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’ It'shandsome...it'saccurate...it's Du Mont qual-
ity throughout! Among the many fine features of
the Type 274 are: S5BP 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.

# Send for descriptive literature!
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Thousands upon thousands of “VOMAX”, the truly universal vacuum-
tube volt-ohm-milliammeter . . . . in service today in ranking laboratories
ranging from the U. S. Bureau of Standards on through the roster of
radio’s elect . . . . bought by Veterans Administration and other school
training programs . . . . consistently selected by America’s top-profit
service organizalions . . . . conclusively prove it is the best.

"VOMAX" is also the cheapest . . . . not only because the best is always
cheapest in the long run . . . . but in first cost, too! Increasing produc-
tion in response to increasing demand enables us . . . . 'despite con-
tinually increasing material costs . . . . to hold its price down.

"VOMAX'" alone gives you the profit-priceless ability to measure every voltage in radio servicing . . . . ot meter resistance so astronom-

ically high it does not upset measured circuits . .

. . 24 d.c. voltage ranges O through 3000 volts at 51 and 126 megohms input resist-

ance . . . . 6 ranges 0-1200 volts a.c., a.f, if., rf to over 100 megacycles at 6.6 megohms honest input resistance . . . . decibels from
~10 through +50 . . . . resistance from .2 ohms through 2,000 megohms . . . direct current from 50 microamperes through 12 amperes.
No other instrument at any price gives you all that “VOMAX'" does. Its value is unequalled . . . . it's the standard of comparison .

the overwhelming choice of those “in the know’ . . . .

"SPARX " fadsils
SIGNAL TRACER

. "VOMAX" is the ideal universal d.c.
through u.h.f. meter . . . . what the radio service profession most needs is a good dy-
namic signal tracer. Ability to trace the signal through every successive receiver circuit
to basic fundamentals . . .

Next to the universal volt-ohm-milliammeter . . .

reduces "trouble-shooting’
toughies”” . . . . turns loss jobs into quick profits.

Designed by radio’s only International Grand Prize winner, “SPARX’ is the aural-visuval
signal tracer you have been clamoring for. Not only does "'SPARX” trace r.f., i.f., a.f
signals from 20 cycles to over 200 megacycles . . . . i
It also tests microphones, phono pickups, P.A. amplifiers, speakers . . . . registers presence

or absence of d.c. and a.c. operating voltages, too.

With new radar crystal diode probe, 3-stage 65 db. gain a.f. amplifier, ground-insulating
transformor power supply and PM dynamic speaker, it's the instrument you've dreamed of
like all SILVER instruments will earn its cost in no time at all. Yet “SPARX'’ costs

you only $39.90.
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See these “must”’ instruments . . . . and
new SILVER amateur transmitters, re-
ceivers, kits, parts which were sensations
at the 1946 Trade Show at your favorite
jobber. Act fast . . . demand continues
far in excess of supply . . . . for SILVER
products are the profit tools used by
your smart competitors. Send postcard
for new post-war catalog.

is radio’s outstanding buy . . . . at only $59.85.

. banishes forever the hard-to-service

it is your shop test-specker as well.

b 9 04” LABORATORY CAPACITANCE
Not only does Model 904 C-R Bridge cover the tremendous range of Va4 mmfd./ohm up
through 1000 mfd./megohms . . . . give you truly laboratory accuracy in measurement of
capacitors and resistors . . . provide 0-500 vofts continuously variable built-in d.c.
polarizing voltage for electrolytic and other capacitors . . . . give power factors measure-
ment 0-50% . . . . but it brings something quite new to radio measurements.

With Model 904 C-R Bridge you can at last measure capacitance of any type of con-
denser . . . . air, paper, oil, electrolytic, ceramic . . . . with d.c. operating voltage applied
during measurement! Think what this means in increasing your efficiency . . . . in finding
those ‘‘intermittents’”’ which cause so much trouble . . . . in speeding your work and
increasing your profits. ‘

Measuring capacitors and resistors to = 3% laboratory accuracy . . . . matching “"VOMAX"
and “SPARX' in size, post-war style, top quality components and construction . . . . it's
the same amazing bargain at only $49.90 net as “VOMAX' . . . . value which has forced
500% expansion in our plant facilities in less than one year,

OVER 35 YEARS OF RADIO ENGINEERING ACHIEVEMENT

Y Heratr Sibrer Coz, oo

1249 MAIN STREET . HARTFORD 3 . CONNECTICUT
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VOLUME
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RECORD

CHANGE

PHONO PLAYER! ..&

Add any or all of these units in a SINGLE cabinet!

Now available for IMMEDIATE SHIPMENT, the new,
original and revolutionary Concord line of Multiamp
Add-A-Unit Amplifiers and complete systems. Sets new
high standards of flexibility, fidelity, performance, beauty
and economy! 30 to 45 watt amplification increased, in a
single cabinet, to 60, 73, or 90 watts in minutes with plug-
in Add-A-Unit output stages—at minimum cost! Ad(Ftwo
more input channels to total six channels if needed! Sep-
arate bass and treble tone-controls open a new world of
tonal beauty and fidelity! Add a phono player, record
changer, output indicator—any or all on the same Multi-
amp amplifier cabinet—eliminating extra space require-
ments and additional cabinet cost!

For every sound amplifier requirement, permanent in-
stallations or portable, the revolutionary, exclusive fea-

RADIO CORPORATION

LAFAYETTE RADIO CORP.

CHICAGO 7 ATLANTA 3
901 W. Jackson Blvd.

265 Peachtree Street

tures of Concord Multiamp Add-A-Unit Amplifiers, in
complete systems or single units, offer the utmost in flex-
ibility, perfection of performance and low cost.

Immediate 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 Amplifiers and
Accessories—plus Radio Sets, Phono-Radio Combina-
tions — the latest, greatest complete selection of RADIO
PARTS, ELECTRONIC EQUIPMENT, TOOLS, AMA-
TEUR GEAR, KITS and SUPPLIES—every requirement
for all radio and electronic use. Thousands of items—
including nationally-known standard top-quality lines—
money-saving prices. Mail coupon for your copy now!

901 W. Jackson Blvd.
Dept. RM-96, Chicago 7, Ill.

Yes, rush FREE COPY ofthe comprehensive new Coancord
Radio Catalog.
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SHOWN ABOVE IS THE ATLAS RE-ENTRANT PROJECTOR DR-72.

The general aspects of

components used in PA systems.

C. G. McProud

As WITH THE PROVERBIAL CIIAIN, a
public address system is no better
than its weakest link—the links being
the components which make up the
system. Each element of a complete
system has its own problems—each
must be selected carefully to insure
the best performance from the entire
system. To make these selections
intelligently, it is first necessary to
know the characteristics and limita-
tions of each individual component.
Microphones, amplifiers, and speak-
ers are the principal components of
all PA systems; turntables and record
changers, microphone stands, radio
tuners, and so on, are accessory items.
In order to understand public address
systems thoroughly, it is essential
that the reader be familiar with the
characteristies of each.

Miecrophones

There are two ways in which miero-
phones may be classified: By construe-
tion and by characteristics. Miero-
phones may be carbon, dynamie, rib-
bon, erystal, or a combination of these
types. This is grouping by construe-
tion; and since it does not identify
the characteristics of the microphone

4

sufliciently to enable the user to choose
the right one for any particular serv-
ice, it may safely be said that this

method of classifying them is out-
dated. It may be assumed that all
microphones of standard manufacture
are satisfactory, regardless of type,
when they are used in the manner for
which they were designed. In other
words, it makes little difference how
the electrical signal is generated by
the action of the sound wave upon
the microphone. The user has only to
consider the limitations of certain
types, and then make the selection on
the basis of directivity pattern de-
sired. These limitations are simple
and few: Ribbon microphones are not
especially desirable for outdoor use
where wind may strike them; crystal
microphones should not be used where
they are subjected to extreme heat
(erystals lose their piezo-electric
properties permanently at about 130°
F.) or to extreme humidity (erystals
are soluble in water) even though
the crystals are moisture-proofed as
completely as possible; carbon miero-
phones, generally, have a higher oul-
put level, but they also have a high
noise or “hiss” level.
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One other consideration in the selec-
tion of microphones is that of im-
pedance. Most PA amplifiers are
designed for use with high-impedance
mierophones. Ribbon and dynamic
microphones are inherently of low-
impedance. Ribbons always have a
transformer within the case, and its
secondary impedance may as well be
10,000 ohms as 200 or 50; dynamies
have impedances of 30 to 50 ohms, but
a built-in transformer can raise this
impedance to any desired value.

Carbon microphones are low-imped-
ance devices, and in addition, require
some source of low voltage DC supply.
The grid circuit of any tube is of high
impedance, and any amplifier that has
low-impedance inputs has a trans-
former between the input jack and the
first tube. Therefore, at least one
transformer must be used between the
microphone and the grid of the first
tube when low-impedance units are
used. When microphone cables must
be longer than about thirty feet, the
use of low-impedance microphones is
recommended to reduce hum pickup
and loss in high-frequency response.

The most important characteristic
in the selection of a microphone is

RADIO MAINTENANCE



that of its directivity pattern (a curve
showing the relative sensitivity of the
microphone to sounds coming from
all angles). For example, a non-
directional microphone is equally sen-
sitive to sounds from all directions,
so its pattern is a circle with the
microphone at the center, as in Fig. 1.
This method of classification permits
the user to select the type best suited
to his particular requirements,

Classification by directivity pattern
limits the number of types to three
principal groups—non-directional, bi-
directional, and uni-directional. The
non-directional type includes most of
the diaphragm, or pressure-actuated,
microphones. Their response to
sounds from all directions is essenti-
ally uniform, since a pressure micro-
phone is one in which the electrical
signal is caused by the variation in
pressure of the sound wave reaching
the diaphragm. For general use, this
type of microphone will serve quite
well, in spite of the fact that its lack
of directional characteristic limits its
application to some extent. IFor com-
parative quality, non-directional mi-
crophones are generally less expensive
than other types, but they often give
trouble from feedback. Their use is
not recommended with systems of a
portable nature, since the conditions
encountered on various jobs may make
this particular type of microphone
unusable. For many permanent in-
stallations, they are very useful, since
the position of the performer is not
limited.

Bi-directional microphones have a
pattern composed essentially of two
circles tangent at the microphone, as
in Fig. 2. This is the general form
of the directivity pattern of the
“velocity” microphone, sometimes re-
ferred to as the ‘“pressure-gradient”
type. While the non-directional micro-
phones have an output proportional
to the pressure of the sound wave
impinging upon the diaphragm, the
bi-directional types have an output
proportional to the difference in pres-
sure at two points in space. Assum-
ing the “diaphragm’” or ribbon to be
open to sound pressure on both sides,
the output will be a function of the
difference in pressure on the two sides
—hence, a sound source at the side
will cause no output since the sound
pressure from such a source is equal
on both sides of the diaphragm. Rib-
bon microphones are the most common
of this type and they are especially
useful since it is possible to utilize
the “dead” area at the sides to reduce
effects from feedback. In addition, the
ribbon type is conceded by sound men
throughout broadcast and sound pic-
ture studios as being capable of the
finest quality of music pickup. They
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are also very useful when it is desired
to have two people speaking, one on
either side of the microphone; and it
is primarily for this reason that they
have such general use in broadcast
studios.

Since the electrical output resulting
from sounds striking the two sides of
a ribbon are 180° out of phase, and
since the output from a pressure mi-
crophone is of the same phase, regard-
less of the direction of the sound
source, it is possible to obtain a uni-
directional response by combining a
bi-directional unit with a non-direc-
tional unit. When the sensitivities
of the two sections are equal, sound
waves from the back will be cancelled
out, resulting in the familiar “cardi-
oid” pattern of Fig. 3. This makes a
microphone which has maximum re-
sponse from the front, reducing to
one-half at the sides, and to zero at
the rear. By reducing the output
from one or the other of the sections,
this pattern may be modified to some
extent, resulting in the “super-cardi-
oid” which has a small pickup from
the rear is in Fig. 4. TI'or all-around
use, the uni-directional microphone is
recommended, in whatever type of
construction desired—crystal, ribbon,
or combination of ribbon and dynamic.
Fig. 5 shows the new Electro-Voice
Cardyne, a combination crystal and
dynamic microphone. Some of these
are furnished with a switch which
permits the microphone to be used
with various directional character-
istics, making it possible to have the
advantages of all three types in one
unit. Regardless of the type selected,
the frequency response should be as
wide as possible, in order that the best
overall quality can be obtained. There
should be no peaks in the response,
the curve being smooth from 50 to
8000 cps at least, with a still wider
range advisable if optimum quality
is desired.

The uses of the different types have
been mentioned briefly, but to sum up,
the non-directional type is advan-
tageous where a number of sound
sources are distributed all around the
microphone; the bi-directional type
serves best for orchestra pickup, or
for conditions where two people are
carrying on a dialogue, one on either
side of the mierophone; the uni-direc-
tional type is most useful where feed-
back is troublesome, with particular
advantages gained from its use on a
stage, where noises from the audience
should be kept to a minimum. A
combination of all three types in one
unit, selectable at will, is most suit-
able for all applications. It is espe-
cially recommended when only one
microphone is to be purchased.

— To Following Fage
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Fig. 1
actuated microphone.

Directivity pattern of pressure-
Curve shows

sitit to Le equally sensitive in all di-
rections.

Fig. 2 Curve for 'velocity” micro-
phores shows them to be bi-directional.

= —=i & ——PATTERN OUE TO RIBBON UMT
PATTERN DUE TO NON-DIRECTIONAL UNIT
COMPOSITE PATTERN DF BOTH UMITS

Fig. 3 Addition and subtraction of the

sound energy received by tue two sec-

tions of the uni-directional microphone

produce the overall pattern known as
a Cardioid.



Sound Equipment

— From Preceding Page

Fig. 4 The Super-Cardioid, resulting
from varying sensitivity of one element
with respect to the other.

Fig. 5 The new Electro-Yoice Cardyne

Model 726—a cardioid microphone in

which two units are combined to ob-
tain uni-directivity.

Speakers
Speakers may be classified best by
physical characteristics, since, like
microphones, good quality units of
any type can have sufficient power
handling ecapacity and an adequate

6

frequency response. The choice is
governed by the application.

Physically, the classification of
speakers includes the projector types
and the cone types. The projectors
consist of trumpets of different de-
signs, including the folded or re-en-
trant models, Fig. 6, which double
back upon themselves to reduce
length. There are many forms of
the cone type, the most common being
the ordinary radio speaker, as shown
in Fig. 7, mounted either in a wood
enclosure or in a metal horn-type
baffle. For wider frequency ranges, a
large cone may be combined with a
small one, as shown in Fig. 8, to make
the co-axial type, the signal applied
to each being restricted to a certain
frequency range. Thus, the larger
cone may be constructed to handle
more power at greater efficiency over
the low-frequency ranges, and the
small cone may be designed especially
for the high-frequency range, where
little power is present. For a still
wider frequency range, a large cone-
tvpe speaker may be combined with
a small high-frequency diaphragm-
tvpe unit as shown in TFig. 9, giving
wide distribution to the otherwise
sharply directional high frequencies.
This type of speaker is recommended
for applications requiring the highest
fidelity of reproduction.

For outdoor use, the re-entrant
horn is the most convenient to use,
is quite directional, and may be
equipped with one or more diaphragm-
type units, Fig. 10, capable of han-
dling up to 50 watts each, when neces-
sary for large installations. They may
be secured almost completely weather-
proof, and are recommended for all
outdoor uses.

Both types of speakers are obtain-
able with permanent magnet fields or
with separately excited fields. In gen-
eral, permanent magnet fields are
recommended for all PA applications,
particularly since recently developed
magnetic materials have made pos-
sible extremely high flux densities.
The use of PM fields reduces the num-
ber of wires required in the speaker
cable, and avoids the necessity of
either a separate field supply, or con-
nections to the amplifier for this pur-
pose.

Power handling capability and effi-
ciency are related to a large extent.
If 50 watts of power are fed to a
speaker that is only 10 per cent effi-
cient, the acoustic output is only 5
watts; the remaining 45 watts must
be dissipated as heat. If a speaker
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Fig. 6 A re-entrant hern type speaker
—the Jensgn Hypex.

Fig. 7 A straight come speaker—the
Quam-Nichols 12-inch P.M. heavy duty.

Fig. 8 A large and a small speaker

combined to give wider frequency re-

sponse and greater efficiency—the Jen-
sen JAP-60 coaxial speaker.

RADIO MAINTENANCE



is used that has an efficiency of 25
per cent, only 20 watts of power will
be necessary to obtain the same “loud-
ness,” and only 15 watts of power will
be dissipated as heat. Thus, there is
a saving both in amplifier power re-
quirements as well as in the heat-
radiating ability of the speaker itself.
High quality speakers of the cone type
reach efficiencies of 25 per cent, and
most horn units are built with about
this degree of efficiency. A few extra
dollars spent for an efficient speaker
will save money in the original cost,
as well as in cost of operation, of the
amplifier.

The frequency response of cone-type
speakers, particularly the co-axial and
duplex types, is considerably better
than that obtainable from the horn
types, especially in the low-frequency
ranges. A good co-axial or duplex
speaker, mounted in a well designed
bass-reflex baffle cabinet, is capable
of really superior reproduction, and
is recommended for applications re-
quiring the highest fidelity. When a
system is used primarily for speech,
horn-type units are recommended. A
further saving in power and an in-
crease in efficiency may be obtained
from horn-units by restricting the
frequency range of the amplifier to
about 150 to 5000 cps, thus relieving
the horn unit of the necessity of dis-
sipating as heat all of the sound
energy below the 150-cps point, since
the average horn will not radiate
much sound below that frequency.
Speaker resonance is a factor in
selection, but when units of high effi-
cieney are used, it may be overlooked,
since resonance is reduced consider-
ably by high flux density which is
the main governing factor in in-
creased efficiency.

Many types of horns and baffles
are available, and the location, cover-
age, and frequency response must be
taken into account in wmaking the
selection. For use with horn units,
the ordinary re-entrant trumpet cov-
ers an angle of 30 to 45 degrees, both
horizontally and vertically; the radial
horn covers about 30° in a vertical
direction, but in a horizontal direction,
it covers 360° which makes it especi-
ally useful when the speaker must
be mounted in the center of a room,
for example. Wall-type cabinets are
suitable for the smaller cone speakers,
increasing in size up to six or eight
cubic feet for 15-inch co-axial or
duplex units. A minimum volume of
about six cubic feet will insure good
low-frequency reproduction when used
with 12- or 15-inch speakers.

Amplifiers

The main classifications of ampli-
fiers are with respect to power out-
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put and gain, with secondary consid-
eration being given to frequency re-
sponse, distortion, input and output
impedances, number of inputs, and
controls.

The output requirements have been
covered previously (See May lssue)
but it should be restated that a mini-
mum of 15 watts should be supplied
for the smaller installations, such as
restaurants or small night clubs.
Power needs will range up to 150 or
200 watts for large outdoor installa-
tions such as baseball fields, race
tracks, and so on. One manufacturer
has recently announced complete sys-
tems which are so designed that addi-
tional 30- or 45-watt power stages
can be connected to an original 30-
or 45-watt amplifier simply by plug-
ging in, no tools except a screwdriver
being required. The power is thus
doubled, making a very convenient
arrangement particularly for a port-
able system, since it is possible for
the user to increase the overall power
output of his system without discard-
ing any of the previously acquired
equipment.

The gain required from a PA ampli
fier which is intended for use with
microphone inputs is from 110 to 130
db, and most PA amplifiers fall within
this range. Auxiliary inputs for
phonograph pickups should have at
least 65 db of gain. Adequate gain is
essential to provide satisfactory oper-
ation; and if the amplifier selected
has amplification of this order, it will
be capable of supplying sufficient gain
for practically any application.

The response from modern ampli-
fiers is generally uniform over a wide
range of frequencies in order that the
reproduced sound may bear a close
resemblance to the original. It is
relatively simple to design and build
amplifiers which have a response flat
within =2 db from 50 to 10,000 cps,
which is adequate for the average
PA system. Higher frequencies are
not reproduced by any but the finest
speakers, even if they are present in
the original and are picked up by the
microphones in use. Frequencies
lower than 50 cps require large and
complex speaker structures for effi-
cient radiation without distortion.
Therefore, there is no necessity in
most cases for wider frequency vre-
sponse, and excellent reproduction can
be had with any system that is flat
over this range, provided that there is
little distortion in the entire system.
This demands that all components be
selected with the distortion character-
istic given full consideration, Dis-
tortions not exceeding 2 per cent may
be obtained from modern amplifiers.
The figures quoted for any amplifier
refer to the distortion at the rated
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Fig. 9 A combined cone speaker and

high-frequency horn to obtain wide

frequency response and increased effi-

ciency — the Jensen HNP-51 coaxial
speaker.

Fig. 10 A diaphragm type reproduc-
ing unit—the Jensen Hypex is equipped
with a unit of this type.

output, so the use of a 30-watt ampli-
fier from which only 15 watts of
power are required will give improved
quality. The untrained ear will not
detect distortions of less than 2 per
cent, and it is interresting to note
that tube manufacturers rate their
power tubes in watts output at ten
per cent distortion. A push-pull 6L6
stage is capable of satisfactory oper-
ation to about 30 watts of output
when used with inverse feedback cir-
cuits of proper design, and a pair of
6V6’s will put out 15 watts of power
under the same conditions. The addi-
tion of more pairs of these tubes will
increase the available power output
so that 45 watts may be obtained
from a 6-tube push-pull-parallel 6V§
amplifier.

The application to which a system
is to be put will determine the number
of inputs that are required in the
amplifier. Two, three, four or even
more microphones may be mixed to-

To Page 21
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PART 1 wAs PRIMARILY devoted to
test equipment setups of varying
complexity for testing FM receivers,
and to general troubleshooting
throughout the set. This article is
mainly concerned with troubles to be
encountered in the diseriminator and
limiter cireuits. A discussion on
alignment of tuned circuits in F'M re-
ceivers will also be presented.

Troubleshooting in the
Diseriminator

Since the discriminator is signifi-
cantly different from circuits en-
countered in AM sets, a brief deserip-
tion will be given of typical diserimi-
nator circuits used in some of the
more common receivers. A typical
diseriminator, known as the Foster-
Seeley type, is shown in Fig. 1. In
this circuit, the IF signal on the limit-
er plate is coupled into the diserimi-
nator circuit in three distinet ways:

(1) By mutual coupling between
L-1 and L-2.

(2) By mutual coupling between
L-1 and L-3.

(3) By direct coupling through C-
2 and L-4.

Equal voltages are induced in L-2

N

lhis second article on FM Troubleshooting describes alignment
and common faults of the FM receiver

and L-3 by the familiar center-tapped
transformer action.

In the upper half of the detector
circuit of the schematic diagram of
Fig. 1, the voltages across L-4 and
L-2 are added directly in series and
are detected by V-2, causing a posi-
tive DC voltage to appear between the
junction of R-1 and R-2 and the
cathode of V-2. In the lower half
of the diagram, the AC voltages across
L-4 and L-3 are likewise added in
series; and due to detection by V-3,
a negative DC voltage appears be-
tween the cathode of V-3 and the
junction of R-1 and R-2. Since the
two diodes are connected differentially,
the DC output measured from the
cathode of V-2 to ground is either
positive or negative depending upon
whether the voltage across R-1 ex-
ceeds that across R-2, or vice-versa.
At the mid IF frequency, the two de-
tected voltages are equal, so that the
net difference is zero. Hence the dis-
criminator output is zero when the in-
put signal is undeviated in frequency.
At frequencies above the mid-fre-
quency, the net output is positive, and
conversely, at lower frequencies, the
net output is negative. This effect is
represented in the diseriminator re-
sponse diagram of Fig. 2. As the
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signal frequency is swept through the
IF band, the discriminator output will
alternately swing positive and nega-
tive at an audio rate. The linear
range of the discriminator response is
limited, as shown in Fig. 2. Beyond
the linear range, on either side, the
discriminator response flattens off and
then falls to zero for frequencies far
removed from the mid IF frequency.

With an understanding of the op-
eration of the discriminator, as de-
seribed above, it is now possible to
see what specific troubles may arise
in the circuit and how they may be
corrected.

(1) Severe Amplitude Distortion.
During high audio signal levels, the
quality might be very poor even
though the audio amplifier of the re-
ceiver is capable of accepting large
signals without overloading. In this
case, the most obvious difficulty is poor
tuning of the discriminator input. In
this connection, it should be remem-
bered that high level audio signals
correspond to wide frequency devia-
tions about the mid-IF frequency. If
the diseriminator is badly tuned, far
from resonance, it is likely that a
widely deviated signal will go “over
the hump” of Fig. 2. Even if the mis-
alignment is not quite so bad, the re-
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sponse might leave the linear portion
of the curve and get onto the flat
part of the peak. The results of this
are shown in Fig. 8. To correct, ad-
just condenser C-1 or C-3, the primary
or secondary tuning condenser of Fig.
1. Another possibjlity is that either
L-2 or L-3 is opened or shorted, or
condenser C-2 might be opened. Any
one of these troubles will cause one
or more of the AC voltages in the
detector circuit of Fig. 1 to vanish and
this will introduce bad distortion.

(2) Special Tuning Precautions.
The discriminator is dependent upon
the phase shift characteristic of the
interstage transformer between the
limiter and discriminator; and for this
reason, it is important that the pri-
mary (L-1, C-1) and the secondary
(L-2, L-3, C-3) of Fig. 1 both be
tuned to resonance simultaneously.
Since two mutually coupled tuned cir-
cuits are involved, it is possible to ob-
tain a satisfactory IF amplitude re-
sponse by staggered tuning effects
without the primary and secondary
being independently tuned to reso-
nance. By making such an error, it
is quite possible to destroy the phase
response of the transformer and there-
by introduce distortion into the dis-
criminator.

Specific Troubleshooting in

the Limiter

The limiter circuit is peculiar to
FM receivers and its operation should
be understood. In general, the main
function of the limiter is to pass no
more than a set signal level. Once
the “threshold level” has been reached,
any noise or amplitude modulation
added to the FM signal will be elimi-
nated in great measure from the sig-
nal in the limiter output.

There are various types of limiter
circuits in existing receivers, but all
operate on the same basic principles
to achieve limiting action:

(1) The tube is operated so that
the grid-swing between the conditions
of cut-off and zero grid volts is of the
order of 3 volts. The limiter tube
is invariably a sharp cut-off pentode.

(2) The limiter stage is always op-
erated with low screen voltage (50
to 100 volts) to achieve a low cut-off
voltage.

(8) The plate current is limited by
several factors, the most important of
which are:

(a) The loading of the input tuned

circuit by the flow of grid current

which tends to short circuit the grid

—> To Following Page

Photos at the right show a Stromberg-

Carlson FM receiver chassis. This is

an example of the better quality FM
receiver construction.
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FM Troubleshooting
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input during positive gridswings.

(b) If the plate supply to the tube

is very low (100 volts or less), and

if the plate voltage swings below
the screen voltage during the peaks
of plate current flow, all additional
cathode current will flow to either
the control grid or the screen grid.

In this manner, plate current satu-

ration is reached.

These effects confine the flow of
plate current between zero (cut-off
condition) and plate current maxi-
mum (saturation condition—usually
for zero grid volts) regardless of the
amplitude of the input signal, once
the threshold has been reached. The
resulting effect is shown in the limit-
er response diagram of Fig. 4. For
most commercial receivers, the thres-
hold occurs at RF input levels of 50
microvolts or less.

One of the simpler and more com-
mon limiter cireuits is shown in Fig.
5. The input connection to the limit-
er stage is made through the trans-
former which couples to the last IF
amplifier. The limiter stage itself is
operated at a reduced supply voltage,
on the order of 75 to 100 volts, with
the screen voltage somewhat lower
than the plate by virtue of the drop-
ping resistor R-2. The stage is op-
erated without steady bias, but derives
bias from the DC voltage developed
across R-1, C-4, due to the flow of
grid eurrent. Such a cireuit is called
“peak-riding,” because the DC bias
is always equal to the peak of the
AC wave, and grid current flows only
during the very peak of the input
grid-swing. A typical case of opera-
tion might be with a tube which cuts
off at 3 volts, and an input signal
with a peak swing of 20 volts. This
obviously indicates Class C operation,
since plate current only flows in short
bursts when the grid voltage is be-
tween —3 and 0 volts.

With the foregoing discussion as a
basis, we may now investigate the
most probable sources of trouble in
the limiter, and the necessary rem-
edies. Other than complete failure of
the stage, one of the more ecommon
difficulties is high sereen and plate
voltages. If this is the case, the grid
base will be considerably lengthened
and the “threshold” might change as
much as 50 to 150 microvolts. This
difficulty will arise if some of the
dropping resistors become partially
shorted or change their values in some
other manner.

Another possible failure in the
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{A) CORRECT- AUDIO
RESPONSE.
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A typical discriminator circuit, Foster-Seeley type.

POSITIVE
OUTPUT

FREQUENCY DEVIATION
FROM MID-FREQUENCY OF
1. LF. BAND

NEGATIVE
OUTPUT

LINEAR RANGE—|

d

(C) WIDE DEVIATION REACHES
THE FLAT PART OF THE
HUMP

Fig. 3 The effect on the output of a discriminator of a too widely deviated
signal.

limiter of Fig. 5 is blocking of the
grid. As was previously mentioned,
such a limiter is a peak-riding limiter
because the bias developed across R-1
—C-4 is derived from the grid current
flow during the peaks of grid voltage
swing. The exact operation is that
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condenser C-4 charges through the
grid-cathode path of the tube and
discharges through the resistor R-1.
If R-1 should open, there is no way
for the condenser C-4 to discharge.
Hence, if a large burst of signal, of
of noise, is received, C-4 will immedi-
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Fig. 4 Output response curve of a

limiter stage — threshold voltage is

usually on the order of 50 microvolts
or less.

ately charge to a large bias voltage.
However, after the burst has passed,
the high bias does not decrease and
the ordinary signal level is not suffi-
cient to swing the grid above the cut-
off voltage. The effect of such a
fault is to cause the receiver to ap-
pear dead for long periods of time,
and the only thing which can be heard
are sharp noise clicks, ete. Even if
conditions are not as bad as pictured,
the limiter operation can still be
faulty.

The diagram of Fig. 5 indicates
that R-1-—C-4 not only serves to bias
the limiter tube, but also provides
AVC bias for preceding IF stages. If
R-1 should open or become exceed-
ingly high in resistance, the AVC
voltage fed back to the preceding
stages will reduce the gain of the
amplifier during a noise burst but
will not recover sufficiently fast. The
result will again be dead intervals in
the reception until the AVC has had
sufficient time to recover.

Another type of limiter which is
to be found in the betier quality sets
is the double limiter shown in Fig. 6.
This circuit does not have any AVC
circuit, as shown, but by a simple re-
arrangement of resistors and condens-
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Fig. 5 A simple limiter circuit.

ers, AVC can be obtained. Such vari-
ations in design can be expected from
one manufacturer to the next. The
purpose of two limiter stages is to
make for an improved limiter re-
sponse. The first limiter is subjected
to the most severe fluctuations in am-
plitude coming from the antenna,
whereas the second limiter receives
a signal which has already been
clipped down to nearly constant am-
plitude. The second limiter makes it
possible to maintain the signal at an
almost perfectly uniform level.

We may summarize the discussion
of the limiter by pointing out the im-
portance of maintaining a small grid
base by operating at low plate and
screen potentials; and by insuring
that the grid circuit is not blocked by
the long discharge time required for
the bias condenser. In addition to
this requirement, it is also necessary
that the tuned circuits be properly
aligned.

Another important group of tests
is the alignment and checking of the
gain of the IF amplifier. Since the
limiter is also a tuned IF stage, it is
also included in this category. In gen-
eral, it is true that the gain of any

stage and its frequency response are
mutually dependent, so that if one is
wrong, the other will be wrong also.
The only exception occurs in the case
of a faulty tube, or where the con-
trol grid or screen grid bias voltages
are incorrect.

Following the same approach as in
the first of these articles, we will de-
scribe the alignment procedures for
various types of test setups. The
first method assumes only the simplest
of available test equipment, consisting
of a good signal generator and a DC
electronic (or 20,000 ohms-per-volt)
meter.

To check the alignment of the IF
amplifier with only a signal generator
and a DC meter is somewhat difficult.
First, to check the alignment of the
limiter, it is preferable that grid cur-
rent not be drawn. To prevent the
flow of grid current, an external bias
source may be connected across the
AVC condenser, C-4, which normally
appears in the grid circuit of the
limiter (see Fig. 5). Connect the
signal generator to the limiter grid
and the DC voltmeter to the dis-
criminator output. The primary of

— To Page 26
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Fig. 6 A two-tube or double limiter circuit.
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COURTESY ALLEN B. DUMONT LABORATORIES

This is the first of a series of articles on using the oscilloscope in radio
servicing. The theory, operation and application of this test instrument
will be completely covered in these articles.

N RECENT YEARS, one of the most use-

ful and versatile instruments to be-
come a part of the radio maintenance
man’s tools is the cathode-ray oscillo-
scope, or oscillograph. Its extreme
utility comes about through the fact
that so much useful information can
be gained from it practically at a
glance and with a minimum of effort.
It is not, however, a ‘“push-button”
instrument in the sense that a totally
unqualified and untrained operator
can hope to use it successfully: A
certain degree of familiarity with the
theory of the oscilloscope, a knowl-
edge of exactly what the funections of
the various controls are, and the abil-
ity to improvise with the instrument
are almost essential to its successful
operation. It is proposed in this ar-
ticle, and in those to follow, to pre-
sent the oscilloscope in all its details
to the serviceman, to give him a
working knowledge of the instrument

so that he may use it to its full
capabilities.
Among the many uses of the

cathode-ray oscilloscope are:
1. Checking of voltage wave-forins.
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Block diagram of a cathode-ray oscilloscope.
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8. Convenient check of band-pass of
an amplifier.

9. Frequency measurements.

AT ” ¢ .
[+ Irig.os__ﬁiv OSCIL‘_‘q&RB F

TIPE Jom-e

SRIal N0, - /2% vours.

10. As output indicator in signal
tracing.

11. Alignment of audio, IF, and RF
tuned cireuits.

12. Rapid check of characteristics of
a vacuum tube.

WL
%W WATYZ

13. Simultaneous observation of two
signals (with some additional ex-
ternal electronic equipment), e.g.,
comparing the input and output of
an amplifier, etc.

These, and other, uses of the ¥ sosizion \
cathode-ray oscilloscope will be gone s
into more thoroughly in later articles
in this series. For the present, we
shall consider only the oscilloscope it-
self—a brief theory of the cathode-
ray tube, a description of the elec-
tronic control circuits, and how the
two work together.

The Cathode-Ray Tube

The oscilloscope consists essentially
of a cathode-ray tube, high voltage
power supplies for the cathode-ray
tube, horizontal sweep circuits, hori-
zontal and vertical amplifier circuits, e St '
and B-+ power supplies. L Y-AX'S AMPLIFIER N | oy \

Fig. 1 is a block diagram of a typi- . : 2e \
cal cathode-ray oscilloscope. The units
and terms shown will be more fully
explained later. Fig. 2 shows the ex-
ternal and internal construction of a
typical test oscilloscope, the Du Mont
Model 208B.

At the heart of the oscilloscope is
the cathode-ray tube. This tube pro-
vides a visual means of examining
currents and voltages in electrical cir-
cuits. It is a special type of vacuum
tube in which electrons are emitted
from a hot cathode and caused to move
at a tremendous velocity, under the
influence of a high-voltage electric
field. The electrons are formed into
a narrow beam and are then allowed
to strike a fluorescent chemically-pre-
pared screen which glows at the point
where the electron beam strikes. The
electrons, being almost weightless,
can be deflected very rapidly at the
cost of negligible energy expenditure.
This enables the cathode-ray tube to
be used for measuring currents and
voltages which vary many thousands
of times a second.

There are two general types of
cathode-ray tubes: The electrostatic
and the electromagnetic. The electro-
statie type employs two pairs of metal
plates at right angles to each other
(as shown in Fig. 1 and 3) which de- COURTESY ALLEN B. DUMONT LABORATORIES
fleect the electron stream electrostati-
cally. The electromagnetic type em-
ploys a “pancake” coil about the neck Fig. Z External and internal views of a typical cathode-ray oscilloscape.
of the tube which deflects the electron

— To Following Page
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The Oscillograph...How it Works

From Preceding Page

stream by means of the electromagnet-
ic field resulting from current flow-
ing through it. Since most testing
cathode-ray oscilloscopes employ the
electrostatic type tube, this discussion
will be confined to it.

The elements of an electrostatic-
type cathode-ray tube comprise the
“electron gun” structure (heater,
cathode, intensity control grid, first
anode, second anode), the horizontal
and vertical deflecting plates, and the
fluorescent screen. The first anode is
used for focussing the electron stream
and the second anode is used for ac-
celerating the stream. The action of
the focus and accelerating anodes on
the electron stream is somewhat akin
to the action of a lens system on a
beam of light. Some tubes also em-
ploy a ring close to the screen, called
the intensifier or third anode, which
is held at a higher potential than the
accelerating anode in order to produce
a still brighter and more highly con-
centrated beam.

The Electron “Gun”

The electron gun consists of a heat-
er, a cathode, a control grid, and
focussing and accelerating anodes.
The cathode is a small nickel cylinder
coated with a layer of oxide. It is
indirectly heated by a spiral-wound
heater coil which is completely en-
closed and insulated by the cathode
cylinder. The intensity of the elec-
tron stream emitted from the cathode
(and hence the brightness of the spot
on the sereen) is controlled by the grid
which is another metal ecylinder
around the cathode cylinder, having
a small hole at the far end through
which the electron beam emerges.

The grid acts in two ways to con-
trol the intensity of the beam: (a)
It acts like any vacuum tube grid to
control the amount of emission from
the cathode, and (b) it acts as a lens
to concentrate the electrons into a
small beam which passes through the
hole in its end. The grid voltage is
always negative with respect to the
cathode; the greater this negative
voltage, the less intense is the electron
beam. If this voltage is made suffi-
ciently great (usually about —30 to
—50 volts) complete cut-off will occur
and no spot will appear on the screen.

The focussing (or first) anode is a
metal cylinder following the cathode
and grid. The accelerating (or sec-
ond) anode is either a metallic cyl-
inder after the focussing anode, or a
graphite coating on the inside of the
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Fig. 3 The upper illustration shows a 3" electrostatically deflected cathode-ray
tube of the type commonly found in test oscilloscopes. The lower illustration
shows the internal construction of this type of tube.

tube. Both anodes are positive with
respect to the cathode, the focus anode
100 to 500 volts and the accelerating
anode anywhere from 1000 to 2000
volts. Basic law states that like
charges repel and unlike charges at-
tract each other; therefore, the elec-
trons in the stream, being negatively
charged, will be attracted by the in-
creasingly greater positive voltages on
the focus and acceleration anodes. If
these voltages are carefully adjusted,
the electron stream will be narrowed
into a sharp beam by the time it
emerges from the second or acceler-
ating anode. The degree of sharpness
of focus is controlled by adjusting the
voltage on the focus anode with re-
spect to cathode. Focus voltage in
general has to be changed for differ-
ent beam intensities, i.e., different in-
tensity grid voltages. The accelerat-
ing anode voltage is held constant.

The Deflecting Plates

From the rule stated in the last
paragraph that like charges repel each
other and unlike charges attract, it
will be seen that if a stream of nega-
tively charged electrons is made to
pass between two conducting plates
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which are oppositely charged (like a
condenser charged by a voltage) they
will be attracted to the positive plate
and repelled from the negative plate.
The voltage difference between the
two plates constitutes an electrostatic
field. The electron stream passing
between the two plates will be at-
tracted towards the positive plate, and
the degree to which it changes direc-
tion from its original course depends
on how fast the electrons are being
pulled through the field and on the
intensity of the electrostatic field. If
the force driving the electrons between
the plates is great enough, the elec-
trons will merely be deflected from
their original course (as in Fig. 4});
if the driving force is too low, the
electrons will be pulled into the posi-
tive plate and will not emerge from
the electrostatic field at all.

In the electrostatic cathode-ray
tube, two pairs of deflecting plates
(like the pair described above), one
pair for vertical and one pair for
horizontal deflection, are mounted
next to each other. (See Fig. 3.) The
first pair of plates, being mounted
horizontally, cause the beam to be de-
flected up or down when a voltage is
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applied between them; the second pair
are mounted vertically and, hence,
cause deflection to the right and left.
With correct voltages applied to the
intensity grid and the focus and ac-
celerating anodes, if there is no volt-
age between the horizontal deflecting
plates (i.e., if both plates are at the
same potential) and if there is no
voltage between the vertical deflecting
plates, the electron beam will contin-
ue straight through between both
pairs of plates undeflected and will
strike the fluorescent screen at its cen-
ter. If the right deflecting plate is
made positive with respect to the left
plate (or if the left is made negative
with respect to the right), the beam
will be reflected to the right and will
strike the screen to the right of cen-
ter. Similarly, if the upper deflect-
ing plate is made positive with re-
spect to the lower plate (or if the
lower plate is made negative with
respect to the upper plate), the beam
will be deflected upwards and will
strike the screen above the center. The
amplitude of deflection from the cen-
ter of the fluorescent screen depends
on (1) the voltages on the deflecting
plates, (2) the accelerating anode po-
tential, and (3) the distance of the
screen from the deflecting plates.

Since for a given tube the spacing
of the tube elements is constant, and
for a given oscilloscope the second
anode potential is maintained con-
stant, the spot movement on the
screen will depend entirely on the de-
flecting plate voltages. Manufactur-
ers of cathode-ray tubes list, among
the tube characteristics, a property
known as the deflection sensitivity.
Deflection sensitivity is the amount
the beam will move across the screen
in millimeters for one volt applied
between a pair of deflecting plates. A
related characteristic, deflection fac-
tor, is the number of deflecting plate
volts required to move the spot one
inch on the screen. These figures are
given for both pairs of plates. A
typical tube, the 5BP1, has a deflec-
tion factor of 20-25 volts/inch, with
an accelerating anode voltage of 1500
volts.

The Fluorescent Screen

The rounded end of the cathode-
ray tube is coated on the inside with
a phosphor chemical which emits light
when bombarded with electrons. Dif-
ferent chemical materials are used to
produce different light colors: Blue,
green, yellow, or white. Green is the
color most commonly used in cathode-
ray oscilloscope tubes. The intensity
of light depends on the concentration
of electrons in the electron beam;
hence, the grid which controls the in-
tensity of the electron beam controls
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directly the intensity of light on the
screen.

Some screens are so coated that the
fluorescence persists for a measurable
time after the spot on the screen is
struck with the electron beam. Such
a screen, called a “long persisience”
screen, is useful in observing phe-
nomena which do not recur rapidly.
For most oscilloscope applications, the
phenomena being observed are of the
rapidly changing variety; and, hence,
since even moderately long persistence
or “afterglow” would confuse the
screen pattern, “short persistence”
tubes are usually furnished.

The first number in the tube type
is the size of the screen, and the last
number is the degree of persistence.
Thus, the 5BP1 is a five-inch diam-

)
LINES OF
ELECTRIC
FORCE

Fig. 4 The electrostatic field set up
by the potential applied to the plates
changes the direction in which the
electron stream is travelling.
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eter tube with short persistence; the
3BP7 is a three-inch long-persistence
tube.

Functioning of the Tube

A peculiarity of the human eye is
that it retains an image for about one-
fifteenth of a second, and no longer.
Therefore, if a changing voltage (e.g.,
a sine wave voltage) which alternates
less than 15 times per second is ap-
plied to a pair of deflecting plates,
the eye will be able to follow the mo-
tion of the brightened spot on the
screen quite clearly. If the voltage
alternates more than 15 times per
second (e.g., a 60-cycle sine wave),
the spot will be swept back and forth

— To Following Page

10 V.

BRIGHT LINE

Fig. 5 When two sine wave voltages
which are in phase are applied to the
vertical and horizontal plates of a
cathode-ray tube, the beam forms a
straight line on the screen as shown.
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at this rate and the eye will perceive
a straight line, with no flicker, which
represents the path of motion of the
spot.

If voltages are simultaneously ap-
plied to both pairs of deflecting plates,
then the spot will be deflected right or
left and up or down at the same time.
If, for example, the bottom plate is
grounded, the top plate put at 4100
volts, the left plate grounded, and the
right plate put at 100 volts, the
spot will be deflected up and right by
approximately the same amounts.
(Actually, since the horizontal plates
are physically after the vertical plates,
the spot will move slightly more up
than to the right.) If the voltages
are, say, 1000 cycle sine wave with a
peak value of 100 volts each, a 45°
straight line will result. (See Fig.
5)

Lissajous Figures

Fig. 5 is actually one form of a
whole series of pictures which can
be obtained on a cathode-ray oscillo-
scope screen when sine wave voltages
are applied to both pairs of deflecting
plates. These pictures are known as
Lissajous figures, after the man who
first discovered their significance. A
45-degree straight line results when
the horizontal and vertical voltages
are of the same amplitude (size), in
phase, and of the same frequency.
By “in phase” is meant that the hori-
zontal and vertical voltages start at
exactly the same point on the wave.
One complete cycle of a sine wave is
usually considered to consist of 360
degrees. Taking the horizontal volt-
age of Fig. 5, for example, the start-
ing point is 0 degrees, the first posi-
tive peak is 90°, the point where the
wave crosses the axis is 180°, the
negative peak is 270°, and the next
point where the wave crosses the
axis is 360° (or 0° again). Two com-
plete waves are shown.

If the voltages applied to the hori-
zontal and vertical plates are not in
phase, a pattern will be obtained
which can take on the appearance of
anything from a straight line to an
ellipse to a circle and back to a
straight line, depending on the de-
gree of phase difference. In Fig. 6,
if the vertical voltage is always the
same and the horizontal voltage takes
on five different phase relationships
with the vertical voltage, the five pat-
terns shown will result. (Note that
in all cases one complete cycle only is
shown on the horizontal channel for
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Fig. 6 Various types of patterns obtained with different phase relationships
between the vertical and horizontal voltages applied to the cathode-ray tube.

the one vertical eycle, which means the
frequency of the horizontal and verti-
cal waves is the same. It is only the
phase of the wave we are changing.)
The first figure, A, is actually a re-
peat of Fig. 5. B shows the pattern
obtained for a 45° phase difference,
C for 90°, D for 135°, and E for
180°. Going back from bottom to top,
D will also be the pattern as the phase
increases from 180° to 225°, C for
270°, B for 315°, and A for 360
Thus, if a known sine wave volt-
age is applied to one pair of deflect-
ing plates and an unknown sine wave
voltage applied to the other pair, and
if a pattern like one of those of Fig.
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6 is obtained, or somewhere between
any two patterns of Fig. 6, then it
can be deduced that the unknown volt-
age is of the same amplitude and fre-
quency as the known voltage and dif-
fers from it only in phase, the amount
of phase difference depending entirely
upon the shape of the pattern. The
effect of difference of size (or ampli-
tude) between the two waves will be a
change of shape of the pattern. For
example, for 0° we will still have a
straight line, but with a slope slight-
ly off 45°. The 90° circle will no
longer be a pure circle but a stretched-

—> To Page 28
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' PEAKERS ARE STILL difficult to ob-

tain; and since very often a faulty
speaker can be quickly placed in oper-
ating condition, it is a good idea to
review some of the common speaker
troubles and how they may be cor-
rected.

Speaker breakdowns fall into two
general categories, electrical and me-
chanical. Visual examination and use
of an ohmmeter are all that is needed
to locate faults in the speaker.

Electrical faults will be found in the
voice coil or field coil. A break in
the voice coil can sometimes be
reached and repaired by unwinding a
turn of the coil. Unwinding more
than one turn will change the im-
pedance noticeably; and, therefore, is
impractical. If, upon examining the
voice coil, a break should be found
within one turn of either end of the
coil, the turn may be removed and the
flexible bronze cable soldered to what
is then the end of the voice coil. The
lead should then be secured to the
cone with a large drop of speaker
cement. This will confine bending of
the lead to the flexible cable.

An open field coil usually must be
discarded. Heavy current fields can
sometimes be unwound a few turns;
and, if the break is near the surface
of the coil, they may be repaired.
Small speakers using high resist-
ance fields are almost impossible to
repair. For this reason, it is best not
to waste time looking for a break any
further than the end of the lead. A
grounded field coil can often be re-
paired by removing the coil, locating
the point which is causing the ground,
and insulating it from the speaker
frame.

Mechanical difficulties consist of
tears in the cone, off-center cones,
loose voice coil turns, dust and dirt
in the air gap, broken spiders, loose
field coils, etc. A cone can be checked
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for centering by holding the fingers
around the cone near the voice coil
and carefully foreing the cone in and
out. Pressure should be exerted
equally around the edge of the cone
when using the above method.

If the voice coil is rubbing the
center pole piece or magnet, and the
set is turned on, it will be felt as
well as heard. Another check can be
made by turning the set on and mov-
ing the cone back and forth with
the fingers while listening to the
background hum or rush. If the pitch
of the hum can be lowered or com-
pletely removed, the cone is probably
off center. Dirt in the air gap or
a warped coil give the same effect as
a coil which is off center. Should the
cone move freely but the speaker
rattle or sound fuzzy, the trouble is
probably a loose voice coil or broken
spider.

Should the speaker show symptoms
of one of the above faults, it should
then be examined in order to deter-

by Max Alth

mine whether or not it can be taken
apart. Some speakers are welded in
a manner which makes it impossible

— to Page 25

Fig. 1 Placement of shims used when
realigning the voice coil of a speaker.

The tear A can be repaired while the one on speaker B cannot.
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HE NEW AUTO RADIO PLANT of RCA

Victor has started production in
Chicago. It is the first plant in the
country devoted exclusively to the
manufacture of automobile radios and
is RCA’s first factory in the Chicago
area, according to Mr. J. B. Elliott,
Vice President, RCA Victor Home In-
strument Department.

The new plant, with 160,000 square
feet of space and an expected per-
sonnel of 700 employvees, will eventu-
ally be a completely self-sustaining
factory for the manufacture of ra-
dios for the automobile industry.

In the assembly section of the mod-
ern, daylight plant, four production
lines are set up using latest tech-
niques in straight-line production.
Assembly operations start at one end
of the line, running the length of
the building, and the radios progress
on a movable conveyor through test-
ing cages to the end of the line where
they are packed.

THE RADIO RECEIVER TUBE INDUSTRY
“will produce sufficient tubes to pro-
vide for the currently discussed going
rate of approximately 18 million re-
ceiver sets during the next twelve-
month period” and will “satisfactorily
take care of reasonable export plus
domestic replacements,” says Mr. M.
F. Balcom, Chairman of the RMA
Tube Division and Vice President of
Sylvania Electric Products.

His report shows that tube produc-
tion for 1936 will be in excess of the
139 million receiver-type tubes pro-
duced in 1945. Production has been
made doubly difficult because of
strikes, labor and raw material short-
ages, and the rise of material and la-
bor costs which caused tube manufac-
turers to produce at a serious finan-
cial loss.
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TRAFFIC INCREASES ON RADIO HIGH-
ways for the next few years have
been estimated by the Federal Com-
munications Commission as follows:

Standard broadcast stations, from

1000 to 1400;

Frequency modulation (FM) sta-

tions, from 50 to 3000;

Television stations, from 6 to 200

or 300;

Radio-equipped planes, from 3000

to 50,000,

Aviation ground stations, from 700

to 2500;

Two-way service for autos, taxicabs,

etc., from one city to 200 cities;

Radio-equipped railroads, from one

road to 150;

Fire department radio, from none

to 5000 cities;

Citizens walkie-talkie, from none to

200,000,

Amateur operators, from 60,000 to

100,000.

AN EXPOSITION by the Electronies
Industry will be held at the Grand
Central Palace, New York City, next
month, October 14-19. Thousands of
the public will have their first oppor-
tunity to see for themselves many
of America’s radio secrets which
helped win the war, including radio,
loran, shoran, and the proximity fuse.
The purpose of the exhibition, accord-
ing to its managers, Harry G. Cisin
and V. M. Eitingon, of Electronic Ex-
hibitors, is to show the public war-
time advances in electronies and how
they have been harnessed to peace-
time uses.

The exposition’s advisory committee
comprises leaders in electronic science
drawn from the fields of research,
communications, industry, medicine,
Army and Navy, as well as outstand-
ing figures, as follows: Dr. Lee De
Forest; Robert A. Millikan, Nobel
prize winner and electronics pioneer;
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E. F. W. Alexanderson, famous re-
search .engineer and inventor; Com-
modore H. A. Shade, Director of the
Naval Research Laboratory; Admiral
Julius A. Furer, retired, U. S. Navy
Office of Coordinator Research and
Development; and Dr. Samuel K. Al-
lison, Director of Nuclear Research,
University of Chicago.

The exhibition will cover communi-
cations, broadcasting, and industrial
applications of electronics. Exhibits
under communications will be grouped
into aviation, marine and industrial
categories. Broadcasting will be sub-
divided into AM and FM radio, tele-
vision and facsimile. Industrial appli-
cations will show equipment used in
industry, medicine, science, music and
crime detection, as well as basic ma-
terials used in manufacture, such as
plasties, glass, metals, ete.

Special features include models of
inventions, a Hall of Fame of the
great figures who have contributed
to electronics, and daily lectures with
demonstrations by notable experts.

For the serviceman, the most in-
teresting feature will probably be the
showings of their latest models by the
leading radio manufacturers who have
been invited to exhibit.

MULTI-WEAVING, a new process be-
ing used by General Electric Company
to “weave” various metals for decora-
tive grilles in radio receivers, can also
produce many patterns of woven plas-
tics, wood and rubber for various do-
mestic and industrial applications, ac-
cording to E. A. Malling of the GE
Specialty Division, Syracuse, N. Y.

The strands and fillers used in
multi-weaving are held securely in
position under tension at the points
of intersection. The metal or other
material used does not vibrate under

—> To Page 2B
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HE SIHALLCROSS MANUFACTURING
Company has just announced a
large wall chart on resistor engineer-
ing data which it is making available.
The chart contains complete data on
the Shalleross line of Akro-ohm pre-
cision resistors. The chart also con-
tains all necessary information on the
electrical characteristics of the re-
sistors, as well as mounting and ter-
minal specifications.
To secure your copy of this chart,
write to the Shalleross Manufacturing
Company, Collingdale, Pa.

The General Electric Company has
just released their new brochure cov-
ering vacuum capacitors. The cata-
log gives a complete listing of the GE
line. Also included in the catalog
are structural data, outline drawings,
performance data and applications.

To secure a copy, write to the Tube
Division, General Electric Company,
Schenectady, N. Y.

The Centralab Division of Globe-
Union, Ine., has begun a policy of
issuing temporary bulletins that will
bring pertinent information to cus-
tomers and prospects as quickly as
possible. The company states that
this is being done because of the
changing econditions in the radio in-
dustry. The bulletins will later be
incorporated in permanent catalogs.

The first bulletin is No. 933 on the
new Centralab B C capacitors. It in-
cludes part numbers, standard values,
tolerances, working voltages, power
factor limits, leakage resistance and
color code and dimensions of the new
parts.
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To avoid delay when writing to the manufac-
turer give issue and page number.

You can obtain a copy by writing
Centralab, Division of Globe-Union,
Inc., 900 East Keefe Avenue, Mil-
waukee 1, Wis., requesting Form 933.

The Electroniec Laboratories’
chure on Standard Vibrators for
Power Supplies ean be obtained by
writing the company at 122 West New
York Street, Indianapolis 4, Ind.

This booklet gives comprehensive
information on vibrators, including a
general description, how to order Elec-
tronic Laboratories vibrators, sche-
matics, standard container data,
mounting and other useful material.

The AEROVOX RESEARCH WORKER,
which is distributed free to those en-
gaged in radio-electronic work, has
fully recovered from wartime handi-
caps and is back on schedule. Pres-
ent issues carry an excellent series on
ultra-high-frequency theory and prac-
tice.

bro- |

-]
trolytics available once again,
Berovox postwar line contains the greatest
choice of electrolytics yet offered. There are
many different types of metal-can electro-

It's good to have these metal-can elec-
In fact, the

lytics now available. Because of generous
sections and metal containers, these electro-
lytics really “can take it"—hour after hour,
day in and day out, month after month—in
equipment that simply must stand the gafi.

To receive a free subscription of this |

fine little publication, write the Aero-
vox Corporation, New Bedford, Mass.

Bulletin SFF-100 describes three
new Solar “LElim-0-Stat” radio inter-
ference filters for fluorescent lamps.
The filters are of two basic electrical
types: A balanced twin-pi filter for
maximum attenuation; and a delta
capacitor filter for normal usage, the
former Type EF-100 and the latter
Types EF-101 and EF-102 in “bath-
tub” and eylindrical metal housings.

Copies "are available on request
from Solar Manufacturing Corpora-
tion, 285 Madison Ave., New York 17,

N. Y. —> To Page 29
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o Ask Cur Jobber ..

Ask for the latest Aerovox catalog contain-
ing that outstanding choice of electrolytics,
as well as other types of capacitors., Or
write us direct.

AERGVOX CORP,NEW BEDFORD,MASS., U.S.A.
' Export: 13 E. 40th St., New York16,N.Y. » Cable: ‘ARLAB’
In Canada: AEROVOX CANADA LTD., Hamilton, Ont,
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Gentlemen:

I have been receiving your excellent
magazine ever since the first issue. I
believe that no serviceman would go
amiss in subscribing to it.

I welcomed particularly the articles
on television, and am looking forward
to more in the same vein. Much has
been said on the servicing of tele-
vision receivers, and most servicemen
have lapped it up eagerly. But many
are looking forward to it appre-
hensively, uncertain even with the tre-
mendous amount of reading they are
doing.

The trouble, as many of them say,
is that they have never handled one
or seen the insides except on paper.
Many of them are of the opinion that
several thousand amateurs building
television receivers will do more to
stimulate the sale of factory sets than
the most elaborate pump priming of
distributor and wholesale organiza-
tions. Several reasons can be noted
for this opinion, one being the same
unfamiliarity of the potential con-
sumer with television technicalities,
and another, the uncertainty of eco-
nomical maintenance and repair.

I believe that this would be a good
opportunity for your magazine to run
a series of articles in which a tele-
vision receiver would be built. An
average serviceman under the guid-
ance of a trained engineer could do
the assembling.

An enterprising company could fur-
nish the circuit, and get itself a great
deal of free advertising plus many
men trained to repair and handle its
circuits. The latter would be a great
advantage in establishing public con-
fidence in their product.

Sincerely yours,
S. GROSS
326 East 96 Street
Brooklyn 12, N, Y.

Editor: Are there any other readers
of the same opinion as Mr. Gross?
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Gentlemen:

I have been a subscriber to your
magazine since the first of the year
and from experience I can say it is
the best of its kind on the market
today.

I have one small gripe to make, if
you can call it that. Up to this time,
you have been mailing your magazine
folded. I am one who appreciates
every issue and takes pride in keeping
them in a binder. The gripe is that
when the magazine is folded, it is
inconveniently creased permanently,
is rather bulky, and is defaced rather
badly.

Why not roll every issue and then
mail it? It doesn’t take as much
time and certainly doesn’t cost any
more and it will be a blessing to us
servicemen who rely on our copies
from time to time for reference.
Here’s hoping you will grant us this
one small privilege.

Yours truly,
BUDDY FALOR
North Georgia Trade School
Clarkesville, Ga.

Editor: Material shortages make it
impossible to get suitable wrappers.
This issue was mailed flat without a
wrapper in hopes that it would reach
readers in better shape. We would
like to know the condition in which
it is received by you.

Dear Editor:

Your magazine started out to do a
wonderful job for the service man
and I was happy to become a sub-
scriber. However, in six short months
it has degenerated into a monthly
advertisement for the Silver “Vomax”
and little else. I call your attention
to your “June-July 1946” issue in
which pages 10-33 are devoted ex-
clusively to a none-too-honest “plug”
for the single product of one manu-
facturer (and a product of question-
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able merit at that) and I want my
resentment to be known to you. Surely
you must own considerable stock in
McMurdo Silver, Incorporated—pre-
vious issues have fairly burst with
praise (and space) for this one
product.

I subscribed to your magazine in
the hope of acquiring useful informa-
tion, but since it has become a mere
“house-organ” for the Silver Vomax,
I find it unworthy of my time—I'm
far too busy to spend money on
monthly advertising of one product.
Accordingly, you may cancel my sub-
seription upon receipt of this letter.

Very truly,
JULIAN H. SILVERMAN
834 Carlston Avenue
Oakland 10, California
Editor: We can only say we wish you
were right (about owning stock in
the McMurdo Silver Company).

Gentlemen:

I have received the June-July
issue and was very much satisfied
with its contents.

I was very much interested in your
article on the Silver “Vomax” because
I have been using one since the latter
part of February and it is the best
piece of test equipment it has been
my pleasure to use. I also use a
Precision Electronic Model 200 signal
tracer for “aural” signal tracing. My
other equipment consists of a Pre-
cision K200 signal generator and
Superior 450 tube tester.

I am in agreement with Mr. Mer-
win regarding some of the brain
storms put out by radio design engi-
neers. While some of the circuit
designs are “screwy,” some of the
mechanical arrangements really ‘“‘take
the cake.” I have in mind one per-
meability tuned job put out by a well
known company. On this particular

—> To Page 29
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Sound Systems

—> From Page 7

gether in the average PA amplifier,
with additional provision for one or
two turntables. It is possible to ob-
tain amplifiers with acecommodation
for almost any desired number of in-
puts. In selecting the amplifier, the
user must keep in mind the micro-
phones he intends to use with it—if
low-impedance microphones are to be
used, it is necessary that the ampli-
fier be equipped with necessary trans-
formers to match them. For general
use, high-impedance input circuits will
result in a less expensive installation,
but high-impedance circuits have their
disadvantages when the microphone
cables must be long.

A sufficient number of output im-
pedances must be available to permit
the connection of the required num-
ber of speakers. In general, it is
recommended that speakers each be
equipped with a transformer match-
ing the voice coil impedance of the
speaker to a 500-ohm line in order
that the losses in the speaker lines
may be kept to a minimum. If 500-
ohm speaker lines are used, it is con-
venient to have output impedances of
500, 250, 167, 125, and 100 ohms for
connection to 1, 2, 3, 4, or 5 speakers,
respectively.

Controls

In order that the PA equipment
may be adjusted to meet the varying
conditions found within a given in-
stallation, a number of controls of
different types are generally provided
on the amplifier. These controls are
of four general types: Gain, both in-
dividual to each input, and “inclusive”
for all inputs; Tone, either treble or
bass, or both; Compression, to limit
overloads and to reduce amplification
on high level source material; and
Expansion, to increase the contrast
between low and high level passages.
The latter two are not commonly
available, but for high quality instal-
lations they are often of great use.

To provide adequate mixing facili-
ties so that the sound outputs from
various microphones may be combined
in any desired degree to obtain the
best overall effect, a separate gain
control is necessary for each input
circuit. In addition, it is convenient
to have one control which can vary
the gain of the entire amplifier, mak-
ing it possible to increase or decreuse
the signal from all inputs simultane-
ously. This control is known as a
master gain control, or in professional
applications, the “inclusive.” The in-
dividual controls should be so con-

—> To Following Page
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common use, and is quite satisfactory.
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This method is in

Fig. 12 This circuit is satisfactory for mixing two inputs, although some loss in
low frequencies results at low settings of the controls.
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Fig. 13 Third type of mixing circuit, also satisfactory.
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Sound Equipment

—> From Preceding Page

nected in the circuit that it is possible
to vary any one source without dis-
turbing the signal from the others.
Many different circuits are used for
this type of combining; those of Fig.
11, 12 and 13 are considered satisfac-
tory, while those of Tig. 14 are not,
since they do not give complete con-
trol of the entire output of the sepa-
rate channels. Capacities C: between
the various elements of the dual tubes
are suflicient to “talk through” at
high frequencies, and these circuits
should be avoided.

Separate bass and treble tone con-
trols should always be. available on a
PA amplifier, since it wll often be
found that improved performance
may be had if it is possible to in-
crease or decrease the response of the
upper and lower ranges separately.
In many installations, the effects of
feedback may be eliminated by the
reduction of amplification at specific
frequencies, rather than by reducing
the overall gain of the amplifier.

Compression controls, with the asso-
ciated tube circuits, are very con-
venient to avoid overload when an un-
expected loud sound is applied to the
microphones. Another use for the
compression feature is to provide a
nearly constant output from a source
with varying sound intensity. This
feature is not in general use, but is
helpful in some applications.

Expansion controls are sometimes

Fig. 15 The new RCA portable varia-
ble-speed record player for use with
PA systems.

provided on modern amplifiers. Since
the maximum volume range of phono-
graph records is around 45 db, and
the normal volume range of a full
orchestra is in the order of 65 db,
expansion will give a high degree of
realism. Expansion controls are not
desirable for use with direct pick-up
from live performers or from an or-
chestra. Their use should be restricted
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Fig. 14 Capacity C: between tube elements results in crosstalk between chan-
nels. These circuits are not satisfactory.

Fig. 16 A radio tuner especially designed for use with PA systems—made by
the Bogen Company.

to the reproduction of music from
records.

Remote Control Equipment

Some types of amplifiers use “elec-
tronie” mixing in which the gain of a
tube is controlled by a varying DC
bias applied to one or more of its
grids. When this type of circuit is
used, it is quite simple to extend the
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controls some distance from the ampli-
fier. In many installations this is an
advantage since it permits a small
control box to be placed anywhere in
the room or auditorium, leaving the
amplifier nearer the microphones.
Since all amplifiers do not have this
type of mixing, it is not always pos-
sible to attach a remote control to
them. If this feature is considered

RADIO MAINTENANCE



desirable for a particular installation,
it is well to make certain when
choosing an amplifier that it may be
equipped with these facilities. Some
more complicated arrangements pro-
vide remote tone controls, but these
are uncommon and the use for them is
very limited.

If complete remote control is neces-
sary, it is advisable to install a sepa-
rate pre-amplifier for each microphone
or other input, and to connect their
outputs at low impedance to a mixer
panel which may be located anywhere
that is convenient. The outputs of
the various mixer controls may all
be connected to an inclusive control,
and may be followed by any required
type of tone control, equalizer, or
filter, prior to feeding the booster and
power amplifiers.

Turntables and Pickups

Many PA installations require the
use of a phonograph turntable for
reproduction of recorded music in
various forms. For restaurant use,
for example, a changer is often de-
sired, preferably one which will play
at least ten or twelve records. For
many uses, a simple turntable and
pickup are quite sufficient, however,
and the application will determine
which is to be employed.

Turntables and pickups comprise a
subjeet that will probably never be
settled completely. Some users prefer
crystal pickups while others prefer
magnetic or dynamic types. Some
prefer rim-drive motors, while others
prefer different types. Each has its
advantages and limitations. The
choice will be governed largely by the

Fig. 17 The new Electro-Voice floor-
type microphone stand.
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cost and the importance of the appli-;
cation. For best results, it is well to
choose a heavy-duty motor, regardless
of the type of drive employed. Fig.
15 shows an excellent portable record
player designed for use with PA
equipment.

The crystal pickup used for phono- )

graph records is somewhat easier to
equalize, especially when used with
an amplifier with high-impedance in-
puts. High quality magnetic o
dynamic pickups are of considerably
lower output level than the ecrystal
types, and they require as much |

equalization, though of a diﬁ'erent“
k

type. The recording characteristic
used with ordinary phonograph rec-|
ords will not reproduce “flat” with |
any type of pickup unless some equal-
ization is employed. Crystals must be
equalized on the high-frequency range,
and magnetic and dynamic pickups
must be equalized on the low-fre-|
quency range. i

Radio Tuners

While many PA installations re-
quire the use of a radio tuner, it
seems that there are very few of these
devices on the market that are de-
signed especially for this application.
There are, however, a few high qual-
ity tuners which will give excellent
reproduction from radio pickup. For
applications whiech require this serv- |
ice, an ordinary radio set may be
connected to the phono input of a
standard PA amplifier simply by run-|
ning a shielded wire from the “high
side” of the volume control on the
radio set to the amplifier. This ar-
rangement is not particularly recom-
mended for permanent installations,
but will serve when a radio input is |
required for occasional use. For per-
manent use, a tuner especially de-'\
signed for this purpose, such as the|
one shown in Fig. 16, should be in-
stalled. |

Miscellancous Items

A complete PA installation will re-
quire the use of a number of miscel-
laneous items, among them being
cable connectors, line transformers, |
microphone stands, fuse boxes, and the |
items of wiring and cabling. The
latter items will be described in a |
section of this series under “Installa-:
tion.” Cable connectors are required
for microphone and speaker circuits.
For the former, several satisfactory
types are available. Amphenol cable
connectors are suitable for permanent
indoor installations, where the con-
nections are not often disturbed. For
outdoor use and for portable equip-

ments, heavier plugs and receptacles |
\
—> To Following Page |
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DOUBLE REENTRANT
PROJECTOR

Many sizes. From 15 in.
air column to & foot air
column.

SRRy S
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360 RADIAL

CHANDELIER

PROJECTORS
Double Reentrant. For
driver units. 3 and 4

foot air column lengths.
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DRIVER UNITS

Various Power Handling
Capacities. Newest types
of Indestructible Phenolic
Diaphragms.

Sonoanne. e bonasans
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MINIATURE TYPE
REENTRANT
PROJECTORS—
BOOSTER SPEAKERS

High-efficiency,Weather-
proof. Complete with
Driver Unit and Univer-
sal Bracket.

CONE TYPE
PARABOLICS and
CHANDELIER BAFFLES

for all size cone speak-
ers. Wooden and Metal
Cone Speaker Enclosures,
Bafles, Carrying Cases,
Loud Speaker Support
Stands and Brackets.

|
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MICROPHONE
SUPPORT STANDS

20 types and sizes. All

Fittings, Adaptors and
Accessories. Floor
Stands, Desk Stands,
Banquet Stands, Boom
Stands.

Write for New lllus-
trated Catalog Sheets.

\444 39¢h St., Brooklyn 18,

AS SOUND

CORPORATION
N. Y.
—arw
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SIMPSON Portable
YOLT - OHM - MILLIAMMETER

MODEL
215

S

&

Net
Size: 5, wide; 7”7 long; 3" deep. Weight:
2!/; Ibs. Has all essential ranges, botthC
and DC. First small, low-priced instrument

i to have 44" meter.

RANGES

(5,000 ohms per volt D.C.: 1,000 ohms A.C.)
Yolts, AC and D.C.: 0-2.5, 10, 50, 250,

1,000, 5,000.

Oufpuf AC Volts: 2.5, 10, 50, 250, 1,000,

M||I|amperes D.C.: OIO IOO 500.

Microamperes, D.C.:

Decibels: (5 ranges) ——I2 fo -+52 DB.

Ohms: 0 to 4,000 (30 ohms center):
1 400,000 (3, 000 ohms center):
] megohms {30,000 ohms center).
]

READY at Milo!
FEDERAL

0 to
0 to 4

SELENIUM RECTIFIER

Console Radios

AC-DC Portables
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i | Orders
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Orders
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168 Washington St., New York 6, N. Y.

Export Div.:
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Sound Equipment
— From Preceding Page

of Cannon or Hepco manufacture are
much more satisfactory. Speaker cir-
cuits are best connected by means
of Hubbell “Twist Lock” plugs and
receptacles. To avoid possible dam-
age from plugging speakers into
power circuits, it is advisable to use
three-wire plugs for the speaker cir-
cuits.

When low-impedance microphones
are used with amplifiers having only
high-impedance input circuits, it is
possible to use transformers designed
to be connected in the cable circuits
between microphone and amplifier.
These units are not much larger than
a standard cable plug, and are gen-
erally provided with male and female

| ends for direct connection with stand-

ard cable plugs. The only precaution
regarding their use is to make sure
that they are not exposed to AC fields,

' causing hum pickup.

Microphone stands appear to be a
very simple problem—until you have
chosen the wrong type and have to
put up with its limitations. Stands
are available in a number of forms
for different purposes. For general
use in permanent installations, the
use of heavy-based stands is sug-
gested, with as noiseless a means of
adjusting height as it is possible to
obtain. Fig. 17 shows a stand which
will give excellent all around results.
The height adjustment mechanism is
quiet and easy to use. Flexible cou-
plings are available for isolating vi-
brations of the floor from the micro-
phone itself. Lightweight, collapsible

| stands similar to music racks are con-
' venient for use in portable systems,

' be made

although they are limited to use with
lighter microphones. When heavy
microphones are used on light stands,
there is a great possibility of their
being upset. Short stands are partic-
ularly useful when microphones are to
be used for dinners and banquets. They
are similar in appearance to ordinary
floor stands, but shorter in length.
Deskstands of various types are avail-
able, and in some cases they are
equipped with flexible “gooseneck”
tubing, permitting adjustment to al-
most any required position. For use
around a piano, a “boom” type stand
is useful, supporting the microphone
where desired at a distance of some
three to four feet from the stand
proper.

For complete protection, both sides
of the power line feeding an amplifier
should be fused. When the amplifier
itself is not fused, a small box can
up containing two plug
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fuses—one for each side of the line.
A line cord and one or more outlet
receptacles should be provided.

Conclusion

This compilation of the character-
istics of PA equipment is offered with
the desire to familiarize the pros-
pective PA man with the problems
involved, and the factors that must be
considered in the assembly of a com-
plete system. The installation of PA
systems is not complicated, but there
are a number of “rules of the thumb”
that must be followed to achieve suc-
cess, as well as the personal satis-
faction of doing a good job. ¥ ¥ ¥

More PA
articles are
on the way

in forthcoming

issues of
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IN CONTINUITY TESTS

Speed of testing is essential to
the progressive service shop.

The Naken tester combines in
one unit a combination of a
light and a buzzer by which the
flash of light or the sound of the
buzzer will indicate an open or
short circuit. Compact size test-
er. May be carried in pocket,
service  kit, mounted
service bench,

or on

The tester will also indicate a
presence of voltage of approx. 6
volts and may be used to check
automobile wiring, etc.

Aprox. Price complete with
test leads $7.65

NAKEN ENGINEERING & MFG. CO.

25 NO. FRANKLIN STREET
CHICAGO 6, ILLINOIS
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Service Bench

— From Page 17

to repair the voice coil. If it is pos-

sible to take the speaker apait, pro-
ceed as follows: If the speaker has
a felt dust cap, place a few drops of
acetone on the edge of the cap, and
after a few moments, gently pull it
off. If the dust cap is of paper and
is part of the cone it elf, it will have
to be cut out (it ean be replaced later
with a piece of felt). Next, the spider
should be loosened. If it is a glued
ring, loosen it by applying acetone.
Now the outer edge of the cone should
be loosened. Place three shims of
equal thickness around the voice coil

as shown in Fig. 1. The spider may

then be fastened. When the spider is |
in place, the outer edge of the cone
should be tightened.

Warped voice coils may often be
repaired by removing the cone from
the speaker, carefully applying ace-
tone to the voice coil until it has
softened, and then placing a cork cut
to proper size in the coil as shown in
Fig. 2. When dry, the coil should be

Fig. 2 Cork is placed in voice coil as
shown.

coated with a thin mixture of cement.

A loose voice coil can be repaired
by rubbing it with the fingers in the
direction of winding and then apply-
ing a coat of thinned cement. Several
layers of cement are usually necessary.

Torn cones can usually be repaired,
providing the tear is not too large.
Quite long tears which run parallel
to the outside rim of the speaker as
in Fig. 3A, can be repaired with a
strip of paper. If the tear runs from
the center of the speaker toward its
outer edge, as in Fig. 3B, and is over
an inch or two long, it is not practical
to repair it due to the way in which |
the cone must flex in normal operation.

Loss of bass response in a speaker
is an indication of a weakened mag-
net or a shorted field. If the diffi-
culty is in the magnet, the magnet
may be remagnetized with a coil con-
sisting of approximately one pound of
#16 wire and a 6-volt storage battery.
A small compass will be found helpful
in order to find the proper direction
of magnetization. » » ~

NEW SOLDERING GUN

| SPECIAL SOLDERING GUN
ADVANTAGES

TIP STAYS TINNED
NO BURNING

SEE WHERE
-~ YOU SOLDER

SOLOER AROUND
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can save time by the fast heat- \ :
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FM TROUBLESHOOTING

—> From Page 11

the transformer in the limiter plate
circuit should be tuned to give the
proper resonance curve around the
intermediate frequency. This curve
should be flat within 8 db from 75
ke below to 756 ke above the nominal
IF. The actual types of tuned cir-
cuits may differ from one manufac-
turer to the next, but it can usually
be assumed that the coupling and
loading of the transformers are cor-
rect. Usually, only the resonant fre-
quency will have to be readjusted if
a tube is replaced.

In the case of all IF stages prior
to the limiter, one must again exer-
cise special precautions. In normal
operation, the limiter draws grid cur-
rent and consequently loads down the
tuned circuit at the limiter grid.
Since the grid circuit loading also
affects the tuning, the IF stages ahead
of the limiter must be tuned when a
large signal is impressed on the limit-
er grid. To align each of these stages,
connect the signal generator to the
grid, and the DC voltmeter across the
AVC condenser in the limiter grid cir-
cuit. Since the AVC voltage is pro-
portional to the signal level at the
limiter grid, these DC voltage read-
ings are a good measure of the signal
strength. The overall response from
the first IF tuned circuit to the limiter
grid should be flat within 3 db over
a range of *=75 ke from the nominal
intermediate frequency. It must be
strictly emphasized that any DC read-
ings in the Diseriminator output have
no relation to the frequency response
of the IF stages ahead of the limiter.
All DC measurements, in this respect,
must be made in the limiter grid cir-
cuit (such as across the AVC con-
denser). Furthermore, since the AVC
voltage is usually small, and since the
AVC resistor is usually large, the re-
sistance of the voltmeter must be very
high, which virtually dictates the use
of an electronic voltmeter.

The manufacturer will usually give
sensitivity figures, or it may be de-
termined in other ways that the gain
of the IF section is too low. In this
case, tubes should be tested and biases
should be checked. In many cases,
the gain may be increased by increas-
ing the screen potential, reducing the
grid bias, or by tapping down on the
AVC resistor so that not too much
AVC bias is fed back to the IF grids.

With the IF sections properly
aligned, we can turn to the RF ampli-
fier (if any) and converter sections
of the receiver. In the simplest set-
up, the only test equipment needed for
RF is a rudimentary oscillator with
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FREQUENCY

(A)) Frequency variation of signal generator

(B.) Horizontal sweep of oscilloscope

Fig. 7 The frequency variation of the signal generator and its relation to the
horizontal sweep of the oscilloscope.

just a few calibrated frequencies in
the FM band. This will be enough
to align the local oscillator to track
properly. The RF signal is fed to
the grid of the mixer and the sep-
arate trimmer controls of the local
oscillator are adjusted so that it beats
with the RF to give the correct in-
termediate frequency. The RF oscil-
lator should be at a frequency in the
FM band, around 100 me. If the IF
is 10 me, the local oscillator will be
10 mc higher or lower in frequency
than the RF oscillator, depending up-
on the manufacturer.

The condition of proper tracking
can be easily recognized by a maxi-
mum voltage reading on the DC volt-
meter in the limiter grid circuit.

It now remains to align the RF
tuned circuit. Since the receiver is
now quite sensitive, and since the lo-
cal oscillator is properly aligned, the
RF section can be aligned against
actual broadcast signals. Two or
three different stations, at either end
of the band and in the middle can be
picked up. The RF trimmer adjust-
ments should be made against these
broadeast stations so that maximum
DC voltage is observed in the limiter
grid circuit. The receiver should now

FORWARD

REVERSE

Fig. 8. Pattern obtained from a prop-
erly aligned discriminater using the
method described in the text.
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be sensitive, selective, and sufficiently
broad band for high fidelity reception.

The foregoing description of align-
ment procedure with regard to FM
receivers is based on the assumption
that only a minimum of test equip-
ment is available. However, one must
be prepared to pay in time for what
one does not possess in test equip-
ment. With the above material as
a basis, we can now progress to more
elaborate test setups for alignment
purposes.

Frequency Swept Signal
Generator

In the first of these articles on FM
troubleshooting, we described briefly
the use of a frequency swept signal
generator and oscilloscope in testing
the discriminator, limiter, and IF
stages of an FM receiver. It was
pointed out how valuable a time-saver
this apparatus would prove to be since,
in a single presentation on the oscillo-
scope screen, the entire frequency re-
sponse of a given stage or group of
stages can be observed in one glance.
The following is a description of the
way in which this equipment is used.

The frequency swept signal gen-
erator normally has the following
adjustments:

1. IF mid-frequency

2. Extent of frequency deviation

3. Attenuator adjustment for con-

trolling the amplitude of the sig-
nal

4. Marker frequency control. which

produces a pip on the oscilloscope
pattern at a desired frequency
(or pair of frequencies) for
identifying purposes.

Also, a synchronizing voltage or
phasing control is usually available
to lock the oscilloscope sweep to the
sweeping rate of the signal generator.
The frequency of the signal generator
is swept by a motor-driven condenser
which rotates at a 60-cycle rate. Thus,
sixty times per second, the signal
frequency changes from the lowest
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to the highest frequency and back.
The variation of frequeney versus
time is a triangular wave, as shown
in Fig. 7a. This triangular wave has
a repetition rate of sixty full sweeps
per second. The oscilloscope hori-
zontal sweep is normally a 120-cycle
sawtooth as shown in Fig. Tb. The
final result of this combination of
waveforms is that during one sweep
of the oscilloscope, the frequency re-
sponse of the stage under test is pre-
sented as the frequency is swept from
the lowest frequency F-1 to the high-
est F-2. During the next sweep across
the screen, the reverse pattern is pre-
sented, corresponding to the same
frequency response as the signal fre-
quency is swept from f-2 to f-1.

By proper synchronization and
phasing of the sweep generator and
the horizontal deflection of the oscil-
loscope, a symmetrical and centered
pattern of the frequency response is
seen at all times. This is illustrated
in Fig. 8.

The alignment of the IF stages is
accomplished by connecting the oscil-
loscope across the AVC resistor in
the limiter grid circuit, and connect-
ing the frequency-swept oscillator to
each successive grid of the IF strip.
The mixer output transformer can
also be aligned by connecting the fre-
quency-swept IF signal generator to

the mixer grid. Again, a useful
oscilloscope pattern is presented, and
this will be the true IF response. The
picture should be similar to Fig. 8
(which shows a reverse pattern). The
alignment is best done stage by stage,
moving the signal generator succes-
sively from the grid of the last IF
amplifier stage back through the re-
ceiver to the grid of the mixer stage.

One very important point should
be kept in mind. The response of the
IF aniplifier cannot be measured at
any point beyond the limiter grid.
Therefore the oscilloscope (or DC
voltmeter) must be connected across
the AVC circuit or across the screen
grid of any of the IF stages. This
point is very important since the
limiter completely distorts the ampli-
tude variations of all signals, and its
outpuf is in no way related to the
frequency response of the circuits
ahead of the limiter.

Test Procedure Summary

The following i1s a review of the
procedure to be followed in checking
an FI receiver.

(1) Check audio amplifier for high
fidelity response—feed at any point
as far back as the diseriminator out-
put, and measure signal across the
speaker. If an oscilloscope is avail-
able, monitor the audio signal to find

source of distortion.

(2) Check diseriminator for align-
ment and balance, according to the
detailed discussion of the discriminat-
or.

(3) Check limiter for alignment and
threshold voltage. Apply voltage from
a signal generator to the grid of the
IF stage ahead of the limiter and
measure:

(a) Diseriminator output for
threshold and limiting aec-
tion;

(b) DC Dbias developed across

limiter grid to check align-
ment of interstage trans-
former between last IF and
limiter.

(4) Line up the IF amplifier stage
by stage using any of the methods
applicable to the test equipment avail-
able. Apply the signal generator to
successive IF grids and always meas-
ure the DC bias developed in the
limiter grid circuit.

(5) Check local oscillator tracking
by AM methods.

(6) Check RF amplifier by AM
methods. To perform (5) and (6),
high frequency measuring techniques
must be employed.

The particular test equipment re-
quired in each of these tests depends

— To Felloewing Page
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FM Troubleshooting

— From Preceding Page

upon the equipment available to the
technician. The better the test equip-
ment used, the better the job. Good
test equipment makes it possible to
align and repair FM receivers quickly
and efficiently. +» +»

Oscillographs
—> From Page 16

out circle or oval. The ellipses will
similarly be distorted.

If the two voltages are in phase
(no phase difference) but differ in
frequency, interesting patterns like
those of Fig. 7 result. Fig 7 shows
a 1:2 ratio in frequency. A is for
the voltages in phase, B for a 180°
phase difference. Note that the same
basic pattern applies, regardless of
phase. Phase differences anywhere
between 0° and 360° will produce pat-

AL 1
VERTICAL WAVE FREQUENCY=

2 X HORIZONTAL WAVE FREQ.
(IN PHASE)

T t

VERTICAL WAVE FREQUENCYs
2X HORIZONTAL WAVE FREQ.
(180° PHASE DIFFERENCE)

Fig. 7 A shows the pattern obtained
when two voltages in phase (one which
is twice the frequency of the other)
are applied to the vertical and hori-
zontal plates of a cathode-ray tube.
B shows the pattern obtained from the
same voltages when one is 180° out of
phase with the other.
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terns which lie somewhere between A
and B.

Fig. 8A is for a 2:3 ratio with some
phase difference also.

It will be noted that if a square or
rectangle be drawn about the pattern
of Fig. 7 (A or B), the horizontal
sides of the square will be touched
by the pattern at two points, and the
vertical sides of the square will be
touched by the pattern at one point.
Remember that the frequency of the
vertical wave was twice that of the
horizontal wave. This shows the gen-
eral rule: The ratio of the horizontal
wave’s frequency to the vertical wave’s
frequency equals the ratio of the num-
ber of points at which the pattern

HORIZ. FREQ.
VERT. FREQ. _

01

te

HORIZ. FREQ. _ |
VERT FREQ g

HORIZ FREQ. _ 3
VERT FREQ. — 5

Fig. 8 A is the pattern for a 2:30

frequency ratio between the horizontal

and vertical voltages; B with a 1:4
ratio; and C with a 3:5 ratio.
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figure is tangent to (or touches) a
vertical line, to the number of points
at which the figure is tangent to a
horizontal line.

Note how this rule works out for
Fig. 8A also. Here a horizontal line
of an enclosing square will be touched
at 8 points; a vertical side will be
touched at 2 points. The horizontal
wave frequency is 2:3 times the verti-
cal wave frequency.

Fig. 8B shows a 1:4 ratio, and Fig.
8C shows a 3:5 ratio.

Other very interesting and instruct-
ive patterns can be obtained with dif-
ferent frequenecy ratios, and with phase
and amplitude differences. In all
cases, if the simple rules laid down
above are applied, complete informa-
tion about the waves can be obtained.
(Ed. Note: The next article in this
series will discuss the circuits used in
the oscilloscope. It will be followed
by a group of articles on use.) » » ¥

Electronically
Speaking

—> From Page 18

acoustical or mechanical force, and
has a stiffness factor which prevents
buckling or wrinkling. The weight
and size of the multi-weave design are
determined by the gage of the ma-
terial desired, and the machine makes
single or multiple, wide or narrow
strands in a variety of colors and
finishes.

Some possible applications are air
conditioning and heating grilles, win-
dow blinds, screens, protective rail-
.ings and attractive flooring.

TELEVISION WAS DEMONSTRATED at
the lowa State Fair, August 21-30,
when International Harvester and
Station KRNT presented an extensive
series of television programs in co-
operation with RCA Vietor. RCA’s
new Image Orthicon television cam-
eras were shown for the first time in
a field demonstration of closed circuit
television.

There was a varied series of pro-
grams showing prize winners of all
sorts which the super-sensitive camer-
as were able to record even in dim
light. The television crew of tech-
nical and programming experts from
RCA Victor covered horse races, stock
shows and other events.

Complete studio facilities were ex-
hibited at the Fair and twelve tele-
vision home receivers including sev-
eral experimental large-screen projec-
tion models, were installed. » » +
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Radiomen’s
Opinions

—> From Page 20

set, the chassis is made in two parts.
To take a voltage check, it is neces-
sary to pull the two halves of the
chassis apart and diseonnect two leads
from the translator coil. In this
state, the receiver is not in operating
condition. However, rather than hang
these gentlemen, don’t you believe
that, if they were made to service a
few of these sets themselves, condi-
tions would change in a hurry?

I have one eriticism to offer in re-
gard to the June-July issue. Why
seventeen pages of advertisement for
the Silver “Vomax”? You know this
instrument is good, I know it is good,
and I believe that any radio man who
will read the technical details will
realize that it is a very fine instru-
ment. This instrument with its known
high performance and low price, com-
pared with any other vacuum tube
voltmeter which I know about, should
sell without advertising.

Very truly yours,
CLARENCE F. HARTZELL
2527 Eighth Avenue
Altoona, Pennsylvania

Gentlemen:

This is my initial introduction
to your magazine and it appeals to me
as a valuable asset in study as well
as in practice. I would, however, like
to point out an apparent error in the
last paragraph of the article on “Veec-
tor Analysis” which offers the solution
to one of the problems covered in the
text. It shows the impedance equal
to 112 ohms which is obviously correct
but could hardly be obtained by tak-
ing the square root of the difference
of the squared quantities. The square
root of the difference of the squares
would equal 86.6 ohms, whereas the
square root of the sum of the squares
would equal the obviously correct
answer of 112 ohms. Am I correct?

Very truly yours,
EDWIN W. JACOBSEN
30 Martinview addition
I't. Crook, Nebr.
Editor: Reader Jacobsen is right, we
were wrong.

Dear Sir:

I received my subseription to and
first copy of the RaD1I0 MAINTENANCE
Magazine on the tenth of July.

My studies and experience in the
field as a veteran, student and service
man, and pertinent studies prior to
induection, have not availed me to any
publication of its kind so practical,

RADIO MAINTENANCE e SEPTEMBER

Sixteen years of specialized publish-
ing have produced for servicemen
the only single source to which they
can turn for authoritative servicing
data on sixty million receiving sets
now in American homes. The four-
teen volumes of Rider Manuals cover
the sets issued up to April 1942—the
ones most likely to develop faults
and come to you for diagnosis and
repair.

Therefore, efficient operation of
your servicing shop requires that it
be equipped with all fourteen Rider
Manuals.

These standard works continue
their unchallenged leadership in the
field of radio servicing reference
books because of their reliability,
their accuracy and their complete-
ness. In them you will find receiver
schematics, voltage data, alignment
data, resistance values, chassis lay-
outs and wiring, trimmer connections
and other vital material.

Volume XV is now in preparation
and will extend still further the serv-
ices performed by preceding vol-
umes. It will be bigger. it will con-
tain especially prepared clarifications
to be found nowhere else. It will of-
fer this expanded servicing informa-

Export Division: Rocke-International Corp.

=
NIy RIDER MANUALS

Cover [ﬂj:: 60 Million Receivers

JOHN F. RIDER PUBLISHER, INC.

404 FOURTH AVENUE, NEW YORK 16, N. Y.

13 E, 40th Street
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tion in such a way that it will save a
serviceman hundreds of hours each
year — many times the cost of the
manual.
In the meantime be sure you have
all fourteen volumes. You will enjoy
- their benefits for years to come!

NOW IN FOURTEEN VOLUMES

Volumes XIV to VII each volume $15.00

Volume VI 11.00
Abridged Manuals [ to V(1 volume) 17.50
Record Changers and Recorders 9.00

GET ON THE MAILING LIST
First Post-War Issue Now in the Mails
“SUCCESSFUL SERVICING”
This monihly publication, dedicated to the
financial and technical advancement of the
vadio and electronic maintenance man, is
yours for the asking. Just . . .
—————— MAIL COUPON = — =— — — =
JOHN F. RIDER PUBLISHER, INC.
404 (c) Fourth Ave., New York 16, N. Y.

Name
Address .
City

State

New York City Cable: ARLAB

complete and understandable.

As the need for such a publication
is high here, I shall recommend the
book to three classes in radio repair
school here in the home town college.

Yours very truly,
LEVI ROSS
820 East 16 Avenue
Pine Bluff, Ark.

Trade Literature

—> From Page 19
RADAR—WHAT IT IS, by John F.
Rider and G. C. Baxter Rowe.
Published by John F. Rider Pub-
lisher, Inec., 404 Fourth Avenue, New

1946

York 16, N. Y., 80 pages, price $1.00.

This book provides a simple expla-
nation of the underlying principles
of Radar in a clear, interesting man-
ner. It describes the essential parts
that every Radar installation must
have; but its main emphasis is on
the uses to which Radar was put dur-
ing the war by ground troops, the
Navy, and the Air Forces.

Full explanations of such terms as
Loran, Racon and Lanac are given
and the book is amply illustrated with
photographs and diagrams emanating
from the Signal Corps, the Bureau of
Ships, and outstanding manufactur-
ers. I I ”
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SPRAGUE
DISTRIBUTORS
TO SERVE YOU

So many users of the SPRAGUE TRADING POST,
our free wartime. advertising service, have asked
for the names of their nearest Sprague distributors
that—well, here's the entire list. These firms will

supply you with factory-fresh Sprague Capacitors
and Koolohm Resistors of the very latest types,
They’ll be only too glad to serve you.

THE SPRAGUE TRADING POST did its part dur-
ing the war. Now, both Sprague and its distributors

will “'follow through’ by bringing radio service-
men, amateurs and experimenters the finest com-
ponents backed with the best service obtainable.

As always, we’ll appreciate it if you con-
tinue to: "“Ask for Sprague Capacitors and Koolohm
Resistors by name!”’ -

SPRAGUE PRODUCTS CO., North Adams, Mass.

Jobbing Distributing Organization for Products of the Sprague Electric Company

< ASK YOUR JOBBER for a copy of the big
new Sprague Catalog. Gives full details
on the most complete Capacitor line on the
market—also Koolohm Resistors and the
famous Sprague Tel-Ohmike Analyzer:

5 ' SN
SPRAGUE CAPACITORS are specified by parl numbers in the popular 0; ’”5 FAMooy‘:\\s

»

WARTIME SERVIC,
STHE SPRAGUESSS

new HOWARD W SAMS PHOTO FACT FOLIOS
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ALABAMA
Begsemer—Bessemer Radio Supply
Birmingham—James W, Clary
Mobile—Nelson Radio & Supply Co.

Radio Labs
Montgomery—Teague Hardware Co.
Southeastern Radio Parts Co.

ARKANSAS
Fort Smith—Wise Radio Supply
Little Rock—Southern Radio Supply
Texarkana—Lavender Radio Supply Co.
ARIZONA
Phoenix—Radio Patts of Arizona

CALIFORNIA
Bakersfield—Bakerstield Radio Supply
Fresmo—Jack C Arbuckle

Billings Wholesale Radio

Ho/lywood —Hollywood Radio Supply, Inc.

Long Beach—Radio & Tel. Equip. Co.
Los Angeles—Figart Radio Supply Co.
Kierulff & Co.
Nelson Brothers Co.
Radio Equip. Distributors
United Radio Supply Co.
Universal Radio Supply Co.
Modesto—Jack Warren
Oakland—W . D. Brill Company
E. C. Wenger Co.
Pasadena—Dow Rzdio Supply Co.
Sacramento—C. C. Brown Co.
Henderson Bros.
Sacramento Elec. Supply Co.
San Diego—Coast Electric Co.
Electronic Equip. Distr.
Shanks & Wrighr
San Francisco— Associated Radio Distrs.
C. C. Brown Co.
San Jose—Frank Quement
Santa Ana—Radio & Tel. Equip. Co.

COLDRADO
Denver— Inter-Stat: Radio & Supply Ce.

CONNECTICUT

Bridgepors—Hatry & Ycung, Inc

Hartford—Hatry & Young, Inc.

New Britain—Unitzed Radio Supply
Universal Radio Co.

New Haven—Thomas H. Brown Co.
Hatry & Young, Inc.

New London—Hartry & Young of New
London, Inc.

Stamford—Hatry & Young, Inc.

Waterbury—Hatry & Young, Inc.

DELAWARE
Wilmington—Radio Llec. Serv, Co.

DISTRICT OF COLUMBIA

Washington—Kenyon Radio Supply Ca.
Rucker Radio Wholesalers

FLORIDA

Jacksonville—Kinksde Radio Supply
Major Appliances
Miami—Electronic
Major Ap
Orlands—R:
St. Petersbury
Sarasota—M
Tampa—Kiu
Major Ar

Atlanta—Ce
Southeast
Specialty

Macon—Sp

Savannah—
Specialty

Chicago—Al
Concord
Grant Ra«
Nation W
Radio Par

Kankakee—]

Bloomirzgton]

Angola—Lak
Richmond—F

IOWA
Cedar Rapids—Gifford-Brown, Inc.
Council Bluffs—World Radio Labs., Inc.
Des Moines—Gifford-Brown, Inc.
Radio Trade Supply Corp
Fort Dodge—Gifford-Brown, Inc.
Ken-Els Radio Supply
Muson City—Radio-Electric Supply Ce.
Stoux City—Power City Radio Compaay
Sioux City Radio & Appl. Co.
Water/oo—Gifford-Brown, Inc.
Worid Radio Laboratories, Inc.

KANSAS
Prttsburg—Pitesburg Radio Supply
Topeka—Acme Radio Supply
Wichita—Radio Supply Co.

KENTUCKY
Lexington—Radio Equipment Co.

Louisvisle—Peerless Electronic Equip. Co.

Newport— Apex Distributing Co.
LOUVISIANA

Lake Providence—F. H. Schreider & Sons, Inc.

New Orleans—Radio Parrs, Inc.
Shrevepart—Dunckelman-Pace
Koelemay Sales Co.

MAINE

Auburn—Radio Service & Supply Store
Portland—Frank M. Brown Co.

MARYLAMD

Baltimore—Henry O. Benman Co., Inc.
Cumberland—Cumberland Radio Whol.
Salisbury—Dealers Radio Service

MASSACHUSETTS

Boston—De Mambro Ds:rs., Inc.
Hatry & Young of Mass., Inc.
A. W. Maver Co.

Radio Wire Television, Inc.

Sager Elec’] Supply Co.
Cambridge—The Eastern Ca
Holyoks—Springtield Radio Co,

Lawresce—Hatry & Young of Mass,, Inc.

New EBedford—C. E. Beckman Co.
Pittspeld—Piustield Radio Co.
Roxbury—Gerber Radio Supply Co.
Springfield—T. F. Cushing Co.
Springficid Radio Co.
Worcester—De Mambro Dsuss., Inc.
The Eastern Co.
Radio Electronic Sales Ceo.
Radio Maintenance Supply Co.

MICHIG AN

Ansr Arbor—Wedemeyer Elec. Supply Co.

Battle Creeh—Wedemeyer Ekec. Supplr Co.
Detroit—Ferguson Radio Supplies

Radio Specialties Co.

Radio Supply & Eng. Co., Inc.
Flint—Radio Tube Mdsg. Co.
Grand Rapids—Wholesale Fadio Co.,
Jackson—Fulton Radio Sup»nly
Kalamazoo— Ralph M. Ealston Co.
Muskegon—Industrial Elec. Supplv Co.
Ijontim.— -Elect.(onic Sup’ply Co.

Aot for Sprague Products by Vame!

NEBRASKA

Omaba—Qmaha Appliance Co.
Radio Equipment Co,
Scottshluff—Joachim Radio Supply

NEW HAMPSHIRE
Dover— American Radio Corp.

NEW JERSEY

Camden—Radio Elec. Serv. Co.
Newark—Continental Sales Co.
Krich-Radisco, Inc.
T. A, O'Loughlin & Co.
Radio Wire Tel., Inc.
Perth Amboy—Bennect’s Radio Supply
Red Bank—]. H. Kelly Company
Trenton—United Tire Stores Co.

NEW YORK

Albany—Fort Orange Radio Dstg. Co.
Amsterdam—Adirondack Radio Supply
Anburn—Dare’s Radio Service
Binghamton—Broome Dstg Co., Inc.

Federal Radio Supply Co.
Brooki/yn—Green Radio Distributors

Stan-Burn Radio & Elec. Co.
Buffulo—Bars Radio & Electronic Parts

Dymac, Inc.

Genesce Radio & Parts Co.

Radio Equipment Corp.

Standard Electronics Co.

Flmira—ILeValley-McLeod-Kinkaid Co., Inc.

Fredonia—C. R. Barker
Glens Falls—Ray Distributing Co.
Hempstead, L. I.—Standard Parts Corp.
Ithaca—Stallman of Ithaca
Jamaica, L. [.-—Norman Radio Distrs.
Middlztoun—L & S Radio Sales
New York City—Fischer Distributing Co.
Radionic Equipment Co.
Radio Wire Tel,, Inc.
Niagara Falls—Niagara Radio & Parts Co.
Rochester—Beaucaire, Inc.
Masline Radio & Electronic Lquip. Co.
Schenectady—Fort Orange Radio Dstg. Co.
M. Schwartz & Son
Syracuse—Broome Dstg. Co., Inc.
Syracuse Radio Supply
Troy—Trojan Radio Co.
Utica—Beacon Electronic Inc,
Watertown—Beacon Electronic Inc.

NORTH CAROLINA

Asheville—Freck Radio & Supply Co.
Charlotre—Dixie Radio Supply Co,
Southern Radio Corp.
Fayztreville—TEastern Radio Supply
Goldsboro—Siznal Radio Supply
Greenshoro—Dixie Radio Supply Co.
Raleigh—Carolina Radio Equip. Co.
Winston-Salem—C. R. Williams Radio Co.

NORTH DAKOTA
FPargo—Radio Equipment Co.

OH!O

Akron—Olson Radio Warehouse
Ashtabula—Morrison Radio Supply
Canton— Armstrong Radio Supply

Burroughs Radio
Cincinnati—Chambers Radio Supply Co.

Schuster Elec. Co.

United Radio, Inc.
Clevelund—Goldhamer, Inc.

Northern Ohio Laboratories

Winteradio, Inc.
Columbus—Hughes-Peters, Inc.

W hitehead Radio Co.
Dayton—Hughes-Peters, Inc.

Standard Radio & Electronic Prod. Co.
East Liverpoo/—Hausteld Radio
Kent—Kladag Radio Labs. )
Lima—The Northwestern Radio Co.
Mansfield—Burroughs Radio
Marion—Bell Radio Supply
Springfield—Standard Radio & Electronic

Prod. Co.

Stewhenville—D & R Radio Supply

Hausfeld Radio
Toledo—Toledo Radio Specialties
W arren—Radio Specialties
Youngstoton— Appliance Wholesalers

OKLAHOMA

Enid—Standard Measuring & Equip. Co.

Oklahoma City—Radio Supply, Inc.
Southern Sales Co.

Tulsa—Radio, Inc.

OREGON

Portland—DBargelt Supply
Harper-Meggee, Inc.
Portland Radio Supply Co.

PENNSYLVANIA

Allentown—Radio Elec. Serv. Co.
Beater Falls—Reliable Motor Parts Co.
Easton—Radio Elec Serv. Co.
Erie—John V. Duncombe Co.
Hurrishurg—Radio Distributing Co.
Lancaster—Eshelman Supply Co.
George D. Barbey Co.
Norristown—XKiratz Bros. Co.
Philadelphia—Almo Radio Company
Consolidated Radio Corp
Electric Warehouse
Emerson Radio of Pa,
Radio Elec. Serv. Co.
N. W. Cor. 7th & Arch Sts,
5133 Marker St.
3145 N. Broad St.
Eugene G. Wile
Pitzsburgh—Hamburg Bros.
The John Marshall Co.
Radio Parts Co.
Pot*sville—Jones Radio Co.
Reading—George D. Barbey Co.
St. Marys—B & R Electric Co.
Scranton—Broome Dstg. Co., Inc.
W ilkes- Barre—General Radio & Elec. Co
Radio Service Co. .
Williamsport— Williamsport Radio Supply

RHODE ISLAND

Providence— W illiam Dandreta & Co.
W. H. Edwards Co.

SOUTH CAROLINA
Columbia—Dixie Radio Supply Co.
SOUTH DAKOTA

Aberdeen— Danielson & Brost Co.
Sioux Falls—Power City Radio Co.
United Radio Supply

TENNESSEE

Krnoxville—Bomar's
Chemcity Radio & Elec. Co.
C. M. McClung & Co.
Memphis—McTyier Radio Supply
Nashyille—Currey’s Radio Service
Radio & Appliance Cotp.

TEXAS

Abilene—R & R Supply Co., Inc.
Amarillo—R & R Supply Co., Inc.
Austin—The Hargis Company
Beaumont—Montague Radio Co.
Corpus Christi—W icks-DeVilbiss Co.
Electronic Equip. & Engin. Co.
Dallas— All-State Dstg. Co.
Crabtree’s Wholesale Radio
Southwest Radio Supply
Wanslow & Co.
Fort Worth—Electronic Equipment Co.
Fort Worth Radio Supply Co.
Houston—A. R. Beyer Company
Lubbock—R & R Supply Co., Inc.
San Antonio—Olsen Radio Supply
Tyler—Lavender Radio Supply Co.
Waco—The Hargis Company
Wichita Falls—Wichita Falls Bat. & Elec

VIRGINIA

Norfolk— Ashman Distr. Company
Roanske—Leonard Elec. Sup. Co.
Richmond—)Johnston Gasser Co.

WASHINGTON

Bellingham—Waitkus Supply Co.
Seattle—General Radio, Inc.
Harper-Meggee, Inc.
Sunset Electric Co.
Spokane—Harper-Meggee, Inc.
Tacoma—Wible Radio Supply

WEST VIRGINIA

Bluefield—Whitehead Radio Co.
Charleston—Chemcity Radio & Elec. Co.
Hicks Radio Supply
Clurksburg—Trenton Radio Co.
Huntington—Electronic Sup‘ply,‘ Inc.
Morgantowwn—Trenton Radio Co.
Parkersburg—Randle & Hornbrook
W heeling— Wheeling Radio Supply

WISCONSIN

Green Bay—Neslo Electronic Dstrs.
Madison—Radio Dstrs. of Madison. Wis
Milwankee—Radio Parts Co., Inc.

M RESISTORS

*REG. U. S. PAT. OFF.
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Our first announcements of the availability of
back numbers of RADIO MAINTENANCE
brought a response much greater than we antici-
pated. As a result we are continuing to comply
with the demand of radio servicemen for these
back issues. We don’t know how long we may
be able to fill orders for the earlier issues as the
supply is dwindling fast, so if you are anxious
to get them send in your request as soon as
possible. 25 CENTS

gMAN

o S SERVIC

N

ANTENNAS FOR FM AND TELEVISION 3
BUSINESS MANAGEMENT FOR THE RADIO DEALER

RADIO MAINTENANCE FOR AVIATION |
USING THE SIGNAL GENERATOR AND
OSCILLOGRAPH

JANUARY 1946

THE PROBLEMS OF ORGANIZATION
TELEVISION RECEIVER INSTALLATION
RADIO MAINTENANCE IN AVIATION ‘
USING THE OSCILLOGRAPH FOR DISTORTION §

MEASUREMENTS 3

FEBRUARY 1946

MODERN BENCH CONSTRUCTION

SYMPOSIUM ON TEST EQUIPMENT
FUNDAMENTALS OF VACUUM TUBE YOLTMETERS
REPAIR OR RECONDITIONING

Y

%///WML /
W

7

7

MARCH 1946

TROUBLESHOOTING TELEVISION RECEIVERS
APPLICATIONS FOR LOW COST SIGNAL TRACER
' RADIO REPAIRMEN'S ASSOCIATIONS

RADIO SERVICE ALONG THE AIRWAYS

APRIL 1946

PA SYSTEMS

A MIDGET AUDIO FREQUENCY OSCILLATOR

IF | WERE A SERVICEMAN

AN EQUALIZED AMPLIFIER FOR MAGNETIC
PICKUPS

MAY 1946

P A SYSTEMS
TEST PANEL FOR THE MODERN BENCH
RINGING THE BELL

)

4////
7,
W

JUNE-JULY 1946
FUNDAMENTALS OF TELEVISION

VOLUME CONTROL TAPERS
THE ELECTRONIC VOLT OHMMETER
VECTOR ANALYSIS

AUGUST 1946

AVC CIRCUITS

FM TROUBLESHOOTING

TELEVISION RECEIVER FUNDAMENTALS
RECORD CHANGERS

32



NEW 7-PIECE STORE DISPLAY

N.U. DEALERS B9

A store-wide promotion

7. BEAUSH . YORE QUALTTY
e LONG-TIME ECONOMY

A
ouBLE-FAEE pOwE
P PI)R‘V:BlE.-{ FARM RADIOS

anonat Uwor Sy
4 rTERIES

AT ;i oy

in a new, flexible,

easy-to-fit-in form

.. andene conslani / \

Radio En npeyment il _\_‘\__ 3

EASY ON THE EVES |
SENTINELS THAT SUARD : : ; )
THE UIFE of 10U TUBES PRy o Mool

HNaronat Unron
§ PHOT {AMY
Nanowst o U

Yriok L
xR4T TueE

T oo VELVETY-SMOOTH Dtsare
SMAUIIG«,{W[HI(-.(IUM

e ——" =

st

TORTIONLE5g POWER

NWOIM_ Unign
ONDENSERS

Order yours today from your N. U. Distributor

Be one of the first to show this brand new display idea—that sells vour
service skill and tells customers how and why you 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 them as a group or as individual window, counter or shelf
cards. Order from your N.U. Distributor now for immediate shipment.

NATIONAL UNION RADIO CORPORATION, NEWARK 2, NEW JERSEY

NATIONAL UNION

RADIO TUBES AND PARTS

.ransmilting, Cathode Ray, Receiving, Special Purpose Tubes « Condensers « Volume Controls « Photo Electric Cells « Panel Lamps

Flashlight Bulbs



7/ eow 30-WATT AMPLIFIER

Cast Aluminum

3 INPUT CHANNELS, 2 MICROPHONES, AND
1 PHONO, ALL WITH SEPARATE CONTROLS

Y Attractive lightweight cast aluminum housing,
14%" x 9% x 8Y2".

¢ 30 Watts at impedances of 4, 8, 15 and 250 ohms.

v Muminated transparent plastic dial.

25 Ibs.

... 1 for treble boast. .. 1 for bass boost.

channels.

— COMPARE THESE FEATURES —

NEW STANDARDS OF FREQUENCY

RESPONSE CONTROL

The Meck A30 Amplifier is equipped with two distinctly sepa-
rate frequency response controls—1 for treble boost and
1 for bass boost. The adjustment of either or both of these
controls does not appreciably affect the over-all volume of
the amplifier. These controls may be quickly adjusted from
the front panel to give any variation from straight line
frequency response between 40 and 10,000 cycles to any
combination of broad band bass boost and broad band
treble boost.

MICROPHONE AND PHONO INPUTS
Any high impedance dynamic or crystal microphone may
be connected to either of the two identical channels. Any
high impedance phonograph pickup may be connected to
the Phono input channel. All cable connectors are marked
and located on the rear of the amplifier.

OUTPUT CONNECTIONS

The two speaker plugs furnished and the speaker sockets
located on the rear of the amplifier chassis provide a
convenient means for connecting speakers to the amplifier

ASK YOUR

J. M. I. SALES CORPORATION

... Speaker load impedance is adjusted by connecting
the spade lug on the terminal strip to the proper tap 4,
8, 15 or 250 ohms. Additional 2 ohm and 500 ohm taps
are available at the output traonsformer.

REMOTE CONTROL CIRCUITS

Remote volume control circuits for both microphone chan-

nels are built into the amplifier so that the volume of either

microphone channel may be controlled vp to 1000 feet

from the amplifier using any 2 conductor unshielded cable

and an inexpensive control box.

TUBE TOMPLEMENT

2—4SF5—As microphone preamplifiers.

1—6SL7—Dual triode cascaded as voltage amplifier and
grid choke driver for the power amplifiers.

2—4L6G—Power amplifiers in push pull.

1—5U4G—Power rectifier.

POWER REQUIREMENTS

Amplifier operates on 105-124 volts 60 cycles AC current

only. Power consumption is 175 watts. Power circuit is fused

with ¢ 3 ampere type 3AG easily replaceable fuse

mounted on the rear of the chassis.

MECK JOBBER

/

% Two distinctly separat2 frequency r2sponse controls

5% Built-in remote control circuits for both microphone

ECK SOUND AMPLIFIERS

35 E. WACKER DRIVE, CHICAGO 1, ILLINOIS

T ——_




