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B It'shandsome...it'saccurate...it's Du Mont qual-
ity throughout! Among the many fine features of
the Type 274 are: 5BP cathode-ray tube; identical
vertical and horizontal amplifiers uniform within
20% from 20 to 50,000 c.p.s.; linear time base, 8 to
30,000 c.p.s. with synchronization from vertical am:
plifier or external signal; provision for intensity
modulation.
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“VOMAX"/
904 &k BRIDGE
“SPARX"

“VOMAX” is more than a multi-meter . . . more than volt-ohm-
db.-milliameter . . . more than r.f. vacuum-tube voltmeter of
laboratory instrument caliber. “VOMAX" is all of these things.
Born out of six years of military research and production, it is
new as today. Backed by a name famous for over 35 years
. . . designed by radio’s only International Grand Prize win-
ner, “VOMAX" is the standard of comparison.

RADIO MAINTENANCE engineers checked and rechecked the
market for the best possible meter . . . most-used instrument
in all radio service . . . to serve as heart and core of its new
“Modern Test Bench.” They selected “VOMAX." Your efficiency
and profits will be greatest when you, too, use “VOMAX."” Out-
standing . . . tested and sworn to by thousands of serious service technicians . . . ordered and reordered by the
U. S. Bureau of Standards, the Naval Research Laboratory, Western Union . . . used by Sperry, Monsanto Chem-
ical, DuPont, F.C.C. Grand Island monitoring station, C.A.A., Naval Ordnance Depots, Lapp Insulator, Stackpole Car-
bon, Fairchild Aviation, etfc., etc. This is positive proof that “VOMAX" is the meter you must have to top smart com-
petition. Follow the recommendation by Bendix to all BENDIX RADIO distributors and dealers . . . “Use 'VOMAX.

it's better than we hoped.”  Only $59.85 ‘
904 C/R BRIDGE

Mocel 904 Capacitance/Resistance Bridge. V4 mmfd/ohm thru 1,000
mfd./megohms; 0-50% power factor; 0-500 volt adjustable internal polar-
izing voltage; 0-10 and 0-100 ma. electron-ray leakage current meter;
measures resistance, capacitance under actual operating voltages! Also
recommended by Bendix. Only $49.90

“SPARX"”

“SPARX." Visual/aural dynamic signal tracer; 20~ thru 200 mcs.; new
crystal rectifier r.f./a.f. prove; 65 db. a.f. amplifier; dynamic speaker.
Tests speakers, phono pick-ups, amplifiers, receivers from antennae thru
speakers; determines presence of operating voltages, hum. Checks in-
dividual circuits and overall performance and quality quickly and posi-

tively. Only $39.90

Get a copy of June, 1946 RADIO MAINTENANCE at your favorite jobber—or send 25¢ to 460 Bloomfield Ave.
Montclair N. J., for radio’s newest 1009 service magazine. Read all about “"VOMAX” in it.

Send penny post-card for new, hot-offthe-press, catalog describing these important fresh, postwar measuring
instruments, plus 3 new communication receivers, 2 new transmitters, factory built and kits, condensers, coils,
sockets, new “frequency-meter” 5 thru 500 watt, 6-band transmitting inductor, keying and quality monitor, new
AM and FM signal generator covering 90 kes. thru 170 mcs. on fundamentals! See your favorite jobber at once,
for demand far exceeds supply.

OVER 35 YEARS OF RADIO ENGINEERING ACHIEVEMENT

Y F vt Sibien
1249 MAIN STREET ° HARTFORD 3 ° CONNECTICUT

In Canada—McMurdo Silver Division, General Radionics, ttd., 465 Church St., Toronto, Ontario, Canada.
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YOU CAN GIVE BETTER, FASTER SERVICE with these

CALANVCED
RESISTOR
ASSORTMENTS

STURDY, HANDSOME Resist-O-Cabinet
R{ WITH EACH ASSORTMENT

No one knows better than you

that up-ro-the-minute appearance

Balanced resistor assort-

ment. Includes 59 IRC  and modern, efficient service pays
Type BT Insulated Metal-

lized Resistors and “"uni- 1

versal” 10-Wart Power Wire off in e ShOp.
Wound Types ABand ABA.

The ABA (adjustable) type That's why IRC offers three

makes possible every range

from a few ohms up to g .
10.000 ohms. RCSIStO[ ASSO[tI]'lCﬂtS to equlp YOU

for quick, easy resistor replacements
on almost any job. Any one or all

three IRC assortments, arranged
100 Type BW-% and BTS
Resistors. A complete as-
sortment of most used .
ranges in the popular 1%- neat, Sturdy cardboard Resist-O-
Watt Insulated Metallized

and Insulated Wire Wound  Cabinets that stack firmly one on

according to type and range, are in

top of the other. The cabinets are
supplied absolutely free with each
assortment ordered at standard

83 Typii BW-1 and BTA
Insulated Resistors. Every . . i
service engineer should  with your IRC distributor roday
have all of these top-qual-

ity 1-watt resistance ramges

ac his fingertips.

resistor prices. Get in touch

EASY TO STACK

Bases of Resist-O-Cabinets are
arranged for stacking so that
several cabinets may be used
to increase stock capacity

—p

INTERNATIONAL RESISTANCE CO.

,\é? 401 N. BROAD ST., PHILADELPHIA 8, PA.
S

\ M p
¢ ZITTTIR R Canadian Licensee: international Resistance Co., Ltd., Toronto
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IN STOCK!

FOR AT ONCE DELIVERY

ORDER NOW

SIMPSON
MODEL 260

"“HIGH SENSITIVITY""
MULTIMETER for tele-
vision and radio servic-
ing. 20,000 ohms per
volt.

3

Carrying Case 4.75

AT ONCE
DELIVERY

“A” BATTERY ELIMINATOR

ATR STANDARD
MODEL

Use for demon-
strating and test-
ing auto radios on
105 to 125 volts,
50 to 60 cycle
lines, Eliminates
storage batteries
and battery charg-
ers, Uses full-wave
dry disc rectifier.
Detivers pure di-
rect current.

2150

ADJUST-A-VOLT

1/, K. W, Isolation Transformer
® keeps AC-DC chassis
neutral to ground.
® keeps AC-DC chassis
neutral to grounded

test equipment.

® jowers voltage to check
intermittent oscillators.

@ raisesvoltageto ''pop’’
out stubborn intermit-
tent parts.

® regulates voltage to
service bench,

® boosts line voltage to
portable P. A, systems,

"s V. %}l” 70-140-v, 23.50
ONLY —

TEAR OUT AND MAIL NOW TO

SREPCO

STANDARD RADIO & ELECTRONIC PRODUCTS CO.
135 East Second Street, Dayton 2, Ohio

(RM-7)

Please ship at once:
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A
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BASIC TYPES AND THEIR

CHARACTERISTICS

HE DEVELOPMENT of AVC circuits
has presented many interesting
problems to the radio technician. In
attempting to develop a troubleshoot-
ing procedure for AVC circuits, it
soon becomes evident that it is im-
possible to approach the problem by
composing a list of symptoms, de-
fects, and tests. Such a list might
serve to guide the serviceman in
troubleshooting a defective power sup-
ply, for example; but a procedure
of this type is of little aid in locat-
ing AVC faults. To begin with,
modern AVC circuits, in addition to
being rather complicated, appear to
be subject to a limitless number of
circuit variations. Furthermore, de-
fects in the AVC system are accom-
panied by somewhat elusive symp-
toms. Whereas a defective filter con-
denser in the power supply will
manifest itself in a definite and un-
mistakable manner, a defective filter
condenser in an AVC circuit may
produce effects that are apparently
unrelated to the AVC system as such.
In view of these considerations, it
has been decided to approach the
problem by investigating, in detail,
some features of basic types of AVC
circuits and pointing out possible
sources of trouble. In this manner
a service procedure flexible enough
to meet the needs of any particular
system may be developed.

Before attempting to analyze the
AVC circuit, it may be of assistance
to digress into an inquiry of some of
the factors that led to its develop-
ment. Most radio technicians are not
too young to remember the days of
pre-AVC receivers with their annoy-
ing tendency to fade or blast during
reception as the intensity of the re-
ceived signal underwent sudden vari-

4

ations. Fading and blasting were so
troublesome that the necessity of
eliminating them was obvious.

Since the engineer was confronted
with variables over which he could
exercise little or no control, there
was little that could be done at the
transmitter end of the broadecasting
system. Accordingly, the solution was
sought in the receiver. Since the
trouble was occasioned by changes
in the intensity of the received sig-
nal, the obvious remedy was to de-
velop some device that would act to
counterbalance these changes in sig-
nal level. The operation of this de-
vice was to depend upon the principle
of controlling the sensitivity of the
receiver in such a manner that an in-
put would be accompanied by a
proportionate decrease in receiver
sensitivity—conversely, a decrease in
signal level would be accompanied by
a proportionate increase in receiver

Fig. 1 A

carrier of a given amplitude.

sents a modulated carrier of the same
average amplitude as A.

an unmodulated
B repre-

represents
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sensitivity. This has come to be the
operating principle of all AVC sys-
tems.

Incidentally, it is of interest to
note that, from the start, the term
“automatic volume control” was a
misnomer. Actually, it is not the
“volume” that is being controlled, but
rather receiver sensitivity. A little
thought will show that any attempt
to keep the volume constant would
result in extreme distortion.

From the foregoing, it can be seen
that the signal intensity must be
automatically controlled before it
reaches the audio section. This leads,
then, to a more rigid description of
the purpose of the AVC circuit; viz.,
to maintain the amplitude of the volt-
age at the input of the second detec-
tor at a constant value. More specifi-
cally, the average amplitude must be
kept constant.

A glance at Fig. 1 will show why
the distinction is made between ampli-
tude and average amplitude. Fig. 1a
shows an unmodulated RF wave of
some average value. Fig. 1b shows
the same RF wave modulated by a
sine wave. Note that the average
amplitude is the same in both in-
stances. Obviously the control must
not act to change the modulation
envelope.

How is this control of gain aec-
complished? From elementary tube
theory, we know the amount of ampli-
fication of a tube is at every instance
dependent upon the value of grid
bias. The more negative the grid
voltage, the lower the gain of the
tube; the less negative the grid volt-
age, the higher the gain of the tube.
If a DC voltage, varying in size with
the variations in signal intensity,
could be obtained and applied to the

RADIO MAINTENANCE



grid of a tube, the gain of this tube
would vary in accordance with signal
variations.

One way of accomplishing the de-
sired result is shown in Fig. 2. Here
a diode rectifier receives a portion
of the signal from a third winding
on the IF transformer. Since the
diode conducts only when its plate is
positive, there is set up a current
flow as indicated by the arrows. This
current flow produces a voltage drop
across R-1 with polarities as shown.
By connecting the grid of V-1, the
controlled tube, to point “A” and the
cathode to point “B,” V-1 receives a
negative bias. For strong signals, the
voltage drop across R-1 will be large,
thus making the grid of V-1 more
negative and decreasing the gain.
For weak signals, the drop across R-1
decreases, making the grid less nega-
tive and thus increasing the gain.

Although this serves as an ex-
planation of the fundamental action
of AVC, several important factors
have been overlooked. One assump-
tion that has been made is that the
voltage across R-1 is steady DC.
Actually, such is not the case. The
voltage across R-1 is as shown in
Fig. 3¢. Obviously, the voltage across
R-1 in the form shown at 3¢ is un-
suitable for bias since it contains
audio variations. Therefore, a filter
must be inserted to remove this audio
component. The circuit with filter
added is shown in Fig. 4. Here R-1
C-1 acts as a filter to remove the
audio component.

Filters

Although there are a number of
ways of analyzing the action of this
filter, perhaps the easiest approach is
to consider the DC and AC com-
ponents of the voltage separately.
First, the DC voltage present from
“C” to “B” is the same as the voltage
from “A” to “B.” There is no voltage
drop across R-1. This is one reason,
incidentally, that R-1 can take the
place of the choke in a conventional
power supply filter.

The AC component will act to
charge C-1 to the peak voltage as
shown in Fig 5. The portion A-B of
Fig. 5b shows how the voltage across
C-1 tends to drop as the AC starts
on its negative swing. It is apparent
that the efficiency of the fiiter de-
pends upon the steepness of the por-
tion from A to B. The steepness will
in turn depend upon a very important
factor: The time constant of ths
R-1 C-1 filter. An explanation of
time constant could fill volumes, but
for our purposes it will suffice to
define time constant as:

1. The amount of time it will take

RADIO MAINTENANCE °
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Fig. 2 Simplified AVC circuit.

a condenser to charge up to approxi-
mately 67 per cent of the peak of
the applied voltage when the voltage
is applied through a series resistor.

2. The amount of time it will take
a condenser to discharge through a
series resistor to approximately 37
per cent of its initial voltage after
the applied voltage has been removed.

It can be shown that this time
constant is equal to the product of
the resistance and the capacitance:

t=RC
t=time in seconds
E =resistance in megohms
C—=capacity in microfarads

To consider a practical example,
assume R-1=1 meg. and C-1=.05 ufd
in Fig. 4. At a given instant, there
is present a voltage of —5 volts on
the grid of V-1 as a consequence of
the flow of rectified current through
R-1, the diode load resistor. A cer-
tain instant later, the intensity of
the received signal changes so that
the flow of rectified current through
R-1 produces a drop of 15 volts.

Will this —15 bias be applied to
the grid of V-1 instantaneously?
From what has been said, it is ap-

> To Following Page

Fig. 3 A represents the voltage in the

primary of the IF transformer. B repre-

sents the voltage in the diode circuit.
C represents the voltage across R-l.

Fig. 4 AVC circuit similar to that shown in Fig. 2. A filter has been added
to remove the audio signal component.
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AVC Circuits

—> From Preceding Page

parent that an appreciable interval
will pass before this voltage will ap-
pear at the grid of V-1. As a matter
of fact, 1/20 of a second after the
increase of voltage occurs—

(R101- 1 meg. .05 llfd)
.05 seconds

The voltage across C-1 has risen to
11.7 volts (5 volts 4 67% of 10 volts).
The significance of time constant lies
in the fact that it must be smaller
than the time taken to tune the re-
ceiver from one station to another. If
the time constant is large, it is possi-
ble, when tuning from a strong sta-
tion to a weak one, to pass over the
weak station since the receiver has
been in an insensitive position.

However, if the time constant is
compared to the time required for
one cycle of the audio component to
take place, it is seen that the time
constant should be as large as possible
in order that the efficiency of the
filter will not fall off at the lower
audio frequencies.

Therefore, a compromise is made
between filtering efficiency and speed
of action of the AVC. Commercial
design calls for an average value of
0.1 seconds. From the servicing angle,
this means that changes in the value
of filter resistance or capacity will
upset this time constant and result
in the aforementioned effects.

Before going on to examine a typi-
cal AVC circuit, it would be well to
mention another factor that must be
considered. This concerns the type
of tube that can receive this control
voltage. Fig. 6 shows an Eg-Ip
characteristic of a tube used in some
applications. Here, a negative bias
greater than 10 volts will drive the
plate current to cut-off. If the ampli-
fication of this tube is controlled by
an AVC voltage, it is obvious that
a strong signal that produces an AVC
voltage of say —30 volts will drive
the tube beyond cut-off. This will re-
sult in severe distortion. Tubes with
characteristics of this type are known
as sharp cut-off types and are un
suited for use with AVC.

By using a remote cut-off type
whose characteristic is as shown in
Fig. 7, there is little danger of plate
current cut-off. Although this is pri-
marily a design consideration, one
fact makes it necessary for the serv-
ice man to know about it. This con-
cerns the tendency of remote cut-off
tubes to change their characteristic
with age. As these tubes age, their

6

Fig. 5 An
effect of R-1 and C-1. The upper illus-

ilfustration of the filtering

tration represents the AC component
across condenser C. The lower shows
how the charge on condenser C-1 re-
moves the AC component by holding the
potential near the peak value.

characteristic tends to change as
shown by the dotted lines in Fig. 7.
Since this is one type of tube failure
that is not revealed by tube testers,
it is apt to be overlooked as a possible
source of trouble.

So far, the bias for the controlled
tube has been shown as being derived
from the diode load resistor. In
practice, however, the controlled tube
usually receives a small initial bias
independently of the AVC voltage.
This is shown in Fig. 8. Here, R-2
supplies a small bias to the con-
trolled tube. Since R-2 is connected
to ground, as is R-l, the total bias
on the tube is equal to the sum of
the drops across R-2 and R-1 as shown
by the indicated polarities on the
diagram.

The audio variations which are
present across R-1 have been men-

Fig. 6 The grid voltage plate current
curve of an ordinary vacuum tube.

tioned only in connection with their
adverse effect upon the control volt-
age. Actually, there is no reason why
they cannot be applied to the input
of the audio amplifier. In other
words, the same tube can be used
for both AVC rectifier and second
detector. Going one step further, the
diode load resistor may be replaced
by a potentiometer whieh will serve
simultaneously as audio volume con-
tral and diode load resistor.

This leads to the circuit of the
typical AVC system as shown in Fig.
9. Here the function of the com-
ponents is as previously described.
R-1 serves as the audio volume con-
trcl and diode load resistor. The
filters R-1 C-1, R-2 C-2, and R-3 R-4,
in addition to providing filtering, also
serve to isolate the stages from each
other. It is obvious that the grids of
the controlled tubes cannot be re-
turned to the same point if regenera-
tian is to be avoided.

Common Faults
Some of the troubles possible in

Fig. 7 The grid voltage plate current curve of the remote cut-off type tube used in
AVC circuits. The dotted lines show how the tube’s characteristics change as it ages.
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the AVC circuit may now be investi-
gated.

R-I—Open. The set will be inopera-
tive since no audio voltage is being
applied to the audio amplifier. In
addition, of course, no bias is avail-
able for the controlled tubes.

In checking R-l, .some difficulties
immediately present themselves. R-1
is 500 kilowatts or higher in value.
This means that a high range ohm-
meter is needed in order to check
continuity.

If a voltmeter is used to check R-l
(by measuring bias on the controlled
tubes) it must be remembered that
an ordinary voltmeter presents too
low a resistance for reliable readings.
Therefore, a VI'VM is recommended.

R-1—Value Changed. An increase
in the value of R-l1 will result in
excessive AVC voltage and thus dis-
tortion on strong signals.

C—Open. This results in severe
attenuation of signal present in diode
circuit. That this will be so is clear
when it is realized that C (usually
about 100 uufd) will offer about 4
ohms impedance to an IF signal of
456 ke. If C opens, the impedance
rises to the value of R-1 shunted by
the impedances of the filters.

An open at C would be difficult to
find. The usual troubleshooting pro-
cedure would probably consist of iso-
lating the second detector as the
defective stage by means of signal
tracing. In the course of checking
components in this stage, an open C
would be revealed by substitution of
a good condenser.

C—Shorted. This would result n
a dead receiver since the audio input
would be shorted to ground.

R-1—Open. This results in com-
plete lack of bias on the controlled
tubes since the grids of these tubes
are returned to ground through R-1.
All the results of floating grids are,
of course, present. Again, a VIVM
or ohmmeter capable of reading re-
sistances in the order of megohms
is required.

R-1—Change in Vealue. An appre-
ciable increase in the value of R-1
will increase the time constant and
may result in distinet “plops” when
tuning the receiver.

Occasionally the value of R-1 will
vary intermittently, resulting in fad-
ing. Trouble of this nature is hard
to locate. The most direct method
is to replace the resistor if it is sus-
pected.

C-1—Open. This is accompanied
by unstable operation (“motor-boat-
ing,” ete.) since the filtering action
is considerably reduced. Again, the
direct method of testing is to sub-
stitute a good condenser.

RADIO MAINTENANCE o

Fig. 8 An AVC circuit with cathode bias
provided for the controlled tube.

C-1—Leaky. This will result in re-
duced AVC voltage on the controlled
tubes. If C-1 is leaky, it is in effect
a resistance connected from the junc-
tion of R-1 and R-2 to ground. As
such, R-1 and R-C-1 (leakage re-
sistance of C-1) form a voltage di-
vider across R-1. The voltage available
at the grids of the tubes would then
be TR. of the total AVC voltage.

R.+R:

Although no ill effects might be
apparent when tuned to weak sta-
tions, a leak in C-1 would result in
distortion on strong signals when the
AVC voltage would be insufficient to
prevent the grids from going posi-
tive during a portion of the input
cycle.

Inasmuch as no current flows
through R-2 and R-1, a VITVM will
read the same voltage at “C,” “B,”
or “A” (with respect to ground) if
C-1 is intact. A leak in C-1, will then

result in a readable voltage drop
across R-1.
C-1—Short. This will result in

complete lack of AVC voltage on the
controlled tubes. The symptoms and
tests are much the same as they are
when C-1 is leaky.
R-2—R-3—R-},—O0pen. The grid of
the affected tube will be free, result-
ing in unstable operation. The VIVM
or the high range ohmmeter will
quickly reveal this defect.
C-2—C-8—C-4—Open. As previ-
ously explained, these condensers act
as filters for the AVC, and in con-
junction with R-2—R-3—R-4, as de-

RF. MIXER

{4

coupling filters between the individual
stages. For instance, the voltage
coupled into T-2 will normally appear
between grid and ground of the
mixer since C-3 is a virtual short for
RF if C-3 opens the grid of the
mixer and is coupled to the grid of
the IF tube.

C-2—C-8—C-4—Short or Leaky. A
short in any of these condensers will
result in lack of AVC in the particu-
lar stage affected. In addition, the
AVC voltage on the other stages will
be considerably reduced as a result
of the voltage divider action previous-
ly discussed.

Leakage in any of these condensers
will again result in flow of current
through the filter resistors with the
same voltage divider action reducing
the AVC voltage.

At the risk of redundancy, one word
of caution about resistor and con-
denser replacements. Exact values
must be used in order to preserve the
original time constant.

Delayed AVC

The AVC system under considera-
tion up to now is a very elementary
type. One obvious shortcoming of
this circuit is that' AVC action takes
place on all signals. This means that
the receiver sensitivity will be re-
duced, not only on strong signals,
but also on weak signals, when the
maximum sensitivity is desired. In
order to have the maximum sensitiv-
ity available for weak signals, 2a
modification known as delayed auto-
matic volume control (DAVC) has
been introduced. This type of circuit
functions in such a manner that no
AVC action takes place until the
intensity of the received signal reach-
es a predetermined level.

Although there are a number of
methods of delaying the AVC action,
Fig. 10 shows the basic system. Here
two separate diodes are necessary:
one for AVC and one for second
detector action. The IF signal is fed
to each of the diodes, although not
always in the manner shown here.
D-2 functions as the second detector.

—> To Page 27

AVC. 8 2nd DETECTOR

L
l(_. AUDIO

Fig. 9 A complete AVC circuit with filter and isolating resistors.
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THE FIRST OF A SERIES
OF ARTICLES ON THIS SUBJECT

r_{EQUENCY Modulation receivers are

already in widespread use and it
is very probable that, within the next
few years, their number will equal
or even surpass the number of Am-
plitude Modulation receivers now in
use. Although FM transmission was
introduced commercially about ten
years ago, and although many receiv-
ers were produced, the recent rulings
of the FCC, which confine all FM
transmission to the ultra-high-fre-
quency band (around 100 megacycles
or higher) will cause definite changes
in FM receiver design. These changes
are, namely:

(1) The radio frequency is shifted
from the 40 megacycle band to the
100 megacycle band.

(2) The intermediate frequency
used must be increased to preserve
stability and image rejection. 10.7
megacycles has been adopted as a
standard IF, instead of 4.3 mega-
cycles as formerly.

(8) Antenna systems will becomsz

increasingly important since ultra-
high-frequency antennas are quite
critical.

These changes will make the job of
servicing FM receivers more difficult.
The serviceman will have to equip
himself with more expensive and
more critical test equipment. Al-
though elaborate test equipment is
not absolutely necessary, a certain
minimum of apparatus cannot be dis-
pensed with.

The block diagram of Fig. 1 shows
a standard FM receiver. The familiar

8

heterodyne principle is used in which
a signal generated by a local oscil-
lator is caused to beat with the in-
coming radio frequency signal to pro-
duce a signal of intermediate fre-
quency. This system is identical to
that used in AM receivers wherein
an RF amplifier is used to secure the
best signal to noise ratio and to re-
ject images while the IF amplifier
provides amplification and selectivity.
In the FM receiver, the last IF stage
serves a special purpose and is called
a limiter because it removed all un-
desired amplitude modulation from
the frequency modulated signal. This
amplitude modulation is caused by
fading, noise bursts, reflection from
moving objects, ete.

Demodulation is accomplished by
the discriminator which translates
the frequency deviations of the car-
rier into amplitude variations which

ANTENNA
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appear as an audio signal. The de-
modulated audio signals are fed
through a high-fidelity audio ampli-
fier to the speaker.

From the above, it is seen that the
functional characteristics of the FM
receiver are different only in the lim-
iter and discriminator. However, it
should not be forgotten that the RF
circuits operate at frequencies around
100 megacycles and the IF circuits
are tuned to 10.7 megacycles. Ia
view of these observations, let us now.
determine what test equipment is ab-
solutely necessary, and what equip-
ment is further desirable. The serv-
iceman must always realize when
choosing his test equipment that he
is trading time in exchange for facili-
ties. That is to say that one can get
along with the crudest of test set-
ups; but a good job can only be done
at the expense of time-consuming

MIXER

1 R-F
- AMPLIFIER

Fig. 1
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DISCRIM—
INATOR
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Block diagram of a standard FM receciver.
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labor. At any rate, a number of al-
ternatives will be presented in this
discussion, and the reader is free to
make his own choices.

Equipment Necessary

Equipment is necessary ftor the
testing of an audio amplifier, a dis-
criminator, a limiter, an IF ampli-
fier, a local oscillator and mixer, and
an RF amplifier. Clearly, sources of
RF, IF, and AF signals are required.

The IF source may be a signal
generator covering an adequate range
in the neighborhood of 10 megacycles.
It need not be modulated in any way,
but its output must be constant and
definitely known for any given setting
of the attenuator, and the frequency
calibration must be accurate. This
device will be sufficient for generating
all signals required in testing the en-
tire receiver from the mixer input to
the discriminator output.

The RF source is the most critical
of all the necessary equipment. One
can get by with a simple oscillator of
good stability, which is calibrated in
frequency at a few points in the FM
band. This is good enough to align
the local oscillator so that it will
track properly over the entire band.

An audio oscillator with fairly ae-
curate frequency calibration and
known output is required to test the
high-fidelity audio amplifier. In FM,
a wide band of frequencies is utilized
which permits the transmission of
15 kilocyeles of audio. An FM receiv-
er is worthwhile only when the full
audio band is reproduced, so that
proper adjustment of the audio ampli-
fier is imperative to give the high-
fidelity reception of which the receiv-
er is capable.

To measure the effect of all applied
signals, an output meter or AC volt-
meter and a DC voltmeter are re-
quired. The ordinary 1000-ohm-per-
volt DC meter will not do since it
will be necessary to measure low
voltages across high resistances. A
meter with a sensitivity of 20,000
ohms-per-volt is recommended, while
an electronic voltmeter with about 10
megohms input resistance is even bet-
ter.

The foregoing discussion has pre-
sented the absolute minimum in test
equipment requirements for servicing
FM receivers. It should be clearly
understood that the wuse of such
simple test setups will cost the serv-
iceman dearly in time and labor. We
shall now discuss servicing tests with
this simple apparatus.

Simplest Equipment Setups for
Necessary Tests

(1) Adjustment of audio amplifier
for high fidelity response. With the
output meter or a vacuum tube volt-
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Fig. 2 Discriminator output plotted against variation of the input frequency. Zero
on the graph corresponds to the intermediate frequency of the receiver.

meter connected across the output of
the audio amplifier, and with the
audio oscillator connected to the grid
of the first audio stage, it is possible
to check the frequency response of
the amplifier. With this simple equip-
ment it is not possible to measure
distortion. One can only listen to the
speaker output and judge the quality
of the response by ear.

(2) Adjustment of the Discrimi-
netor. With the DC (20,000-ohm-per-
volt or electronic) voltmeter connect-
ed across the discriminator output,
and with the 10-megacycle signal gen-
erator connected to the grid of the
limiter through a .0001 ufd con-
denser, the discriminator can be ad-
justed to give the proper amplitude
versus frequency characteristic. This
adjustment consist of tuning the sec-
ondary of the transformer so that
the discriminator gives zero output
at the IF mid-frequency, and symmet-
rieal positive and negative DC output
for equal frequency deviations to
either side of the mid-frequency. Of
course, the signal generator must be
accurately calibrated both as to fre-
quency and amplitude, since it is al-
ways necessary to feed a constant
amplitude signal to the discriminator.
The actual measurement is made i
DC volts of discriminator output
versus frequency of the generator,
where the signal is kept at a constant
amplitude. The result should be simi-
lar to the curve of Fig. 2. The linear
portion of the curve should extend 75
kilocycles on either side of the IF
mid-frequency. A detailed description
of test procedure for both diserimi-
nator and limiter will be found in a
later section. At this point, only the
general nature of the required tests
and the necessary test equipment is
being described.

(3) Adjustment of the Limiter. The
operation of the limiter can also be
checked by means of an IF signal
generator and a DC voltmeter. The
signal generator is again connected
to the limiter grid, and the DC volt-
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meter to the discriminator output.
Since the purpose of the limiter is to
confine the IF signal to a constant
amplitude, so long as it is above a
given threshold, the following test is
in order. Apply an IF signal at a
frequency about 10 kilocycles off the
mid-frequency. Beginning with very
small signal levels (less than 1 voit),
increase the amplitude while holding
the frequency constant. Measure the
DC output of the discriminator. Tn
all cases, the variation of discrim-
inator DC output versus IF signal
amplitude fed to the limiter grid
should be similar to the curve of
Fig. 3. The threshold voltage will
vary from one receiver to the next,
but in all cases, the manufacturer’s
specifications should be realized. In
general, the threshold voltage will be
approximately 3 volts at the grid
of the limiter. If this amount of
signal is not available from the sig-
nal generator, it can be connected to
a previous IF stage so that the gain
of such stages can be utilized.

(4) Testing of IF amplifier. One
of the most important groups of tests
is the alignment and checking of the
IF amplifier, local oscillator and mix-
er, and the RF amplifier. This group
of tests includes the checking of in-
termediate frequency response, local
oscillator tracking and RF amplifier
image rejection. Since a discussion
of this class of tests is so lengthv,
the entire subject of alignment will
be treated in a subsequent article.

In addition to alignment tests,
routine testing of such factors as IF
gain, AVC performance, and general
servicing of IF components can be
accomplished with the previously
mentioned IF signal generator, a
vacuum tube voltmeter, and a DC
voltmeter.

Elaborate Test Equipment
Setups
(1) Audio Amplifier Tests. To pro-
vide a surer check on any test pro-
cedure, it is usually good practice
— To Following Page

9



FM Troubleshooting

— From Preceding Page

to monitor the audio signal from
point-to-point as it passes through
the audio amplifier. The best type
of monitoring device is a cathode
ray oscilloscope. Such an instrument
will quickly show up any distortion
which is being introduced in the
amplifier. The wusual practice in
checking an audio amplifier is to feed
a sine-wave from the oscillator and
to monitor the wave form from point-
to-point with the oscilloscope. Where
distortion exists, the visual picture
on the ’scope will show a flattening
or a peaking of the audio sine-wave.
Distortion is usually caused by in-
correct bias or a faulty tube.

Discriminator, Limiter, and IF
Aniplifier Tests

One of the most useful of all de-
vices is the frequency swept signal
generator. These are made by sev-
eral manufacturers and operate at a
variety of frequencies. In some of
these units, a motor driven condenser
across the main tuning condenser ro-
tates, thereby sweeping the frequency
of a sigmal generator about some
center frequency at a 60 cps rate.
Usually, the maximum frequency devi-
ation is adjustable, as well as the
mid-frequency and the attenuator set-
ting. Such a device is always used
in conjunction with an oscilloscope
and can be used to line up quickly
and accurately the IF amplifier, lim-
iter or diseriminator stages. The
correct tuning of the discriminator
is accomplished by connecting the
oscilloscope to the diseriminator out-
put, and the frequency swept oscil-
lator to the grid of the limiter. With
the mid-frequency and both extremi-
ties accurately adjusted, the diserim-
inator output will respond at a 60
cps rate to the frequency deviations
of the oscillator. The overall response
is immediately presented on the oscil-
loscope screen and all necessary ad-
Justments may be made as a result
of visual observations. A test set-up
such as this allows inter-stage tuned
circuits between the limiter and dis-
criminator to be tuned quickly with-
out the necessity of going through a
laborious point-by-point procedure.
The picture presented on the oscil-
loscope should resemble Fig. 2.

A frequency swept oscillator and
an oscilloscope are also of invaluable
aid in aligning the IF and limiter
stages since the entire frequency re-
sponse is continually presented on the
oscilloscope screen.

10

RF Amplifier and Local Oscillator
Tests

Another useful piece of test appa-
ratus is a good commercial RF signal
generator with internal frequency
modulation. Some frequency modu-
lated signal generators in the vicinity
of 44 megacycles were produced just
before and during the war, but these
are obsolete due to the FCC ruling
which has shifted all FM broadeasting
to the ultra-high-frequency bands.
However, similar devices will soon be
available for the new frequencies.
These frequency modulated RF signal
generators will be more expensive, but
their use will allow complete per-
formance checks to be made. Their
most obvious uses are to check the
tracking of the local oscillator and
RF tuned circuits, to check sensitiv-
ity, RF response, image rejection, IF
response (selectivity), and overall
performance.

Last but not least in the line of
test equipment is the vacuum tube
voltmeter with a probe input capable
of measuring signals at frequencies
in the tens of megacycles. These
meters are extremely useful for
checking stage gains in the final iso-
lation of defective parts. Several
precautions should be observed in the
use of vacuum tube voltmeters, the
most important of which is that the
meter may detune a stage because its
input capacitance will be from 4 to
10 uufd. Consequently, tuning con-
densers should be temporarily re-
adjusted when the VI'VM is connected
across a tuned circuit.

The chart at the end of this article
is a quick guide for setting up test
equipment and conducting servicing
checks on 'M equipment.

Stage-by-Stage Fault Location

The usual procedure for trouble-
shooting FM receivers is quite similar
to AM practice. Either the set does
not play at all, or the quality of
reception is poor. In either case, the
power supply, plate and screen con-
nections should be checked for rated
voltage, and a check of filaments
should be made. If everything is
found to be in order, the output of
each stage should be checked in an
effort to find the point where the
signal is lost.

The discriminator output should
be measured. If DC voltage is pres-
ent, it is a good indication that the
IF amplifier is functioning and the
audio amplifier is probably at fault.
If an oscilloscope is available, the
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point at which the audio signal fails
may be quickly located. It is only
necessary to touch the probe on each
grid and plate to locate the faulty
stage.

If the trouble is not located in the
audio stages, connect the audio osecil-
lator to the discriminator and note
whether or not there is any output
from the set. In general, it is safe
to assume that a normal DC diserim-
inator output insures the existence of
audio voltage at that point.

In the case of a badly distorted
output despite a good audio amplifier,
one of three things may be wrong:
(1) Either the discriminator is badly
misaligned; (2) the limiter is not
functioning so that there are ampli-
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Fig. 3 Output curve of a typical limiter
stage. For proper operation the grid volt-
age must be above the threshold value.

tude variations in the supposedly
pure FM signal fed to the discrimi-
nator; or (3) the IF stages are mis-
aligned so that most of the high-
amplitude audio components are lost.
The receiver gain should first be
checked by measuring the DC voltage
across the AVC circuit with an elec-
tronic voltmeter. The AVC circuit
is usually found in the grid return
of the limiter input as is indicated
by R-1 and C-4 of the schematic
diagram of Fig. 4. DC voltage should
appear for a small input signal to
the receiver, thereby indicating that
the limiter is being driven sufficiently
hard to draw grid current.

When checking receivers that do
not have an AVC circuit, a resistor
and condenser can temporarily be in-
serted in the grid return of the
limiter stage. This trick actually
creates a detector and a DC voltage
can be measured across the RC com-
bination. Suitable values for the re-
sistor and condenser are: R—150,000
ohms, C—.01 ufd.

Another method of measuring IF
gain is to place a vacuum tube volt-
meter across the grid of the limiter
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and then remove the limiter tube, A
slight readjustment in tuning may
be necessary since the input capaci-
tance to the VIVM may be different
from the input capacitance to the
limiter tube. Such test procedures as
the above will show whether the gain
of the IF amplifier is sufficient to meet
the manufacturer’s specifications. If
the gain proves to be too low, then
either the IF amplifier has defective
parts which must be isolated or the
alignment is off. If, on the other
hand, the IF amplifier is proven to
be satisfactory, the following pro-
cedures should be followed to further
isloate the trouble in the discrimi-
nator and limiter circuits.

Apply a constant frequency signal
to the receiver (with no modulation
or with constant modulation) and
measure the diseriminator output as
the input signal level is increased. In
the case of an unmodulated signal,
the DC discriminator output should
remain constant after the specified
limiter threshold voltage has been
reached. In the case of constant
modulation, the discriminator audio
output should remain constant after
the threshold voltage is reached. In
general, the curve should resemble
that of Fig. 8. If these conditions
are satisfied and if the audio output
is still badly distorted, then the
trouble is definitely in the diserimi-
nator circuit which has probably be-
come badly detuned.

1f, on the other hand, the IF ampli-
fier has satisfactory gain, but the
discriminator output does not satisfy
Fig. 3, then the trouble is clearly in
the limiter and may be due to high
screen or plate voltages or to insuf-
ficient grid bias. The limiter is es-
sentially a tube with a very short
grid base (i.e., cut-off to grid-current
point), so that on the negative
swings cut-off is reached quickly, the
positive swings being limited by the
loading due to grid and plate current.
These conditions are met by using
sharp cut-off pentodes operated at
low values of screen and plate volt-
age. Oftentimes, poor operation of
the limiter stage may be due to a
sereen-dropping or plate-dropping re-
sistor which has changed value so as
to increase the plate and screen volt-
ages to a value above those specified.

In case the limiter and discrimi-
nator both appear to be operating
satisfactorily, the trouble must nec-
essarily lie at a point further back
in the receiver. Search should be
made for such troubles as low IF
gain, poor frequency response of the
IF amplifier, faulty AVC circuits,
poor oscillator tracking, and RF stage
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or antenna failures. In all such cases,
the test procedures are identical with
those employed in AM receivers.

LAST |-F AMPLIFIER
V-1

C1 7~ Ll

The next issue will carry more de-
tailed information on testing and
aligning FM receivers.
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Fig. 4 Typical limiter circuit. The gain of all stages up to the limiter may be
checked by measuring the DC voltage found across R-1 with an electronic voltmeter.

Audio Amplifier Test

Equipment to Be Used
Audio Oscillator
Vacuum Tube Voltmeters
(preferably two)

Oscilloscope

Distortion Meter or Wave
Analyzer

Suggested Technique
Apply audio signals anywhere be-
tween diseriminator output and loud-
speaker. Measure input and output
voltages.
Monitor the wave form of the audio
signal from point to point with the
oscilloscope.
Accurate measurements of distortion
can be made with the Distortion
Meter or Wave Analyzer.

Diseriminator and Limiter Test

IF Signal Generator (prefer-
ably frequency swept)
Electronic DC Voltmeter or
20,000 ohms per voltmeter
Vacuum tube voltmeter
Oscilloscope

Apply IF signal at any point in the
IF amplifier. If the signal is not
swept in frequency, use the DC volt-
meter to measure discriminator re-
sponse, limiter response, and AVC
bias. If a frequency swept signal
generator is available, use the vacuum
tube voltmeter and/or the oscilloscope
to measure and study the important
factors.

IF Amplifier Test

IF Signal Generator (prefer-
ably frequency swept)

DC voltmeter

Vacuum tube voltmeter

Oscilloscope

Apply signal generator to any desired
point in the IF amplifier of the re-
ceiver. Apply detector (DC voltmeter,
VTVM, or oscilloscope) to limiter
grid circuit. Measure IF gain, IF
response, AVC response.

Alignment Tests—IF Amplifier,
Local Oscillator, RF Amplifier

IF Signal Generator (prefer-
ably frequency swept)

RF Signal Generator (prefer-
ably frequency modulated)
DC voltmeter, VITVM, or oscil-

loscope
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Connect the detector to the limiter
grid circuit. Apply signal to the grid
of each stage, working back from
the last IF stage to the antenna lead,
stage by stage. v v v



ECAUSE the operation of a tele-

vision receiver depends to a very
great extent upon the signal emitted
by the transmitter, it has been nec-
essary to set up certain standards so
that each receiver is capable of prop-
erly handling the signals from vari-
ous transmitters. Present standards
call for 525 lines, interlaced, at 30
frames or 60 fields per second. Modu-
lation of the transmitter carrier is
such that the sync pulse produces
100% modulation. In other words,
black corresponds to a high degree
of modulation and white to a very
small percentage.

This system is called negative
transmission and has the advantage
of producing a high signal-to-noise
ratio for the sync pulses which are
probably the most critical part of the

12

et

video signal.

The 4 megacycle signal
used, would, with normal double
sideband transmission, require =a
bandwidth of 8 megacycles for the
video channel and, since this was
considered to be excessive, it was
decided to use a modified form of
single sideband transmission, known
as vestigial sideband transmission.
Figure 1 shows a typical television
channel employing this system with a
total width of 6 megacycles. The
video carrier is 1.25 megacycles from
the low frequency edge of the chan-
nel. The entire upper sideband is
transmitted together with about 0.75
megacycles of the lower sideband.
The remainder of the lower sideband
is attenuated by means of filters
so that a negligible amount of energy
is radiated at the low frequency
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LEVISION
' RECRIVER
FENDAMENTALS

Lionel P. Paradise

This article explains the

basic principles of the tel-

evision receiver. A previ-

ous article explained the

transmission of television
signals.

PICTURED AT LEFT ARE FRONT AND
REAR VIEWS OF THE CBS EXPERI-
MENTAL RECEIVER.

edge of the channel. The sound cai-
rier is located 0.25 megacycles from
the high frequency boundary and is
frequency modulated with a maximum
deviation of plus or minus 75 ke at
present.

Although channel assignments have
been the subject of much discussion
and revision, present regulations pro-
vide 13 channels defined as follows:

‘Channel Frequency Channel Frequency
Number (Megacycles) Number (Megacycles)

1 44 -50 7 174-180

2 54 - 60 8 180-186

3 60 - 66 9 186-192

4 66 - 72 10 192-198

5 76 - 82 11 198-204

6 82-88 12 204-210

13 210-216
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Fig. 1 A typical 6-megacycle television

channel.

The Television Receiver

The television receiver is radically
different in principle from the stand-
ard radio receiver mainly in the cir-
cuits following the second detector.
Fundamentally the video signal of
Figure 2 is applied to the grid of
the kinescope so that the picture in-
formation voltage varies the intensity
of the electron beam striking the
fluorescent screen, thereby causing a
proportional amount of light to ap-
pear on the face of the tube. Scan-
ning circuits provide the necessary
sawtooth deflection voltages for verti-
cal and horizontal deflection plates
(or sawtooth currents for deflection
coils), and the frequencies of the two
are accurately synchronized with
those of the transmitter by means of
the synchronizing pulses. As previ-
ously mentioned, blankouts cut off
the kinescope beam during the retrace
time by driving the kinescope grid to
cutoff. The sound is handled by a
separate channel in the receiver.

Before discussing specific receiver
circuits, it is necessary to consider
the basic functional units in the tele-
vision receiver, as illustrated by the
block diagram of figure 5. Keeping
in mind the typical channel of figure
1, it is apparent that the RF ampli-
fier and mixer tuned circuits must
handle a 6 megacycle bandwidth if
both the video and sound signals are
to be passed. In accordance with
standard superheterodyne principles,
a local oscillator beats with the in-
coming signals in the mixer stage.
Since there are two separate carriers
in the RF and mixer circuits, the local

BLANKOUT
PICTURE |<-—

-— WHITE

— BLACK
— SYNC.

Fig. 2 Waveform of the basic video
signal.
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oscillator, beating with each, will
produce two IF signals in the plate
of the mixer tube. It is standard
practice to have the oscillator fre-
quency higher than both video and
sound carrier frequencies. As a re-
sult, the difference between oscillator
and seund carrier is less than the
difference between oscillator and video
carrier, resulting in the “inverted”
IF signals at the plate of the mixer
tube, as shown in figure 6. The sound
IF carrier has been standardized by
the RMA at 21.25 to 21.9 megacycles,
thus providing a certain tolerance
for manufacture. The frequency of
the osecillator must be between 21.25
and 21.9 megacycles higher than the
frequency of the particular sound
carrier of the channel to which the
set is tuned. The plate of the mixar
tube feeds filter networks which sep-
arate the video and sound IF signals,
diverting them to the respective IF
systems. The sound IF includes am-
plifier stages, limiter, and discrimi-
nator for suitable detection of the
frequency-modulated signal. A con-
ventional audio frequency amplifier
follows. Returning now to the plate
of the mixer tube, the video IF is
passed through an amplifier whose
bandwidth is usually greater than 4
megacycles, the ideal response curve
being indicated in figure 6. The
response of the video IF should be
down essentially to zero at a fre-
quency of 26.5 to 27.15 megacycles.
With the oscillator at precisely the
correct frequency, it is desirable to
have the response of the video IF
down approximately 50% at the video
IF carrier frequency, this tuning ad-
justment compensating for the effects
of the vestigial sideband.

After passing through several IF
dtages, the video-modulated signal is
delivered to a diode detector which
demodulates in the conventional fash-
ion and, depending upon the diode
connections, may provide a video sig-
nal with the sync pulse in either
the positive or negative direction.
Since there is a phase reversal of
180° in each succeeding video ampli-
fier stage, and since the blankouts
and sync pulses must be in the nega-
tive direction at the output of the
last video amplifier, the signal polari-
ty at the detector output will be
positive if the set has an odd number
of amplifier stages and negative with
an even number of video tubes. This
video amplifier system should be es-
sentially flat from below 60 cycles
to 4 megacycles and the phase shift
should be linear with respect te
frequency over this range in order

—> To Following Page
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Television Receiver Fundamentals

Fig. 3 An RCA cathode ray tube of the type used in television receivers. The girl is
also holding a comventional metal tube to show the difference in size.

i

.q,-;.,“lé

Fig. 4 The video chassis of a pre-war RCA television receiver. The cans on the
upper part of the chassis are the picture IF transformers.

— From Preceding Page

not to distort the video wave shape.
This signal, being applied to the grid
of the cathode ray tube, will vary
the intensity of the electron beam
and the blankouts will drive the grid
to cutoff. In addition, it is necessary
to insert a DC component on the
kinescope grid so that the average
brightness of the television picture
automatically sets itself. It now re-
mains to discuss the sweep circuits.

Usually one-half of a dual diode
is used for the video detector and the
other half is used as a clipper tube
to pass only the most extreme part
of the video IF signal, namely the
sync pulses. Occasionally the clipper
works out of one of the earlier IW
stages or even from one of the video
tubes, but in any event only the
synchronizing pulses appear at its
output. The sync is normally passed
through an amplifier in whose plate
circuit there are so-called differenti-
ating and integrating circuits which
separate the horizontal from the ver-
tical sync pulses. These pulses control
the frequency of the horizontal ana
vertical sawtooth generators and
maintain them exactly in step with
the transmitter sweeps operating at
15,750 and 60 cycles per second. Each
sweep voltage is then amplified and
fed to the horizontal and vertical
detlection plates (or coils) respective-
lv. Thus the kinescope beam is syn-
chronized with that of the camera
tube at the transmitter and as the
beam sweeps across the fluorescent
screen, the signal on the grid of the
kinescope produces the proper varia-
tion in intensity and so reconstructs
the television picture point by point
and line by line.

Power Supply

The power supply requirements of
the receiver are two-fold: first, the
usual 300 volts for plates and screens
of all tubes except the kinescope; and
second, the high voltage power sup-
ply for the cathode ray tube. The
exact voltage will vary with the size
of the tube, common values being be-
tween 1,000 and 6,000 volts at cur-
rents of the order of a few hundred
microamperes. There are several
manual controls associated with the
kinescope circuit: the brightness con-
trol which is usually a grid bias
potentiometer to adjust the average
brightness of the entire picture; the
focusing control which varies the
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potential on the first anode of the
kinescope in order to focus the beam
to a small spot on the tube; horizontal
and vertical centering controls which
place adjustable potentials on the two
sets of deflection plates to center the
pattern vertically and horizontally.
In the vertical sweep there is a con-
trol which permits adjustment of the
vertical sawtooth amplitude, or pic-
ture height, and similarly the width
control varies the horizontal saw-
tooth amplitude. The two sweep gen-
erators are manually adjustable s0
that their frequencies can be made
sufficiently close to the correct values
for proper synchronization. These
controls are often referred to as
horizontal and vertical speed or hold
controls. In the IF or video amplifier
systems there is a manual gain con-
trol which varies the signal amplitude
at the grid of the cathode ray tube.
Since the peak-to-peak signal voltage
determines the difference in bright-
ness (contrast) between light and
dark spots, the video gain adjustment
is called a contrast control. The
usual audio gain control appears in
the AF amplifier circuit. Because nf
the high radio frequencies and the
critical bard-pass characteristics en-
countered in a television receiver,
usual practice has been to tune the
set from one channel to another either
by a bandswitch or by pushbuttons.
To compensate for drift due to aging
or heating, a trimmer condenser is ad-
justable from the front panel to
permit a small degree of tuning of
the local oscillator frequency.

Antenna Considerations

The television antenna is much
more critical than that required by
standard broadcast receivers. It is
usually 1/2 wave-length long (at the
center of the television band) and
may have reflector and director ele-
ments for increased directivity. The
highly directional arrays are useful
for eliminating “ghosts” caused by
the reception of signals over two
different paths. For example, if the
antenna picks up a direct signal and,
in addition, one which has been re-
flected from a building, the same
picture information will arrive twice
and the time interval between the
two will depend upon the difference
in lengths of path. Figure 7 shows
the effect caused by a ghost. Electro-
magnetic waves travel at a speed of
186,000 miles per second, or approxi-
mately 1,000 feet per microsecond.
If, therefore, the reflected path is
only 1,000 feet longer than the direct
path, one microsecond will elapse
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Fig. 5 Block diagram showing the way the television signal is separated into the
various channels within the receiver.

between the reception of the direct
and reflected signals. At first glance
this might seem to be insignificant,
but when one calculates the linear
scanning velocity for a 12 inch tube
it turns out to be about 3/16 inch
per microsecond. Thus, a second
image would appear 3/16 inch to
the right of the first, thereby caus-
ing the ghost effect. This condition
is greatly improved by properly
orienting the antenna and making it
sufficiently directional to receive the
signal from only one path.

Impedance mismatch between trans-
mission line and receiver antenna-
input will also result in wmultiple
images since the signal may be re-
flected up and down the line several
times before it is attenuated to a
negligible value. An extra image will
result from each such reflection, and
the linear horizontal displacement of
the ghosts will be proportional to the
length of transmission line.

Conclusion

It is apparent that the television re-
ceiver is much more complicated than
the conventional radio set. Trouble-
shooting a unit with 16 to 25 tubes,
where frequency response and wave-
forms are of extreme importance,
cannot be accomplished with only a
multitester and signal generator. An
oscilloscope will be as indispensable
for television as the ear is for radio.
In addition, a knowledge of theory
will be vital for efficient and high
quality servicing. v 7 v
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Fig. 6 The ideal response curves for a
television receiver.

Fig. 7 The upper illustration shows a

normal television picture while the lower

shows the picture with a ‘“‘ghost’ super-
imposed upon it.
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This article contains some helpful

hints on the repair and ad-
justment of automatic record
changers.

by GEORGE O. SMITH

PHOTO COURTESY MAGUIRE INDUSTRIES

HE AVERAGE serviceman, because

he has been trained to think in
terms of electrical action rather than
in terms of mechanical motion, is
inclined to view record changers with
suspicion. A little study of the prin-
ciples involved in their operation will

make it possible for the average
serviceman to handle them without
trouble.

In a record changer there are three
cycles. . First, the pickup is lifted
from the record and moved out of
the way. Second, the machine deals
another record off the bottom of the
deck. Third, the pickup is placed
on the outside of the record and per-
mitted to play.

If these three cycles took place in
sequence, too much time would be
consumed. So the record-dealing cy-
cle actually starts before the pickun
is out of the way and it is busy set-
ting itself up for the next deal after
the pickup is starting to work on the
new record.

Adding to the general confusion is
the fact that no two record-changer
manufacturers seem to agree on how
a changer should work. In the trigz-
gering of the changing mechanism
alone there is more than one method
used. One type of changer uses the
change in turns per inch of the
stylus-arm when the record reaches
the run-out spiral. Another type ig-

16

nores the run-out spiral completely
but trips through a toggle lever when
the stylus reaches the eccentric groove
in the center. A third has a fixed
position stop somewhere along the
run-out spiral and is doubly protected
by incorporating a toggle-lever in
case the run-out spiral does not bring
the stylus-arm to the proper positinn.
Once these actions are seen and un-
derstood, the rest of the sequence
takes place logically and similarly re-
gardless of the manufacturer. Cams
are cams whether they are on the
face of a disc, the surface of a
cylinder, or mounted on a shaft.

Since gravity often plays an im-
portant part in the operation of the
mechanism, it is difficult to gain
knowledge of the operation of a
changer without resorting to mirrors
or lying on the back. A tall frame-
work or wall bracket system will
pay dividends. With one of these,
the changer may be mounted high
enough to see under comfortably.
Then the cycling may be inspected
carefully; and if the cycle is started
and the turntable is moved slowly
by hand, the intricate motion may be
studied. It will be advantageous to
study a few types that are operating
properly. When this is done, it is
less difficult to locate a defect in a
record changer that is not function-
ing as it should.
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Since the job to be performed is
neither heavy nor difficult, most reec-
ord-changer defects consist of loss
of adjustment rather than complete
breakage of a component part. Lack
of proper lubrication will cause many

types of changer to “stick” when
the pickup reaches the higher velocity
section—the run-out spiral. The nee-
dle, finding too little freedom in the
pickup, will climb the edge of the
groove. This will nick the groove at
the critical point, making it easy for
the same thing to happen at the same
place every time the record is played.
On the second time around, the mass
of the pickup arm presents sufficient
inertia to prevent the needle from
catching, and the “stuck” record con-
tinues to be stuck until the listener
is aware of the fact. Each rotation
of the record deepens the nick in
the groove.

The same thing may happen if the
changer has been thoroughly oiled
with too much of the wrong kind of
oil. Oils will collect dust, and dust
will cause a gumming up of the mov-
ing parts. When the pickup pressure
is on the order of an ounce or two
at the end of a ten-inch pickup arm,
it takes very little friction to cause
the needle to jump out. Cleaning such
a defective changer should be the first
operation. Radio receivers work when
a quarter of an inch of dust covers
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the chassis. Record changers may
work, too, but the chances are un-
likely. Types

Two types of changers are most
frequently encountered: The “slicer”
and the “toggle-post” types. The
Maguire Industries changer shown in
the title is of the “toggle-post” type.
Of the two, the slicer type of changer
is most often subject to maladjust-
ment. Since records are not of the
uniform thickness that is desired,
the setting of the slicer blade is made
average. Use of too thin or too
thick records will then require the
slicer blade to press down or to raise
up; and if an extreme case is often
repeated, the slicer blade is subject
to strain. Since the blade is neces-
sarily thin, constant strain will cause
bending to the point where the slicer
blade will neatly meet the full edge
of the record which will not permit
a “slippage” of the blade to the right
position. Then the entire mechanism
strains against the record, and either
stops the mechanism, breaks the rec-
ord, or further warps the blade.

Fig. 2 was taken with a high-speed
flash outfit. The blade was set low
deliberately and the picture was taken
at the moment of fracture; the noise
of breaking was picked up by a micro-
phone and the impulse used to trigger
the flash outfit.

In some slicer types, the blade may
be adjusted by a set-screw method.
Others are fixed and must be warped
into the right position by careful
bending. Fig. 3 shows the slicer en-
tering between two vrecords. This
is the correct position for the blade.
If set too low there will be a shearing
action between the slicer and the
shelf upon which the bottom record
rests. If set too high, the blade will
either catch on the record above cr
may even slice two records if both
happen to be slightly thin.

Because there is not enough power
in the mechanism, slicers seldom
break records directly. They will
chip the edges often, though, if they
are not set properly.

Hanging up of the slicer blade on
the edge of a record may bring forth
a secondary trouble. The slicer that
chronically hangs up may eventually
turn on its pivot, thus losing syn-
chronization. This causes a condition
in which one slicer drops the record
before the other slicer has released
it. The record then drops on one
side, the full weight of the record
acting as a lever, pivoting around
the unsynchronized slicer. Very of-
ten the center hole is pinched on the
turntable post with sufficient force to
crack out the hole.

—> To Following Page

Fig. 1
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The Detrola Model 550 Automatic Record Changer, using the toggle-post
mechanism.

Fig. 2 A maladjusted slicer blade fracturing a record.
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Record Changers

~—> From Preceding Page

The use of holes and taper-pins to
maintain alignment is often ineffec-
tive as it is impossible for the crank
to turn on its axle. When the slicer
is stopped by a record of the wrong
thickness, the strain may warp the
mechanism. If such a type is out of
adjustment, the taper pin should be
removed and the mechanism read-
justed by setting the record on the
shelf and turning the turntable by
hand. It is not necessary that both
shelves move out at exactly the same
instant, though this is most desirable.
The “last” shelf to move from under
the record should be free before the
record can pinch the turntable post.
The set screw used to position the
slicer shelves will hold the proper
location long enough to drill and re-
set the taper pin.

Toggle Post Changes

Because the toggle-post type of
changer does not offer any of the
above difficulties, it is becoming more
popular as time goes on. Contrary to
the usual opinion, toggle-post changers
are not hard on the center-hole of
records. Maladjustment of this type
of changer is usually caused by
bending of the center post. If such
a condition is encountered, it is ad-
visable to replace the warped center-
post with a factory replacement be-
cause the center-posts are usually
bent to critical shapes which may be
impossible to reproduce. In addition,
rebending of the post may either scar
the metal or cause burrs which will
damage the dropping record. Most
of the center-post types are carefully
designed so that the average fall of
the average record is followed down
the center post with a minimum of
friction.

Since the mechanism that pushes
the bottom record out from below the
stack is usually husky and adequate,
warpage at this point is seldom ob-
served unless the changer is mis-
handled or a large stack of records
has been dropped directly on the
business end. Records becoming stuck
between the pusher and the center
post will usually cause bending of
the toggle post since it can be no
larger than 9/32 of an inch in diame-
ter.

In changers which “trigger” or
start to cycle before the record is
finished, the triggering mechanism
often becomes defective. Since the
force used to initiate the cycle is
very small, lack of lubrication—or
gumming caused by too liberal appli-
cation of heavy oils—may cause stiff-

18

In such a case, the 100 odd
turns-per-inch part of the playing
surface will cause the triggering
when the triggering device is ini-
tially contacted.
Needle Pressure

The needle pressure is important
in changers. The trend in pickups
has been toward lighter pressures.
Lighter pressure nat only provides
better reproduction with lowered
seratch and needle-sing, but also tends
to eliminate slippage encountered
when two dished records are used
that contact only near their centers.
With a heavy pressure, the record-
friction at the needle may cause
slippage, thus slowing the top record
and giving a rather weird selection

ness.

Fig. 3 Slicer blade entering between two
records.

of music. With lighter pressures,
this outside friction is lowered and
the tendency toward record-slippage
is lessened.

Changing cartridges is a simple
matter. However, there are a number
of important points which must be
kept in mind. A light pressure crystal
cartridge should not be used in a
mechanism operating under heavy
pressure without readjustment of the
pickup. A handy gadget for measur-
ing pickup pressures is shown in
Fig. 4 and Fig. 5. It is a scroll-saw
blade which has been heated red hot
in the center and bent to the desired
shape. Blades with a small pin in
either end are desirable since the
pin may be removed, leaving a hole
in which to place the needle of the

— To Page 26

Fig. 4 A homemade scale used to measure
the needle pressure in record changers.

Fig. 5 Using the homemade scale to check the needle pressure of a record changer.
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SUGGESTIONS FOR DIAL BELT REPLACEMENT

PAST EXPERIENCE has proven that
it is not always sufficient to re-
place a broken dial cable and let it
go at that. We have come across re-
ceivers in which a number of dial
cables have been replaced. In most
of these cases, the trouble lay in the
fact that, while the dial cables had
been replaced, the underlying cause
of the breakage had not been cor-
rected. In order to insure that there
will be no comeback on a dial cord
replacement job, the tuning assembly
of the receiver must be examined
carefully and defects which will cause
rapid wear corrected.

When the dial cable breaks in a
receiver which has been in use for
but a few weeks, the trouble can

GANG CONDENSER
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MUST BE i
PARALLEL :
1

|
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i

DRIVE SHAFT

Fig. 1 As illustrated above, the axes of
all shafts in a dial assembly must be
parallel for proper operation.
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usually be traced to the metal clip
which joins the ends of the cable
together. At times the clips are not
formed properly or fastened tightly
enough. If the clip does not prove
to be the cause of the trouble, the
chassis should be examined for burrs
and the tuning condenser checked
for freedom of rotation. A stiff ro-
tor can usually be loosened by bend-
ing the back side of the frame of the
condenser with a pair of pliers. This
must be done carefully in order to
avoid trouble with the ball bearings
at the front end of the shaft. If all
pulleys move freely and are properly
aligned, the new cable may be in-
stalled. When the job has been fin-
ished, check the cable to see that it
is not rubbing. If the tuning knob
turns easily and no slippage is no-
ticed, you may be reasonably sure
that the dial cable will give good
service.

In older receivers, dirt and dust
gum up the moving parts and the
whole mechanism becomes stiff and
hard to turn. All bearings, pulleys,
etc., should be cleaned and oiled with
light machine oil so that they turn
freely. Pulleys which have a common
drive belt should be aligned so that
the belt rides in the center of the
groove all the way around. When a
pulley is out of line, the cable will
pull over the edge at the point where
it leaves the pulley, causing wear and
unnecessary strain on the cable.

A common source of trouble in
low priced sets is the control shaft
knob. The shaft passes through a

—> To Page 27

AUGUST 1946

WHAT HAPPENS WHEN CABLE
IS TOO LARGE IN DIAMETER

Fig. 2 Wrinkles on the inside of a large
diameter cable cause slippage.
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Fig. 3 Too many turns around the drive
shaft cause the cable to be pulled over
the edge of the pulley.
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CTRONICALLY
AKING

HE FIRST PHOTOFACT FOLIO ‘ras

issued on June 15 by the new
organization, Howard W. Sams and
Company of Indianapolis, inaugurat-
ing a revolutionary method of supply-
ing the entire radio field, set manu-
facturers and radio servicemen alike,
with servicing data on the thousands
of new receivers to be built for the
post-war market.

Creation of the service, according
to Mr. Sams, was prompted by the
need for servicing data material to
speed servicing operations, and by the
tremendous increase both in number
of receiver manufacturers and variety
of models to be produced soon. In the
past, the radio serviceman needed
information on the products of only
36 receiver manufacturers, whereas
today there are 212 manufacturers
(radio and phonograph combined)
about to produce 1,000 models among
them.

The Howard W. Sams Radio Serv-
ice Encyclopedia will be issued peri-
odically in the form of “PhotoFact”
Folders, each covering one receiver
model. The folders will vary in size
from four to twelve pages, depending
upon the complexity of the receiver,
and will be profusely illustrated, con-
taining completely identified lists of
parts and suitable replacements, as
well as detailed engineering data and
voltage and resistance analysis.

Users of the service will receive
these folders in folios of 30 to 50
at frequent intervals and as rapidly
as new receivers are placed on the
market. The complete service folder
on a new receiver will be delivered
to subscribers within 90 days after
the set goes on sale. The Sams or-
ganization has secured the close co-
operation of the receiver manufac-

20

turers in order to insure delivery of
the folders at the expiration of the
RMA 90-day guarantee period. The
cost of a complete folio of 30 to 50
service folders will be $1.50 to the
radio serviceman.

The Sams organization will secure
a sample of every new receiver im-
mediately after it goes into pro-
duction and its engineers will analyze
each set, check and list every com-
ponent part, record each resistance
and voltage value, and test the set
in every particular before preparing
the PhotoFact Folder.

The following detailed deseription
of the PhotoFact Folders shows why
they will free the serviceman from
working with cumbersome and com-
plicated cross-indexes and manuals:

1. There will be a PhotoFact
Folder covering each individual ve-
ceiver placed on the market after
January 1, 1946, containing from
four to twelve pages of photographs
and service data.

2. Each folder will contain from
two to twelve photographs of the
chassis taken from various angles so
that every component is clearly rec-
ognizable and identified for reference
to the accompanying list of parts.

3. A keyed reference Parts List
will give complete specifications for
each component, the manufacturer’s
part number, available replacement
type or types, and other installation
notes.

4. There will be a keyed reference
alignment procedure for each set
with adjustment frequencies and rec-
ommended standard connections.

5. €omplete voltage and resistance
analysis will be given for each re-
ceiver. This will include actual meas-
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urement data for voltage and resist-
ance at each socket prong to record
actual new set performance.

6. Complete stage gain measure-
ment data.

7. A schematic diagram.

Regular subscribers to the service
will hold membership in the Howard
W. Sams Institute which will be head-
ed by 30 top-notch specialists in
radio, radar and radio servicing. This
board will help members to solve
their problems in connection with
servicing, parts selection, promotion,
accounting, etc.,, and will cooperate
in every way to help members run
their businesses more efficiently and
profitably.

Howard W. Sams, who heads the
new organization, is well known
throughout the radio trade as an ex-
ecutive for many years with P. R.
Mallory and Company of Indianapolis.
For the past fifteen years he nas
been intimately associated with the
development of the Mallory-Yaxley
Radio Parts Division of that com-
pany, and has taken an important
part in the company's long and suc-
cessful campaign for standardization
of radio components.

For further information on this
revolutionary new service, write to
Howard W. Sams and Company, Inc,
2924 East Washington Street, Indian-
apolis 6, Ind.

A MINIATURE ROTARY CONVERTER has
been developed and is being mar-
keted by the Ohio Tool Company. It
is designed to replace vibrators in
automobile receivers. The new con-
verter gives longer life, better effi-
ciency and lower noise level. Units
are mounted in cans approximately

— To Page 28
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BACKWARD SIGNAL TRACING

UCH HAS BEEN WRITTEN about the

different methods of radio serv-
icing, particularly the methods of
servicing by Resistance Measurement
and Signal Tracing; but probably the
most used and the least recognized
is the method known as Signal Tn-
sertion. This term may seem a little
confusing. but it is one of the oldest
types of servicing and has undoubt-
edly been practiced by most radio
servicemen.

When asked for the quickest meth-
od of determining whether or not the
audio section of a receiver is function-
ing, the average serviceman will re-
ply, “Touch the grid cap of the first
audio stage and if there is a hum
in the speaker, then it can be assumed
that the audio stages are amplifying.”

What did you do when you touched
the grid cap? Whenever AC flows
through a circuit, there is a field set
up in the surrounding area, and if a
person is in this field, there will be
a voltage induced in his body that is
measured in microvolts, or perhaps
even in millivolts. When the grid cap
is touched, this induced voltage is
“inserted” on the grid of the audio

tube, and since the AC field fre-
quency is within the audio range of
the receiver, it is amplified and heard
in the speaker. This is about the
fastest way of checking the audio end
of a radio receiver. It is a crude way
of servicing by signal insertion.
Carrying the idea further, we have
a method which will, nine times out
of ten, allow us to locate a defective
stage in a few minutes. All that
is needed for the insertion method of
servicing is a conventional type of
signal generator such as is used in
most shops. For the sake of con-
venience, the generator must have
some means to select either an RF
output or an AF output. This is
possible with about 90 per cent of
the service-type signal generators. It
is best to use an ordinary test prod
and shielded lead, with a condenser
connected between the test prod and
the generator output. This condenser
is used to protect the attenuator from
burnout when the prod is placed on
a point of high potential. The shield-
ed lead from the generator output
prevents stray AC pickup that would
be impressed on the circuits under
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Fig. 1

The letters indicate the points at which the signal is inserted.
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test along with the desired signal.

One difference between signal trac-
ing and signal insertion is that with
the former, one starts with the front
end of the receiver under test and
works toward the speaker; whereas,
in the latter method, one starts with
the back or audio end and works to-
ward the antenna input.

For quick servicing by the inser-
tion method, the following procedure
is recommended. Turn on the re-
ceiver to be tested and allow it to
warm up for a few minutes. Adjust
the signal generator for audio output
and set the attenuator control at max-
imum. Connect the ground wire from
the generator to the ground on the
set and insert the signal onto the plate
of the output tube (Point A on Fig.
1). This is done simply by touching
the plate terminal with the test prod.
If a weak audio signal (usually 400
cps) from the generator is heard in
the speaker, this means that the out-
put transformer and speaker are
functioning. Next, the signal is in-
serted on the control grid of the out-
put tube (Point B on Fig. 1). The
signal should be much louder than
when it was inserted on the plate.

The next step is to insert the sig-
nal on the grid of the first audio
stage (Point C of Fig. 1). If this
stage is functioning normally, it may
be necessary to reduce the output
from the generator. If &ll the ecir-
cuits associated with the audio end
of the receiver are functioning, then
we must turn to the IF and RF sec-
tions. If the receiver is a super-
heterodyne, tune the signal generator
to the prescribed IF for the set, and
adjust it for modulated RF output.
Place the test prod on the plate of
the last IF stage (Point D of Fig. 1).
The signal heard in the speaker
should be the same as in previous
tests. Next, the prod is placed on the
grid of the last IF stage (Point E

—> To Page 30
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Belmont's new pocket radio
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The photo at the upper right shows
the internal construction of the new
Belmont miniature receiver, the small-
est superheterodyne ever produced.
The five tiny tubes are an outgrowth
of research on the famous VT fuse.
Raytheon carried on their research
and developed the tubes so that they
could be used in this and other small
equipment. The tubes are 1-9/16"
long and are equipped with plug-in
bases. Approximately 30 parts are
used in the construection of each tube.

Of the tubes used in the receiver,
two are radio frequency pentodes,
one is a triode heptode frequency
converter, one a diode pentode detec-
tor amplifier, and one is an output
pentode. Two of the tubes are ac-
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. CONSTRUCTION OF THE MIGHTY

MIDGET

tually combinations of two tubes in
one envelope.

The complete receiver weighs 10
ounces and is 3” wide, 3% ” thick and
6-74” high. The receivers are sup-
plied finished in solid gold, sterling
silver, plain and two-tone metal, or
morocco, pin seal, alligator, pigskin,
suede and other leathers.

The photo at the upper left is an
external view of the receiver showing
the pocket clip and small earphone.
At the lower left is an illustration
of the receiver placed beside a pen
and pencil to show their comparative
size.

The small “B” battery used in the
set supplies 22% volts. The total
power consumption of the five tubes
is approximately 5 watt.
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RESIST-O-GUIDE

A practical aid in resistor range
identification, the pocket-size Resist-
O-Guide has been announced by the
International Resistance Company of
Philadelphia.

By turning the three wheels of the
Resist-O-Guide to correspond with the
color code on any composition type
resistor, the standard RMA range is
automatically and accurately indicat-
ed. To obtain the correct color coding,
turn the wheels to indicate any de-
sired standard range. This guide is
available at International Resistance
Company distributors.

FILTEROL

For reducing man-made radio noises
on a wide variety of equipment, take
note of Filterol Radio Interference
Filters manufactured by the Sprague
Products Company. They are small,
self-contained units applicable to any
electrical device within their ratings,
and provide greater noise suppression
than has ever before been possible.
Filterols should be mounted on the
frame of the device or in a grounded
junction box close to it. Their basic
circuit is a three-terminal network of
which the can is one terminal.

Further details may be obtained
from the Sprague Products Company,
North Adams, Mass.
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THE INDUSTRY
PRESENTS

MINIATURE PORTABLE

Just announced by the Garod Radio

Corporation and pictured above is
the 3-way miniature Model 5D port-
able which weighs only 6% lbs., for
AC, DC or battery operation, with
loop antenna concealed in the front-
raising lid which rises automatically
when slide lock is released. It has a
5-tube electronic circuit with Alnico
“V” P.M. speaker.

Another new Garod product is the
“Esquire” farm receiver, Model 6F1,
a 6-tube battery radio that can be
plugged into AC or DC where elec-
tricity is available, and has 1,000-hour
battery pack, large slide-rule dial,
and AVC-—comes in walnut cabinet.

Write the Garod Radio Corporation,
70 Washington Street, Brooklyn 1,
N. Y., for additional data on these
items.

CAPACITOR EXAM-ETER

A new capacitor analyzer, Model CI®
Exam-eter, is now available from
Solar Manufacturing Corporation, 285
Madison avenue, New York 17, N. Y.
Its patented “Quick-Check” oscillator
circuit spots intermittent, open-cir-
cuited and short-circuited capacitors
without the necessity of the service-
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man’s unsoldering them from elec-

trical circuits.

The Exam-eter has a DC bridge
to check capacitances from 10 uuf to
2000 uf and resistances from 100
ohms to 7.5 megohms; an auxiliary
bridge scale to read capacitor power-
factors up to 55 per cent; and a 4%-
inch meter in the vacuum-tube-volt-
meter bridge null indicator. Measure-
ments up to 600 volts DC and 50
volts AC can be made. An electronic
test circuit supplements the bridge for
measurements of capacitor insulation
resistance up to 10,000 megohms.

TURNTABLE SERVICE STAND

The problem of supporting a phono-
graph turntable for convenient serv-
icing is solved by the new turntable
stand which is adjustable to fit any
size turntable, manufactured by Gen-
eral Cement Manufacturing Company,
Rockford, Ill. Its height of 18 inches
permits easy inspection and repairs
of the motor and changer mechanism.
This stand saves considerable time
and effort for the serviceman on a
hitherto unwieldy job. y 5 4
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HE NEw Centralab catalog is now

ready for distribution. It covers
the complete Centralab line of
controls, capacitors, trimmers and
switches. A number of new trimmers,
transmitting capacitors, high accu-
racy capacitors, and silver mica ca-
pacitors which have been added to the
Centralab line are included in the
new catalog.

To secure a copy, write to Cen-
tralab, Division of Globe-Union, Inc.,
900 E. Keese Avenue, Milwaukee 1,
Wis. Request Centralab Catalog No.
25.

The Walter L. Schott Company
has announced its new catalog. It
covers the Walsco line of radio chem-
icals and electronic hardware. Over
200 hardware items and a complete
line of adhesives, solvents, polishes
and other chemicals are listed. The
catalog also lists a number of other
products of particular interest to
the radio serviceman.

To secure a copy of this 16-page
catalog, write to Department 127,
Walter L. Schott Company, Beverly
Hills, Calif.

Just off the press is the J.F.D.
Manufacturing Company’s new 64-
page Dial Belt Manual. It is the
most complete book on the subject
ever published. It contains informa-
tion for replacing dial belts on more
than 1500 receiver models. Complete
listing, specifications and interchange
data are given. The manual also
contains a special section on radio
drive cable and cord, supplemented
with a full coverage of rubber drives
and dial springs.

To obtain your free copy, write to
the J. F. D. Manufacturing Company,
4111 Fort Hamilton Parkway, Brook-
lyn, New York.

The Stromberg-Carlson Manufac-
turing Company has issued a catalog
outline on their line of sound equip-
ment. The new Stromberg-Carlson
line is made up of portable and fixed
sound equipment and accessories.

A copy of the catalog outline will
be sent upon request to the Strom-
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Manufacturing Com
pany, Sound Equipment Division, 100
Carlson Road, Rochester, N. Y.

berg-€arlson

A copy of the McMurdo Silver
catalog has just been received. It
covers the post-war McMurdo Silver
Company’s line of test, transmitting
and receiving equipment. Featured
in the catalog are the Model 900
Vomax, Model 904 Capacitance Re
sistance Bridge, Model 905 Sparx
Dynamic Signal Tracer, and the
Model 906 FM/AM Signal Generator.

The Model 906 FM/AM Signal Gen-
erator covers the radio spectrum from
90 kilocyeles to 170 megacycles with
either AM or FM provided internally.

To secure a copy, write to the
McMurdo Silver Company, 1240
Main Street, Hartford 3, Conn.

The General Cement Company’s
catalog and a handy Woven Belt
Scale will be sent on request to the
General Cement Manufacturing Com-
pany, 919 Taylor Avenue, Rockford,
I1l. The Woven Belt Scale is de-
signed to facilitate the determination
of the belt size to be used in re-
placements. The serviceman will find
it to be a time-saver.

P. R. Mallory & Company have
issued their comprehensive 37-page
catalog No. 467, covering capacitors
(dry electrolic and paper dielectric),
controls, vitreous enamel resistors
(both fixed and variable), switches,
jacks and plugs, etc. Most items are
clearly illustrated or shown in dia-
gram, as well as being described
in respect to application.

Noted in particular were Type P
round cased AC capacitors which are
encased in a newly perfected plastic
and are superior from a moisture-
resistant standpoint. They are inter-
changeable with former tvpes of the
same size and may also be used with
a new end cap and bracket where
required.

This catalog may be obtained with-
out charge by writing P. R. Mallory
and Company, Inc., Indianapolis 6,
Ind.

— To Page 30
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@ You can build your own paper capacitor
banks or combinations — whatever capa-
citance and voltage ratings you require —
fitted into any space or container you pre-

fer — by means of Aerovox Type ucC
uncased paper sections. Or again, you can
use these handy units as replacements in
filter-block repair work.

These are non-inductively wound uncased
paper sections, ncatly shaped and wrapped
in black varnished paper with ends sealed
with pitch and provided with insulated
wire leads 8" long. Available in 200 v.
D. C. W. .1 to 1 mfd.; 400 v. .1 to 4
mfd.: 600 v. .25 to 4 mfd.; 1000 v. .5 to
2 mtd.

* Ask Our Jobber

Ask to see these handy uncased
paper sections. Ask for copy of
latest Aerovox catalog—or write us
direct.

[FOR RADIO-ELECTRONIC AND 7
FINDUSTRIAL APPLICATIONS

AEROVOX CORP., NEW BEDFORD,MASS., U.S.A
Export:13 E. 40th St., New York16,N.Y. » Cable: ‘ARLAB’
In Canada: AEROVOX CANADA LYD., Hamilton, Oat,
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Record Changers

— From Page 18

pickup being measured (see Fig. 5).
The blade is cleated to a base of steel
or brass of sufficient size to stabilize
it when maximum pressure is being
measured. The scale is made from
a bit of celluloid and is calibrated
by hanging weights (as from a pho-
tographic scale) from a thread passed
through the hole in the end of the
blade.

Radio _rBooks

For

Radio Servicemen

“INSIDE THE VACUUM TUBE“

A goldmine of information for

the student, amateur, serviceman

or engineer.

425 PAGES PRICE $4.50

““UNDERSTANDING
MICROWAVES”

Provides a foundation from
which the reader can proceed to
understanding of various micro-
wave developments of the past

!
five years.
PRICE $6.00 ‘
“RADAR“
For students, hobbyists and
taymen $1.00

400 PAGES

and THESE STANDARD WORKS

THE CATHODE RAY TUBE

AT WORK S $4.00
FREQUENCY MODULATION . 52.00
SERVICING BY SIGNAL TRACING  $4.00
THE METER AT WORK . . . . $2.00
THE OSCILLATOR AT WORK $2.50
VACUUM TUBE VOLTMETERS . . $2.50

i AUTOMATIC FREQUENCY

{ CONTROL. . . . $1.75

AN-HOUR-A-DAY-WITH-RIDER SERIES —
on "‘Aliernating Currents in Radio Receivers,’”
on ""Resononce & Alignment,”" an “*Automatic
Volume Control,” on “’D.C Voltage Distri-
bution.’” Hord bindings . . . $1.25 each

JOHN F. RIDER
PUBLISHER, INC.

404-4th Ave.N.Y. 16, N.Y.

Specializing in books for advance-
ment of the radio servicing industry.
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Counterbalancing

When replacing a heavy cartridg:
with a light one, the pickup arm
must be re-counterbalanced, either
by - replacing the counterbalance
spring (see Fig. 6) with a stiffer
one, or by cutting a loop or two from
the existing spring—or by adding
weight to the back end to lighten
the total needle pressure. This may
lead to non-operation of the changer
due to the lightened torque produced
by the run-out spiral. With lighter
needle pressure, the torque required
to trigger the mechanism may be high
enough to cause the needle to climb
out of the run-out spiral, producing
non-operation and the attendant nick-
ing of the groove.

If any doubt exists, it is well to
try the instrument on a large selec-
tion of records using the regular
pickup and the lighter pressure de-
signed for the new cartridge. Proper
adjustment can often be made by
working through the changer trigger-
ing mechanism and lightening all the
springs and weights used. Care must
be taken not to overdo this or the
changer may take off at the wrong
time, due to a slightly eccentric
record or a heavy footstep on the
floor.

In counterbalancing pickup arms
using weight only, it may be possible
to remove some of the metal apron

and enclosure of the pickup arm it-
self. This is better than adding bar-
solder slugs to the back end. Too
much mass in the arm itself creates
inertia; and since pickups usually
ride up and down as the record
revolves, excessive mass in the arm
will produce a condition in which
the needle continues to rise after it
has passed the high point on the
record. When this occurs, the needle
will jump out of the groove. Under
ideal conditions, the ecartridge and
arm weigh slightly more than enough
to give proper pressure on the rec-
ord, and thus a minimum of back-end
counterbalance is needed.

In measuring the weight of a
spring-counterbalanced pickup, re-
member that the needle pressure will
decrease as the pickup is lowered and
will increase as the pickup is moved
upward. Therefore, weight should be
checked at the average needle height
for a stack of records. This height
is ordinarily about one-half of an
inch from the surface of the turn-
table. The average pressure should
be as close as possible to the manu-
facturer’s specifications.

With the information given here
and some actual observation of the
operation of the different types of
record changers, the serviceman
should find little difficulty in adjust-
ing and repairing this equipment.
777

Fig. 6 Replacing the counter-balance spring to give correct needle pressure after
having replaced the cartridge.
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The Radio
Service Bench

—> From Page 19

hole in the chassis and then through
a hole in a small bracket which holds
it. Once worn, little can be done to
put this arrangement back in good
working condition. Bending with
pliers will often help somewhat.

When replacing the dial cable in
a set which uses a half-inch or small-
er pulley on the tuning knob shaft,
a cable of small diameter must be
used. Large diameter cables will slip
because of the condition illustrated
in Fig. 2.

One turn should be sufficient around
the drive shaft. When more than
one turn is used, the cable is pulled
out of line as illustrated in Fig. 3.
Three or four turns will result in
the end turns climbing over the inside
turns binding the cable.

The cable should be just tight
enough to turn the condenser with

i

MAKE KNOT
172" ABOVE
PULLY

2 2"
PULLY

DRIVE
SHAFT

Fig. 4 Method used to tie knot in cable
in proper place.

the spring removed. Usually, proper
tension can be secured by tying the
knot in the cable about a half inch
above the top of the pulley, as shown
in Fig. On the first try, the knot
should be tied loosely and the cable
tried for tension. If the tension is
not correct, the knot may be opened
and retied in the proper place.

The dial assembly should always
be carefully examined and adjusted
before a repair job is returned to
the customer. An inoperative dial is
very exasperating and recurrence will
certainly not leave a pleased cus-
tomer. v s +
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AVC Circuits

— From Page 7

Note that its circuit is substantially
the same as the basic cireuit of the al
elementary AVC rectifier, with the
exception that its load resistor R-1 is
returned to the cathode, not to
ground. D-1 is the AVC diode and its
load resistor R-1 is returned *o
ground.

As a result of plate current flow
through the triode, resistor R-K de-
velops a voltage with polarity as in-
dicated. Now, with no signal applied,
there is no current flowing in the D-1
circuit; and since there is no voltage
drop across K-I, D-1 is at ground
potential. However, due to the drop
across R-K, D-1 is negative with
respect to its cathode by the amount
of voltage drop across R-K. As the
signal is applied, D-1 assumes a po-
tential equal to the peak IF voltage.
As long as this peak IF is smaller
than the drop across R-K, no current
can flow through D-1 circuit. How-
ever, a2s soon as the signal increases
in intensity and makes D-1 positive
with respect to its cathode, current
will flow and produce a voltage across

AV.C*+—

Fig. 10 Circuit used to obtain delayed
AVC action,

—+2nd DETECTOR

—+ Ist AUDIO
& D.AV.C

Fig. 11 Circuit of combined delayed

—> To Following Page AVC, second detector and first audio.

Exclusive! New Type CONCORD

AMPLIFIERS

With Amazing
Add-A-Unit Features!

U e

INDICATOR

-RECORD
cuaANGER—
\\..-/

ADD ANY OR ALL"
OF THESE UNITS °
IN A SINGLE CABINET!

New! Original! Revolutionary! The Concord line
of Multiamp Add-A-Unit Ampiifiers and complete
systems set new high standards of flexibility, fidel-
ity, performance. beauty and economy! 30 to 45
watt amplification increased, in a single cabinet,
to 60, 75, or %0 watts in minutes with plug-in Add-
A-Unit output stages—at minimum cost! Two
moreinputchannelstototalsixchannelsifneeded!
Add a phono player, record changer, output indi-
cator—any or all on the same single Multiamp
amplifier cabinet c¢liminating extra Space re-
Guirements and additional cabinct cost! Perma-
nent or Portable. Get complete details at once.

Immeciate Shipment from CHICAGO or ATLANTA

Mail Coupon for New Complete Catalog—FREE!

Your copy Is ready now —featuring the exciting
new Concord line of Multiamp Add-A-Unit Am-
plifiers and Accessories -——plus

Radio Sets, Phono-Radio
Combinations—and the |
latest, greatest complete se- gt .
lection of RADIO PARTS, o
ELLCTRONICEQUIPMENT,
TOOLS, AMATEUR GLAR,
KITS and SUPPLIES. Thou-
sands of items—including L4
nationally-known standard
top-guality lines—money-
saving prices. Mail coupon.

i CONCORD RADIO CORP.
901 W. Jackson Blvd.
Dept. RM 76, Chicago 7, Ill.
Yes, rush FREE COPY of the comprehen-
sive new Concord Radie Catalog

Name. .. ... coienavscaararsaneanas

RADIO CORPORATION

LAFAYETTE RADIO CORP.
CHICAGO 7 . ATLANTA 3
901 W. Jackson Bivd. 265 Penchtree Street

Address ..

R ——
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14 VOLUMES of
RIDER MANUALS
cover the 60 million
receiving sets now

in American

Homes

of PROVEN

During the past sixteen years Rider Man-
vals have maintained their position of un-
challenged leadership because they
have consistently demonstrated their
reliability, their accuracy and their un-
questioned value as time-savers in the
localizing of troubles in faulty receivers.
In the fourteen volumes of Rider Manuals
will be found

receiver schematics, voltage data, align-

such vital material as

ment data, resistance values, chassis lay-
outs and wiring, and trimmer connections.
The sixty million sets issued previous to
1942 are the sets most likely to develop
faults —and Rider Manuals provide the
only single source upon which you can
depend for accurate, complete, authori-
tative servicing data covering the impor-
tant receivers issued from 1929 to 1942.

Volume XV is now in preparation; it
will have the greatest number of pages in
any volume yet issued. Its increased size
will result from the inclusion of extra
data
that are not ordinarily available on manu-

servicing information, additional

facturers' schematics. It will be necessary

Export Division: Rocke-International Electric Corp.

16 YEARS

W

LEADERSHIP

and useful information that will save a
serviceman hundreds of hours a year.

In the meantime be sure you have all
fourteen volumes. Check the list below
and order from your jobber today.

RIDER MANUALS (14 VOLUMES)

Volumes XIV 1o VII $15.00 each volume

Volume VI T e g . $11.00
Abridged Manuals | to V {1 Vol.) 17.50
Record Changers and Recorders . 9.00

Publication Reiumed with June lique!

Get on the Mailing List for
“Successful Servicing”

A monthly paper, dedicated to the financial and

of the el lc and
radio mainlenance man. Free distribution - Just
poceracccanas MAIL COUPOR ~=ccccccaa~=
JOHN F. RIDER PUBLISHER, INC.
404 (c) FOURTH AYE., NEW YORK, N. Y.

NAME =
ADDRESS
cITY
STATE

JOHN F RlDER PUBL'SHER, 'Nc 404 Fourth Avenue, New York 16, N. Y,

13 E, 401k Street New York City Cable: ARLAB

AVC Circuits

—> From Preceding Page

K-1 in the manner shown. Thus the
AVC action is delayed until the sig-
nal reaches a predetermined level.

Still another modification is that
known as QAVC or quiet automatic
volume control. The function of this
circuit is to prevent the receiver
from working at all until the signal
strength is high enough to produce
satisfactory reception.

For the sake of simplicity, imagine
resistor R-1 of Fig. 10 returned to
ground rather than to the cathode.

28

Now D-2, the detector diode, will also
have a delay voltage to overcome
before detection can take place, and
weak signals are not heard. This
again brings up the objection that
AVC action starts with the weakest
signal heard. Therefore, in order to
delay AVC action until sufficiently
strong signals are received, R-K is
split in two parts as shown in Fig. 11.

Assuming arbitrary values of volt-
age as shown in Fig. 11, it can be
seen that no signals will be produced
until the peak value of the IF ex-
ceeds the 2 volts delay on D-2. When
the signal intensity is such that the
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peak of the IF is between 2 and 6
volts, the full sensitivity of the re-
ceiver is available. As soon as the
peak exceeds 6 volts, AVC actiou
takes place.

These are but a few of the many
circuits possible for AVC, but they
should point the way toward an un-
derstanding of the circuit and the
development of a successful service
technique. Y 7 9

Electronically
Speaking

—> From Page 20

the same size as those used for stand-
ard vibrators. Using a rotary action
instead of the ordinary vibrating reed
to accomplish switching, the new com-
ponent is a step forward in the im-
provement of portable power supply.

Further information can be ob-
tained from the Ohio Tool Company,
Cleveland 11, Ohio.

GENERAL ELECTRIC'S FIRST TELEVI-
SION RECEIVERS are expected to be
available to the public in August ov
September in areas where stationa
are now operating or will soon be on
the air. The first model will use the
ten-inch direct-view picture tube, will
incorporate the standard broadcast
band, and will probably cost around
three hundred dollars.

Other sets for black-and-white pic-
ture reception will follow shortly aft-
erward, and will be of the projection
as well as the direct-view types. All
these television sets will be made at
the Bridgeport, Connecticut, plant.

OVER 200,000 RADIO SETS A WEEK
are now being produced by the in-
dustry, according to a statement by
R. C. Cosgrove, President of the
RMA. He pointed out, however, that
the majority of these sets were table
and portable models. Production of
consoles is lagging far behind expec-
tations.

A NEw Rapio CENTER is being com-
pleted in Fort Wayne, Indiana, by
the Farnsworth Television and Radio
Corporation, President E. A. Nicholas
has announced.

The Farnsworth Radio Center is
designed to provide Northeastern In-
diana with television, frequency medu-
lation and improved regular ampli-
tude modulation broadcasting serviec-
es, all originating and controlled from
newly built central studios in down-
town Fort Wayne. Facilities for all
three services will be among the mosi
complete and modern in the country.
777
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NOW AVAILABLE FOR IMMEDIATE SHIPMENT!
Ve Vew Wlodel 670

SUPER-METER
A (Combination
VOLT-OHM MILLIAMMETER
plus CAPACITY REAGTANCE

INDUCTANCE and
DECIBEL MEASUREMENTS

The Model 670 includes a special
GOOD-BAD scale for checking the

quality of electrolytic condensers
at a test potential of 150 Volts.

‘E"-‘

e re—— o [l [
Specifications;
D.C. VOLTS: 0 to 7.9/15/75/150/750,1,500/7,500 Volts | RESISTANCE: 0 to 500/100,000 ohms 0 to 10 Megohms

CAPACITY: .00l to .2 Mfd. .1 to 4 Mfd. (Quality test for electrolytics)

/30/150/300/1.500/3.000 Vol REACTANCE: 700 to 27,000 Ohms 13,000 Ohms to 3 Megohms
OUTPUT VOLTS: 0 tc 15/30/150/300/1,500 3,0 alts INDUCTANCE: 1.75 to 70 Henties 35 to 8,000 Henrics

D.C. CURRENT: 0 to 1.5/15 150 Ma. 0 to 1.5 Amperes | DECIBELS: —10 to +18 -+10 to +38 —+30 to +58

The Model 670 comes housed in a rugged, crackle-finished
steel cabinet complete with test leads and operating instruc-
tions. Size 5V2" x 7V4" x 3",

A.C. VOLTS: 0 to 15/30/150/300/1,500, 3,000 Volt:

NET

Hodel 6702

- \
= DAY e :

- et “"\ob \ The Model 670P is identical to the
- i i°‘;\° ‘,o‘\&‘ o\ Model 670 described in detail except
. $1e0 ot g '\obb:: atk® \ housed in a hand-rubbed, portable oak

< . . .
\ NN \:o \0“‘1 - 10““ % cabtnet complete with cover.
1 el oV
\ b 5\1\39\: o '\Ob:s“-,hu"e ot % The Model 670P
o A A o

Af A
\\ ot © o 30 Se“(uau \ comes complete $ 75
Voot e 0T e \ with test leads and
\ o oM - . :
\ o &e = all operating 1n- NET
\ - structions.

UPERIOR INSTRUMENTS CO.

Dept. RM 227 FULTON ST., NEW YORK 7, N.Y.
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Service Kit

—> From Page 22

of Fig. 1), and once more a con-
siderable gain in output should be
noticed. Now we proceed back
through the IF stages, if there are
more than one, checking each one
as we checked the last IF stage. As
we progress to the grids of the pre-
ceding stages, it will be noticed that
the gain increases greatly. To offset
this increase in gain, the generator
attenuator setting should be de-
creased.

Checking back through the IF stag-
es, we come to the mixer stage, or as
it is sometimes called, the first de-
tector. The IF signal is inserted on
the control grid of the mixer (Point
F on Fig. 1), and if another gain in
output is noticed, the mixer is ampli-
fying. Tune the receiver to the fre-
quency of the strongest broadcasting
station in that particular locality, and
if it is not heard, proceed as follows:
Tune the signal generator to a fre-
quency that is the sum of the fre-
quencies of the broadcasting station
and the IF of the set. For example,
if the station operates on a frequency
of 1000 kilocycles and the IF of the
set is 455 ke, then 1000 plus 455

equals 1455—the frequency to which
the signal generator should be tuned.
(This is the frequency at which the
oscillator in the set should operate
in order to receive a station with a
frequency of 1000 ke.)

Turn the modulation off, and feed
the signal to the oscillator grid, or
to the place where the oscillator sig-
nal is normally fed to the mixer tube
(Point G on Fig. 1). If the station
is heard, it indicates that the local
oscillator in the set is not functioning.
If the station is not heard, the trouble
is ahead of the mixer, and we proceed
to the RF section. The generator
should now be tuned to the frequency
at the set, which, at present, happens
to be 1000 ke. We now proceed from
plate to grid (Points H and I on
Fig. 1) with the test prod until the

defective stage is found and we finally

arrive at the antenna post.

The above procedures and tests
require less than five minutes to make.
This is fast enough for most radio
service requirements. As the serv-
iceman uses this method of checking,
he will find many short-cuts and
time-savers that are not described in
this article.

Checking for Intermittents
If the set under test is an inter-

mittent, then with the insertion meth-

with new Transformer Type

SPEED IRON'

\

Release trigger and circuit breaks
automatically. Intermittent heat saves
power when continuous use is unnec-

essary. Fast heating, SPEED IRON is

always ready for use.

* SOLDER IN TIGHT PLACES—AROUND CORNERS
* PERFECTLY BALANCED—EASY TO HANDLE

o STAYS TINNED—NO TIP BURNING

® |OW VOLTAGE, HIGH CURRENT FROM BUILT-IN TRANS-

FORMER

cooL

WELLER MFG. CO.

EASTON, PA,

518 NORTHAMPTON ST. »

*TRADE MARK REG. U. S. PAT, OFF.
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IMPACT RESISTANT PLASTIC CASE AND HANDLE—STAYS

100 WATTS
115 vOLTS
60 CYCLES
NEW TRANSFORMER
PRINCIPLE FOR %
FAST HEAT  ©
TIME
~
- SEE WHAT
'YOU SOLDER
Ask for SPEED IRON at
your RADIO PARTS DISTRIBUTOR
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od it is comparatively easy to locate
the defective stage. Starting with
the audio output stage, the signal is
fed to the grid of the tube and the
preceding stage is stopped from func-
tioning by removing the tube or by
shorting out the grid with a jump-
er. If the set does not show an
intermittent with just this stage
working for a period of time, then
proceed to the next stage and repeat
the process until the stage that shows
an intermittent is located.

The writer has been in the service
business for about ten years and has
used practically all the methods of
servicing from resistance measure-
ments to signal tracing, and he has
found that the method just described
is as fast and efficient as any meth-
od he has yet tried. y ¢ ¢

Review of
Trade Literature

—> From Page 25

BOOKS
ELECTROLYTIC CAPACITORS, by
Paul McKnight Deeley.

Published by Cornell-Dubilier Elec-
tric Corporation, South Plainfield,
N. J., 270 pages, price $1.50.

This well illustrated book presents
new applications of electrolytic ca-
pacitors, as well as giving the basic
theory of operation, construction,
measurements and characteristics in
a simple, straightforward manner.

It has an appendix of useful ma-
terial, including tables, characteris-
tics, conversion charts and other tech-
nical data.

UNDERSTANDING MICRO-
WAVES, by Victor J. Young.

John F. Rider Publisher, Inc., 404
Fourth Ave., New York 16, N. Y.,
400 pages, price $6.00.

The field of ultra high frequency
is. the subject of the latest addition
to the growing list of excellent books
on electronics published by John F.
Rider. Its title, UNDERSTANDING
MICROWAVES, tells the purpose of
the book, and it is designed for any
one in the radio business who wishes
to increase his knowledge of the elec-
tromagnetic field as painlessly as pos-
sible. Mathematical explanations are
kept to a minimum; but a section
on Maxwell’s equations and a very
comprehensive one on microwave
terms, ideas and theorems are given
for reference purposes.

To make best use of microwave
equipment, the principles on which it
is based must be understood. The
first few chapters are introductory in
nature. The elementary facts of elec-
tricity are reviewed to give a founda-
tion for subsequent discussions in
terms of both the circuit theory and
the electro-magnetic theory.

Subjects treated include: Wave-
guides, resonant cavities, antennas,
microwave oscillators, radar and com-
munication. Two frequency-spectrum
charts are given on the reverse of the
jacket. vy ¢ +
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CENTRALAB Quality button silver mica capacitors + early delivery 4 73 com-
binations made up of 7 styles with 8 aveilable terminals4-4 individual inspections
(capacitance, power factor, voltage breaxdown and leakage resistance) =Trouble
iree Berformance and ease of installation in your gltra ﬂigh Frequency Equi—pment.

Serd for Bulletin 586

="
Ceramic Trimmers

Bul-etin 630

Tubular Ceramic
Capacitors

PRODUCERS OF Rodiohs Bulletin 630

: Bulletin 697 Selector Switches
Ceramics —D_ Bulletin 722

Silver Mica Capacitors.  Bulletin 720 Ceramic High Vollage Capacitors Ceramic Plate Capacitors
Bulletin 630 Bulletin 630 Bulletin 630
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GOODBYE TO MAN-MADE
RADIO NOISES! 2

i e e o D

w

“ﬁ“‘ Don’t waste time trying to stop man-made radio noises with plug-in filters
sv ‘ or by other old-style, inefficient methods. Instead, install Sprague FILTEROLS
3 directly across the line or terminals of the offending device. Do the job in

the same efficient manner that made these amazing Sprague 3-terminal

\ networks the outstanding filters for all types of war equipment!
\ FILTEROL TYPES 1, 2 AND 3

A= \ These light-weight, highly compact filters are rated 1, 10 and 35 amperes
= AN \ respectively at 115 volts A.C.yThey provide efective filtering throughout
‘%‘.\) § the entire broadcast band. Their basic circuit is a Sprague 3-terminal network
“:Th* of which the can is one terminal. Selection is based on current rating, the
= - 3 filter used having a'rating Aigher than the continuous operating current of
T st the device being filtered. Unexcelled for all small motors, flashing signs

e and similar radio noise producers.

_FILTEROL TYPE 4 .
This unit incorporates a famous Sprague *HYPASS Capacitor and provides

‘exceptionally high attenuation at frequencies above 5 mc. and is effective u
GET THIS NEW CATALOG! tol SPO mc. _o¥ mfre. It is designed forc%llllterfngssmall dzvices having continuoul;
Contains complete details, dimen- GHuselil satiags upORiGaampELess
sions, data, etc, on Sprague Capacitors Be the acknowledged interference expert in your locality! Get next to
and *Koolohm Resistors for every FILTEROLS today/

radio service, amateur and experi-
Betiieed, | 4 SPRAGUE PRODUCTS COMPANY

*Trademarks Reg. U. S. Pat, OfF. NORTH ADAMS, MASSACHUSETTS

JOBBING DISTRIBUTING ORGANIZATION FOR PRODUCTS OF THE SPRAGUE ELECTRIC CO,
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NEW 7-PIECE STORE DISPLAY
FOR N.U. DEALERS

P

\ ONLY SKILLED HANDS TOUCH
o THE RADIO WE REPAIR FOR YOU

£ WEAUSH . TONE QUALTY B g . ; e Py emenpa
ot IDRE-TIME ECONONY : » ional Ukion SHADNG o OLUME cnr NG
. ES and P . !
. . o ndeie eo K
ST S Sudio Cojyment
' EASY ON THE EYES !

SENTINELS THAT GUARD o npn T
THE LIFE of YOUR TUBES R seediagans

Natouy u.m
COnDensERS

Order yours today from your N.U. Distributor

Be one of the first to show this brand new display idea—that sells your
service skill and tells customers how and why vou can insure their radio
enjoyment. Full of life, action and interest—printed in 10 colors on
heavy cardboard—each unitis a complete display with easel and ribbon
streamer. Display themas a group oras individual window, counter or shelf

cards. Order from your N.U. Distributor now for immediate shipment. \ ]
NATIONAL UNION RADIO CORPORATION, NEWARK 2, NEW JERSEY | i
i :J,l]
-
4

!
{
Transmitting, Cathode Ray, Receiving, Special Purpose Tubes « Condensers s Volume Controls « Phato Electric Cells ¢ Panel Lamps > 4 Flashlight Bulbs
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CARDYNE

Now you get More Features...
More Advantages than ever...in a Single Head

Cardioid Dynamic
Microphone

New E-V dc\'clopmcnts bring you true cardioid
unidirectivity . . . smooth, wide-range response . . .
high outpur . .. and other desirable advantages in
a rugged single-head dvnamic.

Through the exclusive new E-V Mechanophase™
principle, the CARDYNE virtually eliminates un-
wanted sounds . . . gives you only the sound vou
want, with greater deﬁnition and fidelity. Substan-
tially reduces background noise and reverberation.
S;;:‘iol;:"(e:‘:Q,V'V:dh:::g‘;e, -~ Increases cffective working distance from micro-
ront pick-up, horizontally phone. Stops feedback. Permits increased loud-

speaker volume. Gives extremely accurate pick-up

and verticolly, diminishes
sharply to dead ione ot

oy, Gt & toer Ched) and reproduction of music and spe(ch . indoors
zone cancels out and is not and outdoors. Highly suitable for the most c\actmg
eproduced. Solves every- k

B o) Tt sound pick-up work . . . in studio and remote

great many applications

broadcasting, disc and film recording, public ad-
dress and communications.

Trim, modern, functional design. finished in
rich satin chromium. Smooth, firm tilting action.
“On-Off” switch. Ruggedly built to withstand se-
vere operating conditions. Available in 50, 250,
500 ohms impedance, or Hi-Z (direct-to-grid,
25,000 ohms). Low impedances balanced to ground.
Also available without “On-Off” switch. Send now
Jor Cardyne Bulletin No. 131.

0o CARDYNE Il. Model 731. List Price ........... $75.00
Frequency response, substantally flat, 30-12,000 c.p.s.
CARDYNE 1. Model 726. List Price........... $55.00

Frequency response, substandally flat, 40-10,000 c.p.s.

) srops FoePt T X A Eom— s — e — =
Retatively Hia" oy DiGPMTES No finer choice than
\ N Acouste e Response
New £ flot, W\de-R"“g .
\ SUbﬂoMlO“EYV features g y

ELECTRO-VOICE, INC., 1234 South Bend Ave., South Bend 24, Indiana
Export Division: 13 East 40th St., New York 16, N. Y., Cables: Arlab

Patents Pending



