See Fig. 33)
With this type of regulation there is
the tendency for the charging rate to
increase as the battery becomes fully
charged. This is caused by the rise in
the terminal voltage of the battery as
it becomes fully charged. Any rise in
battery voltage causes an increase in
generator voltage thus increasing the
current in the field coils.
On passenger cars, the generator
charging rates usually can be adjusted
so that overcharged- or undercharged
battery conditions will not exist. When
the generator leaves the factory its out-

put is adjusted to a safe value that is

suitable for average driving conditions
for the car on which it is installed.
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THERMOSTAT CONTROL

The thermostat control of the generator is used in addition to the third brush regulation. This unit acts as a
protective device as well as an output
regulator and prevents overheating of
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the generator. The thermostat is mounted inside the generator at the commutator end where it is readily influenced
by internal heat.
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The thermostat consists essentially
of a resistance coil and a set of contact points. The lower contact point is

mounted on a bi-metal strip, and when
this is subjected to a certain predetermined temperature, the points open due
to the warping action of the blade. (Top
Fig. 34.1 These bi-metal strips are calibrated for either 165° or 200° Fahrenheit.

When the internal temperature of the
generator reaches the calibrated temperature of the thermostat, the contact
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points will automatically open; thereby
inserting into the field circuit a resistance which will decrease the charging
rate approximately 40%. The field current which previously passed through

the contact points is shunted through
the resistance unit. (Top Fig. 34.) Resistance units vary in size. They usually are 1/2, %, 1 or 11/2 ohms resistance.

The size of the resistance depends upon

the type of operation to which the
generator is adapted.

11

The contact points are closed or re-

m

ftot. 11
sob

turned to their normal position, as soon

as the temperature has again become
normal. The thermostat unit is entirely automatic and requires no attention

Fig. 34.-Elements of the automobile generator. The center sketch IlListrating how
the brushes are seated properly.

from dirt. The unit is calibrated at the
factory and properly adjusted. The contact points may be kept clean by passing a heavy piece of paper between

adjustments and is applicable to trucks
operated entirely in the day time when

other than to keep the contacts free ulation gives a wide range of output

them.
MANUALLY CONTROLLED
FIELD RESISTANCE

very little current is required. If the
truck is driven considerably at night
with normal lamp load, the full capacity of the generator would then be required.

Some generators do not have the automatic feature of the thermostat control but have a resistance unit mounted
on a bracket inside the generator at the

When desiring to use the low output
setting of the generator, insert the resistance unit into the field coil circuit
by disconnecting one end of the small

current output. (Center Fig. 34.1
This type of high- and low -output
generator with third -brush current reg-

regulated by the third brush setting the
same way as on other types of third brush generators.

commutator end. The unit can be in- connector strap outside the commutator
serted in the field circuit of the gener- end frame. This connection is closed
ator which will decrease the maximum for high output. The current output is
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EXTERNAL VOLTAGE
REGULATION

Another form of output regulation is
the use of a third brush generator having an external voltage regulator. This
type of regulation is usually confined

brush. If the commutator surface is

rough or irregular, it should be made
smooth before attempting to properly
seat the brushes. This may require a
turning operation in a lathe.
CORRECT BRUSH SEAT

to motor -coach installations.

To obtain a correct charging rate
Since there is a wide range between with any given position of the third

requirements of the generator at night
when all lights are on and in the daytime when little current is consumed, an

auxiliary control device will vary the
output to suit the conditions.

brush, all brushes must be well seated
on the commutator. It is comparatively easy to thread a strip of No. 00 sandpaper or sandcloth around a portion of

the commutator with the rough aide
next to the brush or brushes. A few
an inherent characteristic of tapering strokes with the sandcloth correctly
off at high speeds. The peak current forms the brush seat. If brushes are fulThe third -brush generator output has

output of a third brush generator tends
to increase as the battery becomes fully charged, but with the use of external
voltage regulation this variation in the
charging rate is controlled. The voltage

ly seated on the commutator there will
probably be less arcing, thus preventing
commutators from becoming dirty.

tery the rate will be reduced to a minimum approximately five amperes. This
protects the lights from damage and the
battery from overcharge. The generator
is protected by the third brush setting.
This specified current output should not
be exceeded when making adjustments
on this type of generator.

tend to be noisy.

A brush which is set at the proper
angle on the commutator, but is very

regulator will vary the charging rate poorly seated, will greatly vary the
according to the state of charge of the output as it wears down to the proper
battery, and with a fully charged bat- seat. Also improperly seated brushes
BRUSH SPRING TENSION

In case the brush tension becomes
weak

will be reduced, and more or less arcing and burning of the commutator will
result because of poor contact of the
brushes on the commutator.
INSPECTING AND REPAIRING
Excessive spring tension will cause
It is advisable to inspect the gener-the commutator and brushes to wear
ator at least every twenty thousand faster, reducing the amount of service
(20,000) miles and make any adjust- to be obtained from them.
ments or repairs needed. Have the vaUNDERCUTTING INSULATION
rious parts taken out, thoroughly cleanThe commutator bars of all generator
ed and greased, and any parts excessi- armatures are insulated from each
vely worn, repaired or replaced. If the other by mica or a bakelite composition
commutator is worn or eccentric, it known as micarta. This insulation beshould be turned in a lathe to true it. tween the bars should be undercut
The mica in the commutator (between about 1/32 inch depth. (See Fig. 36).
the bars) should be undercut. Commu- When renewing brushes in a generator
tator and brushes should be kept clean. with an undercut armature, it is necesBrushes should seat well. All circuits of sary to sand the brushes to a good seat
the system should be tested for broken to prevent noisy operation and arcing.
insulation, grounds, etc.

SQUEAKING BRUSHES

Squeaking of generator brushes may
be overcome in most cases by carefully
sanding the brushes with sand -cloth or
sand -paper. (Center Fig. 34). Emery
cloth should never be used. A squeak

may be due either to a poorly seated
brush, improper brush spring tension,
or to a hard spot in the surface of the

If an armature in service is found

with the commutator worn, grooved or
with a rough and burned surface, showing high insulation leakage between the
commutator bars, it should be placed
in a lathe and the commutator turned
down. This work should be done carefully, as the surface of the commutator
must be concentric with the armature
shaft to insure proper performance. Be-
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Lore placing the armature in the lathe,
remove any burrs or foreign material
that may have collected in the center
hole of the armature shaft. Turn the
armature at reasonably high speed and
use a fine feed and a very sharp tool.
When

the

commutator

is

turned

down, undercut the mica between the
copper bars to 1/32 inch, keeping the
slot rectangular in shape and the edges
free from the insulating material.
There are several undercutting ma-
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chines on the market which can be used

for this purpose. In the absence of a

machine, the work may be accomplished with a hack saw blade, after having
ground off the sides of its teeth until it

Mica Should Be Undercut To A Depth Of 1/32'

will cut a slot slightly wider than the

insulating material. The final assembly

of a typical generator in its frame is
shown in Fig. 35.

After the undercutting operation re-

move burrs and smooth oft the commutator with No. 00 sandpaper. With the

use of air, blow out all loose particles
between the commutator bars after

sanding.
RELAY
FRAME
ARMATURE
COMMUTATOR
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Fig. 35.-The

:automobile

generator

com-

mutator :Ind how the mica is undercut as
explained In the text.
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CHAPTER V

Automobile Electrical Disturbances
INTERFERENCE

SINCE the installation of the first

dary spark which, in turn, is a source

of radiation. The conductors composing
motor car radio, interference origi- the car wiring may also act as an annating in the circuits necessary for the tenna and radiate energy into the autoproper functioning of the car as a mo- motive receiver exactly as does a broadtor vehicle has been serious. With the casting station.
advent of motor car receivers of high
sensitivity (about one microvolt per HIGH TENSION IGNITION CIRCUITS
meter) these effects have become even
By far the greatest intensity of intermore bothersome. It is the purpose of ference is from the spark plugs.
this section to discuss the nature of
The frequencies of the discharges
these disturbances and the practical
(radiation) ma-. be determined by the
means of reducing them to such levels distributed
and capacitthat their effects in the loud speaker of ances of the inductances
coupled to the varithe auto radio are inaudible. We all ous sources. leads
Since the leads are short
dream of that radio Utopia where noi- and are insulated
distributed conses from all sorts of electrical interfer- stants are small, these
the frequency of
ence are eliminated, but for the present, radiation is well and
above the broadcast
let us assume that circuits outside the band.
car itself are beyond our control.
Short-wave fans are acquainted with
Practically all motor vehicles using

radio sets are equipped with lighting
generators and battery ignition systems. The sources of interference with
such ignition systems, as previously described, may originate at any one of the
following places:
(1) At the spark plug:

At the high-tension distributor
or at poorly connected leads in its cir(2)

cuit.

At the low-tension interrupter.
At the generator brushes.
Any sparking which may occur at any
of the above mentioned locations may
be conveyed to the radio receiver either
by radiation from the point of sparking or by conduction along the car wiring and other insulated conductors or
by both. These discharges occur at an
audio -frequency rate and are of sufficient intensity to be picked up by the
antenna even though the supply leads
to the receiver are filtered or sealed.
In some cases, the voltage developed
in a neighboring circuit by one discharge is sufficient to produce a secon(3)
(4)

the fact that to the short-wave bands,
the radiation from passing motors is
very troublesome. In fact, an amateur
who was particularly interested found
that the radio disturbance from a model "T" Ford was most noticeable at a
wave length of about 5 meters.
SHIELDING

An obvious means of reducing the
radio interference in any motor installation equipped with spark ignition is
by shielding the complete electrical
system. This method is standard practice in airplanes and has been successfully applied to motor cars. Complete
shielding, however, is impractical in

stock cars due to the complexity of the
wiring and the cost involved.
It should be pointed out that shielding does not reduce the energy of the
disturbances but merely confines it

within the enclosure of the shield. Partial shielding may even increase the radiation from the remaining unshielded

wiring by resonating parts of the cir-
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cult to frequencies nearer the broadcast band. This change of resonant fre-
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initial disturbances occur within the engine compartment. I is the high tension ignition wiring, the principal

quency is brought about by the additional capacity of the shield to the
ground. In other words, it may be said source of disturbance; W any wiring
that sometimes connecting a capacity from the engine compartment to the
to ground may increase the energy of receiver or space near the receiver; D
the interference.
any long leads coupling the antenna to
A more satisfactory remedy is to iso- the source. The breaker arm in the dislate the receiver from the electrical sys- tributor and the lighting generator (not
tem of the automobile by suitable fil- shown) are also located in the engine
ters. In the modern day receivers, these compartment, and as far as general
filters, both in the antenna and the low position is concerned, may be considertension supply circuits, are an impor- ed with the high-tension circuits. It
may also be noted that the steering coltant part of the receiver's design.
umn C and the gear shift lever are not
In many instances the filtering, above suspicion in certain types of cars.
though extensive, is not adequate be- Antennas of the above type have alcause of the intensity of the disturb- most no inductances and have capaciances, and must be supplemented by the ties of from 100 to 300 mmf. They are
reduction of the disturbances at their practically non -directional, regardless
sources to below troublesome levels of the type of antenna used; their leadwithout impairing the operation of the ins should be shielded by copper braidvehicle.
ing and be located as far back as possible from the source of interferenceRELATIVE LOCATION OF THE
the engine compartment. The braid
CIRCUITS
should be well connected to the receivFig. 36 shows schematically the loca- er chassis and prevented from groundtion of the circuits which must be con- ing intermittently at any other po'nts.
sidered. The heavy lines indicate the Because the strength of the interfercar body, usually of metal, and the re- ence is somewhat stronger above the
ceiver chassis R, which are considered car than in the shielded space beneath
to be at ground potential. Al and A2 it, the capacity plate antenna A2 is
are alternative antennas, that is, the sometimes preferable to the roof type

antenna may either be of the roof or Al.
of the metal -plate type. All ordinary

Antennae of the fishpole variety which
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Fig. 36.-Schematic circuit of an automobile illu.trating the circuit.. to be eonvidered in the
locating and analyzing of Interference.
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ing the contact arcing and is of a size

to resonate at a frequency of from 2000
to 3000 cycles per second with the primary inductance of the coil. This con-

denser is an integral part of the distributor system and is supplied with the
car. It is interesting to know that during the time secondary current flows
(when one of the plugs is firing) the
high-tension

winding

is

practically

short circuited by the spark at the

plugs and the frequency of radiation is
of the order of 8000 cycles per second;
while with the secondary open, (no cur-

Fig. 37.-Wiring diagram of a typical distributor system.

rent flowing) the frequency is of the
order of 2300 cycles per second. It
might be well to mention that the above

values are the audio frequencies and
are not shown in the figure, are prefer- not
the carrier frequencies.
able for present *day receivers ani autoFigure
shows the distributed inmobiles, but the handling of the lead- ductances38
and capacitors of the sparkins must be carried out hi the same plug circuit.
It is impossible to repremanner as for the antenna types de- sent them accurately
because of the vascribed above.
riation in the cable lengths and the disFigure 37 shows the wiring of a typ- tances to the engine block, hood, lowical high-tension battery ignition sys- tension leads, and to high-tension leads
tem. The car battery, which also sup- of different spark plugs. An examinaplies power for all of the other electri- tion of this figure will indicate that at
cal equipment on the car, feeds the pri- a critical voltage (about 6000 or 7000
mary

winding of the ignition coil volts), depending upon the fuel mixthrough a cam operated interrupter ture, the temperature and the separawhich, incidentally, is run at
crank- tion of the plug electrodes, a spark
shaft speed. The secondary winding of passes to ground at the plug which

the coil is connected successively to the

practically short circuits the secondary

tributor switch, or rotor, which is operated synchronously with the cam. This
has been covered previously in another
section. The condenser C, across the interrupter contacts, aids in extinguish-

energy in the dielectric field of the distributed capacities about the conductors all the way back to the coil is discharged, and is a source of radiation of

Spark plugs through the rotating dis- end of the high-tension coil. The stored

considerable power.

Fig. 38.-This diagram indicates the distributed inductances, capacities and resistances In
the ignition system of the automobile.

41

AUTOMOBILE RADIO
Shielding only the high-tension leads
has the effect of increasing the capacity
to ground and of increasing the energy
to be released when the spark discharge
at the plug occurs. However, adding a
single "lumped" series inductance

.3
a

changes the frequencies and may re-

duce the number of harmonics radiated
but does not decrease the energy, and
cannot be depended upon to eliminate
interference.

IGNITION SUPPRESSORS

The most effective means of reducing

these radiations is to insert series re-

sistances or better still the wire wound

or inductive type suppressors in the
leads leading to the sparking electrodes. A single suppressor, close to the
rotor in the distributor, connected in

l ie. 39.-11111.tratioy,

series with the ignition -coil lead that

sor was formed of materials of smaller

terminates at the rotor arm is usually effective but if not additional suppressors
in the leads at each of the spark plugs
are quite effective. Fig. 39 shows sever-

types of commercial resistors, called
suppressors, which are all of carbon
al

mixtures.

The long unit showing the

two types of terminals, and whose component parts are shown immediately to
the right, has a bakelite case to prevent
it from grounding. The porcelain cover-

ed units shown at the top and bottom
are sealed and may not be disassem-

bled. The two units of larger diameter,
shown to the left, were of earlier manufacture and are discussed below. Two
qualifications that suppressor resistors
should have are (1) the ability to carry
high instantaneous currents without
deteriorating and (2) must have a low
terminal capacity to prevent coupling
around them.
The first commercial resistors used

as suppressors were of short length,

of

wird types of suppressor

monly

resistance per unit length, of greater
length and smaller cross sectional area.

The area of the terminal attached to
the plug was reduced and the resistor

located as near as possible to the plug.
Spark plugs are now being manufactured with the resistance material included inside the porcelain insulator.
This construction still further reduces
the self capacity of tLe resistor and the
exposure of the unprotected circuit. It is
predicted that when motor cars are factory equipped with radios. it will be
found advantageous to include the suppressor resistors in the structure of the
distributor rotor itself.
UNEXPECTED DISCHARGES

The high-tension current easily passes through the cables from the coil to
the plugs even though the wire in the
cable does net actually make contact
with the terminals of the plugs. This
often happens with installations which

comparatively large cross-section,

have seen several thousand miles of ser-

terial used was carbon, and had intense
voltage drops between particles, resulting in luminous destructive dtscharges

these extra sparks. The interrupter me-

of

and had large terminals as shown to vice. All cables should be checked for
the left of Fig. 39. The resistance ma- continuity to terminals to eliminate
from particle to particle through the

chanism is often mounted on a plate
which is movable by means of the
spark -advance

lever.

Sometimes the

binder. The large terminals added 'self
capacity to the suppressor and also to
ground from the spark plug terminal,

whole distributor housing is turned for

cases, flash -over actually occurred between the terminals. A better sunores-

tween these metal surfaces by shunting
the joint with a flexible braid.

and were rather ineffective. In some

advance and retard of the spark. In
such cases it is necessary to eliminate
sparking thrbugh the oil and dirt be-
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be increased in size as the frequency
of the primary oscillation and consequently the induced voltage in the sec-

ondary, would be thereby reduced.
Excessive capacity across these leads
also causes pitting of the tungsten contacts. A resistance connected in series

with the primary lead near the interrupter is not allowable since this would

reduce the primary current below an
Fig. 40.-Equivalent circuit of a spark plug
connection.

EFFECT OF SUPPRESSORS
ON IGNITION

Even the smallest spark at the plug
electrodes is capable of producing ignition, but it may only be produced at
a critical voltage. The equivalent low
frequency diagram of a spark -plug cir-

operating value. An additional conder
ser C2 on the supply terminal of the
coil effectively grounds the high -fre-

quency impulses at this point and prevents their conduction along the supply
lead. The lead from the ignition
coil to the interrupter should be as short

cuit involved in this discussion is shown

in Fig. 40. The insulating resistance of
the spark plug and of any foreign deposits on its surface is represented by
g. At high engine temperatures, or low
temperatures if the porcelain is wet.

this may be considerable. Now with

large series resistances R1 and R2, the
voltage developed across G (the spark
plug gap) may be insufficient to produce a spark across the gap terminals
With excessive cable leakage, or gap
capacity to ground, the spark -plug voltage would be further reduced. Suppressor resistors of the order of 15,000
ohms are perfectly satisfactory from an
ignition standpoint although the wire
-

Fig. 4E-Illustrates the distributed constants

of the primary circuit of the ignition coll.

as possible and not coupled (placed ad-

jacent to) to other conductors which
might absorb the impulses. In some
wound inductive type is preferred. cases, it is advisable to shield this lead
These resistors are large enough in carefully and ground it at both the invalue to materially reduce the interfer- terrupter and coil housings. Shielding
ence, but even for these values, the ca- this lead is usually necessary if the coil
bles and plugs must be in good condi- is mounted on the bulkhead or under

tion, and the plug gaps must be as the instrument panel. The shielding and
small as is consistent with fuel mix- the condenser C2 above mentioned also

serve to keep any interference from residual high-tension disturbances, which
LOW-TENSION INTERFERENCE
were not eliminated by the suppressors
Figure 41 shows the primary circuit but which were bypassed to other lowand the distributed constants involved tension terminals by the capacity of the
in interference originating at the low- windings of the coil, from passing furtension interrupter or breaker arm. The ther along the supply leads.
function of condenser Cl, as previously
Both high- and low-tension disturture, compression and engine speed.

stated, which is connected across the
interrupter or breaker arm is to form a

bances are more easily eliminated if
the coil is close to the distributor, and
low -frequency oscillating circuit with a short conductor connected between
the primary of the ignition coil and to the coil and interrupter. This connecassist in extinguishing the arc or spark tion as well as the high-tension cable
at the contacts. This capacity must not should be as short as possible.
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the receiver. Since the filaments of the
tubes in the set must be supplied by the
same battery which is connected to the
devices causing the interference, shielding the filament leads is usually inef-

fective unless both leads and shields
are carried directly to the battery terminals. These leads may remain entirely
unshielded if a choke and condenser
filter is provided at the point where

they enter the receiver chassis. The

leads from the "B" battery or "B" eliminator if not contained within the receiver housing may remain unshielded
if they are not closely coupled to interFIN. 42.-Shows the c

plete electrical eir-

cult of a typical third bru eh generator
circuit.

COMMUTATOR INTERFERENCE

The circuit of a typical third brush
lighting generator is shown in Fig. 42.
A spark originating at brush B causes
the radiation of energy which is conducted along the live lead through the
generator cut-out to the car wiring from

which it may be radiated. An effective means of eliminating this source of

disturbance is to bypass the live lead
as near as possible to the source. Condensers mounted on the cut-out cover
are sometimes ineffective because of
the resistance of the cover to ground.
The ground connection should be as
short as possible and securely bonded
to the generator frame. The complete
job should be checked at all engine
speeds since brush sparking depends
upon load and speed.
RESIDUAL INTERFERENCE

In spite of the precautions taken as

ference circuits and if a bypass condenser is used where each lead enters the
receiver housing.
Interference tests are usually made by
listening for noise in the loud -speaker
with the receiver adjusted for full sensitivity but not tuned to a broadcasting
station. This should be done in a location where external interference is low.
The engine hood should be closed and

latched to prevent other than normal
radiation from the engine compartment.
CAUSES AND REMEDY
OF MOTOR NOISES

The present method of eliminating

motor noises by means of suppressors,
generator and ammeter condensers, is
considered standard practice.
"There are two types of interference.
These are commonly called Chassis and
Antenna pick-up.

"Briefly, chassis pick-up is motor interference heard through the loud

speaker with the antenna of the radio
disconnected. It is an indication that
waves set up by the motor and ignition

described, it le safe to say that in every
case the disturbances are not completely eliminated but are only reduced
in level. Conditions of coupling and radiation vary widely between different
models of cars and even between chas-

system are passing through the radio

Where the engine is mounted on rubber
and the connections from the car body

battery or the starter, usually over-

and being amplified as radio frequency.

"Often chassis pick-up motor noise

comes into the set through the "A"

lead. A Dome-Lite filter, used at the
point of the "A" lead attached to the
ses which are supposedly identical. "A" battery of the car, whether at the

to the frame vary in resistance or ac-

comes this noise entirely. when experienced in older model cars where roof

tually fail to make contact, the complex aerial is used.
"If chassis pick-up still occurs it is
high -frequency field is radically changed. Long leads for high and low -fre- due to either of the following causes:
quency circuits are often a source of (1) Defective grounds and bonding. (2)
trouble. It is therefore advisable to fil- Cover of set making poor ground to set
ter or shield the supply leads entering housing. Remove cover, and clean lips
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of cover and set housing with fine sandpaper. (3) If the high-tension coil is lo-

cated on the instrument panel, shield

the high-tension wire from coil to bulkhead, grounding this shield at the bulk-

bulkhead in the driver's compatUnaut,
the most simple and positive remedy is
to remove it to the motor compartment.
It can usually be mounted in the motor
compartment, directly opposite the position it assumed in the driver's compat i-

head. In some cases it may be necessary to cover the head of the ignition ment, and using the same mounting
coil with a metal shield.

holes.

"Coils mounted on the dash are difficult to move to the motor compartbecause the ignition switch is
through the following methods: (1) di- ment,
rect radiation. (2) Conduction and ra- mounted in the base of the coil. For this
diation. (3) Eddy currents in surround- reason, a separate ignition switch
would need to be used if the coil were
ing metal.
ANTENNA PICK-UP
"Interference reaches the antenna

DIRECT RADIATION

"This type of interference is radiated
directly from the ignition system, hightension wires, coil distributor, etc. Spark -

plug suppressors reduce the radiation
from the spark plugs and high-tension
wires; they do not, however, eliminate
the radiation from the coil and distri-

butor proper. As the distributor is

usually well shielded by the hood of
the car, it is not necessary that any
steps be taken to shield it further,
other than to make sure that the hood
is making good contact to the hasps

that hold it in place.
"In cars such as the Pontiac, where
the distributor is mounted close to the
wooden floor -board, it is sometimes necessary to tack copper screening to the
floor -boards and ground it to the frame
of the car. This prevents the distributor

from radiating directly, either to the
antenna or to be picked up by the feet
of the driver or passenger of the car
and re -radiated to the antenna.

"The coil when mounted under the
hood may be considered as being as

well shielded as the distributor. Also, as
in the case of the distributor, where the
coil or high-tension wire leading from

it to the distributor comes close to the
wooden floor -boards, a copper screening should be tacked on the floor -board

to prevent the occupants of the front
seat from picking up the interference

when they have their feet in a position
near the coil. Chevrolet is a good example; cars with coils mounted on the
dash or on the bulkhead in the driver's

compartment are likely to radiate to
the antenna.
"Where the coil is mounted lu the

removed. Usually. in the case of dash mounted coils, it is sufficient to shield
a high-tension lead that runs from the

coil to the distributor. The most satisfactory way to do this is to slip a
piece of loom over this high-tension
wire, and then slip braided shielding

over the loom; keeping the ends of the
shielding one or more inches from the
coil and distributor. The loom increases
the gap between the ignition wire and
shielding and not only makes the shielding more effective, but prevents leakage that might effect the ignition system.

"This shielding should be grounded
to the bulkhead at a point where it enters the driver's compartment. Some
coils, however, are very violent radiators; because of internal high voltage
breakdown and arcing, it is necessary to
go further and partially shield the coils
themselves. This may be done best by
placing a metal shield can around the
front of the coil. Drill a hole in can, to
admit the high-tension lead, and slot
the sides of the can to admit the lowtension wires. Flare the end of the can,
turning the ends of the flares up. Wrap
wire around the tips of these flares and

draw it tight so as to hold the shield
securely in place.
CONDUCTION AND RADIATION

"Interference reaches the antenna

through being induced in wires that
come close to high-tension radiators.
These wires may then conduct the iaterference to a point near the antenna.
A striking example of this is the dome light lead. which in many instances

runs very close to the antenna or to
the antenna lead. So common is this
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the antenna to the metal framework at
the top of the car. Use a wire insulated as heavily as possible, so the shield
is kept far away from the antenna lead.
at a point four or five inches from The capacity between the two somewhere it enters the front corner post. times causes eddy currents to be inIt should then be left disconnected un- duced in the antenna lead shield itself,
til all other types of interference have by its coming in contact with the dash,
been eliminated. Afterwards it may be which frequently carries violent eddy
reconnected. If it causes interference currents that are induced in the wire.
"For this reason it is very good pracwhen reconnected, a Dome Light filter
should be connected in series at the tice to check whether the interference
point where the lead was clipped. In is less or greater if this shield grounds
some cases the ground lead of the dome to the dash. If grounding to the dash inlight will be carrying interference up to creases the noise, it will be necessary
the antenna. This may be eliminated by to insulate the shield with friction tape
transferring the point where this lead where it comes in contact with the
is grounded to a point on the frame that dash. Grounding the antenna lead shield
is not carrying ignition currents. Vari- to a point on the bulkhead is often helpous wires that run in the motor com- ful in reducing eddy currents.
partment or near the coil will pick up
"Further steps may often be taken
interference and carry it to some point to reduce the flow of these eddy curnear the antenna and re -radiate it to rents through parts of the car body
the antenna or lead-in. Connecting a that come near the antenna. The best
0.25 to 1 mf. condenser from the am- remedy for this is to supply a shorter

type of interference that it should be

one of the first things checked when interference is encountered. The best
method of checking it is to cut this lead

meter or from the individual wire to and lower -resistance path, through
which ignition current may return to

ground will usually eliminate this type
of interference.
"In some cases of an under -car antenna, the tail light and spotlight leads
are often a source of interference. Bypassing the leads with a 0.25 to 1-mf.

condenser is often sufficient; but the
Dome Light filter inserted in series
w;th the wire is usually a positive cure.
EDDY CURRENTS IN
SURROUNDING METAL

the storage battery. Bonding the motor

to the bulkhead and frame of the car
with heavy flexible bonds will usually
accomplish this. In cases of a floating power type motor, and where the motor
is mounted on rubber, this bonding is
often absolutely necessary. In cars,
such as the Chevrolet models, where
the car battery is grounded to the transmission or motor, it is sometimes ne-

cessary to run a flexible bond to the
channel frame of the car from the
grounded side of the battery. Braided
copper shielding, nut less than %"
of a type which offers considerable R.F. wide, is the best type of bonding for
resistance, it is subject to very strong this purpose.
"The metal loom of various controls
eddy currents. The metal corner post
"As the body and frame of the car
act as a return path to the battery for
ignition currents, and as this metal is

up which the lead of the antenna runs,
and the metal frame around the top of
the car, are the most troublesome objects for eddy currents. The simplest
and, in most cases, the complete remedy for this is to shield the antenna

that lead from the dash into the motor
compartment must sometimes be bonded to reduce eddy currents and radiation. The spark -control loom, throttle
loom, etc.. may be bonded to the bulk-

head at points where they enter the
lead from a point four to six inches driver's compartment. In soldering the

from the antenna proper and down to loom of these controls be careful not to
the shielded loom of the antenna lead solder the inter -control wire to the
to the set; so as to make a continuous loom. The best way to prevent this is

shield from the set to the top of the

to have some one operating the control

should be grounded at this point near

soldered.

corner post of the car. The shield

continuously while the loom is being
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ACCUMULATIVE DISCHARGE

one by one. When the removal of a

"This type of interference is one of bond or condenser causes the interthe most peculiar encountered. It ap- ference to reappear, a permanent one
pears as a spasmodic discharge and is should be mounted in its place.
very similar to atmospheric static in

its irregularity.
"The cure is a .002 to .006 mica condenser, connected directly across the

"As a handy list the following sugges-

tions are given for the suppression of
primary breaker points of the distrib- ignition interference. In this list the
utor. This condenser gives power fac- writer has endeavored to give these
tor control to the paper condenser, hints in the order of their importance:
which is already across the distributor
(1) Apply suppressors to distributor
breaker points as part of the ignition
or to spark plugs.
system. This mica condenser tends to
(2) Apply generator condenser.
make the paper condenser much more
(3) Re-route primary wire from coil
effective in reducing interference. It
to distributors, keeping it as far
cannot affect the ignition system in
way.

any

"Before concluding it might be well
to point out that the success in the elimination of ignition

interference is
governed by common-sense procedure.
First, carefully examine the car on
which the radio is installed or is to be
installed and try to decide which are

the most likely causes of interference

as possible away from high-tension wire.
(4) Connect Dome-Lite filter to
dome light wire at point where
it

(5)

(6)

from radio set to top of front

in that particular type of car. Don't

overlook a possibility for noise. Then
proceed in a step-by-step manner in the
order of their importance. Always bear
in mind that the interference may be
coming from several different sources
and that, unless all of these are eliminated at the same time, you will not have
accomplished anything. Elimination of

one of the sources of interference and
leaving the others will as a rule have

no apparent effect.
"The quickest method of eliminating
possible source of interference is to
equip yourself with a number of lengths
of flexible test bonds which are equipped with storage battery clips at either

end. Also equip yourself with a few

corner post. Ground shield at
ends.

(7)

(8)

condensers with test clips. This equipment makes it possible to quickly clip
on test bonds or condensers at points

that are possible sources of interference. Then, as each possible source is
eliminated by this method, be sure to

leave the test bond or condenser in
place until interference has been en-

tirely eliminated. After the interference

has been eliminated, the various test
bonds and condensers may be removed

Shield primary wire from coil
to distributor.
Connect a .002 to

.006 high-

grade mica condenser directly
across

the primary breaker
points of the distributor.
(9)

Bond the upper metal parts of

the car body to one another and
return a heavy copper bond

from these points down to the
bulkhead of the car. (This is
usually necessary in cars using
(10)

good grade, non -inductive, 1-mf. by-pass

condensers. Equip the leads of these

enters front corner post, in

older type cars.
Shield high-tension wire, if coil
is mounted on instrument panel.
Shield antenna lead-in wire

(11)
(12)
(13)

composite wood and metal body
construction).
Bond, where necessary, all control rods and pipes passing
through the bulkhead.
Shield head of coil when mounted on instrument panel.
Cover floor -boards of car with
copper screening.
Adjust spark plug points to approximately .028 of an inch.

(14)

Clean and adjust primary dis-

(15)

In cars

tributor breaker points.

having rubber motor

mountings, connect heavy bond
from grounded side of battery
directly to frame of car.
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(16)

Connect a .5 to 1-mf. condenser

from hot primary side of igni(17)

tion coil to ground.
If ignition coil is mounted on
driver's side of bulkhead, move
it to the motor compartment

side, using the same holes for
(18)

mounting.
Clean ignition system wiring.

Clean and brighten all connections. Replace any high-tension
wiring having imperfect insula-
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well, that's what he gets for being a
"radio master mind."

Then there is also the fact that the

newer sets are so greatly advertised as
being "Installed in less than threequarters of an hour-even by a novice."
Blah, and more blah! It generally takes
more than two to three hours of con-

tinuous and steady work before the

job is fully completed. If you don't believe that, here is a positive shop record
of a professional "auto -radio" man over
tion.
a period of a week.
(19) Ground metal sun visor and rain
Seventeen cars: thirteen of which
troughs, if necessary.
were current models, one was one year
(20) Make sure hood of car is well- old, and two more were three years old
Clean
hold-down but "a make which doesn't get old with
grounded.
hasps on both sides.
the years." In these seventeen cars four
(21) Ground instrument panel and different makes of radio sets were insteering column to bulkhead.
stalled-Philco, RCA, Motorola and
(22) When under -car aerial is used, Zenith. From actual shop time re- .
connect an 0.5-mt. condenser to cords, with very minute of actual work
tail and spotlight wires."
accounted for (no time off for smokes or
going
next door to get additional parts),
ELIMINATING AUTO -RADIO
the
average
time for the seventeen sets
NOISES
was three hours and fifty minutes! FurWith the lower pricing of automobile thermore, as a check. fully three-quartmarked down to
radio sets, and the fact that conditions
are getting more prosperous throughout noise elimination. Also, take into consithe country, the sale and installation of deration the fact that as a specialist,
these units is taking a big jump. This is all the necessary equipment, wrenches,
everywhere evident in the number of shielding and all tools necessary to a
queries concerning this work, and the neat, speedy and efficient installation
amount of noise elimination that the were right at hand.
writer has been called upon to do. As
ROUTINE PROCECURE
this type of work is not new to many,
but is to the majority of radio men, this
In all cases a set routine should be
section is addressed

to those

who

"would like to know" but cannot find
out.

followed. First and foremost the set

should be placed on a bench, hooked up
and balanced. This is really important.

The first time that the average radio
Service Man or technician attempts to
install an automobile radio set it is a
case of "imagine my embarrassment"
when, after the set has been nicely and
firmly placed, the nice new suppressors
installed, condensers wired into circuit,
possibly an under -car aerial connected

Never under any consideration take a
new set out of a carton and slap it into
a car. Go over the set thoroughly. If it
is a superheterodyne of the latest make

"foreground" of ignition static! If he is
the average Service Man, he has doubtless been queried countless hundreds of
times about removing static-and here
he is, after swearing that it is not possible. with the prettiest bunch of localized static in the world to remove. Oh

stalled in a garage or place that is fairly well shielded, connect the antenna
that you are going to use. and supplement it by laying on top of the antenna
a length of insulated wire about thirty
to fifty feet long to increase the pickup
to normal. If the shop is to specialize

with everything in one case, this simply

means connecting a suitable storage
battery, connecting the remote controls,

and tuning the set. Do not attempt to

and the motor turned on, there is a balance the set on an outside or regulafaint sound of music subdued in the tion set aerial. If the set Is to be in-

48

AUTOMOBILE RADIO

In installation, it would be a good idea
to use two plate antennas spaced about
%-in. apart, one being connected to a
regulation aerial, and the other to the
set proper. A ground is not necessary
and in the shop is not used. Balance the
set accurately by means of a calibrated
oscillator after the fashion of a house

there is just a slightly noticeable buzz
it will wear off after breaking -in of the
eliminator contact points.
With car sets using the "dynamotor"

type "B" eliminator) to be very "hussy"
sometimes when first hooked up. If the
set seems to be exceptionally noisy in
this respect, change it. Otherwise, if

place the unit.
Installation and service hints on various receivers and cars will be found in
the rear of the book.

for furnishing the high "B" there should
be no ripple at all and the sound of the
motor itself should be just barely noti-

radio set, and note the noise level of ceable when you stand about two feet
the particular set. It is the habit of a from the unit. If there is any ripple at
majority of the newer sets that are be- all in the speaker when the set is tuned
ing built in one unit (with a vibrator- to the frequency of a local station-re-

CHAPTER VI

Vibrator Converters
and Motor Generators
FOR some years past the vibrator and as mentioned in the first chapter,
convertor has been more or less was employed in Dr. Lee De Forest's
universally employed as a means of apparatus back in 1907. It was not until
changing the 6 volts D.C. from the auto- the years of 1931 and 1932 that rapid

mobile battery into the higher voltages
as required for the efficient operation
of the modern automobile receiver.
The principle of operation is very old,

strides in the improvement of these devices were made.
The first commercial type vibrators
ere crude and inefficient devices, but
in them the far-sighted engineers were
able to see the possibilities for the conversion of the 6 volt D.C. from the automobile battery into the alternating cur

rent that could be stepped -up to the
high voltages as required for the efficient operation of a receiver.

VIBRATORS OF THE
SERIES TYPE

43.-Mustrating the principle of operation of the series type of vibrator.

The mechanical and electrical design
of the early vibrators was of the series
type, in which the current flows
through the magnet coil only when the
vibrator reed is in contact with one of
the vibrator points, so that in the starting position the reed must be in contact. The action of this type of vibrator
is shown in Fig. 43A and 43B. It will be
noted that the current flows though the
circuit less than one half of the cycle
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ing, this type of vibrator is difficult to

start and should it fail, it will be observed that the vibrator points must
carry the load of the low -resistance

magnet coil and the transformers primary in series across the battery.
In Fig. 44A and 44B is shown the action of the full -wave type of series viFig. 44.-Illustrates the action of the fall - brator. Note that a 12 volt winding is
wave type of eerie. vibrator.
used for the primary of the transform or complete excursion of the reed. Er, the center -tap of which is connecThe 6 V. coil of the power transform- ted to the supply voltage.
er is the only resistance in the circuit
Here the core of the transformer is
at starting, accordingly there is a very used as the magnet. At starting position
heavy load of about 10 to 12 A. placed the reed is in contact with the lower
across the battery. Since the resistance point permitting current to flow from
of the filaments is also low when they the negative pole of the battery, as
are cold, there is an additional load of shown by the arrows, through the upsomething like 10 A. or a total of 20 A. per half of the primary of the transat starting.
former. The pull of the magnet attracts
When this drain is placed on a par- the reed counterweight, breaking the
tially discharged or undersized battery, contact and halting the flow of current.
it can very easily drag the battery volt- The reed continues its swing until conage down to a point where there is in- tact is made with the upper point of the
sufficient voltage to start the vibrator circuit causing current to flow.
Objections to this type of vibrator are
as well as the car.
When such a condition occurs it may the same as to any series vibrator.
result in the burning out of the vibrator
VIBRATORS OF THE SHUNT TYPE

or the power transformer or at least

Fundamental design of the shunt vibrator overcomes all of thew?. difficul-

opening the line fuse.

Arrows show current flowing from
the negative terminal of the battery, up

ties. In this type of unit at starting or

neutral position, the vibrator reed re.6.11
midway between the two contact points.
A high -resistance magnet coil is insert-

the vibrator reed, across point A -Y

through magnet coil M, around through

the transformer and returning to the
positive side of the battery. This flow ted in between the battery and the vi-

brator and is shunted out when contact
is made at the vibrator points. The result of this resistance is a reduction in
starting drain from 10 to 2 A. Should

in the primary sets up a secondary current, flowing in the opposite direction.

When the current flow reaches the

magnet coil, it causes the magnet to at-

the vibrator fail to start (and the low

tract counterweight G, breaking the

contact Y -A. Breaking the circuit halts drain makes starting considerably eathe action of the magnet, and the spring sier), the vibrator cannot be harmed beaction of the vibrator reed causes it to cause it is out of the circuit, and the
high -resistance magnetic coil guards
rebound, again making contact at Y -A.
Because of the heavy drain at start- the power transformer.
P. T
PA

I

A

I

ii

C9

1

x

-

B

,G

Ili

,. r'`

:fM

-BATTERY

ill

its

-C -

i -,
-

-

-

:

5

L,
Na"

A

B

/

111111

.-

BATTERY

- D-

CP

B

--

-..

,,__

Ole

Fig. 45.-Illustrates the principle of operation of the full -ways shunt

T

5.

F

c.
''' A

III

I

Wi

+

p

_....

M:

1

iii

i
,,..;-

-

.

-

BATTER,'

-E-

tile or vibrator.

AUTOMOBILE RADIO

to start, the vibrator will not be damaged. Also the fact that the magnet coil

in this shunt vibrator may be of high
resistance, as it is shunted out of the
circuit, when contact is made at either
point, protects the transformer.
Figure 45C shows current flowing
through the magnet coil, attracting
counterweight G, causing the action

outlined in Fig. 44. Contact has been

made at A -C, shunting the magnet coil
from the circuit, and current continues

ig. 16-Shows the old series type 1.1) us
compared to the smaller more efficient
shunt type vibrator (B).

to flow through the upper half of the
primary of the transformer. The secondary current is, of course set up in
the opposite direction.

Vibrator engineers have continued to
make progress in mechanical as well as
in circuit design, as may be seen readily in comparing the modern full -wave

Shunting the magnet coil from the
circuit has caused it to lose its attrac-
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until contact is made at A -B as shown

shunt vibrator illustrated in Fig.

with the older model, full -wave series
vibrator it was designed to replace.

The new shunt vibrator will give
more than three times the life of the
older model,

same time deliver considerably more current at higher
voltage. Likewise it provides a steadier
output, and it might also be mentioned
that it requires less than 1/6th the
space.

Many years of intensive research

with materials has resulted in better

spring steel for the reeds, better tungs-

ten for the points, and better bronze

for the contact arms.
Development has proceeded steadily
In increasing the frequency of the vibrators, which likewise has contributed

ion for counterweight G and spring ac-

tion in the reed causes it to rebound

in Fig. 45D.

Here it is seen that the flow of cur-

rent in both primary and secondary has

been reversed from that of Fig. 45C,
and a more or less true form of A.C.
has been generated.

After contact has been made at A -B,
spring action causes reed to reverse itself, breaking contact, and putting magnet back in circuit.
Figures 46A and B represent the old
type full -wave series vibrator and the
new and smaller shunt type (B).

to steadier operation, longer life and

lower "hash" or interference level.
Workmanship has, of course, kept
step with other developments. Through

the use of such modern scientific instruments as the "comparator" and the
"oscilloscope", vibrators now coming
from the production line are held to
very close limits of adjugt men) and
performance.

Figures 45C, D and E rt.pres(qa.

like

complete action of the full -wave, shunt type, non -synchronous vibrator.

In the starting position it will be seen
that the vibrator reed rests midway between the two points and should it fail

Fig. 4i.-Illustrates the circuit arongement
of the full -wave synchronous shunt type
vibrator.
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VIBRATORS OF THE
SYNCHRONOUS

SHUNT TYPE

LOAD TEST
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In Fig. 47 is shown

.1.011
.01.10
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type vibrator which is

OHMS

10.000

in many of the

current receivers. The
use of the synchronous
vibrator effects economy of space and will
handle larger values of
current on the secondary side as compared
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I

the schematic of a full wave synchronous shunt
used

a

+4

OHMS

0.2-

StsLLP4

MEG.

1-1

CODER

115-5-5.5

4M1

A.B

ID 000
OHMS

A E. ADAPTERS

PoULCO 0

to the non -synchronous

vibrator used in conjunction with the conventional rectifier type.

Fig. 45.-Here is given the circuit of a vibrator tester.

Component values are given for critical elements. Other
components such as the troo.former are conventional.
SERVICING VIBRATORS

In the synchronous type of vibrator
Vibrators are one of the major serwhich serves as a primary circuit in- vice
problems of the serviceman that
terrupter and a synchronous rectifier specializes in automobile radio service.
for the high -voltage output, the polarity of the primary determines the polarity of the output voltage produced. In
a tube rectifier, the tube can make use
of current flowing in only one direction,
thus insuring the correct output polarity. However, the synchronous rectifier
is esbentlally a 2 -way circuit, depending
entirely on timing of the contacts. Thus,

it can produce an output of either polarity.

To compensate for the fact that in
some automobiles the negative of the
storage battery is grounded, while in
others the positive is grounded, the
primary or secondary of the power
transformer must be reversed for one

The cost of the present day efficient vi plug -in

replacement, hardly makes it

worth the trouble and time for re -conditioning and re -adjustment of old vi-

brator units, which are arranged for
brators. However there are times that
emergency service must be rendered in
which case the points may be ground or
filed down. Adjustments on old vibrators are seldom satisfactory and the:

serviceman should be equipped with a
suitable vibrator tester which will save
him much time in determining the con-

ditions of suspected units. There are
various of these testers on the market
which

although in

many

instances

an additional expense will prove their
worth in many instances. In Fig. 48 is
given the schematic of a suitable vibrator tester which will handle all types of
of the connections. In Fig. 47 the vibra- units. This device is simple of constructor socket is noted to be a symmetrical tion and operation and can be easily
6 -hole socket, while the vibrator is a constructed in a short space of time.
plug of the same pin arrangement, but
using only 4 pins. Both socket and plug

are marked with polarity for either in-

THE MOTOR -GENERATOR

There are numerous devices of this
stallation.
type on the market and as their princiNote in Fig. 47 that when the vibra- ples of operation are much the same,
tor is removed, turned 180 degrees and only one type will be described. These
replaced, the primary connections are devices are generally used nowadays for
unchanged while the secondary term- trouble -free installations where large
inals are reversed.

voltage and current requirements would
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CHOKE
COIL

devices are of a dual type and these are
GENERATOR

MOTOR

A+

SOK

eration of mobile public address equipment, etc. Fig. 50 shows one of the sin-

ter

IA F.

MF.
B

NOTE: B- MUST NOT BE GROUNDED

B-

MOY.
4,

used where very large output current
requirements are necessary in the op-

A-

6+

lerOV

6 V.

6V.

0.1...z,01,:10\:,..1.TERMINAL

gle unit Genemotors, which is placed
within a shielded compartment or housing for both interference elimination
and protection from outside elements.
SERVICING THE
MOTOR -GENERATOR

PIg. 4'J.-lucre

is the electrical circuit, of the
Genemetor.

After some time has elapsed, it is
well to sandpaper the commutators. As

described in a early chapter for the

prove too great were a vibrator used. care of the automobile generator, emery
However, in passing, it can be mentioned that heavy duty vibrators have been
developed which are just as satisfactory
and require less physical space. The efficiency of the motor -generator is generally around 50 to 60% as compared to
the 90 to 98% efficiency of vibrators.
In Fig. 49 is shown the schematic of
the Genemotor. These devices may be
considered as rotary transformers.
While some use a separate driving mo-

paper should never be used. Care must

be exercised so that the commutator

segments are not shorted. The mica separators between the segments should
be undercut in the same manner tits for
the automobile generator. The brushes
should be reseated or else sparking will

take place; sparking is one thing that
will ruin a commutator. The noise that
results when brushes are poorly seated
cannot be eliminated by the usual filter,

tor from the generator, others of the as it is not designed for this purpose.
Genemotor type have two windings on
a single armature. These windings are
the low voltage and high voltage windings which terminate in commutators at
each end which serve in the former instance for converting the direct current
into alternating current, and in the latter case for converting the high voltage
alternating current into direct current,
The field winding which is of the shunt
type is supplied by the battery to which
the low voltage side of the armature is
connected. The low voltage side of the
device is shunted by a condenser to reduce commutator sparking, while the
high voltage side is filtered by filters of

adequate design that smooth out the
commutator ripple. Some of the devices
are provided with voltage -dividers on

the high voltage side in order that the

desired voltages may be selected. Other

Fig. 54:I.-Illustrates one of the Genemotor

models from which an output of forty watts
may be obtained. The cover is not shown.
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CHAPTER VII

Service Hints, Automobile Installations
GENERAL CONSIDERATIONS

All modern automobile receivers have
filters included as a part of the receiver

AS in servicing ordinary home re - design. These filters are perhaps the
ceivers, an analyzer, or multime- most important element of the receiver
ter, oscilloscope, tube and vibrator test- as far as interference is concerned. Iner, ohmmeter and capacity meter, in sufficient or defective filtering is sure
addition to tools (such as soldering iron, to result in noisy reception, so that care
wrenches, pliers, etc.) are necessary must be taken to see that they are conequipment of each auto -radio techni- nected properly, and proper parts vacian. To attempt to service correctly a lues employed, if ever repaired or reradio of any type without the proper placed. The service -man may spend
instruments will, in many cases, lead to many hours looking for noise when it
an unfortunate failure. A great many is right where he leasts expects it. The
auto -sets are installed each year and moral is to examine the most likely
consequently much service work from places first, and then proceed to the
this direction can always be expected. more difficult.
Incidentally, advising the owner of a
The outlay for adequate instruments
and tools will eventually be repaid to car radio that it needs looking over
the investor many times over.
every three months might bring in adThe description of the various ele- ditional business that would not be obments given in this book dealing with tainable otherwise.
the subject of automobile radios brings
SERVICE HINTS
out many very pertinent facts. First,
the physical location of the receiver
A summary of possible troubles and
and antenna with their respective leads where to locate the offending item
and cables, is usually subject to rules along with its remedy, ts given below.
stated by the manufacturers of both the
If the Receiver Fails to Operate:
car and the receiver, although consid"A" Fuse-Check the "A" line fuse
erable leeway is allowed in most in- in the chassis box.
stances. Second, it is essential that the
Line Open-See if power is bereceiver be mounted in such manner ing"A"
spplied
the speaker, tube heatthat there will not be interference in the ers, and "B" toeliminator.
control and operation of the car. Third,
"B" Eliminator Not Working-See if
the grounded side of the battery (polarity) must be determined for correct in- the "B" eliminator is in proper workstallation and operation of the receiver. ing order, by checking the high -voltage
Fourth, all leads must be shielded and points at the tube plate terminals.
Antenna and Lead-See if antenna is
well grounded. In this connection the
writer might emphasize the fact that in properly connected to leltd-in wire and
any automobile installation of a receiv- antenna lead from set. Be sure the aner, the ground is highly important. tenna system is not grounded at any
Remember, there is only one good point.
Defective Tubes-Try out- ar.new set
ground on a car and that is the chassis.
Fifth, all leads must be as short as pos- of tested tubes, and make sure they are
correctly inserted.
sible.
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Grid Caps Not Connected-See if all
grid caps are properly connected to the
tops of top -grid -connections tubes.

Variable Condenser Plates Shorted-Check condenser sections in chassis
carefully for foreign particles, or rotor stator rubbing.

have first been fully investigated.
Other Causes of Low Volume --Detective speaker; poor battery. antenna,

grid -cap or other connections; defective A.V.C. system in the receiver; and
various opens, grounds and shorts In
the receiver assembly.

WEAK RECEPTION

DISTORTED REPRODUCTION

Defective Tubes-Try out a new set

Receiver Oscillating-See section on

of tested tubes, and note any difference
in performance.

oscillation, below.

Poor Antenna-To try out the effectiveness of the antenna used, check the

of tubes.

Defective Tubes-Try out a new set

Incorrect Voltages-Check the voltvolume with regular antenna against ages
at the sockets.
the volume when using a straight
Incorrect
signal must
length of wire about fifteen feet long. be carefullyTuning-The
tuned
in
to
the
clearest
Run the wire out of the car through
one

of the windows. If, upon test, the external wire is found to be much superior
as far as volume is concerned, the antenna is not satisfactory and will have
to be revamped or a new one installed.
The antenna or lead-in may be too near

grounded metal portions of the car

frame or body, resulting in a high capacity to ground. There may be ground-

ed metal mesh in the car roof if roof
antenna is employed. There may be a

and loudest point. It must not be tuned

"off resonance."

Defective Speaker-Try out a new

one, it it is available.
Defective Audio System in the Re-

ceiver - Make continuity resistance
tests.

Signal Transmission-Quality fading
the signal -transmission can cause
poor tone quality.
in

OSCILLATION

Cover of Box-May not be on or, if
antenna and lead-in, or antenna lead on, may not be sufficiently tightened
from the set. The antenna system may down.
poor soldered connection between the

be partially grounded at some point.
Antenna Trimmer Not Adjusted-After the wiring has all been completed,
and before the chassis is permanently
installed, try out the set and adjust the

antenna trimmer. To do this, tune in

a weak signal between 600 and 550 K.C.,

with the volume control about three-

Off -Characteristic

Tubes - Tubes

whose characteristics vary considerably

from the standard may cause oscilla-

tion. Try out some new ones.
Open Bypass Condensers-Check the

bypass condensers and leads to them
for open circuit.
Poor Ground Connections-Check the

fourths on. On some part of the chassis

ground connections hi the chassis for

chassis housing is the antenna trimmer

Grid Caps and Leads-The grid caps
may not be making good contact to the

housing will be found an opening or
hole. Directly under the hole hi the

condenser screw. Turn this adjusting

poor contact.

tops of the tubes, or the wires of the

screw up or down until maximum output is obtained.
Car In Shielded Location-If the car

grid caps may be too close together.

ment unless other causes of low volume

charging rate is obtained.

FREQUENTLY -DISCHARGED
BATTERY

is within or near a steel structure the
If the storage battery runs down fresignals may be weakened by absorp- quently, with the additional drain of
tion.
the radio receiver imposed on it, it is
Storage Battery Run Down-Check generally due to the failure of the inthe condition of the battery.
stallation man to "set up" the generDefective "B" Eliminator-Check "B" ator charging rate. This can be easily
voltage at sockets.
done by rotating the third brush (in
Misalignment of Variable Tuning the generator) in the direction of the
Condensers-Do not attempt realign- armature's rotation until the desired
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"B" POWER SUPPLY DEVICES
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starter positive. Make sure that every
piece of metal in the chassis, even down

the window raising mechanism, Is
"B" power units for auto -sets are of to
grounded, as well as grounding tho-

three types:-

Vibrator -interrupter type-using
tube for rectifiers.
(2) Synchronous type vibrator.
(3) Motor -generator type-motor operating on 6 volts.
In the first and second types of units,
(1)

replacement of the tube and vibrator
contacts must be expected after they
have been in service for some time. The
vibrator assembly is almost always removed in one unit and replaced with another. They can be purchased from the
manufacturer or most mail-order houses. The filtering unit seldom will give

trouble; should a condenser puncture,
the symptoms would be no plate voltage at the tube sockets. A bad ripple
would indicate an open condenser unit.
In both cases the defective item must
be replaced.
Where a motor generator is employed

for "B" supply, less trouble is likely to
be encountered. Brushes should occaatonally be replaced, the bearing oiled,
and the commutator cleaned with fine
sandpaper (not emery cloth). Neglect
ing these precautions may cause a bad

roughly the frame holding the spare
tires. If the car uses a tonneau windshield (as so many of this make do in

the open cars) ground this and the metal back of the front seat thoroughly,
not being content with merely grounding the metal back and relying ou the
screws holding the windshield to bond
it to the back. To the bervice Men who
can lick an Auburn completely at the
first "crack" belongs the title "The
complete 'Auto-trician'." It has been

done. but generally if an Auburn comes
into the shop the owner is given to understand that "some little noise may be

present at times." This is to forestall
calls when the owner finds other, less
expensive cars with little or no noise at
all. It can be reduced to a minimum by
careful work and attention to details as
shown in the first part of the article.
Bulcks

Install screening on floor under receiver in older model cars, ground the
screening to the chassis.
Install a generator voltage control, it
the generator is not already equipwid

ripple which the filter cannot be de- Ground

pended upon to eliminate.
PROCEDURE FOR VARIOUS
CARS

The following are some of the meth-

ods regularly used to eliminate noise
in some of the most popular makes of
cars on the market. To list all of the
cars would be too great a task, but the
few popular ones noted cover about all
the methods used.
Auburn

One of the toughest cars to work on
is this job. This is especially true of the
models which encase the leads coming
from the distributor in an aluminum topped hood. It is necessary to spare no
pains or shielded wire on this car, as

the terminal marked "F."
Charging rate should not exceed 20 amperes.
Install distributor suppressor, generator and ammeter by-pass condensers.
Cadillac, and La Salle

Install by-pass condensers on generator, and across terminals of electric
lock.

Install condenser across low tension

side of coil, with the condenser placed

inside the coil case. Solder one end of
the condenser to the inside of the case.
install wheel static collectors.
Chevrolet-Older Models

Coil moved up and fastened to motor

block in close relation to distributor.
every available lead must be thoroughly Leads from switch to coil being run in
shielded, every control rod bonded and
grounded, and the coil placed in close
relation to the distributor. Also ground

a twisted

pair,

shielded in copper

shielding. This lead should be run in
such fashion that it passes low on the
all metal floor panels that are not al- motor block alongside of the distribuready grounded. Run the "A" battery tor. Build up the rotor of the distribulead-in shield from the ammeter lead or tor. Bond all wires. pipes and control
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rods coming through the bulkhead on
both sides and ground well. Use all sup-

pressors and condensers; if a slight
noise is still heard use a condenser on
the switch or battery side of the coil.
On some of the earlier models of this
car, notably the 1930 and 1931, it was
necessary to install a fairly heavy R.F.
choke hi the "A" lead, bypassed to
ground.

In older model cars, coil should be
moved up next to the distributor. Bypass coil to engine.

In stubborn cases try inductive type
spark -plug suppressors.
Fords

Model A-May be necessary to replace the choke rod with flexible type

in order to install receiver, if the re-

ceiver is large. Use distributor suppresHigh tension interference in many of sor, generator and ammeter bypass conthe pre -turret top General Motors cars, densers. Bond steering post and metal
especially the Chevrolet, is almost un- cable through fireboard. In stubborn
avoidable when the radio is mounted on cases sparkplug suppressors may be re-

the right side of the car. The ignition

quired.

coil and electro-lock cable, mounted on
the motor side of the bulkhead or fire board, is so closely coupled that despite
all the shielding and tuned filtering,

Model V8-Install condenser with
special bracket on distributor. Bypass
condensers on oil and gasoline gauges.
On the former watch for accelerator

there is still a certain amount of coupling. Remedy is to mount the radio on
the left side, keeping the battery and

arm clearance. In cars prior to 1937, use
dome -light filters, although a condenser
may be sufficient in many cases. Run-

antenna leads as far from the coil as

ning board or hinge antennae are re-

possible.

commended. Try bypass condensers on

In other Chevrolet installations, cover
the floor boards with copper screening
which should be grounded to the chassis.

In some installations. a .006 mfd mica

starter relay and low voltage "hot"

lead behind instrument panel. Shielding
of lead from ammeter to terminal block
is somettmes effective. Ground the cable to the fireboard or bulkhead with a

condenser connected across the points
of the distributor is effective.
Newer Models-Install a dual bypass

self -tapping screw.

distributor suppressor.
Chrysler. DeSoto, Dodge
and Plymouth
In pre -turret top cars, antenna lead is

tween the antenna and the body should
be above 5 megohms if the antenna is
to be effective.
H udson-Terraplane
Bypass generator and ammeter. Use
distributor suppressor. Bond floor
boards to transmission, one on each
side. By-pass electric gasoline and
water gauges.
Bond metal cables and steering post

Some installations require the 3ugine

to be bonded to the chassis. Separate
low from high tension leads, and as far
condenser on the Master 6 models. Con- apart
as possible. In extreme cases
nect another bypass condenser from the must use special
distributor suppressor.
discharge site of the ammeter to the
On
installations
the roof anbottom edge of the instrument panel. tenna is employed,where
the resistance beInstall wheel static collectors. Install

in left front pillar, but either hinge or

running board type antennae are recommended. If roof antenna is used, shield
lead from pillar to receiver. Ground
shield at both ends. Install bypass condenser, or better still a dome -light filter on dome light lead at pillar.

on motor side of fireboard, together,
and to chassis. Bond the muffler to the

Install generator and ammeter coa- chassis.
densers, and distributor suppressor.
Door hinge or under -car antenna re-

Bond engine at front and rear to commended for these cars.

chassis. Bond steering post, speedometer

and other cables together and to chassis. Bonding of the top metal section of
the distributor to the lower section will
some times help.

Hupmobile

Bypass generator and ammeter. In-

stall distributor suppressor. Use con-

denser or filter on dome light lead, if
roof antenna is used. Shield and ground
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antenna lead at post and receiver ends.
Bond metallic cables that pass through
fireboard. as well as steering post.
Lincoln V12

If roof antenna is used, lead is found

on left side of car behind rear seat.
Drill hole through floor -boards, and

pass shielded antenna lead up front to
the receiver. Shield and ground the lead
at each end, and at middle, to chassis.
Install bypass condensers on generator and ignition coil. For extreme cases
employ inductive or wire -wound spark -

plug suppressors. Use distributor suppressor where poss.ble.
Lincoln Zephyr

Roof antenna lead-in at base of left

center door pillar, but in those cars
equipped with the roof antenna, hinge
or under -car antenna is recommended.

Install generator condenser. Two con-

Packard

Install generator and ammeter con-

densers. Use distributor suppressor.

Bond all metallic cables through fire board. Bond the steering post to fire board, dash and chassis. Install inductive type distributor suppressor; some
installations

may

require

sparkplug

suppressors, the spark plug gap should
be .030 inch. Ground all ungrounded
metal.

Use hinge or cowl or under car an-

tenna where ever possible.
Pierce -Arrow

Install generator and ammeter condensers. Another bypass condenser on
the current -limiting relay. Bond metallic members through fireboard. Install
distributor suppressor. Hinge or cowl
antenna recommended. Undercar antenna is also good.
Pontiac

densers with special brackets on distri
Older Models-Place coil hi motor
butor. Use b:,pass condenser on start- compartment near distributor, with
ing relay, and electrical oil gauge. In- same procedure as recommended for
stall bypass condensers on gasoline Chevrolet installations. Some times negauge and the water gauge terminals. cessary to bond and ground cushion

springs, and robe racks. Use either

resistance under the left cut-out mount- hinge, cowl or under -car antenna rather
ing strip bolt at the dash and connect than the roof antenna.
the lead to the battery terminal of the
On all cars, install generator and amrelay.
meter condensers. Distributor suppresMay be necessary in some instances sor. Bond torque tube to KY chassis
to use the special distributor suppres- member. Hole provided in K member
sor, and sparkplug suppressors. Also to for this purpose. Have good electrical
bond all metal cables through fireboard, connection.
as well as steering post.
Studebaker
Nash and Lafayette
Install generator and ammeter conInstall generator and ammeter con- densers. Distributor suppressor. On the
densers, distributor suppressors. Bypass President models, condenser between
or filter dome light lead, especially ignition coil and bottom edge of instruwhen roof antenna is used. On later ment panel. Ground front end of muf-

cars hinge or cowl rod antenna is re-

fler to chassis, also back of starter to

Oldsmobile

engine is on or not. In this type of

commended. Some cases require additional bypass condenser on coil.
Bond metallic cables through dash.
Some times grounding steering post is
effectr e.

Install generator and ammeter con-

densers. Use distributor suppressor.
Bond transmission to chassis cross
member. Be sure of good electrical con-

nections. Bond engine at left rear cylinder head bolt to the bolt at top of
starting pedal bracket.
Install wheel static collectors.

floor board. Hinge, Cowl or under -car
antenna effective in order given.
Brake Static
May be apparent in all installations
but only when car is moving, whether
trouble install wheel static collectors to
suit the particular type car. Any technician specialising in auto installations
ehould stock various types. See Fig. 51
which illustrates some of these devices.
Tire Static
With car under motion, when it has

been determined that brake static has
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cy of the car set is not impaired in any
way, and the adjustment holds for all
frequencies, and for all conditions of
the ignition system.

In order to obtain the best results
trom the balancing arrangement just
described, it is very important that
there be no noise entering the set
Fig. 51.-Sltows front and rear wheel type through the battery leads. The line filof static collectors; the rear type (B) has * ter at B may be connected in the "hot
wiping contact.

A" lead and will remove all such noise

been eliminated by wheel static collec-

tors, look for tire patches on both the
tube and casing. The noise is usually a

loud rasping sound.
Brake Rod Static
In those cars which use brake rods a
static condition may develop when
joints become worn. Remedy is to use
anti -rattle springs or better still, flexible copper bonds across the joints.
M lace I laneous

A device known as the "Interferotrol"

is some times effective in eliminating
ignition noises picked up by the antenna. See Figs. 52 and 53.
The filter is placed as close to the set

as possible, and a shielded connection
made to the antenna lead from the set.
The other shielded lead is connected to

the regular car antenna. The rubber covered wire is grounded to any part of

Fig. 53.-The appearance of the Interferotrol
beside which is an "A" titter that must be
used when the "A" filter In the receiver is
not adequate.

the car (to be determined by experiment) which will feed into the system before it reaches the circuits of the rean amount of ignition noise approxima- ceiver, so that the balancing system
tely equal to that coming in over the may work to full efficiency. The filter
regular car aerial.
may also be used in other lines which
The balancing coil is then moved in
or out with the set -screw at the end of

the can, until the noise is eliminated

enter the receiver case, such as the pilot lamp lead. There should be no noise
in the set with the antenna disconnec-

from the radio set output. The efficien- ted.
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Fig. 52.-The circuit of the "Interferotrol" antenna titter as described In the text.
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When this position is found the coil
can be clamped to the speedometer cable by means of 2 metal straps. The coil

should be taped together all the way
around to make it stiff.
The voltages set up in the coil buck
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Fig. 5-I.-Here is a satisfactory antenna SIter that may be quickly and cheaply constructed by the serviceman.

Fig. 54 shows schematic of home
made arrangement of this type.

that set up in the antenna and lead-in.
No suppressors, or shielding is needed.
CONCLUSION

The purpose of completely revising
the previous "Automobile Radio and Servicing" booklet was to dispense new auto -receiver information and general data
regarding improved practice in instal-

ling and eliminating motor noises. It
was the latter subject which has bothered most old-timers and newcomers
to this field. Considerable experience
on the elimination of ignition noise has
been gained by those active in auto radio installation work during the past
few years. Practical

and successful

methods for suppression, we believe,
are contained in this book. By diligently
following the instructions outlined, we
also believe, any interested party with
a flair (and some knowledge) for radix)
can duplicate the results.
Fig. -3.-Another type of antenna noise
Concerning future improvements, the
bucking arrangement which can be easily
constructed and Installed by the serviceman. present design of auto -sets almost borders on perfection. Yet no industry can
Another type of antenna bucking ar- afford to remain at a standstill. More
rangement which may be found effec- refinements will unquestionably follow;
particularly in the tuning and control
tive in curing antenna ignition pick-up of the radio from the instrument panel
is shown in Fig. 55.
with instruments to harmonize with the
Motor noise can be eliminated by remainder of the car instruments on the
mounting a bucking -coil, in the antenna "dash." Car manufacturers will undoubtedly make provision for this in
circuit, under the dash of the car. This future automobiles.
coil is 5 in. in diameter (see Fig. 55)
New methods for eliminating ignition
and consists of 3 turns of heavy bell - noise will be evolved. Car manufactuwire, one end of which is connected to rers will probably co-operate by improthe shielded antenna lead of the radio, ved engine design. Perhaps this branch
the other end to the antenna lead-in. By of the industry will employ in the fumeans of very little experimenting, ture the methods used by aircraft -radio

while set is in operation and the car installation engineers. With co-operunning, the exact plane or position in ration from auto manufacturers, inwhich the coil should be mounted can
be determined.

stallation would be much more effective
and efficient than present procedure.
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Name

City

Address

State

Send remittance by cheek. or money order: register letter if you
send cash or stamps.

AR

Treasure Locators
BLUE PRINTS and INSTRUCTIONS

In

Offer!

SEVEN FOLDERS

$3°°

Postpaid

Technifax Construction Pattern Series
For Building the Following Treasure Finders and Prospecting Outfits
Folder No. 1. The "Radioflector Pilot"
consists of a 2 -tube transmitter and
3 -tube

receiver. Principle

Radiated

Wave from transmitter loop is reflected back to receiver loop. Emits visual

and aural signals. Tubes used: two
1A5G-two 1N5G-one 1H50.

Folder No. 2. The "Harmonic Frequen-

cy Locator" - Transmitter radiates
low frequency wave to receiver, tuned

to one of Harmonics of transmitter.
Using regenerative circuit. Emits au-

ral signals. Tubes used: one 1060-

one 1N50.

Folder No. S. The "Beat -Note Indicator"

-Two oscillators so adjusted as to
produce beat -note. Emits visual and
aural signals. Tubes used: Three type
'30.

Folder No. 4. The "Radio -Balance Sur-

veyor -a modulated transmitter and

very sensitive loop receiver. Principle:

Balanced loop. Emits visual and aural signals. By triangulation depth of

objects in ground can be established.
Tubes used: Seven type '30.
Folder No. 5. The "Variable Inductance

-a single tube oscillator
generating fixed modulated signals
Monitor"

and receiver employing two stages

R.F. amplification. Works on the inductance principle. Emits aural signals. Tubes used: six type '30.
Folder No. 8. The "Hughes Inductance -

Balance Explorer" - a single tube

Hartley oscillator transmitter and
sensitive 3 -tube receiver. Principle:

Wheatstone bridge. Emits aural signals. Tubes used: two type '30-one
type '32-one type '33.
Folder No. 7. The "Radiodyne Prospector"-a completely shielded instrument.
Principle: Balanced loop.
Transmitter, receiver and batteries
enclosed in steel box. Very large field
of radiation and depth of penetration.
Emits aural signals. Tubes used: two

1N50 - one 1G4G - one 1H5G - one
1Q5-one 104.

With any one of these systems you can construct instruments to locate
buried treasures, metal war relics, mineral deposits, subterranean water
veins, oil deposits (under certain circumstances), buried gas and water
pipes, lost objects, tools and treasures sunken in water, etc. Each set of

blueprints and instructions enclosed in heavy envelope (9% in. x 12% in.).
Blue prints 22 in. x 34 in.; eight -page illustrated 8% in. x 11 in.

folder of instructions and construction data.

50C

Add bc. for p(),t,,Q,
The complete set of seven folders (Sent postpaid)

$3.00

TECHNIFAX

1917 S. State St., Dept. AR,

Chicago, III.

THIS IS THE ONLY COMPLETE
REFRIGERATION

OFFICIAL

REFRIGERATION

SERVICE

MANUAL EVER PUBLISHED - -

SERVICE MANUAL

$5

VOLUME 2

.00

NET

VOLUME TWO
3F THE

oiticiai

REFRIGERATION
MANUAL

SERVICE
OVER 352 PAGES

OVER 300 DIAGRAMS
Complete Service Data
Flexible Looseleaf
Binder

The OFFICIAL REFRIGERATION SERVICE
MANUAL was the first refrigeration Service
Manual ever published-and now this second volume has been prepared so that they both form
a comprehensive library of information on this
rapidly growing refrigeration industry.
Detailed information on servicing; outlines of
theory and methods of operation; instructions
for the handling of refrigerants; charging systems; diagnosing troubles; trouble charts; electrical hook-ups; charges of oil and refrigerant in
different models; advice on the selection of oils;
placement and temperature required by foods;
valve settings, compressor construction, faults,
overhauling; estimating coil and machine loads;
are encompassed In this new volume of refrigeration servicing.

List of Contents in the Second Volume of the
"Official Refrigeration Service Manual"
History
Food Preservation
Theory and Fundamental
Laws

1.

Methods of Refrigeration
Refrigerants, Lubricants
and Brines
HandUng, Testing and Storage of Refrigerants
Compression Systems of
Refrigeration
Liquid Throttle Devices and
Valves
Compressors, Types, Seals,
Valves, Capacities,
Service

Refrigerating Systems
Electric Control Devices
Evaporators and Cooling
Units
Service Tools, Equipment
and Tool Manipulation
Commercial Unit Specificsthong and Service
Household Unit Specifiestions and Service
Servicing Refrigeration
Apparatus
Servicing Low Side Float
Valve Systems
Servicing High Side Float
Valve Systems

Servicing Expansion Valve
Systems
Servicing Thermostatic
Valve Systems

Servicing Restrictor and
Capillary Tube Systems
Charging Systems with
Refrigerant
Electrical Service; Motors,

Fuses, Hookups
Service Rinks
Estimating Refrigeration
Loads, Coil and Machine
Sizes

Miscellaneous Data

Send remittance of $5.00 in form of check or money order for your copy
of the OFFICIAL REFRIGERATION SERVICE MANUAL (Volume 2).
Register letter if it contains cash or currency. THE MANUAL IS SENT TO
YOU POSTAGE PREPAID.

RADCRAFT PUBLICATIONS, Inc.

20 -AR VESEY STREET
NEW

YORK,

N.

Y.

A GOLDEN OPPORTUNITY
FOR ALERT MEN IN

THE NEXT GREAT INDUSTRY

OFFICIAL

AIR CONDITIONING
SERVICE MANUAL

The idea of electricians, radio service men and
other mechanically inclined men, servicing Air
Conditioning and Refrigeration Units is selfevident and the thought has occurred to some
untold thousands ever since air conditioning
equipment has been installed in public auditoriums. theatres, studios, department stores,
office buildings and manufacturing plants.
The tremendously broad possibilities in this

new industry are bound to give employment
and success to men far-sighted enough to see
its advancement and development.
Further assurance is that engineering schools
have already added many important courses on

air conditioning to their regular curriculum.
Architects and building contractors are giving
considerable thought to installation of this
equipment in structures which are now being
planned and built. The beginning of this business will probably be similar to the auto and
radio industries. but in a few short years it
will surpass these two great fields.

OFFICIAL AIR CONDIT IONING SERVICE MANUAL
The OFFICIAL AIR CONDITIONING SERVICE MANUAL is edi-

352 Pages
Over 600

Illustrations

9x12 Inches

ted by L. K. Wright. who is an expert and a leading authority on air
conditioning and refrigeration. He is the author of the OFFICIAL
REFRIGERATION SERVICE MANUAL and other volumes.
In this Air Conditioning Service Manual nearly every page is illus-

trated; every modern installation and individual part carefully explained: diagrams furnished of all known equipment; special care
given to the servicing and installation end. The tools needed are Gluetrateil and explained; there are plenty of charts and page after page
of service data.
Remember there is a big opportunity in this new field and plenty

of money to be made in the servicing end. There are thousands of
firms selling installations and parts every day and this equipment
must be cared for frequently. Eventually air conditioning systems
will be as common as radios and refrigerators in homes, offices and
industrial plants. Why not start now-increase your earnings with a

full- or spare -time service business.
CONTENTS IN BRIEF
History of Air Conditioning: Fundamental Laws; Methods of Re Flexible, Looseleaf frigeration; Ejector System of Refrigeration; Compression System of
Refrigeration; Refrigerants: Lubricating Oils: Liquid Throttle DeServicing Expansion and Float Valves; Servicing Refrigerating
Leatherette Cover vices;
Systems; Control Devices; Thermodynamics of Air Conditioning;
Weather In the U.S.; The Field of Air Conditioning; Insulating Materials; Heat Transmission Thru Walls: Complete Air Conditioning Systems; Estimating Requirements for the Home, Small Store, Restaurant; Layout of Duct Systems; Starting Up a System; Operating and
$5.00 List
Servicing Air Conditioning Systems; Air Filtration, Ventilating and
Noise Eliminating Devices: Portable Electric Humidifiers and Room
Coolers; Automatic Humidifiers; Air Conditioning Units for Radiator
System and Warm Air Systems; Central Conditioning Units, etc.
Send
remittance
of
$5.00 In form of check or money order for your copy of the
5.
OFFICIAL AIR CONDITIONING SERVICE MANUAL. Register letter It it
contain. ett.li or currency. THE MANUAL IS SENT TO YOU POSTPAID.

RADCRAFT PUBLICATIONS, Inc.

20 -AR VESEY STREET
NEW

YORK,

N.

Y.

Which of These
FAMOUS VOLUMES ON RADIO SERVICING
Do You Need to Complete Your Files?
There's perhaps one or more of these great service manuals
which you might need to complete your set. Collectively they
represent the largest collection of service data ever compiled.
Evidence of their importance to Radio men is shown by the fact
that over 80,000 OFFICIAL RADIO SERVICE MANUALS have

been sold during the past few years.

1936 OFFICIAL RADIO SERVICE MANUAL
1,200 Pages

Over 2,500 Illustrations

9x12 Inches

Looseleaf Binder, Hard Cover.

LIST PRICE 87.00

1934 OFFICIAL RADIO SERVICE MANUAL
Over 400 Pg. Over 2,000 Illustrations 9x12 Inch. Flexible, Looseleaf, Leatherette Cover

LIST PRICE

$3.50

1932 OFFICIAL RADIO SERVICE MANUAL
Over 1,000 Pg. Over 2,000 Illustrations 9x12 Inch. Flexible, Looseleaf, Leatherette Cover
LIST PRICE $5.00

For Car -Radio Servicing-Get The
1935 OFFICIAL AUTO -RADIO SERVICE MANUAL
Over 240 Pages 9 x 12 Inches Over 500 Illustrations Flexible, Looseleaf, Leatherette Cover
LIST PRICE $2.50
Send remittance for any OFFICIAL RADIO SERVICE MANUAL In form of
check or money order. Register letter If it contains cash or currency.
ALL MANUALS ARE SENT POSTAGE PREPAID.

RADCRAFT PUBLICATIONS, Inc.
20 -AR VESEY STREET

NEW YORK, N. Y.

