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"VOMAX"
Sooved Loes?

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 organizations . . . . 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.
""VYOMAX" alone gives you the profit-priceless ability to measure every voltage in radio servicing . . . . at 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, i.f, r.f. 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. lts value is unequalled . . . . it's the standard of comparison . . .
the overwhelming choice of those “in the know’” . . . . is radio’s outstanding buy . . . . at only $59.85.
A\ Y V{4
DYNAMIC
Next to the universal volt-ochm-milliammeter . . . . “VOMAX’ is the ideal universal d.c.
through u.h.f, meter . . . . what the radio service profession most needs is a good dy-
namic sngnul tracer, Ab|lny fo trace the signal through every successive receiver circuit
reduces '‘trouble-shooting”’ to basic fundamentals . . . . banishes forever the hard-to-service
“toughies’ . . . . turns loss jobs into quick profits.
Designed by radio’s only International Grand Prize winner, 'SPARX" is the aural-visual
signal tracer you have been clamoring for. Not only does “SPARX trace r.f., i.f., o.f,
signals from 20 cycles to over 200 megacycles . . . . it is your shop test- speaker as well.
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 cb. gain o.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.

w 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 volts conhnuously variable built-in d.c.
polarizing voltage for ele:'rclyhc 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 maasurement! Think whut this means in increasing your efficiency . . . . in finding
those “’intermittents’”’ which cause so much trouble . . . . in speeding your work and
increasing your proﬁfs.
Measuring capacitors and resistors to 3% laboratory accuracy . . . . matching “VOMAX'!
and 'SPARX’ in size, post-war style, top quality componems and construction . . . _ it's
the same amazing bargain ot only $49.90 net as “VOMAX" . . . . value which has forced
500% expansion in our plant facilities in less than one year.

See these "'must’’ instruments . . . . and

new SILVER amateur transmitters, re-
ceivers, kits, parts which were sensations

at the 1946 Trode Show at your favorite OVER YEARS RADIO ENGINEERING ACHIEVEMENT
jobber. Act fast . . . demand continues

far in excess of supply . . . . for SILVER P-4

products are the profit tools used by % W’ %W 2 A
your smart competitors. Send postcard
for new post-war catalog. 1249 MAIN STREET . HARTFORD 3 . CONNECTICUT
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All Steel Cabinet FREE With Ordered Controls

Here's a time-saver, service speeder —IRC Volume Con-
trol Kit, 18 Type D All-Purpose Controls, 6 Switches and
5 Special Shafts--a wide utility stock suited to 87% of all
replacements.,

This kit is delivered to you factory-packed in an attrac-
tive all steel cabinet, which provides 20 individual, marked
compartments for the controls—you see at a glance what
types to reorder. Three handy drawers accommodate
switches and shafts. The hinged cover fastens shut securely
so the cabinet may be carried with you when required.
Base isarranged for stacking where more cabinets are needed.

The cabinet is FREE with the kit of 18 controls ordered
at standard control prices. It is not sold separately. Order
from your IRC distributor today !

INTERNATIONAL RESISTANCE CO.

401 N. BROAD ST., PHILADELPHIA 8, PA.

In Canada: International Resistance Co., Ltd., Toronto, Licensee #
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0 For those tight spots calling for heavy-
duty capacitators, you can always count on
Aerovox Type -89 oil-impregnated oil-filled
tubulators. They are especially ideal for use
in vibrator applications: coupling and by
pass functions in transmitters: high-voltage

amplifiers; in r.f. by-pass circuits: inter-

ference eliminators for motors and genera-
tors; and in test equipment. Briefly:
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© Ask Our Jobber . ..

When you require such heavy-duty ultra-
compact oil capacitors, just ask your Aero-
vox jobber for Type -89. Ask for latest cata-
log containing listings. Or write us direct.

ROVOX

capacitors
FFOR RADIO-ELECTRONIC AND
[ INDUSTRIAL APPLICATIONS =

AEROVOX 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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R.G.Ellis

GENERAL CEMENT MFG. CO.

Time spent in learning to do simple cabinet repair work
will pay for itself in dollars and cents. This article dis-
cusses some of the techniques used.

EVERY SERVICE SHOP should be pre-
pared to vrefinish and repair
cabinets. The ability to do simple
repair work on radio cabinets opens
to the serviceman another source of
income and customer satisfaction.
Be prepared not only to make the set
sound good, but also to make it look
good. A little extra time spent on a
cabinet will be repaid in increased
customer confidence and higher earn-
ings for you.

The serviceman does not have to be
a professional refinisher, but he
should know how to make minor re-
pairs on both wood and plastic cab-
inets. He should have on hand the
necessary polishes and stains to re-
move fine scratches and equipment to
repair small dents and cracks. For-
tunately, these materials are not
expensive and a small investment will
buy all that is necessary.

Cabinet damage can be classified
into a number of types. Each of
these requires slightly different mate-
rials and techniques to repair. It is
important that you be able to recog-
nize each of these different types of
injuries and what must be done to

4

correct them. The following is a list
of the various types of damage
usually encountered:

1. Scratches — Fine seratch - like
lines on the surface of the finish
which do not cut through to the wood.

2. Abrasions—Wider and deeper
than scratches and cut through the
finish into the wood.

3. Cuts and digs—Severe dents or
nicks. Part of the wooden surface
removed from the cabinet.

4. Press marks—Caused by pres-
sure having been put on part of the
cabinet for a long period of time.
The finish is not necessarily removed
in this type of damage.

5. Surface discoloration — Marks
made by objeets such as drinking
glass, hot dishes, flower pots, ete.

6. Splitting—Wood pulled apart,
usually running with the grain, or at
a joint between two pieces of wood.

7. Blisters—Resulting from heat
having been applied to the finished
surface.

Before discussing how the above
faults may be remedied, it may be
well to say a few words on how dam-
age may be avoided. When removing
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a cabinet from a customer’s home,
the cabinet should be wrapped, pref-
erably in the commercial type pad
such as those wused by furniture
movers. If a pad is not available, a
heavy blanket can be substituted.
Pad or blanket should be wrapped
around the cabinet and properly
strapped to keep it in place. Wrap
the cabinet up before it is moved
from the customer’s home. There is
no method we know of that will lose
a customer more quickly than to dam-
age the cabinet of his expensive radio
right in front of his eyes.

Be careful when you handle a cab-
inet in your shop. Do not leave it
where something is likely to fall on
it, or in a damp or hot place where
it may be damaged. Always be sure
to inspect a cabinet for accidental
damage before it leaves the shop.

In making repairs to cabinets, it is
helpful to know something of the
woods and finishes used. By far the
most popular wood used in radio cab-
inets and furniture is walnut. It is a
dark brown, fairly hard, open-grain
wood which takes a good finish and
is easy to work.

RADIO MAINTENANCE



Gumwood is used very often in the
cheaper cabinets. It is light brown
with a medium grain, light weight,
and is very soft. It does not split
easily but has a tendency to mar and
warp. Mahogany is of reddish color
with a medium-fine grain. It disfig-
ures more easily than walnut but
takes an excellent finish. Most cab-
inets are constructed of panel or
veneer wood. It usually consists of
thin layers of walnut or mahogany
glued to the outside surface of a
cheaper wood. The different layers
of wood are laid so that the grains
run at right angles to one another in
order to afford strength and minimize
warping. This type of construction
avoids the expense of solid mahogany
or walnut and, if properly made, is
lighter and more durable. The com-
bination retains the finish of the bet-
ter woods, increases the strength, and
cuts the cost.

There are other woods, such as oak,
maple, and cherry, which are encoun-
tered occasionally, usually in special-
made cabinets.

The possible finishes used on cab-
inets are as follows:

1. Varnish—Clear in color, easily
applied by brush or by spray, dries
in four to six hours to a gloss finish
and is tough and water-resistant.

2. Lacquer—Usually clear in color,
dries very quickly, produces a tough
protective surface, is critical to apply
and easily affected by moisture, alco-
hol, etc.; spray equipment should be
used with lacquer.

3. Shellac—Clear or orange in col-
or, easier to handle than lacquer, can
be rubbed down to give the smooth
appearance of a lacquer varnish.

4. Enamels—Colored varnishes
which are available in a variety of
colors. Many modern cabinets are
finished in enamels.

The following is a list of the basic
materials needed for cabinet repair.
This list does not cover everything
which can be used but will take care
of minor repairs and, as you gain
experience, vou can add to it.

1. Spatula

2. Alcohol lamp

3. Fine steel wool, pumice stone, or
rotten stone

4. Rubbing oil
Sand paper—No. 00 or finer
Stick shellac
Furniture polish
Plastic wood
. Scratch polish
10. Felt pad
11. Shellac stick rubbing fluid

59 3 &b N

©

Scratches

Very often a fine scratch requires
no more than the application of the
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proper scratch polish. Apply the
polish over the fine scratches with a
soft cloth as shown in Fig. 2, and
often they will disappear and blend
with the surrounding surface. An
entire cabinet or piece of furniture
can be gone over with scratch-remov-
ing polish and made to look like new.
These polishes are available for use
on both light and dark woods. The
lighter colored woods require clear
seratch-removing polish, while the
darker woods require polish contain-
ing the proper stains. After the
scratch-removing polish has been ap-
plied and the surface rubbed dry, the
cabinet should be gone over with one
of the accepted wax polishes to renew
its gloss.

If a scratch is too deep to be re-

Fig. 1

paired with scratch polish, it will be
necessary to fill in the seratch with
stick shellac. First, select the proper
shade of shellac. Use a slightly
lighter shade than the cabinet to be
worked on. Heat the spatula over
the alcohol flame, and after wiping
the spatula with a cloth to remove
the carbon resulting from the alcohol,
melt a portion of the shellac stick on
the spatula and spread it into the
scrateh until it is completely filled and
level with the surface. Fig. & and
Fig. 4 illustrate the above steps.
Apply the shellac sparingly, as
shown in Fig. 5, and avoid getting
it on the surface surrounding the
scratch. Be careful not to touch the

—> To Following Page

These are the basic materials needed for cabinet repair work. From left

$o right they are: Rubbing Oil, Spatula, Alcohol Lamp, Wood Glue, Plastic Waod,
Scratch Remover Polish, French Varnish, Stick Shellac, Scratch Stick, Stain, Steel
Wool, Sandpaper, Polish, and a Felt Pad.

Fig. 2 Applying scratch remover and polish with a soft cloth.
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Cabinet Repair

— From Preceding Page

surrounding surface with the spatula
as it will cause damage. Allow the
shellac to harden and then remove
the excess with a razor blade. Smooth
the surface with a piece of felt sat-
urated with shellac stick rubbing
fluid as shown in Fig. 6. Fine steel
wool, sandpaper or rotten stone can
be used to rub down the spot re-
paired. Rotten stone is superior for
fine work. It should be sprinkled on
a piece of heavy felt which has been
saturated with rubbing oil and rubbed
into the surface until the repair is
smooth. When the surface has been
smoothed, it should be cleaned and
polished with a quality grade wax
polish.

While repairing a scratch as just
described is relatively simple, it is a
good idea to practice on an old panel
or piece of finished wood until you
get the general technique. Make a
few scratches on the surface and at-
tempt repairs as outlined above.

Deep Cats

Deep cuts which have gone through
the finish may be repaired in the same
way as scratches, with the exception
that it is necessary to stain the cut
to restore the color. Spirit or aleohol
stains are preferred. Spirit stains
are the easiest to use because they
have a tendency to penetrate better
into woods which have been preyi-
ously finished.

When staining, always use a stain
lighter than the surface; it is much
easier to add several coats of stain
than to lighten a spot which is too
dark. Lighter colored stain can be
applied, a coat at a time, until the
damaged spot matches the adjoining
surface. Should the spot become too
dark, it may be lightened to some
degree by rubbing it with a cloth
moistened with alecohol. After stain-
ing the cut, proceed as with a scratch,
using the scratch stick, ete.

Gouges

Deep gouges may be repaired by
filling them in with plastic wood.
After the plastic wood has dried, re-
move the excess plastic wood with a
razor blade and smooth the surface
with steel wool, fine sandpaper, pum-
ice stone or rotten stone. The sur-
face may then be stained to the
proper color. Large repairs of this
type sometimes require several coats
of varnish or shellac. When applying
shellac or varnish, allow plenty of

6
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Fig. 3 Wipe the spatula carefuliy to remove carbon after heating it over the al-
cohol flames.

g

SHELLaz STHE
RUBBING
FLUID

Fig. 4 Melt a portion of the shellac stick onto the hot spatala.
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time for drying between coats and
rub the surface lightly with sand-
paper before applying the next coat.

Splits

When a cabinet is seriously dam-
aged, a little more equipment is re-
quired. In addition to the equipment
outlined previously, you will require
glue, clamps, dowel rods, screws,
brads and corrugated fasteners. The
glue is used to seal surface splits.
Apply the glue, press the split to-
gether several times with your hands
so as to work it in, and then clamp
the job together for at least twelve
hours so that the glue will set.
While the joint is clamped, wipe away
the excess glue with a damp cloth.

There are a few cautions which
should be observed when gluing a
split. Never use a lacquer base
cement for gluing a joint adjoining
a finished surface since this type of
cement is apt to cut into the surface
and cause additional difficulties. Use
a good grade of regular wood glue
such as fish glue or hide glue. Be
careful when using clamps; protect
the surface at the points where the
clamps touch it. When a long split
is encountered, it may be necessary
to reinforce the joint. This may be
done with either wood dowels or
corrugated fasteners. When using the
corrugated fasteners, work from the
inside of the cabinet so as not to
mar any more of the finished surface
than is necessary. The fasteners
should be used after the glue has been
applied as deseribed above.

When the wood is thick enough and
when the split can be pulled apart
(where two pieces join) drill holes
and insert wooden dowels to reinforce
the glued joint.

When the finish has partially come
off the cabinet or is badly disfigured
by heat, alcohol, ete., remove the fin-
ish from the damaged area as com-
pletely as possible, using varnish re-
mover or other suitable material.
When this has been done thoroughly,
sponge the wood with pure turpen-
tine. To do a good refinishing job,
it is necessary to remove all of the
old finish. Prepare the surface for
refinishing by smoothing it with No.
00 sandpaper or steel wool. When
the surface has been smoothed, it is
ready for staining. While there are
a number of types of stains available,
spirit stains are regarded as the best.
These stains dry fast and must be
applied carefully to obtain a uniform
coloring. Always use a stain lighter
than the shade desired on the finished
work, and apply it in coats until the
proper coloring is obtained.

When the cabinet is made of a
light ceolored wood, such as bleached

RADIO MAINTENANCE
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sHELLac 5K
RUBBINC
FLUID

Fig. 5 Fill in the scratch with the spatula, being careful not to touch the sur-
rounding sarface.

Fig. 6 After removing the excess shellac with a raror blade, smooth the surface
with a felt pad soaked in rubbing oil.

maple, pickled pine, or bleached ma-
hogany, it is often necessary to
lighten the surface rather than
darken it. There are commercial
bleaches available for this purpose.
At least two applications should be
used. Be sure to follow the manufae-
turer’s instructions carefully. These

-® OCTOBER 1946

bleaches can be used on new wocd as
well as on refinishing jobs.

The trouble putlined above is often
accompanied by buckling and splitting
when the surface is made of veneer.
When such a case is encountered,
remove the finish as previously de-

—> To Following Page
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Cabinet Repair
—> From Preceding Page

scribed; be sure the surface is com-
pletely dry and work glue into the
surface between the layers of veneer.
Apply clamps and allow the work to
stand for at least eight hours. When
the clamps have been removed, pre-
pare the surface for refinishing by
smoothing and bleaching or staining.

Finishing

While the best way to apply finishes
is by spray, they can also be applied
satisfactorily with a soft brush. As
most servicemen will want to use the
brush method, it will be outlined in
the succeeding paragraphs.

Be sure to choose a good soft brush.
After the stain has been applied as
previously described, allow it to dry
thoroughly and apply a coat of
French Varnish or white shellac.
Allow the shellac or varnish to dry
for several hours and then sand it
lightly with fine sandpaper or steel
wool. After sanding, wipe the cab-
inet with a cloth to remove dust and
apply a second coat. Repeat this
process until three coats have been
applied. Four or more coats may
be used if desired. Fig. 7 French finishing. By using French Varnish and Emulsion and applying it

The surface should be given its as shoewn, a very fine finish can be obtained.
final finish with steel wool, fine sand-
paper, pumice, or rotten stone. The
steel wool will give a semi-gloss finish.
A flat finish may be obtained by using
pumice stone rubbed down with il as
described earlier in this article.

French Polishing

French polishing results in what
is considered the most beautiful of
finishes. This method was used be-
fore spray equipment was available;
and, if done carefully, it can produce
a smoother, better job than is possible
with spray equipment.

Make a pad about two inches across
out of soft lint or cheesecloth. Tie
the loose ends together on top. Dip
it in French Varnish and rub it on
the wood with the grain in straight,
rapid strokes, using light pressure
as shown in Fig. 7. When the sur-
face is completely covered, allow it to
dry and then sand it smooth with No.
3/0 sandpaper or steel wool. Repeat
the process by applying another coat,
allowing it to dry, sanding it smooth,
etc. Continue doing this until the
surface begins to take on a gloss.
When it does, mix a few drops of oil
(French Emulsion or linseed oil)
W el e S Fig. 8 Finishing by the Dip and Rub method. An excellent finish wiich is some-

to apply coats with a rotary motion what easier to obtain. It is not quite as fine as @ French finish bat is entirely
instead of a straight motion. Between satisfactory.
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each coat, add a little oil. In this
way, the finish will gradually become
deep and glowing.

Dip and Rub Method

Another finish which is a little
easier to produce and is almost as sat-
isfactory as French polishing is the
dip and rub finish. Place two saucers
in a convenient spot and fill one with
French Varnish and the other with
turpentine or linseed oil. Make up a
pad as previously deseribed. Dip the
pad first into the oil and then into
the French Varnish and begin im-
mediately to polish the surface, using
a rotary motion and light pressure
as shown in Fig. 8. The finish will
dry almost immediately and will be
practically free from streaks. When
the pad becomes sticky, apply more
oil and French Varnish and continue
to polish.

After several coats, a rich, soft
gloss will appear. After the finish
has dried for twelve hours or more,
it may be rubbed with a soft cloth
dipped in linseed oil to obtain an
even higher gloss. The dip method
may be used to eliminate packing
marks, imprints, watermarks and
other damage which cannot be taken
care of with furniture polish. Always
be sure to sand the surface smooth
with a fine grade of sandpaper before
going to work on it.

Up to this point, we have discussed
only repairs to the finish of wooden
cabinets. Very often it becomes nec-
essary to make repairs on a plastic
cabinet. Special plastic cements are
available and can be used to fix minor
cracks as illustrated in Fig. 9. Stick
shellac can be used to fill in nicks and
chips. Heavy lacquer enamels are
available which can be used to touch
up cracks or damaged spots on col-
ored plastic eabinets.

A cabinet will often need a new
grille eloth. The installation is quite
simple and requires no explanation.
It is a good idea to have available
some fabric cement which comes in
handy for simple repairs to portable
cabinets and instruments.

Cautions

With a little practice, the average
radio serviceman should find it a
simple job to make repairs of the type
described in this article. There are,
however, a number of cautions which
should be observed:

When applying stick shellae, always
select a color or shade slightly lighter
than the desired shade. The spatula
tends to darken the shellac. Remem-
ber that it is always easier to darken
a light repair than it is to lighten
one that is too dark.

RADIO MAINTENANCE

Fig. 10 A complete repair outfit for use in your shep.
needed for all types of cabinet surface repairs.

Always use an alcohol or gas flame
to heat the spatula. These flames
are the cleanest. Wipe the blade
clean before using it.

Be careful not to touech the hot
spatula blade against a finished sur-
face as it will cause damage.

Heat the shellac just enough so
that it can be worked. If it is too
hot, pinholes or bubbles will appear
on the surface.

Be sure to clean the surface before

e OCTOBER 1946

It contains everything

applying lacquers or varnishes.
Naphtha and gasoline are good clean-
ers.

Be sure the surface you are about
to work on is entirely dry. Do not
try to do 2 refinishing job in a
moisture-laden atmosphere. Shellacs
and lacquers are best applied in a dry
room at a temperature between 70°
and 75° F.

In applying finishing material or

— To Page 47
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Adjusting the television receiver

—— QG for proper operation—the first
- b of a group of articles on the sub-
ject.

.

5
" T——
G

Q_ T FIRST GLANCE, the new circuits
and the many tubes and parts

required in a television receiver may

;: even discourage experienced service-

% p ¥ men called upon to repair and align
= # : a television set. However, with a
s basic knowledge of television circuit
4 design, and by application of sys-

_ tematic methods of service and use of

& Y & proper equipment, no real difficulties

| should be encountered.

Gone are the days of the “screw-
driver” technique that carried the
serviceman through radio repair work.
The television receiver is a complex

mechanism that requires the exacting
adjustment of many components for
optimum performance. The service-
man must remember that the eye is

a far more critical element than the

ear, and any misalignment of a tele-

vision receiver will be much more evi-

dent than faults in an audio system.

It is the purpose of this article to

give the serviceman a definite pro-

cedure by which he can attack any

television receiver, and to describe

equipment that will become a neces-

sary part of the repair shop. No com-

DUMONT LABORATORIES mercial instruments will be recom-

mended at this time since television

test equipment is still in the develop-

mental stage. However, several man-

ufacturers will have test instruments

for the serviceman by the time re-

ceivers are on the market. Improved

equipment for television receiver

alignment is under development, and

its use will be described as it appears
on the market.

Perhaps the reader has had the oc-
casion to align a television set. Un-
doubtedly he used a test pattern which
was transmitted over the air for
visual adjustment of the image on the
kinescope—a procedure that is usually
followed. (See Fig. 1.) The use of
the test pattern alone for alignment is
a hit or miss affair, and in many cases
may require undue time and effort
if no other technique is understood.
A more significant reason for not de-
pending upon test patterns for align-
ment is that such signals will be on
the air only a few minutes a day, and
probably even less when television
stations increase their number of pro-
gram hours. Obviously, then, a serv-
ice shop with several sets to repair
and align, each of which may take
several hours, must have other means
we to perform the job. For this reason,

methods of alignment will be deseribed
which require only instruments with
which the shop is equipped. A com-

oty
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plete receiver can be aligned on in-
struments alone, with a few very
minor adjustments when the receiver
is installed at the customer’s home,
since field strength and interference
conditions will be different at every
location in a community.

A television receiver may be broken
down into seven basic sections, each
of which may be tested and aligned
independently. These are (1) the RF
section, (2) the Sound Channel, (3)
the Picture Channel, (4) the Vertical
Sweep Generator, (5) the Horizontal
Sweep Generator, (6) the Cathode
Ray Tube, and (7) the Power Supply.

To illustrate more clearly the
description presented, reference will
be made to a typical television circuit,
that of the RCA Model TRK 120
receiver shown in Fig. 2. However,
wherever necessary, general methods
will be explained to cover -circuits
used by other manufacturers.

Testing and Adjusting the
Television Tube

It is on the face of the cathode ray
tube that the results of our efforts
to align a receiver will be judged.
Hence it is important that the tele-
vision tube be carefully adjusted so
that maximum resolution and defini-
tion in the picture will be obtained.
It is useless to employ a picture chan-
nel width of 4 mec unless the size of
the luminescent spot produced on the
cathode ray tube is equal to, or
smaller than, the ultimate detail pos-
sible with the 4 mec signal. In the
more expensive receivers, such reso-
lution can be obtained only if the gun
structure is properly aligned and the
electron beam is in focus. On the
other hand, receivers employing cath-
ode ray tubes of 10 inches or smaller
in diameter are designed for a band
width between 2 and 3 mec, for the
size of the spot produced in these
tubes will permit less picture detail.
In order to realize the full benefits
of the band width of a particular re-
ceiver, the spot size must be made
as small as the design of the tube
permits.

The type of focusing used in nearly
all American tubes at the present time
is of the electrostatic variety, but
magnetie focusing is also coming into
use for it avoids the ion spot (a burn
in the fluorescent screen caused by
positive ion bombardment) that ap-
pears with electrostatic focusing and
deflection.

Adjustment of the
Electrostatically Focused Tube
It is relatively simple to focus the
electrostatic tube. It is done by vary-
ing the focus control which is simply
a potentiometer connected in series

RADIO MAINTENANCE
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Fig. 1 A normal test pattern.

with the bleeder of the high voltage
supply (see Fig. 2) which controls
the voltage on the first anode. In the
electrostatic tube, the focus adjust-
ment should be made with a picture
on the tube and may be done at the
time that the receiver is installed in
the customer’s home. Some manu-
facturers will have this control on the
front panel so that the operator can
vary the focus himself, depending up-
on the picture brightness he desires.
Other manufacturers place this con-
trol on the high voltage chassis at the
back of the receiver. In this case the
serviceman must adjust the focus
for an average brightness condition.
If the operator of the receiver should
then run the tube at a different
brightness level, there will be some
impairment of focus, but not appreci-
able enough to be noticeable. Fig. 3
and Fig. 1 are examples of poorly
focused and properly focused tubes.

TWO SPOTS
PRODUCED
BY MISALIGNED
TUBE GUN

A-C SUPPLY
110~500 VOLTS

Fig. 4 Alignment of electron gun in
magnetically focused tube using the 60-
cycle method.

Fig. 3 Test pattern with focus control
incorrectly set.

If the cathode ray tube is both
electrostatically focused and deflected,
there may be another control that will
affect the picture resolution, namely
the astigmatic control. The latter is
used to balance the DC potential on
the deflecting plates, or to correct for
distortion in the electrostatic field
between the plates that may cause
astigmatism of the electron beam.
This control, if present, will appear
at the rear of the receiver, and the
serviceman should vary it simultane-
ously with the focus control to achieve
optimum sharpness of picture. There
is no need for an astigmatic control
in the electrostatically focused tube
that is magnetically deflected.

The Magnetically Focused Tube
with Magnetic Deflection

This type of tube gives the best
spot size and resolution and is found
in the more expensive receivers. It is
a more difficult operation to align the
electron gun properly with the mag-
netic focus coil. The serviceman
should adopt the following procedure:
Pull out the vertical and horizontal
oscillator tubes in the deflection cir-
cuits, so that when the set is turned
on, only a spot appears on the face
of the cathode ray tube. (Note: Be
sure the power is off, and be careful
to have the brightness control down

—> To Following Page

7.

SR

Fig. 5 The arrangement of the focus coil and the deflection yoke on a mag-
netically focused and defiected tube.
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Testing and Aligning

Television Recelivers

— From Preceding Page

to avoid burning a spot on the
screen when the power is turned on
again.) Disconnect the focus coil
leads from their DC supply source
and connect the coil across an AC
supply. If the focus coil is of low
impedance, the line voltage of about
115 volts will be sufficient for this
test. If the receiver has a high im-
pedance focus coil, three to five hun-
dred volts will be required, which may
be obtained with a step-up trans-
former. The connections for this test
are indicated in Fig. 4. With AC on
the focus coil and the set turned on,
there will appear on the face of the
tube two spots if the electron gun is
misaligned. The two spots are pro-
duced by the positive and negative
peaks of the AC current in the focus
coil. The focus coil must then be
moved around the neck of the tube
until the two spots are superimposed.
[t is only when this condition is
achieved that there will be no astig-
matism in the tube and the best spot
size will exist. Receivers with mag-
netic focusing generally have a
mounting for the coil which will en-
able it to be moved in three planes
by varying the tension on spring
mounts. Fig. 5 shows the location of

the focus coil on the neck of the tube.

After the spots have been lined up,
reconnect the coil to its DC supply,
and replace the sweep oscillator tubes.
The focus control may now be varied
to obtain a sharp picture. This con-
trol will likely be on the front panel
of the receiver, and can be adjusted
by the operator for a particular
setting of the brightness control.
With the electron gun in the tube
properly aligned, the raster may be
oriented so that it will be “in square”
with the mask aperture. (The raster
is the white rectangular pattern pro-
duced by the electron beam sweeping
across the face of the tube without
picture modulation on the grid.) Fig.
6 shows a scanning raster that is
correctly oriented while Fig. 7 indi-
cates an incorrectly oriented picture.
In receivers using magnetic deflecting
yokes, the latter will need rotation. In
order to better observe the orientation,
the horizontal width and vertical
height should be decreased by adjust-
ing the respective controls until the
edges of the raster can be seen (Fig.
8). The yoke should then be rotated
until the picture margins are essen-
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tially parallel with the mask edges.
Fig. 5 shows the location of the yoke
on the neck of the tube. It will be
noted that the yoke is pushed as far
forward as possible. This should
always be done to prevent beam cutoff
against the walls of the tube near the
neck. The above is particularly im-
portant in the case of the new short,
wide-angled tubes in which the beam
is deflected as much as 55°. If the
yoke is not as close to the junction
of the neck and bulb as possible, the
beam will hit the neck at the ex-
tremities of the sweep cycle. The
vertical height and horizontal width
may be set for correct size as indi-
cated later.

In receivers using electrostatic de-
flection tubes, the tube itself must be
rotated until the raster is oriented
correctly with respect to the mask
aperture. The same technique in ad-
justing width and height with mag-
netic deflecting tubes should be used.
Note in the correctly oriented raster
of Fig. 6 that the vertical return lines,
normally blanked out when the picture
signal is applied, slope upwards from
left to right which indicates that
scanning is in the right direction to
give a properly related picture.

One final check on the tube remains
and that is the measurement of the
operating voltages and high voltage
supply hum or ripple if trouble from
the power supply is suspected. For
this purpose a voltmeter with a maxi-
mum range of at least 10,000 volts
skould be on hand to check the high
voltage source and filters, and make
any repairs that are necessary.
(Caution: The high voltages used in
television receivers can give a lethal
shock. The serviceman should con-
sult the precautions given in the man-
ufacturer’s service manual before
making any repairs or measurements
on the high voltage supply.)

The amount of ripple voltage can
be checked with the aid of a test
oscilloscope. The vertical plates of
the test ’scope are connected through
an isolating condenser directly to the
power supply bleeder at a point near
ground. If a point on the bleeder is
chosen at 400 volts above ground, then
a 0.1 ufd condenser rated at 600 volts
should be used. Knowing the deflec-
tion sensitivity of the oscilloscope, the
ripple voltage can be computed. The
ratio of the ripple voltage to 400 volts

— To Following Page
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Fig. 6 A correctly oriented scanning
raster. Note the angle of the retrace
lines.

Fig. 7 An incorrectly oriented picture
caused by a misaligned deflection yoke
or electrostatic tube.

AL

Fig. 8 A test pattern with the hori-

zontal width and vertical height re-

duced to align the picture parallel to
the mask.

Fig. 9 A test pattern showing the
effects of ripple voltage due to a faulty
high voltage power supply.
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Testing and Aligning Television
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gives the per cent ripple. This figure
should not exceed 1 per cent. Exces-
sive ripple voltages will cause the
effect shown in Fig. 9, and will prob-
ably be due to defective or open high
voltage condensers.

We now have the cathode ray tube
operating at its optimum condition,
and capable of reproducing the best
possible picture that can be fed to it
by the other circuits. We turn next
to the scanning system which controls
the motion of the electron beam across
the face of the cathode ray tube and
causes it to move in synchronism with
the scanning beam in the iconoscope
at the transmitter.

The Seanning System

A complete instrument test pro-
cedure will be presented here to check
and align the sweep generators and
amplifiers in the scanning system.
The serviceman should adopt such a
plan of attack, for with the proper
instruments he can secure positive
and foolproof alignment of these cir-
cuits. He should not depend upon a
test pattern, for instance, to adjust
linearity. A daily check by the author
over a period of several weeks proved
that the linearity of the test patterns
transmitted by three stations in the
New York area varies widely from
day to day. Thus if the sweep line-
arity is adjusted on one day to give a
uniform test pattern on one station,
on another day or on another station,
the linearity may be very poor. The
instrument method is the only posi-
tive procedure for checking the scan-
ning system; and once these adjust-
ments have been made, no further
changes should have to be made when
a picture appears on the tube.

Use of Oscillator to Check
Linearity and Amplitude

It is possible to test the amplitude
and linearity of scanning in both ver-
tical and horizontal directions with
the aid of a variable frequency oscil-
lator, the output of which (either
direct or by subsequent amplification)
has an amplitude of at least 20 volts
peak-to-peak and variable frequency
from below 60 to above 15,750 cps.
The method is shown in Fig. 10. The
output of the oscillator is connected
between the grid and cathode of the
tube and also to the input of the scan-
ning circuit to be tested. In testing
the vertical circuit, the oscillator is
set at 60 cps, whereas for testing
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Fig. 10 Method used in checking the
linearity and amplitude of the scan-
ning circuits.

the horizontal circuit, it is set at
15,750 cps. In this manner, the sweep
circuits will synchronize at the same
frequencies at which they will be
operating when synchronizing pulses
in the video signal are fed to them
from over the air.

The Vertical Scanning System

To illustrate the procedure, consider
first the vertical scanning circuit. The
60-cps output of the oscillator is
applied to the scanning circuit and the
frequency control is adjusted until the
cireuit locks into synchronism with
the applied voltage wave. At the
same time, the electron beam in the
cathode ray tube is modulated at 60
cps. Consequently, the seanning mo-
tion and variation in brightness occur
svnchronously, and the result is a
stationary pair of horizental bars, one
bright, the other dark. The scanning
circuit is then operating at standard
line frequency and all the character-
istics of the vertical scanning system
can now be checked. The scanning
amplitude is indicated by the total
height of the scanning pattern when
synchronized. If the amplitude is in-
sufficient, the height control may be
adjusted to increase the ecurrent or
voltage (depending on whether elec-
tromagnetic or electrostatic scanning
is used, respectively). Fig. 11 shows
a condition of insufficient vertical
amplitude. The importance of having
rated frequency in this method will
be understood when it is realized that
in magnetic scanning, the scanning
amplitude depends upon the fre-
quency, while the linearity of sweep
varies with frequency in both mag-
netic and electrostatic scanning. The
method also enables the serviceman
to pre-set the vertical synchronization
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Receivers

NBC

W KK,
NEW YORE

Fig. 11 A test pattern with the ver-
tical height control incorrectly set.

waxas
NEW TORK

Fig. 12 A test pattern with the ver-

tical synchronization control incorrect-

Iy set—the picture moves continually,
giving a rolling effect.

Fig. 13 The linearity test pattern ob-
tained using the method illustrated in
Fig. 10 with a 2400 cps signal applied
to the control grid and vertical sync
circuits. A shows an incorrect pattern,
while B is the correct pattern.
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NBC .

" vou,

Fig. 14 A test pattern with the ver-
tical centering control incorrectly set.

VOLTAGE REQUIRED ACROSS DEFLECTION YOKE:

/

/
/
VOLTAGE PEAKED
B8Y PEAKING

1! [
SRS
HA

N R

A Vi

/V \ /r

/ %

SAWTOOTH CURRENT IN YOKE PRODUCED
BY ABOVE VOLTAGE

Fig. 15 The voltage and current wave
forms required for the magnetic de-
flection system.

NBC ﬁ

ll' YOll

Fig. 16 The fold-over effect caused by
improper peaking in the vertical scan-
ning circuit.

Fig. 17 A test pattern with the hori-
zontal frequency control incorrectly
set,
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control so that the saw-tooth oscil-
lator is operating at the correct fre-
quency. Fig. 12 shows what happens
when the vertical synchronization
control is incorrectly set.

When satisfactory vertical scanning
amplitude has been obtained, it is
then possible to determine the line-
arity of seanning by increasing the
frequency of the beat oscillator sue-
cessively in steps to the values 120,
240, 480, 960, 1920, 2400 and 3600
cps (or any other multiple of 60).
Since these frequencies are multiples
of the 60-cps scanning frequency, the
scanning ecircuit will synchronize on
every second wave for 120 cps, every
fourth wave on 240 cps, and so on.

At the frequency 2400 cps, the scan-
ning circuit synchronizes every forti-
eth cyele (since 2400/60 — 40) but
the scanning frequency remains at
60 ecps. Consequently, the pattern on
the screen will be broken up into
roughly 40 horizontal bars. Fig. 13 is
the pattern that will be seen on the
screen. If the vertical scanning mo-
tion is linear, these bars will be
equally spaced; otherwise, they will
display a spread-out or compressed
appearance over part of the screen.
By adjusting the linearity controls
(a receiver may have one or more)
in the vertical scanning generator, it
is usually possible to obtain substan-
tially equal separation between all
bars (these may be checked with a
pair of dividers) indicating satisfac-
tory scanning linearity in the vertical
direction. It may be necessary to re-
set the height control while making
this linearity adjustment, for in some
circuits the adjustment of one will
affect the other. The vertical posi-
tioning control ecan now be set to
center the raster vertically. Fig. 14
shows what happens when the vertical
centering control is incorrectly set.

In receivers using magnetic deflec-
tion, one more adjustment must
be made in the vertical system. It
will be remembered that in order to
obtain saw-tooth deflection current in
the deflecting yoke, the type of volt-
age wave must be generated as indi-
cated in Fig. 15. Since the output
of the discharge tube is a saw-tooth
voltage, the wave form shown in Fig.
15 may be obtained by placing a
resistor (commonly called a “peaking”
resistor) in series with the charging
capacitor. If, due to aging or change
in components, this peaking resistor
is not the correct value, the current
in the yoke will no longer be a linear
saw-tooth, and the lines at the top of
the raster will begin to fold over into
the picture. This condition is shown
in Fig. 16. Since most receivers will

—> To Page 32

Fig. 18 A test pattern showing the
picture tearing due to unstable hori-
rontal synchronization.

Fig. 19 The pattern produced im the
horizontal scanning amplitude test with
a 15,750 cps signal on the grid.

Fig. 20 A test pattern with the hori-
zontal width control incorrectly set.

Fig. 21

A test pattern showing the
picture size produced by the blanking
action.

15



Peter Markantes

IN THE NEAR FUTURE, with the ad-
vent of great numbers of new auto-
biles, the auto radio business should
begin to increase. Since the installa-
tion and repair of auto radio receiv-
ers will represent a substantial por-
tion of the serviceman’s income, it will
not be amiss to discuss some of the
problems associated with this phase
of the industry.

Although, basically, there is very
little difference between conventional
home receivers and automobile receiv-
ers, there are a few distinguishing
features that warrant serious atten-
tion. Perhaps the most radical de-
parture is represented by the type of
power supply used. Accordingly, this
article will deal with some basic fea-
tures of vibrator power packs insofar
as they relate to servicing problems.
Fig. 1 shows a typical vibrator power
supply; almost all auto radios use
built-in supplies rather than separate
ones as shown,

The fundamental principle of vi-
brator power pack operation is a
simple one. Fig. 2 shows a conven-
tional plate supply system with which
any radio man is thoroughly conver-
sant.

Although we are accustomed to
thinking in terms of sine wave input
to the transformer, it must be realized
that the transformer principle still

16

A discussion of vibrator supply circuits

COURTESY OF
P. R. MALLORY & CO.,, INC.
Fig. 1

A typical vibrator supply.

holds even though the input is not a
sine wave. In fact, we can generalize
and state that voltage and current
transformation will occur provided
only that the input voltage continu-
ously varies above and below some ref-
erence value. The wave shown to the
right of the sine wave will be quite
suitable. Therefore, in designing a

OCTOBER 1946 e

power supply that will deliver plate
voltage and current from a 6-volt
automobile storage battery, a start-
ing point would be the design of ap-
paratus that will give a voltage wave-
form (as pictured in Fig. 2) from
the battery.

Fig. 8 illustrates one method of ac-
complishing the desired result. With
the switch in the right hand position,
current will flow from A to B; in the
left hand position, from B to A. If
you can visualize the switching taking
place instantaneously, the square
waveform will be produced.

A much simpler switching arrange-
ment is possible if the transformer
primary is wound in two sections as
shown in Fig. 4. Now, with the
switch in the right hand position, the
flow of current is through the lower
half of the primary; in the left hand
position, through the upper half of the
primary.

All that remains now is to replace
the S.P.D.T. switch of Fig. 4 with
a magnetically driven switch or vi-
brator. Fig. 5 shows a typical vi-
brator. Fig. 6 is a circuit in which
a vibrator has been included. Here the
arm of the switch has been replaced by
a metallic reed “A” upon which is
mounted contact 3. When no current
is applied, the reed is equidistant be-
tween contacts 1 and 2. When cur-

RADIO MAINTENANCE



rent is applied, the coil is energized,
attracting the armature and closing
contacts 2 and 3.

The closing of contacts 2 and 3 re-
sults in a pulse of current through the
lower half of the transformer pri-
mary. Simultaneously, the coil is
short-circuited and de-energized. The
reed having been “stretched” out of
its center position now “rebounds”
with sufficient force to strike contact
1 and send a pulse of current through
the upper half of the primary.

The entire arrangement can be as-
sembled in a small amount of space
and is generally mounted in a small
can with all leads brought to a plug
at the base of the can. Fig. 7 shows
a vibrator mounted in this manner.
The material surrounding the unit is
sponge rubber used to absorb vibra-
tion.

In another form of interruptor vi
brator, an extra set of contacts is pro-
vided solely for the coil. These two
forms, despite the great number of
different pin and plug arrangements
that have appeared over the years,
are the only forms taken by the inter-
ruptor type vibrator.

The power supply is shown sche-
matically in Fig. 8. Note that polar-
ity of the DC output is independent of
the polarity of the input.

If the vibrator can change DC to
AC, then it can change AC to DC.
In other words, a vibrator can be used
to replace the rectifier tube. All that
is necessary is that primary and sec
ondary vibrators operate in synchron
ism. The easiest method of accom-
plishing this is to mount an extra set
of contacts on one reed and use the
same driver coil. The synchronous
vibrator, as this is called, is shown
schematically in Fig. 9.

When the reed is in the up position.
contacts 1 and 2 are closed. Current
flows from A to B in the primary. In
the secondary, the current takes the
path H-G-E-F.

Note that the polarity of the DC
output is now dependent on the po-
larity of the input. Note that in Fig.
9, reversing the battery terminals (car
uses positive ground) results in re-
versing the polarity of the output. If
a set using the vibrator of Fig. 9 had
been installed in a Ford (positive
ground) it could mot work if re-in-
stalled in another make of car using
negative ground. However, this
poses no great problem. If the trans-
former leads are accessible, all that is
necessary is to connect point D to
contact 3, and point F to contact L.
This can be done by transposing leads
at the vibrator socket, or, if the vi-
brator can be taken apart, at the vi-
brator plug.

The vibrator supplies so far shown
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Fig. 3 Switching system used to re-
verse current flow in a transformer
primary.

Fig. 4 Switching system used to re-
verse current flow in a transformer
when the primary is tapped.
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have been stripped of all but the bare
essentials for ease of explanation.
Now we are ready to consider some
of the other components which are
needed for satisfactory operation.
Perhaps the most important of these
components is the buffer or timing
condenser. Let us consider again the
action of the contacts and the reed.
As the reed approaches one of the
contacts, the full battery voltage is
applied across the contacts causing a
spark to jump across the gap just be
fore the contacts close. Moreover,
when the contacts are broken, the
magnetizing current (in the trans-
former) would be broken suddenly, re-
sulting in a rapidly collapsing field
and the build up of extremely high
voltages of opposite polarity.

By connecting a condenser across
the contacts, the spark could be ab-
sorbed. By connecting a condenser
across the secondary, the condenser
could store energy while the contacts
were closed, and discharge during the
break. A large condenser is required
across the contacts, while a small con-
denser is required in the secondary.
However, two condensers are not
necessary. By a simple expeaient, one
condenser can be used to perform
both functions. Consider Fig. 10.

The familiar impedance transforma
tion formula

Zy N: N,
—_—= ) yields Z, =Z.} — )
A N N

If Z.+4s capacitive, then Z, will alsc
-~ To Page 38

VIBRATING REED
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SEMI-STATIONARY

ENDS OF
REEDS
WHERE
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i UURTESr OF ELECTRONIC LABORATORIES, INC.

Fig. 5 A typical vibrator unit.
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BY
MONROE M. LANGE

Melville Radio Institute

Receivers using automatic
frequency control are be-
coming more common. The
operation and servicing of
this type of circuit are dis-
cussed herein.

WT ITH THE PRESENT ACCENT on high
fidelity reception, and the in-
creasing popularity of automatic tun-
ing, it is becoming more essential for
the progressive and far-sighted radio
serviceman to have a good working
knowledge of automatic frequency
control systems. It is the aim of this
article to describe the theory of oper-
ation of such systems, and to suggest
means of servicing faulty systems.

The need for automatic frequeney
control, or AFC, in modern broadcast
receivers has been occasioned by the
increased use of automatic tuning de-
vices. In order for the average listen-
er to derive all the benefits of the
engineering skill employed in the de-
sign of the receiver, some method
must be used to insure accurate tun-
ing. Not only must this tuning be
accurate when the station is first
tuned in, but wmust remain so with
continued operation.

It is common knowledge that the
selectivity and amplification of a su-
perheterodyne receiver are governed
by the characteristics of the IF ampli-
fier. The performance of this sec-
tion, in turn, depends on the proper
operation of the local oscillator. Any
shift in the local oscillator frequency
will cause the generation of the im-
proper intermediate frequency, there-
by reducing the efficiency of that cir-
cuit. Regardless of discrepancies in
RF tuning, if the oscillator can be
made to differ in frequency from the
signal frequency by the exact amount
of the IF, the converted signal ap-
plied to the intermediate frequency
amplifier will be correct. Therefore,
since the IF amplifier is fixed tuned,
AFC circuits must act to control the
oscillator frequency.

What causes the oscillator fre-
quency to shift? Some common causes
are  temperature and  humidity
changes, vibration, line voltage varia-
tions and operating potential fluctu-
ations. Obviously, it is not economi-
cally feasible to use shock-mounting,
temperature-controlled chambers, and
extremely well regulated power sup-
plies (as is done in transmitters) to
overcome these defects. Hence, the
need for an automatic frequency con-
trol circuit which will compensate for
the adverse effects of the above con-
ditions.

The operation of an AFC system
depends on two fundamental compo-
nents: Namely, a discriminator and a
reactance (or control) tube. (Notice
here the similarity to FM.)

Fig. 1 shows a block diagram of an
AFC system. The receiver may or may
not have a separate detector, in addi-
tion to the discriminator for the de-
velopment of the audio voltage. How-
ever, it is the primary purpose of the

diseriminator, as far as AFC is con-
cerned, to develop a DC voltage pro-
portional to the deviation of the in-
termediate frequency from its desired
value. It is evident why it has so
appropriately been named “discrimi-
nator,” since the discriminator can
distinguish changes in the IF, and
compensate for them if necessary.
This it does by supplying a control
voltage, in the form of a bias, to the
reactance tube, which subsequently
controls the local oscillator frequency.

Before going any further, it may
help if the reader recalls a few fun-
damentals. First: The frequency of
an oscillator is determined by the in-
ductance and capacitance in the tank

1

cireuit (f—=—— ),
27y LC
plate current and grid voltage of a
tube are in phase, while the plate
voltage and grid voltage are 180° out
of phase, as illustrated by Fig. 2A.
Third, the current in an inductive cir-
cuit lags the voltage by 90°, while
the current in a capacitive circuit
leads the voltage by 90°, as illustrated
by Fig. 2B and 2C.

It can be seen then, that by intro-
ducing a 90° lagging voltage into the
grid circuit of a tube, it can be made
to act like an inductance, as illus-
trated by Fig. 2D. If this inductance
is shunted across the tank of the local
oscillator and varied, the frequency of
the oscillator will also be made to
vary. What remains to be told is
how it is done, and this will now be
illustrated with the aid of a few dia-
grams.

Second, the

Fig. 8 shows a simple type of dis-
criminator circuit. While there are
many variations, the fundamental
principles involved are the same. The
two secondaries, S1 and S2, are tuned
respectively to frequencies higher and
lower than the IF, by the same
amount. When the intermediate fre-
quency is correct, the voltages across
S1 and S2 are equal, and the diodes
will produce equal voltages across R1
and R2. Note that the polarity of
the two are opposing. Therefore.
their algebraic sum will be zero.

If, however, the local oscillator fre-
quency has drifted and the IF is too
high (81 is now in tune), D1 will have
a higher anode voltage, and thus will
conduct more heavily than D2. The
voltage across R1 will be greater than
that across R2; and, consequently,
point X will be negative with respect
to ground. If the IF is too low (S2
is in tune), the process is reversed and
point X becomes positive with respect
to ground. The AFC voltage has
thus been created. Plotting this volt-
age against variation of the interme-
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diate frequency, the typical character-
istic “S” curve of a discriminator, as
shown in Fig. 4, results.

It is next necessary to see how this
voltage is used to stabilize the fre-
quency of the receiver. Referring to
the block diagram of Fig. 1 again, you
will note that the AFC voltage, which
is the diseriminator output, is fed in-
to the control tube. The latter, since
it acts like a variable inductance
shunted zcross the tank of the oscil-
lator, will change its net inductance,
and, therefore, its frequency. This
is accomplished as follows.

Referring to Fig. 5, the AC com-
ponent of plate voltage of the react-
ance tube is obtained from the oscil-
lator grid tank, L and C. Hence, it
is in phase with it. Also the alter-
nating grid voltage is obtained from
the same source across the voltage
divider C1, C2, and R. The capaci-
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Fig. 1

tive reactances of C1 and C2 are made
very low compared to value of R. This
is done to make the voltage divider
act like a resistive circuit. Effective-
ly then, the current through the volt-
age divider is in phase with the plate
voltage. However, the voltage across
C2 lags this current by 90°, and so
lags the plate voltage by 90°. Since
this same voltage (across C2) is the
AC voltage being introduced between
grid and cathode of the control tube,
the grid and plate voltages are 90°
out of phase. As plate current and
grid voltage are in phase, plate cur-
rent and plate voltage are also 90
out of phase, and the tube simulates
an inductance.

The final step is to produce a varia-
tion of this inductance. This is at-
tained by altering the grid bias of the
control tube, thus governing the
amount of plate current.

E
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Block diagram of an AFC system.

To understand how this variation
of inductance is achieved, the char-
acteristics of an inductance should
again be reviewed. With a fixed volt-
age applied, the amount of induc-
tance is inversely proportional to the
amount of current, or as the current
increases, the inductance decreases
and vice versa. The amount and di-
rection of that change are regulated
by the output of the discriminator.

All AFC systems are based on the
fundamental principles outlined above.
Of course, the type discriminator and
the phase shifting network will differ
in the various kinds of commercial
receivers. However, the previous ex-
planation, together with the following
hints, should provide sufficient in-
formation for servicing.

Some of the common troubles in
receivers with automatic frequency

—> To Following Page
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Fig. 2 The voltage and current relationships in an oscillator.
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control are hum, hiss, blasting, high
distortion, difficulty in tuning, im-
proper oscillator performance, or the
complete lack of AFC action. The
succeeding suggestions are based on
the premise that the rest of the re-
celver is operating normally.

As in all troubleshooting, the first
step is to localize the difficulty. Tt
must be ascertained that the fault
actually lies in the AFC system. This
can usually be done simply by turn-
ing the AFC switch to OFF, and
removing the control tube from its
socket. If the set has no AFC switch,
the AFC bus may be temporarily dis-
connected. Removing the tube is
necessary as the switch usually elimi-
nates only the discriminator. If the
trouble disappears, the AFC circuit is
definitely at fault.

The test equipment needed for this
circuit does not differ from that used
in ordinary repair work. An amplitude
modulated RF signal generator and
a vacuum tube voltmeter suffice. The
latter is preferable due to its high
sensitivity and non-loading effect upon
the critieal eircuits involved.

To determine whether the AFC is
operating at all, a signal at the IF
peak should be introduced into the
grid of the IF amplifier, and a vacuum
tube voltmeter connected to the output
of the diseriminator. The signal gen-
erator should then be varied above
and below the IF peak, noting whether
or not the reading changes. If it
doesn’t, the discriminator is inopera-
tive and should be checked by meas-
uring voltage and resistance, as well
as testing the tube itself.

Assuming the discriminator is
normal, the bias of the control tube
should next be measured as the signal
generator is swept through the fre-
quency band. This reading should
show a change as well, due to the va-
riation in AFC voltage. As a final
check on the control tube, it should
be noted whether or not its plate cur-
rent is also varying. This may be
done either by placing a milliam-
meter in the cathode circuit, or by
measuring the DC voltage drop across
the cathode resistor or plate load. In
the latter case, since the bias is chang-
ing due to AFC action, the current
through the resistors will also vary;
and, therefore, so will the potential
difference across them. These tests
should conclusively determine why the
AFC is inoperative.

If it is found that the AFC is fune-
tioning, but the receiver has an ab-
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Fig. 3 Simplified diagram

normally low signal-to-noise ratio,
that distortion exists, or a hissing
sound is heard, defective disecriminator
transformer trimmers, or their im-
proper adjustment, may be the diffi-
culty. To test these, a signal at the
IF peak is applied to the grid of the
tube preceding the diseriminator.
Connect a vacuum tube voltmeter to
the AFC output. A zero reading
should result. To assure that this is
a correct setting, the AFC switch

of a discriminator circuit.

should be turned off and on. If the
adjustment is right and the trimmers
not defective, no change in this read-
ing will oceur. If not, the secondary
trimmer probably needs readjustment
or replacement. It is helpful to re-
member that this trimmer, when cor-
rect, is usually about halfway between
minimum and maximum capacity. This
adjustment is very critical and will be
mentioned later under alignment.
Hum, when present with the AFC

POS. A.F.C. VOLTAGE

+6

+4

+2

NEG. A.F.C. VOLTAGE

Fig. 4 Typical discriminator output curve.
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Fig. 5 Simplified diagram of the control tube circuit and
the converter-oscillator circuit in a receiver using auto-

on, is usually caused by the introduec-
tion of a hum voltage into the control
tube, thus effectively modulating the
oscillator. As for the source of the
hum voltage, the usual defects such
as imperfect filter condensers (espe-
cially where separate filters are used
for the plate supply of the control
tube), tubes with cathode-heater leak-
age or shorted filter chokes are to be
suspected.

To determine whether the hum is
being generated in the diseriminator,
its bias supply to the control tube can
be removed by turning off the AFC
switch. If the hum disappears, the
source is definitely the discriminator.
Frequently, the faulty part in this cir-
cuit is the condenser by-passing the
ungrounded cathode of the discrimi-
nator diode. A good condenser should
be shunted from this point to ground
as a check. If the diseriminator is
eliminated, the cause of the hum has
been localized to the control tube and
can be run down by testing the parts
mentioned above.

SIGNAL
GENERATOR

AT

I.F. PEAK

matic frequency control.

Another complaint may be blasting
when tuning from station to station.
This is similar to the symptom ob-
served when the automatic volume con-
trol is defective. What actually oc-
curs is that the AFC action brings
the signal in before the AVC can
take hold. This is due to the AFC
time constant becoming smaller than
that of the AVC. An open C3 or a
shorted R1, in the circuit of Fig. 5,
in the AFC feed line is the trouble-
maker.

Fading or intermittent reception
may be due to improper oscillator per-
formance. This can be caused by a
faulty control tube circuit, as well as
osecillator difficulties. Both the oscil-
lator and reactance tube stages re-
quire tubes with a high mutual con-
ductance and they should be checked
at the start. The bias voltage of the
oscillator may also be measured, with
and without the control tube in its
socket. If it becomes abnormally low
(below 5 volts) when the control tube
is inserted, the oscillator tube needs

replacing. Even though the oscillator
tube may check well, it probably is
not strong enough to overcome the
slight resistance reflected by the con-
trol tube. In cases where the oscil-
lator functions normally, the control
tube circuit must be further analyzed
for continuity and voltages present.

Except for alignment and defective
switches, the main troubles encoun-
tered with AFC have been mentioned.
Arrangements are usually provided
for automatically switching out the
AFC while tuning from station; other-
wise, it will tend to “drag” a signal
from channel to channel. Sometimes
switeh contacts go bad and must be
cleaned.

The alignment procedure does re-
quire special attention. It corresponds
very closely to the alignment of simi-
lar parts in an FM receiver. Also it
is important to keep in mind that
just as in all other such procedures,
the manufacturer’s instructions should

> To Page 43

Fig. 6 Connections used for the signal generator and YTVM when adjusting the AFC circuit.
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This is Part Two of a series
of articles designed to fa-
miliarize the reader with
the operation and use of
the cathode-ray oscillo-
graph.

FPYHE MOST IMPORTANT and usual
use to which the cathode-ray
oscilloscope is put is the observation
of voltage waveforms. In order that
a voltage may be investigated and
studied thoroughly, the oscilloscope is
made to show, on the face of its
screen, a plot or graph of the voltage
vs. time. This scheme of presentation
is the one which gives most informa-
tion about a given waveform without
the necessity of serious mental cal-
culation to interpret the picture. Fig.
1 shows the units of a voltage plotted
vertically against units of time plotted
horizontally, so that the resultant
graph gives a clear “history” of the
waveform from an arbitrary time
zero to the end of the wave. One com-
plete cycle of a sine wave is shown.
In order that the oscilloscope be
capable of presenting such a graphical
picture of a voltage waveform, a volt-
age whose value at any time is pro-
portional to the elapsed time must be
impressed on the horizontal plates in
synchronism with the signal voltage
to be observed. Then if the signal
is impressed on the vertical plates, a
time-plot of the voltage will be pre-
sented on the screen of the tube.

To see this more clearly, consider
the following: Suppose we have a 60-
cycle sine wave of, say, 50 volts peak
amplitude which we wish to see
graphically on the face of the cathode-
ray tube. Since voltages are usually
pictured as rising or falling in the
vertical direction, we impress this
voltage between the vertical deflecting
plates of the oscilloscope tube. Now,
if no voltage is impressed upon the
horizontal plates, a straight up-and-
down line will result, about two inches
long, because the electron beam, and
hence also the spot on the tube, is be-
ing swept up and down at a 60-cycle
rate, with no motion horizontally. If
we now impress upon the horizontal
plates a voltage of such nature that
the spot will move smoothly in linearly
from left to right while simultane-
ously moving up and down in con-
formity with the information on the
vertical plates, the spot will trace out
a pattern like that of Fig. 1. If now
at the end of the first cycle the spot
is made to fly back to the starting
point at the left, with little or no
loss of time, to “draw” the second
cycle, and then the process is repeated
over and over at a 60-cycle rate (for
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Fig. 1T Voltage units plotted against

units of time give a graph as shown

above when the voltage is varying in
sine wave fashion.

that happens to be the frequency of
the signal being observed), then a
single stationary pattern will be seen
on the screen of the cathode-ray tube,
similar to Fig. 1, with no flicker, be-
cause of the fact that the spot is trac-
ing out the complete pattern at a
rate greater than 15 times per sec-
ond.

The voltage required on the hori-
zontal plates to produce this motion
of the beam is called a “sweep” volt-
age (also referred to as a time-base
voltage) because it sweeps the beam
across the tube. The sweep voltage is
a “saw-tooth” voltage because it re-
sembles in shape the tooth of a saw.
Fig. 2 shows a typical saw-tooth volt-
age. Time t, is the time it takes the
voltage to rise from a to b and drive
the spot from left to right. Time t.,
known as the ‘“fly-back” time, is the
time required for the voltage to re-
turn to a, (same level as a) and drive
the spot back to its starting point
from right to left. Time t. is shown
much enlarged; in actual practice, it
is very small, which means that very
little time of the cycle is required for
the spot to be returned from right to
left. This results in the spot’s return
trace being dimmer in intensity than
its forward trace, since the faster the
spot moyes across the screen, the less
time there is for any one spot on the
screen to become fluorescent as the
result of the passing of the beam over
it. (Sometimes, in order to blank
the return trace completely, a square-
wave voltage is developed in one of
the sweep amplifier tubes, having a
negative portion equal in time to t:;
when this voltage is impressed on the
grid of the cathode-ray tube, complete
blanking results for time t..)

The correlation of vertical signal
voltage and horizontal sweep voltage
can probably best be understood by a
study of Fig. 3.

The Sweep Generator

There are many methods by which
an accurate saw-tooth sweep voltage
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Fig. 2 A saw-tooth voltage of the type

shown graphically above is required to

form the time base on the face of the
cathode-ray tube.

can be generated. Among these are
the hard tube relaxation oscillator, the
arc tube (or neon tube) relaxation
oscillator, the thyratron sweep gen-
erator, the multi-vibrator, and the
blocking oscillator. Of these, by far
the most widely used in oscilloscopes
is the thyratron type. The thyratron
is a gas-filled triode in which, once
the grid voltage is raised to cut-off
value, the tube fires and produces a
very low plate-to-cathode voltage
which is then sensibly independent of
any further grid voltage changes. The
only way for the tube to stop con-
duction is for the plate to drop to a
value lower than that necessary to
support ionization of the gas within
the tube. Fig. 4 shows the thyratron
sweep generator circuit used in the
DuMont Type 208B oscilloscope, a
simple and rugged instrument. (The
RCA-158 is similarly recommended
for simplicity and ruggedness.) Fig.
5 is the complete circuit diagram of
the Dumont Type 208B which is re-
ferred to in this article.

As shown, the coarse frequency
switeh can select any one of eight dif-
ferent condensers or a short circuit
{which is the OFF position). For any
condenser position, assume the grid to
be at zero volts DC, the cathode at
about --3 volts (through the voltage
divider circuit from B4+ to gnd.).
Therefore, starting at zero time, the

EXTERNAL FINE FREQ.
SYNC +
3 W\ (250)
| &
YCLE
~ —_—
Lo omrerna SAWTOOTH
ouTPUT
SYNG =
SW|TCH“[ =
N COARSE FREQ
SYNG <
SIGNAL 8
AMPL
CONT!

Fig. 4 Thyratron sweep generator cir-
cuit as used in the DuMont 208B oscillo-
graph.
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Fig. 3 A graphic illustration of the re-
lation of the vertical signal and the
horizontal sweep voltages.

condenser between plate and cathode
starts to charge to 4250 volts through
the plate resistor and potentiometer.
A condenser charging wave is an ex-
ponential waveform the leading edge
of which is essentially linear. The
condenser charges toward B+ until
it reaches that plate potential which
will fire the tube when the grid bias is
3 volts. As soon as this occurs, the
tube fires, forming a low resistance
path between plate and cathode, and
the charged condenser discharges
rapidly through the tube until the
voltage falls to the de-ionizing volt-
age of the thyratron, when conduec-
tion stops and the tube becomes an
open circuit again. The condenser
then starts to charge again to B+
and the process repeats itself. Fig. 6
shows a graphical representation of
the thyratron action.

It will be noted that the small por-
tion of the condenser’s charging wave
which is used is quite linear and is
generally saw-tooth in shape. The
steepness of the charging wave de-
pends on the capacity and resistance
in the charging path, which determine
the “time constant” of the wave. A
larger condenser or a larger resist-
ance makes a longer time constant,
which means a greater time is taken
for each cycle, or that there are less
cycles per second. Thus the frequency
of the saw-tooth, or the rate at which
the spot will be swept horizontally
across the screen, can be varied by
switching condensers (coarse fre-
quency adjustment) and by varying
the setting of the potentiometer in the
plate (fine frequency adjustment).

Synchronization

It is necessary, if a complete pic-
ture of the signal is to be seen on the
cathode-ray screen, clear and steady,
without moving or flickering, that the
horizontal sweep voltage and the
vertical signal voltage be absolutely

synchronized with each other.
The exact theory of synchroniza-
—> To Following Page

23



The Oscillograph . . . how it works
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tion of oscillators is a rather com-
plicated affair and need not be gone
into in great detail here. It is ob-
vious that if the grid voltage in the
oscillator above is changed, the fre-
quency will change slightly because
the tube breakdown voltage which the
condenser must reach is made lower
if the grid is raised, and higher if the
grid is lowered. In the first case, the
cycle would be made shorter (result-
ing in more cycles per second or
higher frequency) and in the second
case, the cycle would be longer (re-
sulting in less cycles per second or
lower frequency). If a small portion
of the signal to be placed on the ver-
tical plates is fed also into the oscil-
lator sweep circuit through the ex-
ternal synchronism terminal and the
Sync. switch set to External, the
small signal will be fed on to the
thyratron grid, and change it slightly
each cycle, in the correct direction, so
that the exaect synchronism between
the signal and sweep frequency will
result.

In many cases, it is desired to view
more than one cycle of the signal on
the screen at the same time. The
sweep must then be synchronized at
some frequency lower than that of the
signal. For example, if two cycles
are to be observed, the sweep fre-
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quency must be exactly half the sig-
nal frequency. This is obvious, since
the sweep cycle must take exactly
twice as long as one signal ecycle in
order for two signal cycles to appear
on one sweep. If five signal ecycles
are to be shown, the sweep frequency
must be one-fifth the signal frequency.

If the Sync. switch is set to 60
cycles, a portion of the line voltage is
fed into the oscillator. If the oscillator
is then adjusted to some frequency
near 60, it will lock in at 60 cycles
exactly.

In the Internal Synec. position, the
thyratron grid is connected to a point
in the vertical amplifier circuit so
that the signal under investigation can
be stopped on the screen, when neither
of the other two switch positions can
be used.

Normally a minimum of Synec. volt-
age should be used (i.c., the Sync. cor-
trol potentiometer should be turred
as low as possible) because over-syn:
chronization results in distortion of
the pattern on the screen.

The Horizontal Amplifier

Only a small portion of the con-
denser charging voltage is used as
the saw-tooth sweep, in order to get
as linear a sweep as possible. This

voltage is too small to drive the spot

across the face of the tube; it must
therefore, be amplified. This is ac-
complished by the horizontal deflection
amplifier, which in the DuMont 208
Oscilloscope consists of two triode
stages (double-triode 6F8G) followed
by a push-pull stage of two 6V6’s. The
two triodes are cathode followers. The
action of such circuits will be de-
scribed later. The output of the 6Vé
tubes is direct coupled to the right
and left deflecting plates of the
cathode-ray tube.

The reason for using push-pull out-
put from the horizontal amplifier to
the deflecting plates, rather than using
a “single-ended” tube to drive the
left plate and ground the right plate
{or vice versa) will be apparent from
the following argument:

If the right plate were grounded
and the left plate had a positive po-
tential placed on it, the electron beam
would be pulled to the right. Now,
the beam is of appreciable width, even
though it has been concentrated by
the focussing and accelerating anodes.
Hence, the outer electrons in the
stream will be accelerated by the de-
flecting plate’s positive voltage more
than the inner ones will be.

The deflection plates act somewhat
like an accelerating anode. Hence the
outer electrons, having been given a
greater speed than the inner ones,
will not be deflected as much as the
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Fig. 5 The complete circuit diagram of the DuMont 2088 oscillograph.
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inner ones, and the electron beam
which, before the deflecting plates,
was focussed to strike the screen in
a fine spot, will now converge some-
where inside the tube and will strike
the sereen in an unfocussed “blob.”
The sweep line will then appear as
a line which is sharp in the center and
unfocussed at the ends, the defocuss-
ing progressing with the distance
from the center of the screen. With
push-pull applied to the deflecting
plates, the right plate goes negative
when the left plate goes positive, and
by the same amount. Therefore, the
overall average voltage of the hori-
zontal deflecting plates is zero, and
no net acceleration (and hence no
defocussing) will result.

Push-pull drive is accomplished in
this way: The voltage to be amplified
is applied to the grid of the first 6V6.
There will then appear across the
common cathode resister for the two
6V6’s a voltage half the size of the
applied voltage, but in the same phase.
The grid of the second 6V6 being
grounded, this tube effectively sees an
impressed grid-to-cathode voltage
equal to half the original input volt-
age, and out of phase with it. Since
the first tube has a grid-to-cathode
voltage equal to half the input volt-
age (grid-to-ground), the two 6Vé’s
therefore have equal but out-of-phase

grid-to-cathode voltages, and their
outputs will consequently also be
equal and out of phase. Thus, if a

positive saw-tooth wave is produced
in one plate, a negative one will be
produced in the other.

Position or centering control (i.e.,
moving of the entire sereen pattern
right or left to a fixed position) is
accomplished by a potentiometer
which determines the grid bias on the
first 6V6 output tube.

The voltage gain through the hori-
zontal amplifier is about 40 to 45. The
horizontal gain control is a potenti-
ometer in the cathode circuit of the
first tube. It determines the amount
of signal fed onto the seecond grid,
rather than actually varying the gain
of the amplifier. Thus, the amplifier
can be made always to operate over
its linear region, no matter what the
setting of the “gain” control.

Fig. 7 is a simplified schematic of
the horizontal and vertical amplifiers
used in the DuMont 208B.

The Vertical Amplifier

In order to observe small signals on
the cathode-ray sereen, an amplifier is
interposed between the input termi-
nals and the deflecting plates. For
large amplitude signals, provision is
made for connecting directly to the
deflecting plates. The amplifier is
usually a video amplifier with con-
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Fig. 6 Graphical illustration of the ac-
tion which takes place in a thyratron
tube.

stant gain over a wide frequency
band, uniform phase shift over that
band, and linear amplification. The
amplifier is made a video amplifier
because the oscillograph, being a ver-
satile instrument, must be capable of
passing all the frequencies of a com-
plex wave. The DuMont 208B oscil-
loscope and types like it have vertieal
amplifiers with band widths in the
order of 100 kilocycles. Other more
advanced types (for more highly
specialized testing) have amplifiers
with bands of a megaecycle or more.

To observe signals of widely dif-
ferent amplitudes, the model 208B has
a switech marked ‘“under 25V.” and
“under 250V.” with different attenua-
tions for signals falling within the
two classifications.

The amplifier itself consists of an
input cathode follower stage followed
by two conventional triode stages. A
cathode follower has a high input
impedance and a very low output im-
pedance (the input is grid to cathode,
the output is across the cathode).
The low output impedance and the al-
most distortion-less action of the

cathode follower is obtained at the ex-
pense of gain, for the gain is 1 or
-
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The two triode stages employ series
coil compensation (inductances in the
plate circuits to increase the volt-
age at higher frequencies and thus
compensate for the deteriorating ef-
feet of stray and distributed capaci-
ties). These two stages are followed
by another cathode follower stage.
The output of the latter is fed to two
6V6’s in push-pull, exactly as for the
horizontal amplifier. The 6V6 tubes
feed directly onto the vertical deflect-
ing plates as shown in Fig. 7.

Position or centering econtrol (ie.,
moving of the entire pattern on the
screen up or down to a fixed position)
is accomplished by a potentiometer
which determines the grid bias on the
first 6V6 output tube, just as for the
horizontal positioning circuit.

The voltage gain through the verti-
cal amplifier is about 2000. Vertical
gain control is accomplished in ex-
actly the same manner as for the hori-
zontal channel.

Power Supply

The power supplies of an oscillo-
graph must furnish (a) high voltage
to the cathode-ray tube, (b) various
plate supply voltages and bias volt-
ages for the amplifier and sweep cir-
cuits and for the intensifier electrode
of the cathode-ray tube (if it has
one). In most oscillographs, the high
voltage (1000-2000 volts) used be-
tween the cathode and accelerator
anode is applied as a negative voltage
to the cathode with the second anode
grounded (this effectively makes the
second anode positive with respect to
the cathode). This is done because the
deflecting plates, being placed after
the second anode, must be at the
—> To Page 48
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Fig. 7 Simplified schemotic diagram of the horizontal and vertical amplifiers used
in the DuMont 208B.
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in elec-

tronics ever expanding, particu-
larly in the realm of frequency modu-
lation and television, there is an in-
creasing demand for testing units
which are versatile in both the types

ODAY, WITH THE FIELD

of test that can be made and the
range over which a given test can be
made. The inherent value of an elec-
tronic volt-ohm-capacity-milliammeter
is appreciated by those familiar with
its use, and every one is aware of its
common uses in servicing electronic
equipment—that is, the measurement
of heater voltage, power supply out-
puts, plate and grid voltages, capaci-
ties, resistances, ete. The story which
certain types of measurements can
tell is often missed.

In this article, the use of an elec-
tronic test instrument is analyzed
with respect to measurements not usu-
ally made when servicing a typieal
superheterodyne receiver; but which,
if understood and used, are very valu-
able in such work. The test proce-
dure used will, in general, be the same
for both FM and AM receivers, the
main difference lving in the frequen-
cies of operation and the addition of
the limiter and diseriminator stages
in the FM receivers.

AC-AF Voltmeter

There are two common types of elec-
tronie, or vacuum tube, AC volt-
meters: Those with the normal test
lead, such as the Hickok Model 203
shown in the title in which the AC is
fed to the instrument before rectifica-
tion; and those with a probe and
cable assembly, such as the Hickok
Model 125 shown in Fig. 1 in which
the AC is rectified in the probe and
the rectified AC is fed to the instru-
ment.

Briefly, rectification in either case
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A discussion of some of the less frequent
uses to which an electronic voltmeter

can be put.

is brought about as follows: AC fed
in through C1 places a positive charge,
equal to the peak AC voltage, on C1
during the positive portion of the posi-
tive half-cycle (heavy line, Fig. 2).
This charge, in turn, causes the tube
to draw current as electrons flow from
the ground, through the ecathode, to
the positively charged plate. During
the remainder of the positive half-
cycle and the following negative half-
cycle, the capacitor discharges very
slightly to ground through the bleed-
er resistor, R1. The resultant nega-
tive DC voltage at the plate of V1 re-
mains, with respect to ground, at es-
sentially the peak value of the AC
voltage applied.

The input capacity of an AC volt-
meter equipped with a normal test
lead will be between 100 and 200 uuf
while one using a probe will be be-
tween 5 and 10 uuf. The difference
in the use of the two types will lie,
of course, in the characteristic input
impedance of the voltmeter at any
given frequency with a possible re-
sultant loading effect if unsuitably
used.

All of the following tests are made
with a steady signal being fed to the
receiver. Reference is made to Fig.
3 in discussing these tests.

1. Transformer Turns Ratio. In
general, the check of the speaker
proper is a tonal check but the voice
coil or speaker transformer may be
checked with the AC voltmeter. The
transformer will be a step-down im-
pedance matching transformer whose
turns ratio can be determined by com-
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paring the primary and secondary
voltages, since the turns ratio of a
transformer is directly proportional to
the voltage ratio.

2. Checking By-pass Condensers.
Since it is the function of by-pass
condensers C5, C6 and C8 of the
cathode circuit, and C4 and C9 of the
sereen grid circuit, to provide a low
impedance to AC voltages, a check
with the AC voltmeter showing any
appreciable voltage across these con-
densers is an indication of either a de-
fective or too low a value condenser.
With this method, capacitances can
be checked under actual operating
conditions which is often more con-
venient than removing the capacitor
from the circuit.

3. Checking Coupling Condensers.
As shown with C1, C10 and C11, ca-
pacity coupling is often used in cou-
pling two stages. These coupling con-
densers can be checked by measuring
the AF voltage on both sides of the
capacitor. The voltages should be
the same; if they are not, it might
be an indication that the capacitor is
open or of too small a value.

4. Checking Electrolytics in Power
Supplies. Most power supplies use an
electrolytic condenser ahead of and
also following the filter choke. If
these condensers are normal, the volt-
age at the input side of the filter
choke should be 10-15 volts over that
at the output side. Voltages in ex-
cess of these will result in hum which
is the probable indication that these
condensers are defective.

5. Stage of Phase Inversion. 1t is
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often desirable that the audio output
stage be a push-pull stage which ne-
cessitates a preceding stage of single-
ended input and double-ended output.
A stage of phase inversion will per-
mit such a circuit and is illustrated
in Fig. 3. As the input to the grids
of V4 and V5 (push-pull stage) must
be of the same voltage value for
correct operation, it follows that the
plates of the tube of the preceding
stage must have the same output.

To obtain this condition, the output
of the first triode section of the tube
V38, feeding the grid of V4, is fed
across a resistance voltage dividing
network consisting of R3 and R4 in
series, with the ratio of the resistors,
or voltages, being that of the gain
of the section. That is, if the gain
of the first section of V3 is 10, the
ratio of R3 + R6 to R6 will be 10:1.
The grid input to the second section
of V3 is thus the same as that of
section 1; and, if the two sections are
the same, the outputs at the plates
should therefore be the same. As the
input impedance of the AC voltmeter
is such that it will have a negligible
loading effect on the circuit, the AC
voltmeter may be used to measure the
grid voltages of V3, the plate voltages
of V3 (or grid voltages of V4 and
V5) and the plate voltages of V4 and
V5, checking the operation of the
stage of phase inversion.

6. Gain per Stage. The gain of any
stage of AT may be determined by
comparing the input voltage on the
grid with the output voltage on the
plate of the same tube. If the tube
is a triode, & gain of 10-25 may be
expected; if a pentode, the gain may
approach 100.

The electronic AC voltmeter, re-
gardless of type, is normally not a
suitable instrument for making gain
measurements in the RF or IF sec-
tions of a receiver as the input ca-
pacity of either type is sufficiently
great to upset the tuned circuit un-
der test to such an extent that any
reading obtained would be without
meaning as far as actual operating
values are concerned. However, it
may be used if it is only necessary
to know that a voltage exists at a
given point.

DC Voltmeter

Many times the DV voltmeter is
used to measure B-} voltages, grid
bias, ete., only, without thought of
other possible measurements which
tell as useful a story of the operation
of a receiver as the AC voltage meas-
urements.

1. Checking the Local Oscillator.
The local oscillator may be checked for
oscillation throughout its entire range
by connecting the DC voltmeter to the
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Fig. 1 The Hickok Model 125, an electronic voltmeter which is equipped with o
probe which rectifies the AC to be measured.
+X 10V 2y AN
= \\ /’, \\\ v
AC DC
INPUT OUTPUT

Fig. 2 The AC input is rectified by the diode and fed to the meter circuit.

grid of the oscillator. With the DC
voltmeter connected, rotate the main
tuning dial of the receiver throughout
its entire range. There should be very
little variation in the grid voltage. The
voltage appearing will depend upon
the design of the circuit but it should
be fairly constant for any given oscil-
lator. In general, this voltage should
range from 10-50 volts, negative with
respect to ground. No signal at a
given position is a probable indication
of shorted plates of the tuning con-
denser.
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2. Current Determination. Any
current can be determined by measur-
ing the voltage or IR drop (where
I — current in amperes and R = re-
sistance in ohms) across a resistor
whose value is known, by the simple
application of Ohms Law, E = IR or

E
I =—.
R

3. FM Receiver Alignment. A very
practical and time saving application
of this method of determining current

— To Following Page
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Fig. 3 Partial diagram of a superhet receiver using a phase inverter and push-pull output.

—> From Preceding Page

is found in the alignment of frequency
modulated receivers. Without discuss-
ing the operation of an FM receiver
in detail as that is outside the scope of
this article, it is found that alignment
of RF, IF and discriminator stages
will be indicated by maximum current
through the limiter load resistance and
zero current through the diseriminator
load resistance. As an ammeter is
a series meter, its use of necessity
means breaking the circuit under test
to insert the meter. This ean be
avoided by connecting the DC volt-
meter across the limiter load, R3 of
Fig. 4, and aligning the RF and IF
stages until maximum voltage is indi-
cated; then connecting across the dis-
criminator load, R1 and R2; and, with
condenser C9 of the secondary of the
discriminator transformer detuned,
adjusting the tuning condenser C8 of
the primary for maximum voltage
across the load; and, for final align-
ment, adjusting the tuning condenser
C9 for zero voltage across the load.
4. AM Receiver Alignment. In
AM receivers, it is possible to align
RF and IF stages by connecting the
DC voltmeter across the load resist-
ance of the second detector and AVC
circuit and aligning for maximum in-
dication. This method will, in gen-
eral, be found to be more satisfactory
than the use of an output meter in
most cases as the volume control can
be set at its minimum, eliminating un-
necessary noise while aligning a re-
ceiver. It also eliminates any pos-
sible error due to AVC operation dur-
ing alignment. This error is due to
the fact that, unless the signal input
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Fig. 4 Partial diagram of a typical limiter and discriminator circuit.

to the receiver is at such a low level
that the AVC does not operate, the
AVC will automatically tend to com-
pensate for improper alignment. The
use of the DC voltmeter in the AVC
circuit eliminates the necessity for
disconnecting the AVC circuit.

5. Battery Voltage Measurements.
The DC voltmeter can be used to
measure the voltages of “A’” and “B”
batteries; but as the input impedance
is high, care should be taken that the
batteries are measured under approxi-
mately normal load conditions. 1f the
normal load is not available, a load of
at least 100 ma should be imposed on
“A” batteries and 25 ma on “B” bat-
teries. The resistance necessary for
such loads can be determined from
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E
Ohms Law, R .
I
Ohmmeter

The electronic ohmmeter -circuits
commonly used today will measure re-
sistances up to over 1000 megohms.
The ability to measure such high re-
sistances will permit the ohmmeter to
be used to measure leakages of con-
denser, terminal strips and coil forms
as well as the high resistance com-
ponents used in modern receiver de-
sign.

In making resistance measurements,
it should be remembered that, in or-
der to obtain a true value, the resistor

— To Page 39
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Determining the number of operating hours left in a battery for re-
placement purposes.

Now THAT DRY BATTERIES are again
available and the radio set man-
ufacturers have gone back into pro-
duction of portable models, the radio
serviceman will have increased serv-
ice work on portable and other bat-
tery operated radio sets. On service
work of this nature, one of the first
things to determine is whether the
batteries need replacement.

Probably the most satisfactory
method for determining whether the
batteries have been discharged to a
point where replacement is required
is to read the closed circuit voltages
of the “A” and “B"” batteries under
loads corresponding to the drain of
the radio set. This may be done with
the batteries in the set with the set
turned on, or with the batteries re-
moved by draining the batteries
through the resistance values speci-
fied in Table I. The closed circuit
voltage readings should be taken after
the batteries have drained for about
ten minutes.

If the closed circuit voltage of
either the “A” or “B” battery is
near the value for the appropriate
battery as given in Table I, the bat-
tery should be replaced.

The question frequently arises as
to how much useful service life re-
mains in a partially discharged bat-
tery. This is more difficult to deter-
mine since there are no meters avail-
able to give this value directly. The
closed circuit voltage readings may
again be used to obtain a good esti-
mate of remaining service life. The
drain to which the battery has been
subjected must also be known. For

RADIO MAINTENANCE

the preparation of these tables, the
drains used for the “A” and “B”
sections are those that will probably
apply to a majority of radio sets.

In Table IT are listed some of the
more common battery types with
various manufacturers’ designations.
First, refer to this table to determine

R.C.Uock

Burgess Battery Co.

the Bureau of Standards cell sizes
used in the “A” and “B” batteries.
Next, refer to Table III to the cor-
responding Bureau of Standards cell
size opposite the drain at which the
battery has been discharged. The
estimated remaining hours of service

—> To Page 42

When it is possible, a battery should be given a voltage check in the set while it
is in operating condition.
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The Multiamp—a new idea in amplifier construction which gives a high degree of flexibility.
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Fig. 1

chgannel input unit, a 30-watt amplifier

stage, and a 40-watt amplifier stage

are plugged together as shown by the

photo at the bottom to make a com-
plete 75-watt amplifier.

The three upper units, a four-

ERETOFORE IT WAS NOT CONSIDERED
feasible to list as standard stock
equipment one system with a power
output range of from 30 to 270 watts
or with facilities for special plug-in
phono attachments, tuners, output in-
dicators, special inputs, ete. PA
equipment for the larger sizes with
special input facilities and other fea-
tures which vary greatly with each
particular installation were considered
to be in the special custom-built class.
PA equipment of lower output was not
expandable, and was unusable when
more power was required. When
phono or other attachments were re-
quired, the assembly became unreason-
ably unwieldy.
With this newly designed system of
plug-in units, it is possible to start
with a basic 30 watt unit and to as-
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semble quickly many different kinds
of what would ordinarily be custom-
built installadions ranging from 30 to
270 watts output and with various
kinds of attachments. Facilities for
phono players, automatic record
changers, output indicators, record-
ers, and other devices are available
and may be included or added later
in a stacked cabinet assembly.
Through the use of additional plug-in
power output units of 30 and 45 watt
sizes, up to 270 watts may be realized
—enough audio power to fill almost
any stadium, ball park, or transporta-
tion terminal, if properly distributed
by use of a sufficient number of speak-
ers. Flexibility of output is provided
through the availability of fifteen out-
put impedances that facilitate the
matching of any conceivable combina-
tion of speakers or lines. The fifteen
output impedances are: 1.3, 2.7, 4,
5.3, 8, 16, 125, 167, 180, 200, 250, 415,
460, 500 and 600 ohms. These output
stages and their power supplies are
built as integral plug-in units requir-
ing only a screwdriver to add to or
subtract from the overall output watt-
age of the amplifier.

The Multiamp series provides in-
puts to accommodate up to four micro-
phones and two phono pickups. The
high gain stages are shielded from
the output and power stages, result-
ing in surprisingly low hum level.
Separate controls are provided for
bass and treble reproduction in order
that either the high or low frequen-
cies may be attenuated or accentuated
without affecting the opposite fre-
quency range. By attenuating both
of these controls, it is possible to limit
the response of voice frequencies for
maximum intelligibility.

The basic amplifier unit has been so
designed that it is possible to include
record player, record changer, and
monitoring indicator, all in one com-
pact unit, with all controls on the
same front panel within easy access
of the operator. Modern streamlined
design is used throughout. Indirect
lighting is provided for panel illumi-
nation. Input and output jacks and
connectors are recessed so that no un-
sightly cords obstruct the front of the
amplifier. Recessing of these plugs
and connectors also eliminates the
possibility of damaged plugs and con-
nectors. Carrying handles are cast
into the aluminum ends, adding to the
streamlined modern design and elimi-
nating protruding handles. A chart,
with all output impedances, is perma-
nently screened on the bottom cover
plate of each unit.

Optional equipment available con-
sists of: (1) a six-channel input panel
for installations which require two
additional mikes, (2) output indicator,
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Fig. 2 The upper photo shows how the
input unit is placed in the cabinet. The
center photo shows the record changer
top which can be added to the unit in
place of the reqular top cover. The
lower photo is of a complete amplifier
equipped with record changer and six-
channel input.

(3) record player top, (4) record
changer top. A tuning unit will be
added to these accessories shortly.
Any one or all of the above accesso-
ries may be mounted within or on top
of the amplifier cabinet requiring no
additional cabinets or extra space.
The output indicator is of new de-
sign and enables the operator to moni-
tor remote speakers to maintain
proper output level. It provides a
much closer check on the output of
the amplifier than the usual meter;
and, in addition, may be readily in-
terpreted by the inexperienced oper-
ator. Essentially, it consists of two
neon indicators, one marked ‘“Normal”
and the other marked “Overload.”
Fig. 3 shows the circuit used. A cali-

—> To Page 39
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Testing and Aligning
Television Receivers

—> From Page 15

have a fixed resistor for “peaking,” it
will be necessary for the serviceman
to use a variable resistor to determine
the correct value, after which a fixed
resistor may be used. Of course, this
will have to be done only if the re-
sistor or condenser, or some other
component in the discharge tube be-
comes defective.

It will be remembered that all these
adjustments were made while the
sweep system was synchronized at 60
cps by the oscillator, without the need
for any “over-the-air” test pattern.

The Horizontal Scanning System

A very similar procedure is followed
for testing the performance of the
horizontal scanning generator. The
same connections (Fig. 10) are used.
The beat frequency oscillator is set to
15,750 cps. The frequency control of
the scanning generator is them ad-
justed until it falls into synchronism
with the applied 15,750 cps. If the
synchronization control is not set cor-
rectly, the conditions indicated in
Figs. 17 and 18 will result when a
picture is received. The scanning
pattern will then exhibit two vertical
bars, one bright, the other dark. As
in the vertical case, the half wave of
applied voltage that makes the grid
positive produces the bright bar, and
that which makes the grid negative,
the dark bar (see Fig. 19). When
the synchronized frequency is ob-
tained, the scanning amplitude is ad-
justed as Dbefore, until it has the
proper value (which is roughly four-
thirds that of the vertical scanning
amplitude). Fig. 20 shows a picture
with the horizontal width control in-
correctly set. Actually, the service-
man is guided in setting the ampli-
tude by the mask aperture of the
receiver. In so doing, both the ver-
tical and horizontal amplitudes should
be set just a little greater than the

Fig. 22 The linearity test pattern ob-
tained with a 630,000 cps signal ap-
plied to the control grid and horizontal
sync circuits. A shows an incorrect
pattern while B is the correct pattern.

mask aperture to allow for the few
lines that are blanked in the vertical
and the portions of the lines that are
blanked in the horizontal when video
signal is applied to the grid of the
cathode ray tube. See Fig. 21 for
the action of blanking on picture size.

To test the linearity of the hori-
zontal scanning motion, the oscillator
must have its frequency increased to
a large multiple of 15,750 in order to
produce a sufficient number of lines
on the screen. To obtain a pattern,
say, of 40 vertical bars (Fig. 22), a
frequency of 630,000 cps is necessary.
Most oscillators do not have the wide
range in the upper frequencies (that
is, frequencies up to 630,000 cps)
necessaty to test linearity in the hori-
zontal scanning civecuit. It is, how-

ever, relatively simple to build a
single tube oscillator for this fre-
quency or another multiple of 15,750
cps with 20-volt output. This single
frequency is sufficient to determine the
iinearity by the methods just outlined.
The horizontal centering control may
be set now. Fig. 23 shows the effect
of an incorrectly set centering control.

It may be found that no setting of
the horizontal linearity controls can
attain a linear deflection. In this case
the damping tube may have failed,
which would result in the type of
picture indicated in Fig. 24. (Using
the instrument method, the vertical
bars will overlap.) Another cause for
non-linearity may be the failure of a
horizontal deflection ecircuit compon
ent, such as the charging resistor in
the discharge saw-tooth generater cir-
cuit. It may be off-value or defective,
leading to a non-linear condition as
illustrated in Fig. 25. More often
such a condition will be caused by the
horizontal output tube and this tube
should first be changed. Low line
voltage or off-value output tube plate
load resistors can cause poor hori-
zontal distribution. Since component
parts of such circuits necessarily are
a result of design and production
economies, all resistors and capacitors
have values within certain plus or
minus tolerances. Hence, in making
a repair in the circuit, if the toler-
ances should happen to add up m the
wrong direction, a nem-linear saw-
tooth deflecting voltage may be pro-
duced causing horizontal or vertical
crowding or stretching of picture ele-
ments. The servieeman must there-
fore exercise necessary discretion in
making changes in these circuits.

This completes the adjustments that
control the motion of the electron
beam across the face of the tube. In
the next issue, we will discuss the
alignment of the circuits which bring
the picture information into the re-
ceiver and amplify it to the proper
level at which it is applied to the grid
of the cathode ray tube to modulate
the electron beam. » ¢

Fig. 23 A test pattern with the hori-
zontal centering control incorrectly set.
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Fig. 24 A test pattern showing the
effect of failure of the horizontal damp-
ing tube.

Fig. 25 A test pattern showing non-
linear horizontal deflection.
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Suggestions for checking and repairing

phonograph motors

MORE PHONO MOTORS are being
switched on these days than
have ever been before; and, conse-
quently, more of them are finding
their way to the service bench.

Motors turn up with various de-
fects; and while the repair may be
different in each case, we have found
it to be a good practice to go over
the entire motor, starting with the
bearings.

Dismantle the motor, wash the
bearings and the felt pad oilers out
with kerosene, or carbon tet. Polish
the shaft or shafts with two hundred
sandpaper. Do not use emery cloth
as emery is a conductor and may

find its way into the commutator
slots. Reassemble and check for
clearance and centering. Move the

bearings to center if necessary and
possible, and file down any irregu-
larities on the rotor or pole faces.
The rotor must be centered if it is to

NI
VOLT
|'—-'°METER°
LOW
VOLTAGE
Fig. 1 Connections used for checking

the brush contact of a phono motor us-
ing a battery and a voltmeter.
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deliver an even torque. This is espe-
cially important when the drive is
transmitted through a set of gears.
Uneven torque may cause chattering;
and when the point of minimum
torque coincides with the point of
maximum load on the record changer,
the motor may stall.

The copper induction disc rotors
should be set equidistant between the
poles. If they happen to be bent,
they may be straightened by using
two pieces of wood and a mallet. The
discs need not be perfect as they
revolve at a low speed, and with
plenty of clearance.

Remove the brushes and/or the fly
ball governor and spin the rotor. It
should turn freely.

If the motor uses brushes, check
them. Note whether or not they are
free in their holders, whether they
fit the commutator properly, and
whether any hard spots have de-

SANDING
THE
COMMUTATOR

Fig. 2 Method used to smooth the

commutator with sandpaper.
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Max Alth

veloped. Check the spring tension
Check further by placing a low volt-
age and a voltmeter in series with
the brushes as shown in Fig. 1. Turn
the rotor slowly. The meter needle
should flick but slightly. If a brush
has to be replaced, the new brush
should be ground to fit. Wear it in
against a piece of sandpaper wrapped
around the commutator.

Check the commutator for wear. It
should have a smooth dark brown
copper oxide sheen, and the mica in-
sulation between the commutator
bars should be below the level of the
copper. If the commutator is but
slightly roughened, it can be smoothed
by wrapping it with a strip of sand-
paper as shown in Fig. 2 and turning
it against the paper by hand. If it
has been deeply gouged, it will have
to be turned down on a lathe. The-
operation can be performed on any

<« To Page 45

RUNNING
WINDING .,
<l--‘":
LINE
¢
STARTING .. STARTING
CONDENSER WINDING

Fig. 3 Circuit used in a split-phase
motor. The winding with the con-
denser in series is the starting winding.
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PORTABLE UNIMETER

A new 12-pound multi-range measur-
ing instrument, Type YMW-1, has
been announced by the Specialty Di-
vision of General Electric Company’s
Electroniecs Department. Rated at
20,000 ohms per volt, the new uni-
meter measures volts, ohms, current
and decibels, and has a single rotary
selector switch.

All operations, except the 50 micro-
ampere current range reading and
capacitor for output measurements,
are available without changing the
test leads to various jacks. A sepa-
rate two-position switch handles AC
or DC volts.

i rr-na
—— F AMPBS
~220vac-oc S

LORKELL-DUBILIER

INTERFERENCE FILTER

Radio noise energy created by the
operation of fluorescent lamps and
other types of electrically operated
machines and appliances can be ef-
fectively eliminated by the hermeti-
cally sealed IF-54 interference filter
of Cornell-Dubilier Electric Corpora-
tion, South Plainfield, N. J.

34

THE INDUSTRY
PRESENTS

This capacitive inductive type filter
(Quietone) provides extremely high
attenuation of radio interference over
a wide frequency range, and its com-
pactness lends itself to simple and
easy installation in a variety of po-
sitions. It is rated at 2 amperes, 120-
200 volts AC, and is wax-filled and
impregnated.

CRYSTAL MICROPHONE
AND STAND

Comet Model 902 is a combination
crystal microphone and desk stand an-
nounced by Electro-Voice, Inc., South
Bend, Ind., for home-recording, sound
and communication fields. It is molded
in one piece of high impact, butyrate
plastic in deep gray, is light weight
but virtually unbreakable under
normal use.

This microphone provides smooth,
wide-range response and excep ionally
high output. Frequently response is
substantially flat from 70 to 7,000 cps.
Output level is 48 db below 1 volt/
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dyne/ecm’® open circuit. Voltage de-
veloped by normal speech is .0394 volt.
Impedance is Hi-Z. It can be used
with any standard amplifier employ-
ing high impedance input, and is par-
ticularly suitable for home-recording,
economical PA systems, paging and
amateur radio communications.

REMOTE-O-CABLE REPLACER

The 1946 model of the Remote-O-Cable
Replacer, just announced by the JFD
Manufacturing Company, Brooklyn,
N. Y., is useful to the serviceman in
transferring radios from old automo-
biles to radioless new car models. It
swages shafting to prevent unravel-
ing, cuts shafting to exact length, and
replaces old and new fittings on new
shaftings.

— To Page 41
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- NEW Type 274

CATHODE-RAY OSCILLOGRAPH

SPECIFICATIONS

1mPUT {MPEDANCE: Vertical-direct 5
meg. 60 ppt; amp. 1 meg. 70 ppd; Hori-
z:ntal-direct 5 meg. 80 puf, amp. 5

meg. 30 ppf.

lREGUENCY RANGE: Sine wave re-
sponse (at full gain) uniform within
+20% trom 20 to 50,000 c.p-S- down
{ess than 50% 100,000 c.p.s-

DEFLEC"ON SENS“IV“’Y: Amplifiers
at full gain 0.65 r.m.s. volt/in., direct
+18 r.m.s. volis/in.

LINEAR TIME BASE: Variable from 8 to

30,000 c.p-S- Synchronizalion from ver- g
1 external signal. ae/z Vc”‘
L3
?Zi ¢ you want in a

tical amplitier ©

POWER SUPPLY: 115 volts. 50 to 60
) cycles a.c Power consumption app. 50
2B general-purpose oscillograph
: , includi BP1- 0
TUBES All tubes, inc uding SBP1 A » It's here—D M :
CRT, included. u Mont's new TYpe 274 O
—_ sci
‘ PHYSICAL: Green wrinkle finish steel ‘ our post-war answer to a long-st i illograph
| cabinel with .plasﬁc carrying handle. a gOOd inSiIume . g—s andlng need fOl’
] Modern design green front panel N nt fO].’ rouline lab
3 white characters. black knobs. Height ducticn testin Oralory and pro-
14"; width §%"; depth 19%". Weight . g. and for radio servic-
35 ibs. ing—at a low price of only $99 50

Se ..
nd for descriptive literature}
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ALABAMA
Bessenrer— Bessemer Radio Supply
Birmingham—James W Clary
Mobi/e—Nelson Radio & Supply Co
Radiwo Labs
Montgomery—Teague Hardware Co
Southeastern Radio Parts Co.

ARKANSAS
Fort Smith—Wse Radio Supply
Little Rock—Southern Radio Supply
Texarkana—Lavender Radio Supply Co.
ARIZONA
Phoenix—Radio Parts of Anzona

CALIFORNIA
Bakersfield—Bakersfield Radio Supply
Fresno—Jack C. Arbuckle

Billings Wholesale Radio

Hollywood—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 Radio Supply Co.
Sacramento—C. C. Btown Co.
Henderson Bros.
Sacramento Elec. Supply Co.
San Dsego—Coast Electric Co.
Electronic Equip. Distr.
Shanks & Wright
San Francisco— Associated Radio Distrs.
Brown Co.
San Jose—Frank Quement
Santa Ana—Radio & Tel. Equip. Co.

COLORADO
Denver—Inter-State Radio & Supply Co.
CONNECTICUT

Bridgeport—Haury & Young, Inc.
Hartford—Hatry & Young, Inc.

New Britain—United Radio Supply
Universal Radio Co.

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

New London—Hacry & Young of New
London, Inc

Stamford —Hatry & Young, Inc.

Waterbury—Hatry & Young, Inc.

DELAWARE
W ilmington—Radio Elec. Serv. Co.

DISTRICT OF COLUMBIA

Washington—Kenyon Radio Supply Co.
Rucker Radio Wholesalers

FLORIDA

Jacksonville—Kinkade Radio Supply
Major Appliances

M iami—Electronic Supply Co.
Major Appliances

Orlando—Radio Accessories Co.

St. Petersburg—Welch Radio Supply

Sarasota—Morley Radio Co.

Tampa—Kinkade Radio Supply
Major Appliances

GEORGIA

Atlanta—Concord Radio Corp.
Southeastern Radio Parts Co.
Specialty Dstg. Co., Inc.

Macon—Specialty Dstg Co., Inc.

Savannah—Southeastern Radio Parts Co.
Specialty Dstg. Co., Inc.

ILLINOIS

Bloomington—J. W. Arbuckle
Chicago— Allied Radio Corp.

Concord Radio Corp.

Grant Radio Co., Inc.

Nation Wide Radio

Radio Parts Company
Kankakee—Radio Doctors Supply House

INDIANA

Angola—lakeland Radio Supply
Richmond—Fox Sound Equipment Co.

REG. U. S. PAT. OFF.

1OWA

Cedar Rapidi— Gifford-Brown, Inc.
Counetl Bluffi—World Radio Labs., Inc.
Des Moines— Gifford-Brown, Inc.
Radio Trade Sup[fly Corp.
Fort Dodge—Gifford-Brown, Inc.
Ken-Els Radio Supply
Mason City—Radio-Electric Supply Co.
Sioux City—Power City Radio Company
Sioux City Radio & Appl. Co.
Waterloo— Gifford-Brown, Inc.
World Radio Laboratories, Inc.

KANSAS

Pitesburg—Piusburg Radio Supply
Topeka— Acme Radio Supply
Wichita—Radio Supply Co.

KENTUCKY

Leximgton—Radio Equipment Co.
Louisville—Peetless Electronic Equip. Co.
Newuport— Apex Distriburing Co.

LOUISIANA

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

New Orleans—Radio Parts, Inc.
Shreveporst—Dunckelman-Pace
Koelemay Sales Co.

MAINE

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

MARYLAND

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

MASSACHUSETTS

Boston—De Mambro Dstrs., Inc.

Hatry & Young of Mass., Inc.

A. W. Mayer Co.

Radio Wire Television, Inc.

Sager Elec’l Supply Co,
Cambridge—The Eastern Co.
Holyoke—Springfield Radio Co.
Lawrence—Hatry & Young of Mass., Inc,
New Bedford—C. E. Beckman Co.
Pistsfield—Pittsfield Radio Co.

From these

Ro\bury—Gerber Radio Supply Co.
Springfield—T. F. Cushing Co.
Springfield Radio Co.
Worcester—De Mambro Dstrs., Inc.
The Eastern Co.
Radio Electronic Sales Co.
Radio Maintenance Supply Co.

MICHIGAN

Ann Arbor—Wedemeyer Elec. Supply Co.
Battle Creek—Wedemeyer Elec. Supply Co.
Detroit—Ferguson Radlo Supplies

Radio Specialties

Radio Supply & Eng. Co, Inc
Flins-—Radio Tube Mdsg. Co.
Grand Rapids—Wholesale Radio Co.
Jackson—Fulton Radio Supply
Kalamazoo—Ralph M. Ralston Co.
Muskegon—Industrial Elec. Supply Co.
Ponsiac— Electtonic Supply
Saginaw—Radio Parts Company

MINNESOTA

Druluth—Northwest Radio

Minneapolis—Bauman Company
Sidney Rosenthal

§t. Paul—Electronic Distributing Co.

MISSISSIPPI

Greenville—The Goyer Company
Meridian—Griffin Radio Supply

MISSOURI

Cape Girardeau—Suedekum Elec. Sup. Co.
Jefferson City—Central Mo. Dstg. Co.
Joplin—M. Brotherson
Mardick Dstg. Co.
Kansas City—Burstein-Applebee Co.
Manhattan Corp:
St. Joseph—St. Joseph Radio & Supply Co.
St. Louis—Walter Ashe Radio Co.
ln(ema(e Supply Co.
Radonic:
Sprmgﬁe/d—Harry Reed Radio & Sup. Co.

MONTANA

Butte— George Steele & Co.
Kalispel/—McIntosh Music House

SPRAGUE PRODUCTS COMPANY - NORTH ADAMS, MASS.
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NEBRASKA

Omaha—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—Bennett's Radio Supply
Red Bank—J. H, Kelly Company
Trenton—United Tire Stores Co.

NEW YORK
-Albany—Fort Qrange Radio Dstg. Co.
Amsterdam— Adirondack Radio Supply
Auburn—Dare’s Radio Service
Binghamton—Broome Dstg. Co., Inc.

Federal Radio Supcrly Co. .
Brooklyn—Green Radio Distributors

Stan-Butn Radio & Elec. Co.
73uffalo—Bars Radio & Electronic Parts

Dymac, Inc.

Genesee Radio & Parts Co.

Radio Equipment Corp.

Standard Electronics Co.

Efmira—LeValley-McLeod-Kinkaid Co., Inc.

Fredonia—C. R. Barker

Glens Falls—Ray Distributing Co.
Hempstead, L. 1. —Standard Parts Corp.
Ithaca—Stallman of Ithaca .
Jamaica, L. I. —Norman Radio Distrs.
Middletown—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 Equip. 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.
Watertoun—Beacon Electronic Inc.

Write for Catalog C-306

Diostritatons

NORTH CAROLIMA

Asheville—Freck Radio & Supply Co.
Charlotte—Dixie Radio Supply Co.
Southern Radio Corp.
Fayetteville—Eastern Radio Supply
Goldsboro—Signal Radio Supply
Greensboro—Dixie Radio Supply Co.
Raleigh—Carolina Radio Equip. Co.
Winston-Salem—C. R. Williams Radio Co.

NORTH DAKOTA

Fargo—Radio Equipment Co.

OHIO

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

Burroughs Radio .
Cincinnati—Chambers Radio Supply Co.

Schuster Elec. Co.

Uaited Radio, Inc.
Cleveland—Goldhamer, Inc.

Northern Ohio Laboratories

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

Whitehead Radio Co.
Dayton—Hughes-Peters, Inc.

Standard Radio & Electronic Prod. Co.
East Liverpoo/—Hausfeld Radio
Kent—Kladag Radio Labs.

Lima—The Northwestern Radio Co.
Mansfield—Burroughs Radio
Marion—Bell Radio Supply
Springfield—Standard Radio & Electronic

Prod. Co.
Steubenville—D & R Radio Supply
Hausfeld Radio )
Toledo—Toledo Radio Specialties
Warren—Radio Specialues
Youngstouwn— Appliance Wholesalers

OKLAHOMA

Enid—Standard Measuring & Equip. Co.

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

Tulsa—Radio, Inc.

OREGON

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

PENNSYLVANIA

Abllentown—Radio Elec. Serv. Co,
Bearer Falls—Reliable Motor Parts Co.
Easton—Radio Elec. Serv. Co.
Erie—John V. Duncombe Co.
Harrisburg—Radio Distributing Co.
Lancaster—Eshelman Supply Co.
George D. Barbey Co.
Norristown—Kratz 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 Market St.
3145 N. Broad St.
Eugene G. Wile
Piresburgh—Hamburg Bros.
The John Marshall Co.
Radio Parts Co.
Pottsville—Jones Radio Co.
Reading—George D. Barbey Co.
St. Marys—B & R Electric Co.
Scranton—Broome Dstg. Co., Inc.
Wilkes- Barre—General Radio & Elec. Co.
Radio Service Co.
Williamsport—Williamsport Radio Supply

RHODE (SLAND
Providence—William 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

Knoxville—Bomar's
Chemcity Radio & Elec. Co.
C. M. McClung & Co.

Memphis—McTyier Radio Supply
Nashrille—Currey’s Radio Service
Radio & Appliance Corp.

TEXAS

Abilene—R & R Supply Co., Inc.
Amaritlo—R & R Supply Co., Inc.
Austin—The Hargis Company
Beaumont—Montague Radio Co.
Corpus Christi—Wicks-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—Qlsen Radio Supply
Tyler—Lavender Radio Supply Co.
Waco—The Hargis Company

Wichita Falls—Wichita Falls Bat. & Elec.

VIRGINIA

Norfolk— Ashman Distr. Company
Roanoke—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.
Charlzston—Chemcity Radio & Elec. Co.
Hicks Radio Supply
Clarksburg—Trenton Radio Co.
Huntington—Electronic Supply, Inc.
Morgantown—Trenton Radio Co.
Parkersburg—Randle & Hornbrook
W heeling—Wheeling Radio Supply

WISCONSIN

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

JOBBING DISTRIBUTING ORGANIZATION
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Vibrator Supplies

~> From Page 17

be capacitive. In other words, a con-
denser C. connected in the secondary
will reflect capacity into the primary.
What is the relation of C., the sec-
ondary capacity, to C,, the reflected
capacity? Substituting in the above
equation, we can write

1 1 /Ni\’
271C, 2q7fC?( N:)
1

271C, N
from which ::( —
1 N.

271C,

C, Ni\* N, B
and —=f — * CG=C | —
C1 Nz © Q Nx

which shows that a condenser in the
secondary has the same effect as a

N.

condenser § — )as large in the pri-
NF

mary.

If, for example, the secondary has
40 times as many turns as the pri-
mary, a .01 condenser in the secondary
will have the effect of a 16 ufd con-
denser in the primary.

Another point of significance is that
the size of the condenser is very care-
fully calculated so that for the par-
ticular frequency, transformer char-
acteristics, etc., it will perform its
funections efficiently. If a replacement
is needed for the buffer, the exact re-
placement is required since any devia-
tion from the original value will be
multiplied by the turns’ ratio squared.

Moreover, vibrator replacements
must be made judiciously. A replace-
ment vibrator of different frequency
from the original will require a dif-
ferent size buffer condenser.

Other components are built into the
vibrator power pack in order to sup-

press RF interference caused by
]
I—I
2 |
L . -
- +

Fig. § The primary circuit of a vibra-
tor supply.
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COURTESY OF
ELECTRONIC LABUKRATORIES, INC.

Fig. 7 A can-type vibrator unit.

Sponge rubber is used to absorb vibra-

tion. The unit plugs in a socket in the
same way as does a vacuum tube.

-4 e

Fig. 8 A rectifier tube is connected to
the secondary to rectify the voltage
stepped-up by the transformer, thus
giving high DC potential in the output.

LOAD

1=

Fig. 9 A circuit diagram for a syn-
chronous type vibrator supply.
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transients. ‘‘Hash” causes an effect
very much like ignition interference
and tests for the presence of hash
must be made with the motor shut
off. Although hash is considerably
reduced by the use of electrostatiec and
electromagnetic shielding, RF filters
are necessary for complete suppres-
sion.

Fig. 11 shows the complete power
supply. Note the liberal use of RF
filters in the leads to the vibrator,
filaments and B . C: is the buffer
condenser. C. is of special interest.
This type of condenser is known as
a “sparkplate.” When first developed,
it consisted of one or more metal
plates separated by paper insulation
and riveted to the chassis. More re-
cently mica insulation has been used.
This unit does an excellent job in sup-
pressing interference.

Great progress has been made in the
development of vibrator power sup-
plies and vibrators. Today, vibrator
failures, as such, are rare. In most
every instance, vibrator failure is
due to the failure of associated equip-
ment, a fact which should be borne in
mind when making repairs.

Perhaps the most common source
of trouble is the buffer condenser.
Called upon to withstand high voltage
surges, it is a very likely source of
trouble after it has aged. Many con-
scientious servicemen will replace it
regardless of tests whenever a set is
being serviced.

Another source of vibrator failure
is the failure of components such as
filter condensers, tubes, which will
cause high B current drain. An in-
crease of only a few milliamperes of
B+ current will cause an increase of
as much as one ampere or more
through the vibrator contacts. If the
defective vibrator shows effects of
overheating, look for trouble else-
where before replacing. In some cases
of overload, the heating may be so
intense that the vibrator contacts are
fused together causing set fuses to
blow. Sometimes the overheating
causes the reed to lose its temper (the
customer will tell you that the set
will play only when kicked or banged).

An excellent check which will save

cz%is

NI N2
> H
Zp Cl i

Fig. 10 The buffer condenser C2 con-

nected across the secondary N2 re-

flects capacity C1 across the primary
NI1.
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many “call backs” consists of placing
an ammeter in series with the hot
lead. If, with a replacement, the in-

put current exceeds by as much as

T

—oB+

¥

1+
Pr—e8~

one ampere the manufacturer’s rat-
ing, as given in most manuals, look
for trouble in other sections of the
receiver. ¥ ¥ ¥

Know Your VITVM

— From Page 28

must not be paralleled by any other
resistance. In most receivers, isolat-
ing a resistor from other resistance
components may often be accomplished
by turning off the power and thereby
effectively opening all circuits through
the vacuum tubes.

Some resistors, especially those of a
value above one megohm, may have a
voltage coefficient, that is, the ohmic
value of a resistor may change with
the voltage across it.

The extremely low resistances
which may be measured by an elec-
tronic ohmmeter will often permit the
detection of shorted turns in trans-
formers, especially in those cases
where the manufacturer has given re-
sistance data on transformers and
coils.

Capacity Measurements

Modern television and electronic
equipments operate in the high fre-
quency ranges which necessitate low
capacities of approximately 5-10 uuf.
The capacity range in the Model 203
is such that it will measure down to
one uuf and up to 1000 uf. This will
permit the checking of any capacitor
which might normally be used.

In a good many cases, trouble in
receivers, especially hum and distor-
tion, is caused by bad electrolytics,
and a great deal of time can be saved
if the electrolytics are checked first.
In most cases, the electrolytic will be
so connected in the circuit that it is
almost imperative to disconnect it be-
fore making a measurement. In
checking the electrolytic, it is always
desirable to first charge the capacitor
at its rated voltage and then dis-
charge it completely before making a

RADIO MAINTENANCE e
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measurement,

In cases of distortion, check the
coupling and bypass condensers of the
audio stages as they quite often cause
trouble when their capacity decreases
appreciably below their rated values.
Loss of sensitivity in a receiver can
be caused by improper value or de-
fective capacitors used in the RF cir
cuits.

inductance Measurements

While inductance measurements are
not common in most radio servicing,
provisions are made for such meas-
urements with the Model 203. As the
capacity measuring circuit is based on
impedance, and since inductances can
be measured in terms of impedance.
the capaecity circuit is used for both
measurements. Many manufacturers
supply data on audio and RF chokes
so measurements may be made for
comparison purposes.

Current Measuremenis

Milliampere measurements in radio
receivers presuppose, in general, the
unsoldering of a joint and the break-
ing of a connection. As most currents
can be measured by the measuring of
the IR drop across a known resist-
ance, as previously discussed, it would
be easier and faster to make the cur
rent determinations in this manner
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where possible. A milliammeter should
be used in the measurement of elec-
trolytic condenser leakage. The cur-
rent should never exceed one milli-
ampere per microfarad with the con-
denser operated at its rated voltage.

There are other uses to which an
electronic voltmeter can be put. These
are only a few of them. The more
familiar you become with your test
equipment and its uses, the more valu-
able it will be to yvou. » v v

Let’s Explode the
Multiamp

— From Page 31

brated dial enables the operator to
set the output level at a predetermined
value of the total amplifier output.
When this pre-set level is reached, the
first neon indicator lights. When pre-
set point is surpassed, the second neon
indicator will light, indicating that the
output of the amplifier has exceeded
the predetermined level. This enables
a very close overall check to be kept
on the amplifier; even though the
speakers are located in remete posi-
tions. The indicator may also be used
with other makes of amplifiers if the
simple instructions provided with it
are followed.

Power Output Stages

Power output stages come in two
basic sizes, 30 and 45 watts. They
are built with male plugs on the front
and female plugs on the rear, so that
any desired number of power units
can be plugged together to secure up
to 300 watts (or even more). Thus,
with a few basic units, you can sup-
ply any required power desired. If
you have a number of units on hand,
a dynamic test for required output
can be made. It is very convenient to
add or subtract and thus get the cor
rect power which, in some cases, can
not be judged in advance by even the
best engineer. The system is espe-
cially suitable for those who wish to
start in a small way and eventually
build up to a large system without
costly discards.

Phone Top

The phonograph unit consists of a
conventional type phonograph
mounted on a top panel, with a crys
tal pickup, and all cables and con
nectors for plugging it into the am-
plifier. The top panel of the amplifier
is removed, and interchanged with the
phono top.

A special socket is provided on the

—> To Page 41
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NOW AVAILABLE FOR IMMEDMTE SHIPMENT'!
Ve Plew Haodel 670

SUPER-METER

VOLT-OHM MILLIAMMETER
plus CAPACITY REACTANCE
INDUCTANCE and
DECIBEL MEASUREMENTS
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e - The Model 670 includes a special
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The Model 670 comes housed in a rugged, crackle-finished
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Let’s Explode the
Multiamp

— From page 39

pre-amplifier for plugging in a small
radio tuner. This tuner has its own
volume control so that all of the reg-
ular channels are available for phonos
and microphones. A monitor jack is
provided for tuning the radio with
headphones.

Either one of two input sections
may be used with any of the equip-
ment described. A four- and a six-
channel input are available. Both
units have identical controls as fol-
lows:

1.  Volume Controls. Individual
volume controls are provided for each

double action, and can either raise or
lower the high frequency response. It
is especially useful in removing
scratch without eliminating too many
of the high frequencies. The high
frequencies give life and timber to a
program and should not be removed,
except when necessary. The numbers
on the dials of the two-tone controls
increase in reverse directions. When-
ever it is found necessary to cut dras-
tically with one tone control, it is
generally found best to balance the
tone with the other control. A the-
oretical balance is reached when both
tone controls are set at the same num-
ber. This rule does not hold for all
installations, but it should be kept in
mind when making tone adjustments.

30%

330K 1/3W

Qo

€

100% °

33KNI/3W 8-
BROWN
/i -
,\( o _ GND.
o ———O | OFF o/\\ OR
\ BLACK c
S/ 70
et
o
Y [ LN oy
T e r 50
(o]
'z}
a¢
&
OFF /
\ \ o 1\/

‘1%LUE

Fig. 3 The circuit used in the output level indicator.

channel with complete mixing of all
programs from each channel. Be-
cause of the high gain of these ampli-
fiers in normal operation, the controls
operate about one-third on.

2. Bass Tone Control. The bass
tone control changes the entire pitch
of the voice, without changing the
volume of the voice. The control has
an extremely wide range; and, there-
fore, must be carefully adjusted.
When starting up a system, the con-
trol is turned straight up until every-
thing is in operation, then it is moved
slightly until the speech is distinct
and clear. Wide range control of
this type has many advantages when
used on rental jobs. Because of the
poor acoustic conditions often en-
countered, it sometimes becomes neces-
sary to cut the bass quite drastically
in order to get away from ‘“boomi-
ness.”

3. Treble Tone Control.
bass control,

Like the
the treble control is

RADIO MAINTENANCE e

The power output units employ a
unique circuit which, by the use of a
simple voltage dividing system, makes
possible greatly increased power tube
output. It also makes the tubes less
susceptible to failure due to overload
and lessens the effects of mismatch of
output impedances.

These and other features of the
Multiamp make it of definite interest
to everyone engaged in public address
work., ¥

Industry Presents
— From Page 34

HEAVY DUTY EXPANSIVE BIT

This new tool made by Bruno Tools,
Beverly Hills, Cal, is designed with
a straight shank for use in an elec-
tric drill or drill press. It drills holes
1%"” to 3%” in wood, covering this

~—> To Page 47
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OPPORTUNITY
FOR RADIO MEN!

There'’s big money in motor repair work { Prices
are good. The field is not crowded. The home
applionce repair business is o vast one, and r:mlor
service is a highly important part of it. Here's the
book that will train you easily and quickly !

Learn ELECTRIC
MOTOR REPAIR

h .

Easily . . .

IT PAYSTO
SPECIALIZEIN
“SOMETHING
DIFFERENT”

Every day, more and
more electric motors are
being used BOTH in homne
electric appliances and in
industrial equipment. Qurs is
truly an Electrical Age—and the
motor repair expert 1S one of its
most valuable men! .
ELECTRIC MOTOR REPAIR, the unique new
book by the publishers of famous Ghirardi Radio-
Electronic volumes, teaches you the work from
the very beginning. Explains every detail of
motor trouble diagnosing, repair and rewinding.
Covers a-c and d-c motors, synchronous motors
and generators and BOTH mechanical and elec-
tronic control systems. Quick-reference guides
show exactly how to handle specific jobs. Invalu-
able for beginners or for actual bench use in
busy shops.

SHOWS YOU HOW &z75
EVERY STEPOF "

THE WAY

Based on what can be learned from this big book
alone, you can train yourself for prompt, PItOFITABLE
motor service. Every type of work is demonstrated
VISUALLY by more than 900 easily-understood dia
grams, all indexed for quick, on-the-job reference. The
unique Duo-Spiral Binding divides book into 2 sections
nermitting BOTH text and related illustrations to be
seen AT THE SAME TIME. Lies open flat on bench
while you work. 580 pages.

“BORROW” IT FOR 5 DAYS!

Send coupon now! Practice from ELECTRIC MOTUW
RHEPAIR for 5 full days. Then. If not more than satis
fied, return book to us and every cent will be cheer
fully refunded—and no questions asked!

S_DAY MONEY-BACK

GUARANTEE

Dept. RM-96, MURRAY HILL BOOKS, Inc.
23?‘? Madison Ave, New York 16 N. Y.

Enclosed find $5 ($5.50 foreign) for my copy of
,5113 bil; ELECTRIC MOTOR REPAIR book; or

[J send C.0.D. (in U.S.A. only) for this amount
plus postage. 1f unsatisfactory for any reason. 1
may return book in 5 days and have my money
refunded.

Name
Address
City & Dist. No. .

. State
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Battery Replacement

— From Page 29

can be read under the previously de-
termined values of closed circuit volt-
age.

The closed circuit voltage values in
Table III are given as closed circuit

volts per cell. For example, a nomina:
4.5 volt “A” battery consists of three
cells connected in series. If the closed
circuit voltage reading for the battery
is 3.6 volts, this is equivalent to 1.2
volts per cell. Similarly, a nominal
45 volt “B” battery consists of 30
cells connected in series. If the
closed circuit voltage ‘reading for the
battery is 33 volts, this is equivalent
to 1.1 volts per cell.

SIMPSON Portable
VOLT - OHM - MILLIAMMETER

MODEL
215

TABLE 1

Dry Battery End Point Voltages

‘A’ Batteries Approximate

Closed Circuit
Voltage Below

Nominal External Which Radio
Voltage Load Resistor  Will Not Operate
{ 1.5 volts 5 ohms 1.0 volts
| 4.5 volts 75 ohms 3.0 volts
1 6.0 volts 100 ohms 4.0 volts
‘ i 7.5 volts 125 ohms 5.0 volts
¥ 9.0 volts 150 ohms 6.0 volts
$3250 ‘B’ Batteries 45.0 volts 5,000 ohms 30.0 volts
Net 67.5 volts 7,500 ohms 45.0 volts
Size: 82" wide; 7” long; 3’ deep. Weight: 90.0 volts 10,000 ohms 60.0 volts
2/, Ibs.” Has all essential ranges, both AC
::dha?r(e: 4'/F’I'rsrfnesfr:?” low-priced instrument
2
TABLE Il
RANGES - ) : .
(5,000 abms par volt D.C.; 1000 ohme A.C. Determination of Dry Battery Cell Size
Vol:soooAgooand D.C.: 0-25, 10, 50, 250, Nl
Ouf;SJuofooAC Volts: 2.5, 10, 50, 250, 1,000, Battery . . Contains B}xreau of Standards
i Milliamperes, D.C.: 010 100, 500, Voltage Manufacturers Designation Cells Size
] Mlcroamperes D.C.: 0-250. <L
| Decibels: (5 ranges) —12 to -52 DB, S
| Ohms: 0 to 4,000 (30 ohms cenfer): 0 fo = - g = el - = =
i 400,000 (3,000 ohms center): 0 to 4 = = 2 c £ o S = [
{ megohms (30,000 ohms center). =) = 5 E.E o e = (=)
. et = N -
{ READY at Milo! * & 2 S 2 S = e
FEDERAL 15 90 17GD60 748 ABS2 60DLIIL  G(17inpar) D
i SELENIUM RECTIFIER 15 90 6FA60 84  60A4L F( 6inpar) A
B o § Sonple fadies 9.0-7.5 90  G6M60 754 ABS878 60B6F6/5 G BB
i : }h?rafor PPower Supplies 9.0-7.5 90 F6A60 AB994 60A6F6/5 F A
{ @ Renlaces amy 1177t Rect. 1.5 2 Uni-cel 950 2LP  Dcell D( 2inpar) —
Ord Tube 1.5 AR 742 PY4A 4FI1 F( 4 in par) E—
- il 45 G3 746 P83A  3H3 G -
T . 6.0 F4PI P694A 4F4 F ——
° e 4 730 738 PTR30 V30AAZ2 - AA
Orders 45 A30 — 430P V30A A
of | to § 45 M30 482 P7830 — BB
$1.09 ea. 45 B30 762 P5303 V30B B
'] Quotations on larger quantities gladly 67.5 XX45 467 P4367 W4BA N
1 furnished
FEATURES — )
Replace tube and socket; require less TABLE II]
space; facilitate smaller cabinet design;

Remaining Capacity of Partially Discharged Dry Batteries

prolong life of set; give immediate rec-
tification.

Schematic application with every order Bureau of Approximate Estimated remaining hours of service to

Milo h lete stocks of nationall Standards drain at which 1.0 volt per cell endpoint when closed cir-

known ‘??zc‘,”.'&‘é.fo"véi’,“é H v':/a "NEw Cell Size battery was cuit voltage per cell at indicated drain is:
$OMGB§O TuCE>SRTDARSOtd. . ngISSNER, discharged 1.4 volts 1.3 volts 1.2volts 1.1 volts

I ot aied: zof/ZNw.ﬁ. PREME. etc. o | G (17in par) 0.250 amp. 600 hrs. 300 hrs.  150hrs. 50 hrs.

C.0.D.  Dept. RM. G 0.050 amp. 190 hrs. 150 hrs. 100 hrs. 60 hrs.

I (6 in par) 0.250 amp. 170 hrs. 110 hrs. 70 hrs. 30 hrs.

mn &@ F (4in par) 0.250 amp. 120 hrs. 90 hrs. 60 hrs. 25 hrs.
/ F 0.050 amp. 165 hrs. 120 hrs. 80 hrs. 50 hrs.

D (2in par) 0.250 amp. 11.5 hrs. 10 hrs. 7 hrs. 3 hrs.

?adw and Clectronica Corp. [N 0.006 amp. 55 hrs.  45hrs.  25hrs. 10 hrs.
AA 0.008 amp. 80 hrs. 65 hrs. 40 hrs. 20 hrs.

200 Greenwich St., New York 7, N. Y. A 0.008 amp. 160 hrs. 110 hrs. 70 hrs. 40 hrs.
BEekman 3-2980-1 BB 0.008 amp. 160 hrs. 118{111‘5. ggﬁrs. ;g Ers.

Export Div.: WESTERN INTERNATIONAL B g-ggg amp. égg Ei‘: ;30 h;‘: o h;: o h:-
168 Washington St., New York 6, N. Y. D -008 amp. : . . :
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MEISSNER coi1s

Unexcelled instability...dustproof and unaffected by humidity changes.
The standard of coil quality for 24 years.

THORDARSON americiers

Insure natural brilliant sound reproduction with this new Thordarson line
backed by 51 years of transformer manufacturing experience and 30 years of

audio development

RADIART acriacs

A complete line, designed for all cars ... featuring Static Muffier Ball to minimize
corona discharge static ond famous Plasti-loom Lead for maximum signal

transfer efficiency.

WRITE FOR YOUR FREE COPY OF THE NEW RADIART CATALOG AND VIBRATOR GUIDE

ELECTRONIC DISTRIBUTOR AND INDUSTRIAL SALES DEPARTMENT

MAGUIRE INDUSTRIES, corrornres

936 N.

AFC

— From Page 21

be followed implicitly.

There are many methods of align-
ment depending on the equipment to
be had. These include an AM signal
generator, an FM signal generator,
an oscilloscope, a vacuum tube volt-
meter or a milliammeter. As the AM
signal generator and VIVM are gen-
erally available, let us discuss the use
of these.

First of all, the receiver should be
aligned in the usual manner with the
AFC off. After that has been ac-
complished, the AFC is ready for ad-
justment. TFig. 6 shows the connee-
tions required.

The first adjustment is made at the
primary trimmer of the diseriminated
transformer. If no diagram is avail-
able, it may be distinguished by the
fact that it is much less sensitive than
the secondary trimmers. The sec:
ondary trimmer has the greatest ef-
fect as a slight change will alter the
delicate balance of the whole cirecuit,
while the primary adjustment only
insures maximum transfer of energy
to the secondary. The primary trim-
mer is adjusted to obtain a maximum

— To Page 45
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ILLINOIS
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ADD ANY OR ALL"
OF THESE UNITS
IN A SINGLE CABINET!

New! Original! Revolutionary! The Concord line
of Multiamp Add-A-Unir Amplifiers and complete
systems set new high standards of flexibility, fidel-
ity, performance beauty and economy! 30 to 45
watt amplification increased, in a single cabinet,
to 60, 75, or 90 watts in minutes with phirg-in Add-
A-Unit output stages  at minimum cost! Two
moreinputchannelstototalsixchannelsif needed!?
Add a phono player, record changer, output indi-
cator- any or all on the same single Multiamp
amplifier cabinet- climinating extra Space re-
quirements and additional cabinet cost! Permas
nent or Portable. Get complete details at once.

PRGNO PLAYER
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Mail Coupon for New Complete Catalog—FREE!
Your copy is ready now  featuring the exciting
new Concord line of Multlamp Add-A-Unit Am-
plihers and Accessories -plus
Radio Sets, Phono-Radio
Combinations—and the
latest, greatest complete s

lection of RADIO PARTS
FLECTRONICEQUIPMENT,
TOOLS, AMATEUR GEAR
KITS and SUPPLIES. Thou-
sands of items including
nationally-known standard
top-quality lines—money -
saving prices. Mail coupon.

Immediate Shipment from CHICAGO or ATLANTA

¥
1 CUNCORD RADIO CORP.
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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
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AFC

— From Page 43

reading on the vacuum tube voltmeter,
either positive or negative. If no de-
flection is noticeable, the secondary
trimmer should be changed slightly,
as it may be in resonance.

When maximum deflection has been
obtained, the secondary may be tuned.
The correct setting of this is indicated
by a zero reading on the meter. As
previously mentioned, this adjustment
is very critical. The true setting can
be checked by the fact that the meter
remains at zero as the AFC switch
is turned on and off. Be sure that
the zero reading is not obtained at
either minimum or maximum capacity.

To check the alignment, tune in a
strong station with the AFC off.
Then, with the AFC switech on, rock
the tuning condenser to both sides
of the station. If the AFC is oper-
ating properly, the same signal qual-
ity will be received from approximate-
ly 15 kc either side of the correct fre-
quency.

The customer should be told that, al-
though AFC does compensate a great
deal for inaccuracy of tuning, it must
be used correctly. The time devoted
by the serviceman in giving instruc-
tions as to the correct method of op-
erating the AFC circuit is time well
spent. It will mean a well satisfied
customer and result in a reputation
for good, friendly service. v 1o 1o

Service Bench
> From Page 33

small metal lathe.

Check the fly ball governor; see
that all the springs are in place, that
the moving sleeve which holds them
is free, and that the braking disc is
smooth and unscored. The leather
brake shoes should be oiled lightly.

Reassemble the motor. The bear-
ings and the worm gear driving the
fly balls should be oiled sparingly
with light machine oil. The other
gears should be greased. Some serv-
icemen prefer a mixture of graphite
and grease. Now give it the juice.

If the motor is dead, check for an
open field or a brush stuck in its
holder and not making contact. If it
hums, give it a spin by hand, and if
it runs once it has been brought up
to speed by hand, the starting circuit
is at fault. Fig. 8 shows the circuit
used in a split-phase motor, the type
which uses a starting winding. Check
the winding for a break; and if it
shows good, check the starting con-

RADIO MAINTENANCE o

14 RIDER MANUALS ——

The fourteen volumes of Rider Manual, is-
sued during the past sixteen years, are the
’ only single source upon which radio serv-

icemen can depend for authoritative serv-

icing data on sixty million receiving sets
now in American homes. These sets, all is-
sued before 1942, are the ones most likely
to develop faults,

In this connection it is significant that
4 Rider Manuals, covering American receiv-
ers sold between 1920 and 1942, continue
their un'chulllenged leadership in the field of
radio servicing reference books.

The reason for this is that they have con-
sistently demonstrated their reliability, their
accuracy, and their completeness — their
value as timesavers when localizing trou-
bles in faulty receivers. In them will be
found such vital material as receiver sche-
‘ matics, voltage data, alignment data, re-

sistance values, chassis layouts and wiring,
and trimmer connections.
‘ Volume XV, now in preparation, will
represent the wealth of experience we have
gained from sixteen years of specialized
publishing for the radio servicing industry.

it will be bigger, contain expanded servic-
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——Cover 60 million Radio Sets
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ing information that will save each indi-
vidual service man hundreds of hours every
year he uses it. This vital information will
not be available from any other source.

Check the list below. Order from your
jobber today.

NOW IN FOURTEEN VOLUMES

Volumes XIV to Vii .each volume $15.00

Volume VI 11.00
Abridged Manuals 1 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 monthly publication, dedicated to the
financial and technical advancement of the
radio 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

JOHN F. RIDER PUBLISHER, |NC. 404 Fourth Avenue, New York 16, N.Y.

13 E. 40th Street

New York City Coble: ARLAB

denser for an open or short. Its
function is to provide out of phase
current to the starting winding. If
it is shorted, the starting field will
be in phase with the running field
and there will be no starting torque.
If the motor hums but can only be
turned with difficulty, the bearings
are loose and the magnetism is freez-
ing the rotor against the field. If it
starts weakly, check the capacity of
the starting condenser. It should be
between 1.0 and 1.5 ufd. Too small
a condenser prevents sufficient start-
ing current from flowing. The cur-

OCTOBER 1946

rent should be between .64 and .3
amperes. The normal ambient tem-
perature rise of a motor is 60° to
100°. This means that a motor
usunally runs too hot to touch—a point
some customer may bring up.

If the motor runs after it has been
brought up to speed manually, but
has insufficient power to pull its load,
the running winding is open and it is
operating on its starting winding.

If the motor starts only when the
armature is in a certain position,
there is an open in the armature

—> To Following Page
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NEW SOLDERING GUN

with adjustable tip

e
TN
S secfoﬁ‘a\

High heat pro-
duced in loop type
tip by induction prin-

ciple gives speced and
flexibility to soldering
with the new gun type
Speed Iron. Ideal for inter-
mittent operation on maintenance and radio service work.

TIP ADVANTAGES

STAYS TINNED—
NO BURNING

Available at your radio parts distributor or write

direct for descriptive bulletin.

* 115 Volt 60 Cycle 100 Watts

* Built-In Light Weight Transformer

* |ntermittent Operation With Trigger Switch
* Can’t Overheat or Burn Out

* Tip Heats And Cools Fast

* Impoct Resisting Case

* Soldering Heat In 5 Seconds

518 NORTHAMPTON ST.

SEE WHERE
YOU SOLDER

WORK AT
CLOSE QUARTERS

*

Hauve You Seen
The Solan Systom?

It's a bi-monthly magazine
of authoritative information
on new developments in the
capacitor field. Simply fill
in the coupon below if you'd like
to receive this easy-to-read
technical publication regularly at your
home or at your office.
@& 1689
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Solar Manufacturing Corporation
285 Madison Avenue, New York 17, N. Y.

Gentlemen: Please send me the SOLAR SYSTEM regularly, starting with the current issue.
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Service Bench
—> From Preceding Page

winding. This can sometimes be cor-
rected by short circuiting the open
coil with a piece of wire or a drop of
solder between the commutator seg-
ments. The segments connected to
the open winding are adjacent to one
another. Fig. 4 shows the way in
which the windings are connected to
the segments. The speed of the
motor will be affected slightly, but
this can be corrected by the means
provided, and the motor returned to
service.

ARMATURE
coiL

COMMUTATOR
SEGMENT

Fig. 4 Armature connections used in
some types of phono motors.

The motor speed should be checked
with a stroboscopic disc on the turn-
table. Wows are usually caused by
off-center or unbalanced rotors, an
unevenly worn driver or idler pulley,
or unequal fly ball springs. These
springs are quite critical in their
action and should be replaced when
suspected. A change of speed after
some fifteen or more minutes of oper-
ation is caused by an intermittent
short in the field. This can be
checked by applying pressure to the
coils by means of a screw driver or
similar tool. The change in speed
will be immediately apparent. Field
coils may be replaced by coils com-
mercially manufactured for the pur-
pose, or by coils wound by the serv-
iceman himself from data secured by
dismantling the original. » » v

The dial lamp is small
but important . . .
Read about it in the

November Issue
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Cabinet Repair

—> From Page 9

glue, give each coat a chance to dry
thoroughly. Don’t try to rush the
tepair by cutting down on the time
between coats.

Practice on old cabinets until you
are sure of your technique. Don't
make your first attempt on a custom-
er’s expensive cabinet. You may
have unfortunate results.

Fig. 10 shows a complete refinish-
ing outfit for use in the shop.

KT
o, i ¢

ME gt
€ CEwgaL ¥

Fig. 11

This handy scratch stick will help make customers.

If you follow the instructions out-
lined in this article and spend a
little time practicing, you are sure
to cbtain gratifying results. You will
often find the opportunity to repair a
small seratch or dent as shown in
Fig. 11 and make yourself another
customer,
ecan often be sold to your customers
whoe have seen you improve the ap-
pearance of their radios. You can
create the best of good will by polish-
ing every cabinet after you have
finished the radio repair job and your
customers will be more satisfied and
willing to pay your bill. » » o

Industry Presents

= From Page 41

range with two cutting blades in ad-
dition to the fixed cutter or center lip
which cuts away the material at the
center around the improved, diamond-
shaped screwpoint.

VIBRATOR INVERTER

A new vibrator inverter, designed to
permit operation of AC phonographs
on DC, is now in production by Elee-
troniec Laboratories, Inc., Indianapolis.

The unit can be installed under the
turntable or in a corner of the phono-
graph cabinet. It measures 4%"” x
4" x 2%", weighs 14 oz., has an input
rating of 115 volts DC and an out-

RADIO MAINTENANCE

put of 110 volts, 60 cycle AC, with a
maximum load capacity of 25 watts.
It may also be used with timing de-
vices, electric razors and similar
equipment having small synchronous
motfors and low wattage requirements.

RADIO-PHONOGRAPH-
RECORDER

The Jefferson-Travis “Masterpiece” is
a high-fidelity FM and AM radio and
phonograph with record changer, plus
the new long playing tape recorder
which takes programs off the air with
no in-person supervision. By setting
a clock on the console panel to the
time of the program desired, the own-
er may leave and the recorder will
turn itself on and take the broadcast

— To Following Page
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Seratch sticks and polishes }

ATLAS SOUND

Equipment

Zeady for YOU

i

DOUBLE REENTRANT
PROJECTOR

Many sizes. From 15 in.
air column to 6 foot air

foot air column lengths.

i column.

{ i

1 360 RADIAL
CHANDELIER

; PROJECTORS

A Double Reentrant. For

E driver units. 3 and 4

$

DRIVER UNITS

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

MINIATURE TYPE
REENTRANT
PROJECTORS—
BOOSTER SPEAKERS

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

TR

CONE TYPE
PARABOLICS and
CHANDELIER BAFFLES
for all size cone speak-
ers. Wooden and Metal
Cone Speaker Enclosures,
Baffles, Carrying Cases,
Loud Speaker Support

Stands and Brackets.

MICROPHONE
SUPPORT STANDS

20 types and sizes. All

i
=
|

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

Write for New [llus-
trated Catalog Sheets.

| ATLHS SOUND

CORPORATION
1444 39th St., Brooklyn 18, N. Y.
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SUPREME INSTRUMENTS
for. PROFIT-MINDED

Servicemen

¢ moderately priced
¢ accurate
* easy to operate
* professional looking
s exclusive features

When you buy your test equipment, replace-
ment parts, etc., from Sun Radio, you get
the service and courtesy that has made Sun
an outstanding name in radio for 25 years.
"See your distributor'’ always means ''See
Sun Radio."

SUPREME

a8 Model 589-A
Tube
and Battery
Tester

Economical, simple and efficient. TUBE
TESTER—I8 filament voltages from 3 to full
line voltage. Correct plate loads supplied
to various tubes, to provide maximum ac-
curacy. BATTERY TESTER—checks A & B bat-
teries under normal load. English reading

'h'JRee*place-Good" scale. $48.95

SUPREME '

Model 562
Audolyzer

Simplest method of signal fracing. Requires
only one probe. Indicates presence and de-
termines quality of signal, thereby serving
as dynamic signa} analyzer. Locates dead
stage in receiver and faulty part in stage.
Also used for checking high impedance pick-
ups, microphones and other audio devices.

Net $121.00

SUPREME
Model 565
Vacuum
Tube
Voltmeter

Highest possible input impedance on both
AC and DC measuring functions. New type
streamlined probe handles like ordinary
test lead and incorporates new high fre-
quency diode. Minimum of detuning of RF

fﬁz:d circuits. $ﬁ350

Mail orders filled promptly
Please enclose 25% deposit

SUN RADIO -

& ‘ELECTRONICS €O, |

' ESTABLISHED 1922 d
122-124 DUANE ST. - NEW YORK 7,N.Y. - B
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The Oscillograph

... how it works

—> From Page 25

same average potential as the second
anode in order not to change the ac-
celeration rate of the electron stream,
since the deflecting plates are directly
coupled to their respective amplifier
output tubes, if they were at an aver-
age potential of +1000 to 2000 volts,
their output tubes would also be so,
resulting in a very unsafe and other-
wise unsatisfactory operating condi-
tion.

-+ 300V.
FROM
RECTIFIER

ANODE2

—1000V.

—1050v.
FROM
RECTIFIER

Fig. 8 Typical voltage dividing system
used in cathode-ray oscillographs.

The typical arrangement of volt-
ages shown in Fig. 8 shows that grid-
to-cathode volts can be varied from
0 to 50, focus anode-to-cathode volts
can be varied from 200 to 500 volts,
the accelerator anode is grounded, and
the intensifier anode is at +300 volts.

Industry Presents

— From Preceding Page

off the air, switching off automatically
when the program’s time has elapsed.
Records may also be added to the

Radio Books

For

Radio Servicemen

“INSIDE THE VACUUM TUBE”

A goldmine of information for
the student, amateur, serviceman
or engineer.

425 PAGES PRICE $4.50

“UNDERSTANDING r
MICROWAVES”

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

five years.
400 PAGES PRICE $6.00 | |

“RADAR”

For students, hobbyists and I
laymen .« . . $Loo

]

]

and THESE STANDARD WORKS !

THE CATHODE RAY TUBE ‘
ATWORK. . . .

o . $4.00

FREQUENCY MODULATION . . $2.00

SERVICING BY SIGNAL TRACING $4.00
THE METER AT WORK . . . $2.00 l

THE OSCILLATOR AT WORK . . $2.50
AUTOMATIC FREQUENCY '

CONTROL . . . . $1.75

AN-HOUR-A-DAY-WITH-RIDER SERIES — |
on “"Alternating Currents in Rodio Receivers,”’
on ““Resonance & Alignment,” on ‘‘Automatic )
Volume Control,”” on "‘D-C Voltage Distri-

} VACUUM TUBE VOLTMETERS . . $2.50 |
!
‘ bution.”” Hord bindings . . $1.25 each

JOHN F. RIDER
PUBLISHER, INC.

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

Specializing in books for advance-

ment of the radio servicing industry.

owner’s collection by means of the re-
corder and phonograph. For “live
talent” recording, a microphone at-
tachment is employed. Only sapphire
needles are used for both recording
and playing purposes.

In November
The first
article on the use
of the Oscillograph

will appear.

OCTOBER 1946 e RADIO MAINTENANCE



Model 315 Smnal Generator.

Designed d-wn ¢ the mos:

minute detz 1 for highese ac-

curacy, grez est stebility, mia-

imum lcakzge., anc gooc wave

form ... ... $67.35
Mode! 305 Tube Tester. Tests

all tubes. -=rovides for filameat
valtages frc n .5 wolts to and ia-
cludiag 120 solts. spare sockets for
future cube develc pmeass....$46.25
Model 26C High Sensitivity Set
Tester. 20. 00 clams per volt D.C.
Voltage ra-ges tc 5,000 volts A.C.
and D.C. Resistence ranges to 20
megohms. _urrenc ranges to S0 mil-
fiamperes.. ... ..o $38.95

INSTRUMENTS TH

@W{{gyg,}
. .. gives servicemen a real
profit-making set-up

® The successful radio serviceman today must have the finest in test instru-
ments for a very practical reason—that’s his only hope of present and con-
tinued profits. To meet the tremendous volume of business available he
must be able to “trouble-shoot” fast and wccurately every timre. Only thus
can he correct trouble speedily, with satisfaction to the custamers,
Simpson offers you, in three basic test instruments, the accurzcy and ad-
vanced electronic engineering which have given Simpson the proudest
name in the industry. They are tried-and-tested examples of the kind
of instruments Simpson has always built. Their use will demonstrate
that from Simpson alone can you expect “instruments that stay accu-
rate” with construction and design that lead the field.

To dealer and to serviceman alike, Simpson offers today the assur-
ance of continued profits that only quality can give., Nc¢ Simpson in-
strument is ever marketed, or ever will be, unless its maxe-s feel that.

of its kind, nothing finer can be produced.

SIMPSON ELECTRIC COMPANY
5200-5218 West Kintie Street, Chicago 44



National Union Announces an

for Service Engineers

HERE 1T 18 AT 1AST! The radio line thousands of
service engineers have been waiting for—yes, the
radio that has everyibing the service trade needs o
cash-in on today’s big pent-up new sct demand.

And who else but National Union could provide
a merchandising plun for radio sets—so perfectly
fitced to the service enginecr's spectal needs?

For over 15 years Nacional Union products,
plans and policies huve been shaped for the exclu-
sive benefit of service dealers.

And now N.U. RADIO SETS are here—for the
same service men who have so long known and
used other N.U. products—and have found the
N.U. way of doing business a better. more profit-
able one for their special type of operations.

THE LINE—5 models, of which one S-tube and one 6-tube
model are now ready; three others available in 90 davs.
THE PRODUCT — Top quality throughout; precision-built
chassis; beautiful cabinets in modern designs.
PERFORMANCE — Thoroughly up-ro-the-minute; N.U. sers
compare with the best in their class.

PRICES — Competitive with established brands.

VOLUME REQUIREMENTS — Nonce ! N.U. sets are not sold on
a tranchise basis. Order whatever quantity vou nee
DISTRIBUTION—Sold onlv through N.U. Distribur s ant¥
Service Dealers.

PRESENTATION MODEL No. G619,
6 Tubes. AC-DC. Tuned R.I°. Stuge. Super-
heterodyne  Cirvcnit. Loop Aerial. Antomatic
Volume Control. 1/luminated Slide-Rule Dial.
Standard American Broadcasis. Mabogany V-
neer All-Wood Table Cabiner, 13" x 8% x 62
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COMPANION MODEL No.571. 5 Tubes. AC-
DC. Superbeterodyne Circuit. Built-in Antenna. Auto
matic Volume Control. 2-Gang Air Condenser Tun-
ing. Hinminated Slide-Rule Dial. Stand.rd American
Broudcasts. Walnut Veneer All-Wood Table Cabing
13%" 5 7% x &%

OTHER MODELS NOW BEING PLANNED
® A 3-Way (AC-DC-Battery) Portable Model.
¢ A Combination Table Mode! Radio-Phonograph with
Automatic Record Changer.
* A 6-Tube Battery-Powered Farm Radio Toble Model.

Here, tor the first tme, is a pracrical post-war radi»
line for the service engincer to handle—a group
of fme modern radio sets—but above 2/l a proven
merchandising plan which /. Ask your N.U
Diseributor for the complete faces today !

NATIONAL UNION RADIO CORPORATION, NEWARK 2, N. J.

Yransmitting, Cothode Roy, Receiving, Special Purpose Tubes « Condensers » Volume Controls + Phototubes
Ponel Lomps « Flashlight Bulbs « Radio Sets « Auto Vibrators - Ballasts - Balferies



