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Stumped for an Answer ?

Consult Your MYE Technieal Manual

This book brings theory down to earth for practical application to
everv-day problems—

— Designed for the radio serviceman, engineer, amateur or
experimenter.

— Presents the latest technical information in simple terms.

— Contains much never before nublished.

— A big aid for wartime set servicing.

— Helps you make the most of available parts.
As one enthusiastic serviceman puts it, the MYE Technical Manual
“must be within reach on the bench.” 408 pages, with hard cloth bind-

ing. Profusely and accurately illustrated. Your nearest Mallory dis-
tributor will supply you—$2.00 net to radio servicemen. 4

P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA

Approved Precision Products
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Misleading Statements by WPB

® On March 31st WPB release No. 3008 was issued.
In it Mr. Frank H. MclIntosh, of the Radio Division,
WPB, is credited with stating, “In January sales by
tube manufacturers for replacement purposes were
almost 2,500,000” and “A Careful survey of the
industry indicated that radio tube production, avail-
able for replacement purposes, is almost as high as
in normal peacetime.” Then on April 15th WPB
release No. 3183 was issued, and in it is the state-
ment, “WPB has kept production of radio tubes
available for replacement wn civilian sets almost as
high is in peacetime.”

We read these obviously misleading releases,
blew our top and gave the matter serious research.
We learned that according to WPB concepts the
statements aren’t erroneous or misleading—but
that is merely due to the peculiar manner in which
WPB arrives at what they term “replacement tubes
for civilian use.” Let us explain! Down in Wash-
ington the War Production Board uses a very broad
interpretation in regard to all radio tube produc-
tion. As a general matter, WPB considers that all
tubes made fall into either one of two classifica-
tions, to wit, (1) Tubes for Military Use or (2)
Tubes For Jobbers and Civilian Replacement Use.
So, if a jobber gets a high priority order for tubes
from a Signal Corps Depot and he orders the tubes
from a manufacturer, such tubes, according to
WPB’s present system, fall into the category of
Tubes Delivered To Jobbers For Replacement In
Civilian Sets. By the same token, if a war plant
needs tubes, takes them from a jobber’s shelf on
high priority, and the jobber refills his stock—the
act of refilling his stock (literally speaking) charges
the tubes against deliveries made for civilian use.
This is the most “peculiar” manner of classifying
tube distribution WPB could conceive, to our mind.

If Joe Doaks, the barber, has a set that needs
tubes and the service-dealer orders them from a
jobber, the latter, by means of PD-1X rates his

order at A-1-j and places it with a-tube manufac-

turer. Tube manufacturers have made practically
no deliveries on such low-rated orders, what with
the materials shortage. Yet, if a tube maker did
fill this particular order, WPB’s books would list
this as a delivery to jobbers of civilian tubes, and
that is what it should be, IF it could happen.

Now that you understand WPB’s method of
classifying tube deliveries you can assume that
their releases weren’t exactly erroneous. We sub-
mit that they were and are misleading to fellows
like us in the radio maintenance field and undoubt-
edly they give a very wrong opinion as to the status
of tube deliveries to Mr. Averageman who owns a
set and needs replacement tubes which are prac-
tically impossible to obtain. But let’s carry the
discussion further.

Actual examination of jobbers’ records indicate
that over 80% of all tubes received by them from
tube manufacturers since January 1st, 1943, were
purchased on high priorities as they were destined
for military agencies and war industries who could
furnish high priorities. Furthermore, leading tube

rs

manufacturers concur that their records also indi-
cate that 80% of the tubes produced and delivered
to jobbers were based on high priorities and ob-
viously were not intended for ultimate use in civilian
owned receivers. So, had WPB been explicit their
publicity releases would have been worded some-
what in this manner, “Of the 2,500,000 tubes de-
livered to jobbers by manufacturers approximately
500,000 were potentially for use in civilian owned
sets as replacements while the 2,000,000 balance
were ostensibly made for some military agency who
had a high priority status.

The Certification Plan

® Mr. McIntosh addressed the NAB’s convention
in Chicago on April 26th and reiterated that the
tube shortage is due to maldistribution primarily
although he did admit that the Army and Navy
have raided dealers’ and jobbers’ stocks at various
times. That’s putting it mildly! His further observa-
tion that the new Certification Plan promises to make
for fairly complete stocks of tubes for civilian use
is, in light of developments, rather optimistic.
There can be no possible accumulation of tubes for
specific civilian use under any present WPB setup.
The only possible way to get tubes to jobbers for
resale to civilians exclusively is by having WPB
definitely establish and provide allocations of
needed materials so that tube makers can produce
the tubes in question. Under any other system the
Army, Navy or possessor of a high priority can
commandeer tubes on a dealer’s or jobber’s shelf.
The Certification Plan does not require a priority
issuer to turn in an old tube for a new one, but it
does require civilians to do just that.

Undoubtedly Mr. MclIntosh is tryving to solve his
dilemma. He probably wants to provide tubes for
civilian radio sets, subordinating such tube produc-
tion to Military needs, as is only just and proper.
The war effort must come first, we all agree. So
far all means of accomplishing his end have eluded
our Washington champion. Allocations is the an-
swer! But, by the time he gets allocations, we fear
tube production facilities will be unavailable.

We Change Format

® The next and subsequent issues of RADIO SERV-
ICE- DEALER will for the duration, be trimmed to an
over-all size of 813 by 111} inches which represent
the NIAA recommendations to conserve paper.
This means that “RSD” will hereafter have a
smaller margin of white space around all pages.

Inoperative Receivers

@ Estimates vary as to the number of receivers
now lying idle because of tube and parts shortages.
Service-dealers tell of vast numbers being out of
use while WPB and NAB believes the number is
negligible. What is your opinion based upon your
actual records? In rural areas the situation must be
very acute for even WPB admits steps have been
taken to provide batteries around January 1, 1944.

Radio Service-Dealer, May, 1943



TUBE SUBSTITUTIONS

WINDLING supplies of most

types of tubes available for
civilian use make the problem of ob-
taining replacements increasingly
difficult. It is becoming more and
more necessary to substitute other
types for the hard-to-get tubes, even
though it may be essential in some
instances to make modifications in
the receiver to accommodate the sub-
stitution. From time to time we have
published data on tube substitutions,
together with a chart giving the in-
formation in tabulated form for
ready reference. Much new data
have become available since this
chart was last published, in October,
1942, and accordingly a revised edi-
tion is reproduced in this issue.

It will be good news to many to
learn that suitable substitutes for
the 6AC7 and 6AB7 have now been
worked out. These two tvpes have
been among the toughest of all to
obtain commercially and likewise
hard to replace with substitutes. The
mutual conduetance of these tvpes is
far above that of other tubes of sim-
ilar classification, as normally used,
consequently such substitutions as
have been suggested have resulted in
lower stage gain because of the re-
duced mutual conductance of the
substitute. This has been evident
when the 6SK7 or 6SJ7 have been
used. The high gain of the 6ACT7 is
most often emploved in connection
with FM receivers, where the over-
all performance is vitallv dependent
upon an excess of amplification.
Thus owners of such receivers have
been obliged either to let their re-
ceivers remain inoperative, or put
up with less than normal high-grade
performance when such tube substi-
tutes are employed.

The recommended substitution is
the 7V7 or 7TW7. These local types

By John H. Potts

Onece again Mr, Potts goes into the tube substitution-cireuit revision

problem.

are somewhat similar except for the
socket connections. The cathode of
the 7TWT7 is brought out to the #4
and #7 pins while on the TV7 only a
single cathode connection, to the #7
pin, is supplied. The internal shield
connection of the 7V7 is joined to
pin  #5, but this connection is
omitted on the TW7, the suppressor
connecting to #5 instead. As nor-
mally used, the mutual conductance
at rated operating voltages is 5800
micromhos, with the usual 160-ohm
cathode bias resistor. When com-
pared with the 6ACT with its mutual

Customer—"'1 want tubes that are guaran-
teed not to burn out.”

Dealer—"I'm not so fussy, Brother, I'll
take any kind I can get!”

Radio Service-Dealer, May, 1913

Here he discourses on tubes not

previously covered.

conductance of 9000 under the same
operating conditions, this value of
5800 micromhos seems low. But, ac-
cording to Sylvania News, if the sup-
pressor grid of the 7V7 is tied to
the screen. a 250-volt plate supply
and 135 volts screen supply are em-
ploved, the mutual conductance will
be increased to 8000, when the con-
trol grid bias is —2 volts. This close-
ly approximates the nominal rating
of the GAC7 and should work out
much better than previously used
substitutes. The 7W7 may be simi-
larly used, but an external shield is
recommended.

The 6SG7 and 6SH7 are 0.3 amp.
filament current tubes of high mu-
tual conductance. Where the 0.45
amp. drain of the 7V7 or TW7 is not
prohibitive, Svlvania recommends
the substitution. The required mu-
tual conductance of 4700 is achieved
by operating the screen of the 7V7
(or TW7) from a 300-volt supply
through a 100,000-ohm series resis-
tor. The control grid bias should
be —1.5 volts. If a cathode resistor
is employed, the value will have to be
increased to approximately 200
ohms, because the plate and screen
currents of the 7V7 or TWT under
these operating conditions will total
only about 7.7 ma.

The 14W7 is the 12.6-volt edition
of the TW7 and these two types are
interchangeable, except for filament
voltage. And the 7V7, of course, is
likewise interchangeable with the
14W7, provided the necessary
changes in socket connections are

D J



made along with the filament volt-
age.

The duo-triode XgD is the same
as the 14F7, which in turn harks
back to the 7TF7, except for filament
voltage. This tube contains two high-
mu triodes and is useful for phase
Inverter purposes. It may be sub-
stituted for the 6C8G, 6F8G or
6SNT7-GT. In each case greater gain
will be obtained with the substitute,
because of the higher amplification
factor thus obtained. The amplifica-
tion factor is 70 in the case of the
7F7, which compares with 36, the
value for the 6C8G and 20 for the
6F8G and 6SN7-GT. This should be
remembered when a little additional
“hop” 1s needed to boost gain lost in
other substitutions. This change is
best made when the tube for which
the 7F7 is being substituted is a
phase inverter. The TF7 also fits in
nicely as a replacement for the 6SC7,
having the same amplification factor
in each triode section. The principal
difference between these two types,
other than the socket and socket con-
nections, is that the 7F7 has two
cathodes while the 6SC7 has but one.

The XXFM and the XXL find
their equivalents in the 6R7G (ex-
cept for socket) and the 7A4, respec-
tively. The former is a duo-diode
low-mu triode and the latter is simi-
lar to the 6J5G, except for the socket
and a slight difference in mutual
conductance and plate current, both
of which are somewhat higher in
the 6J5G.

The 25L6GT is becoming a hard-
to-get tvpe. There is no precise
equivalent for this tube, but the
35A5 and 50A5 can be juggled with
to provide an approximation. These
two substitutes require a slightly
higher filament voltage, as is appar-
ent, which can be obtained by lower-
ing the line cord resistance, if neces-
sary. In many cases, direct substi-
tution can be made. particularly if
there are several tubes in the fila-
ment string, so that the resulting
drop in current is distributed along
the line. The output of the 35A5 at
rated filament voltage is 1.5 watts as
compared with 2.2 for the 251.6. The
50A5, at rated filament voltage, does
the trick nicely, giving the same
power output as the 25L6, but will
require adjustment of the line cord
resistance to make up for the in-
creased voltage drop.

While the 25C6G can be used as
a substitute for the 25L6G, the bulb
18 larger, which may be a limiting
factor in many receivers of the
midget type. Further, the bias volt-
ages of the 25C6G would have to be
altered, by adjustment of the cath-
ode resistor, to approximate the out-

6

put of the 25L6G. In many of the
cheaper sets, however, it should be
possible to make a direct substitu-
tion without any monkeying around,
and still get a pretty fair approxi-
mation of original performance. The
50-volt edition of the 25C6G—the
50C6G—may also be used by making
the necessary adaptations for the
difference in filament voltage.

While substituting a 25B6G for a
25L6G would result in a loss of pow-
er output because of the difference
in power sensitivity of the pentode
and beam power tetrode types, we
mustn’t forget that substitutions the
other way around would produce a
corresponding improvement in per-
formance. Thus, for the 25B6G, anv
of the substitutes for the 25L6G,
mentioned above, are more than wel-
come.

Another of the beam-power type
tubes which is getting scarce is the
7A5. This is similar to the 35A5, ex-
cept for filament current and heater
voltage. The high current (0.7 amp.)
makes necessary changes in the heat-
er supply to provide the proper volt-
age and current when suitable sub-
stitutes are employved. If the 35A5
can be had, making these changes
should provide identical results. On
the other hand, if the 2516 is avail-
able, the substitution of an octal for
the loctal socket will be required in
addition to the changes in heater
current and filament voltage. These
changes are well worthwhile, how-
ever, because, from a performance
standpoint, the 25L6 provides some-
what higher power output at 110
volts at the cost of somewhat greater
distortion. The ratings are identical
at 125 volts.

The 7B5 is the loctal equivalent of
the 6K6G and these tubes may be

RS
A s

Ry,
ol
‘@ :

**Your radio sure does need fixing, Mister.

used interchangeably provided the
sockets are likewise changed. Like
other power amplifier pentodes, such
as the 6F6, they are inefficient at
the low operating voltages found in
ac-dc receivers, and beam power
types should be substituted whenever
possible, for maximum efliciency un-
der such operating conditions. How-
ever, it must be remembered that the
beam-power tubes also require great-
er plate current, so make sure that
the output transformer is suitable
when such a tube substitution is un-
der consideration.

The big demand for 6SK7GT/G's
runs many stores short of this type.
If you can dig up the corresponding
loctal —the 7TA7 — and change the
sockets, yvou will be able to put back
into operation many sets which
otherwise might lie idle. Alterna-
tively, the 7B7 may be used as a sub-
stitute—not quite as good, though,
because its lower heater current cuts
down its mutual conductance about
15% less than the 6SK7GT/G. The
7B7 is really the equivalent of the
6S7G, except for the socket.

Among the pentagrid converters,
the very popular 6A8GT can be re-
placed by the loctal equivalent, the
7B8. And the single-ended 6SA7GT
finds its counterpart in the loctal
7Q7. Duo-diode-triodes are found in
almost all modern receivers, and if
vou run out of 68SQ7GT’s, remember,
that the 7B6 is the same, except for
the socket. If the set at hand has a
6H6 rectifier, feeding a 6F5GT, it is
always possible to use the 7B4 loctal
equivalent of the 6F5GT.

Among the smaller battery-oper-
ated tubes, it is good to remember
that an “L” following the first num-

(Contisiued on puge 32. See Tube
Substitution Chart, page 31)

\ .
CL)

Y/

0
G

—
-
[ 2

Whatever's mak-

ing that dribbling noise must be awful. How do you stand it?”

Radio Service-Dealer, May, 1943



SPRAGUE TRADING POST

OFFERED — Superior Meg-O-Meter;
two scales 50,000 ohms to 5 Meg.,
and 2 Meg. to 100 Meg.; good con-
dition, with batteries and leads. Will
sell for cash, or exchange for what
have you H. Grinnell, 927 9th
St., Monroe, Wis.

TEST EQUIPMENT FOR SALE—
1 Triplett, V.O.M. 25,000 per
volt—$40; Red Dot twin meters
in good condition, used very little.

1 Triplett Model 1210A tube
tester in good condition--$15;
1 new Weston Model 506-

milliameter range 0-100 ma. case
234”7--%7; 1 Weston Model 301

milliameter, used very little;
scale 30-0-30 zero center for use
as ammeter with external shuats

$8. Cash or money order.
Frank L. Dodd, 300 Rural Ave..
Lewisburg, Pa.

WANTED—Jewell 199 444 analyz
ers. Must be in working condition,
not burned out. Will also pay cash
for Weston or Supreme instruments.
Send price and full details. J. D.
Kennedy, Box 86, Stanhope, N. J.

TEST EQUIPMENT WANTED — All

commonly used service types. De
scribe fully and name price. Ray-
mond Papineau, 725 N. Rockhill. Al

liance, Ohio

EQUIPMENT FOR SALE—Will sell
Supreme Model 562 Audelyzer slight
Iy used, price $100. E. R. King, Sig-
nal Section, Mebile Air Depot, Mo-
bile, Ala.

WANTED—Will pay cash for 2” or
3” oscilloscope (must include tubes);
Meissner or Rider analyst; and Vols.
7 to 12 Rider’s Manuals. T also have
for sale, or as partial payment on
above: Superior Channel Analyzer:
StgPenor dynamometer (VOM and
VTVM); and various new dynamic
speakers including some PM's, also
some audio, power, and output trans-
formers, etc. John Archibald. 1722
Melville St., Bronx, New York.

WANTED—A good make service os-
ciltator and an output meter. lHarry
" Slates. 232 South 8th St., Steub-
enville, Ohio.

FOR SALE OR TRADE—Parmak 6\ .
20A. Windcharger; Hickok AC 49
tube tester (tests octals): Jewel 562
battery-operated RF oscillator. Would
like to get tubes (especially 1%V,
and 12V. types): service manuals;
repair parts: small radios: and 16mm.
rojector. silent or sound. Hasco
adio Service, Myrtle Creek. Oregon.

Obviously,

SWAP OR SELL—Dunco low and high
current relays; Clough-Brengle 37
oscillograph;  Ferranti transformers,
A & B series; and 3 Sangamo hour
counters and other items. Write for
details. Want VTVOM chanalyst or
equivalent, and a-f oscillator. Julius
J. Bressler. 25 Dongan Place, New
York, N. Y.

WANTED AT ONCE—One portable
volt-ohm-milliammeter; also late model
tube tester. Must be in good condi-
tion. Give make and describe. J
W. McCracken, 841 Carondeley, New
Orleans, La.

SERVICE STOCK FOR SALE —
Have joined Signal Corps as ra-
dio instructor and offer varied
stock of parts and egpt. for im-
mediate sale. Must sell quickly.
Stock_includes brand new C.D
capacitor bridge with tube, .00001
to 50 mfds; Triplett ohmmeter 0
to 10 megs.; a B eliminator, gives
185 volts; a 6-8 volt DC motor
generator; dial lites; metal tubes;
resistors, condensers, volume con-
trols—in fact, almost anything
you might want. Write for de-
tails. Name what you need. E.
0. Cole, R.E,, 4714 W. Erie St.,
Chicago, Ill.

FOR SALE—Western Elec. 100-watt,
heavy duty amplifier, rack-mounted,
complete with meters and tubes.
Also Hickok Statictester, Jewell test
panel with 8 meters; new Katolight
350-watt, 115-volt A.C. gas genera-
tor. V. W. Hodge, Claremont. N.H.

VOM WANTED—Will pay cash for
one volt-ohm-milliammeter. Must be
in good condition. Name price. Will
also buy any odd meters. Need one
E4G 1ube. R. Watts, P. O. Box
807, Short Hills, N. J.

WANTED—Tuhes. Dumont Nos. 889,
128M. 913. Television receiver or
complete kit. Back number radio
magazines to swap. Larry Otis, 628
Firestone Blvd., Norwalk, Calif.

WANTED—Sprague Tel-O-Mike or
other condenser checker; Radio 'phone
recorder comb.; recorder unit cutter
and moter; Hallicrafter S-20R; 6C8-
6]7-68]7 tubes. new or used: Thord.

Here are some of the Sprague Condenser and Kool-
ohm Resistor types being supplied in tremendous guan-
Many of these represent
outstanding engincering achievements iwhich will be re-
flected in Sprague radio service and industrvial compon

tities for war requirements.

ents for post war needs.

Radio Service-Dealer, May, 1913
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tone cont. choke T14C70. Have 'phone
amps., parts, etc. Cash or trade. What
do you need? C. J. Seymour, 3110
Division St., Los Angeles, Calif.

FOR SALE —— A.T.I. Television and
Electronics course; one photo electric
relay with 2,000 C.C.-P.E.C.; one
200-watt transformer with taps from
1.25 volts to 1,200 volts—0-15 m.a.;
a few tubes, chokes and other equip-
ment. Leon Latham, 1016 N. Everett
St., Streator, Il

VOLT -OHMM — M . A METER
WANTED—Urgently needed at
air base. Quick sale for meter
in good shape. Joseph A. Warm,
A.R.T. ¢/o U.S.N.R., Naval Air
Station, Sanford, Florida.

FOR SALE—\Weston-Jewell model 444
two-meter analyzer, $35; Weston-Jew-
ell model 562 test oscillator, $30;
Rider’s Volumes 1 and 2, $7. All
practically new. Max Strauss, 11118
Clifton Blvd., Cleveland, Ohio.

WANTED URGENTLY — 412" fan-
shaped 0-1 Ma. meter; cash. Will
sell or swap 1 HY40, 3 TS5 trans-
mitting tubes. Spears Radio Service,
901 So. Fort Harrison Ave., Clear-
water, Florida.

TUBES OFFERED—\Wide assortment
of tubes in original cartons; also g
used tuhes and parts for many make

THESE ARE THE LATEST SPRAGUE STYLES

SPRAGUE CONDENSERS

AND KOOLOHM

Sprague cannot assume any responsibility, or guarantee goods, services, etc. which might be exchanged through the above advertisements.

Your own ad run FREE!‘

The “Trading Post” is §

RESISTORS

Prague’s way of helping

€ parts and equipment the
ings they do not need dur)-’
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in this or one

dio magazines in which thi
th

' e mdi(s’h?tret—WRITE CLEARL\lf's

will receive first attention, Addr;nsss'it

Emergency” ads
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SPRAGUE PRODUCTS coO., Dept. RSD35
North Adams, Mass.

Want
12S K7—50L6—O0scilloscope :
Rider’s Manuals. Stephenson’, 1307
H. St., N.W., Washington, D.

sets—converters, motors, etc,

1287

WANTED—New or used table mode!
ac or ac-dc radios; also batteries and
3525 tubes. \What have you? Wil
pay cash or trade some tubes. Lee
Amusement Co., L. & H. Radio Co.,
Shellman, Ga.

RIDER’S MANUALS WANTED—Vol
umes 1 to 12. State price and condi-
tion. John R. Westberg, R.D. No. I,
Box 81, Laveen, Arizona.

METERS TO SELL OR SWAP—Su-
preme model 90 ac-de¢ analyzer and
model 19 tube checker; Jewell model
85 dc analyzer and 0-3-15-150 ac VM,
excellent for panel board. All meters,
shunts, multipliers in A-1 condition.
Need Precision Apparatus E-200 sig-
nal generator. What do you offer?
Roberte Blackmar, 991 Sacket Ave.,
New York, N. Y.

TUBES WANTED—50L6. 3516, 3526.
128A7 and 12S8Q7. Will pay full
list prices, or send list of tubes
needed so we can exchange. Granger
Radio Service, 62 Spring St., Roch.
ester, Y.

WILL EXCHANGE — Earphones and
code keys (3 of each) for 0 to 1 mil
n- 3525 tubes. or what have you?
Weir Cove Radio Service, 508 Gar-
den Way, Weir Cove, W. Va.

Meamwhile—as always—you can count on Sprague
Condensers for utmost dependability. Busy as we are
with war work, we're also doing our level best to keep
vou supplied with Atom. Midget Dry Electroiytics, TC

wbular By-Pass Condensers and other types needed
on the home front.

Ask for them by name!

7



THE USE OF OSCILLOSCOPES

PART 2—by Oscar E. Carlson

S stated in Part I of this series
of articles, “The function of
an oscilloscope is to act as an in-
stantaneous voltmeter over a period
of time so arranged that the in-
stantaneous values of voltage over
that time may be graphically por-
trayed and observed on the screen of
the cathode ray tube.” Varying volt-
ages applied to the deflection plates
of the CR tube, either directly or
through the amplifiers, result in a
pattern dependent upon the wave
forms of the applied voltages, their
frequencies, and phase relationships.
The resulting patterns are termed
Lissajou’s Figures. They are well
treated in many textbooks and will
be treated here only as they coincide
with the uses described.

Many servicemen and technicians
fail to use oscilloscopes for the very
elementary reason that they never
bothered to acquire a working knowl-
edge of the ’scope’s uses and the
theory involved. Most servicemen
will agree that a definite practice has

been to assume that “if it sounds
OK, it is good enough.” This thought
was perfectlv natural some years ago
before the advent of high fidelity re-
ceivers, frequency modulation, and
television. However, with a large
portion of modern ecommunication
equipment the use of an Oscilloscope
is imperative for rapid trouble-
shooting and proper alignment and
adjustment.

The cathode ray tube has found
many uses other than in the Osecil-
loscope. Some of these modern uses
that the serviceman and radio tech-
nician must eventually familiarize
themselves with are:

1. Panoramic Reception

2. lonosphere Measurements
3. Direction Finding

4. Absolute Altimeters

and innumerable others. The under-
standing of the theory and uses of
a conventional Oscilloscope will not
only aid in ordinary radio work but
will provide a basis for knowledge
of the workings of the above men-

tioned associated cathode ray equip-
ment.

Oscilliscope Characteristics

The average oscilloscope has ver-
tical amplifier response fairly flat
from about 10 cycles per second to
100,000 cyvcles-per-second. The hori-
zontal amplifiers usually have a
somewhat lower high frequency re-
sponse because of the fact that the
phenomenon to be observed is usually
impressed across the vertical plates
through the vertical amplifier. The
sweep frequency is usually variable
from about 5 cycles-per-second to
a maximum of 25,000 cycles-per-
second. The chart, Fig. 1, shows
the characteristics of several pop-
ular Oscilloscopes. Included in this
chart are three units with very
wide band vertical amplifiers. Such
units are at present limited to la-
boratory and industrial use. Such
wide band units are far superior
to the average oscilloscope for some

Fig. 1 OSCILLOSCOPE DATA CHART
Manufacturer Frequency Response Sweep
& Model of Amplifiers Frequency
Dumont Ver: 2 to 100,000 c.p.s. 2 to 50,000
Type 208 Hor: 2 to 100,00 c.p.s. c.p.s.
Dumont Ver: 7.5 to 100,000 c.p.s. 15 to 30,000
Type 164E Hor: 7.5 to 100,000 c.p.s. c.p.s.
Supreme Ver: & Hor: 15 to 30,000
546 15 to 90,000 c.p.s. c.p.s.
RCA Ver: 5 to 500,000 c.p.s. 4 to 22,000
158D Hor: § to 100,000 c.p.s. c.p.s.
RCA Ver: & Hor: 15 to 22,000
155A 20 to 90.000 c.p.s. c.p.s.
Dumont Ver: 20 c.p.s. to 2 Mec. 15 to 30,000
224 Hor: 10 c.p.s. to 100 Kc. c.p.s.
RCA Ver: & Hor: 5 c.p.s. to
305B 5 c.p.s. to 10 Mec. 100 Ke.
Dumont 223 Ver: & Hor: 8 to 30.000
2 to 75,000 c.p.s. c.p.s.
RCA Ver: & Hor: 20 to 15,000
TMV.122B 20 to 90.000 c.p.s. c.p.s.
Radio City Products Ver: & Hor: 45 c.p.s. to
Co.. Inc. 555 20 c.p.s. to 2 Mc. 750 Kc.

Amplifier Cathode Ray
Gain Tube Diameter
Ver: 200X L
Hor: 43X
Ver: 50X 3"
Hor. 40X
3[[
5[[
Ver: & Hor: 3”
100X
3"
9"
20”
Ver: & Hor: 3"
Approx. 40X
5
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Cut Younself a Slice of (Gake

COOKED BY RADIOTHERMICS ... SERVICED BY RADIO MEN

Maybe you've never tried a slice of delicious cake,
home-baked to perfection by Radiothermics. But
you may!

Maybe you’ve yet to see bread baked inside out (with
the crust on the inside, if that's where you want it) by
this same amazing method. But you may!

Or, perhaps, you haven’t been around busy industrial
plants where heating, drying, case-hardening, and
similar jobs which formerly took hours by conven-
tional methods are now being done better and,
frequently, in minutes the Radiothermic Way.

Distributing, installing, and maintaining
equipment for such purposes may well be a
part of the job of the busy “Radio” man of
the future. Classify these new developments

under whatever general heading you will, they all add
up to expanding opportunities for you.

All of these developments use Electron Tubes as their
“Magic Brain.” Just as RCA Tubes helped to make
Radio what it is today, so will they contribute to this
vast related industry of tomorrow.

“Flectrons in Action at RCA”— BOOKLET FREE!

Did you know that modern RCA Tubes &
could not be precision-made in quantity -
without employing equally modern tubes
in the operations used in their manufac-
ture? This profusely illustrated
32.page book tells the story of
electrons in action at RCA,
and contains many valuable pointers on possible
electron tube applications in other fields. Copy
gladly sent on request. Ask for Booklet No. 1F8159.

RCA RADIO-ELECTRON TUBES

RCA Victor Division, RADIO CORPORATION OF AMERICA, Camden, N. J.

Radio Service-Dealer, May, 1913



000000

Fig. 2. Circuit for calibrating the vertical
Oscilloscope Amplifier.

types of specialized work but offer
little advantage in the work of the
serviceman.

In using an oscilloscope with a
vertical amplifier flat to about 100,-
000 cycles-per-second, and having
a sweep frequency of 25,000 cycles-
per-second, we can view as few as
four cycles of a 100 kilocycle input
wave.

Applications

Most applications of the cathode
ray oscilloscope are so arranged that
the output of the unit under test is
connected to the vertical plates of
the cathode ray tube. The wave-
form to be studied is viewed, or
observed, by applying known con-
stants on the horizontal plates of
the cathode ray tube.

One of the most practical uses
of the oscilloscope is as an elec-
tronic alternating current voltme-
ter. Many service shops having an
oscilloscope but no vacuum tube
voltmeter can calibrate their oscil-
loscope so that it may be used as a
very satisfactory ac vacuum tube
voltmeter. For the measurement of
ac voltages the scope may be easily

o
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calibrated for all frequencies with-
in the flat portion of its response
curve as follows. Use the setup as
shown in Fig. 2. Set the vertical
gain control of the oscilloscope at
maximum and the attenuator taps
at no attenuation. With the po-
tentiometer set for some low volt-
age, say 1 volt, adjust the vertical
centering control so that the straight
line trace is adjusted to have its bot-
tom on the center axis of the graph
facing of the ’scope. If the ’scope
has no celluloid graph face, measure
the line length. Either count the
graph divisions or measure the line
length for that low voltage and for
several other higher voltages up to
the voltage at which the trace be-
comes too long for the sereen. Then
increase the attenuation to some defi-
nite point and repeat for a higher
range of voltages. The line length
will represent twice the peak ac
voltage, but since the imput was
measured in r.m.s. values, the cali-
bration will also be for r.m.s. volts
input. A typical family of calibra-
tion curves as made by the writer
for an RCA TMV-122B oscilloscope
appears in Fig. 3. These curves are
for three settings of the attenuator
and are from a fraction of a volt to
15 volts. Any ac input bevond this
value should be impressed directly
on the vertical plates and a calibra-
tion curve made the same as de-
seribed above.

Such calibration curves hold very
accurately over the flat frequency
response range of the amplifier. A
frequency check on the vertical am-
plifier of the RCA TMV-122B oseil-
loscope resulted in the solid line
curve of Fig. 4. Over any range of
frequencies beyond the unity re-
sponse range we would then multi-
ply the value received from the ecali
bration curve of Fig. 3 by a factor
obtained by dividing the response at

R.M.S. INPUT VOLTAGE

Fig. 3. Typical calibration curves for RCA T.M.V.-1228B
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‘‘Sometimes it spells naughty words!”’

that frequency into unity. At 250 ke.
the response is .5 and we would mul-
tiplv the value read from Fig. 2
by 2 when measuring an ac voltage
of that frequency. At 1000 kec. the
response is .15. Our multiplying
factor would then be 6.7.

Checks made on the RCA 158D by
the writer show it to have a fre
quency response equivalent to the
dotted line curve shown in Fig.
The response of this unit holds to
709 out to 700 ke.

Fig. 5 shows two typical calibra-
tion curves for two attenuator set-
tings of the RCA 158D oscilloscope.
It was found here that the change
from tap 2 to tap 3 resulted in an
attenuation of exactly five times.
For measurements up to about 3
megacycles we may use the same
method as described for the TMV-
122B. These measurements were
made by the writer with the only
two oscilloscopes at his disposal. The
methods hold for any model or man-
ufacturer, but of course each ’scope
must be separately, calibrated. The
flat frequency response range may
be taken from the manufacturer’s
specifications and is usually slightly
better than stated.

Frequency Measurements

The next important use of the
oscilloscope that we shall treat is
that of frequency measurements b
the comparison method. You will
remember, from paragraph one,
that the patterns on a cathode ray
tube are dependent in part upon the
frequency relationship of the volt-
ages applied to the vertical and hor-
izontal plates. Two voltages of equal
frequency but of some phase differ-
ence other than zero degrees or 180

Radio Service-Dealer, May, 1943
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—evidence that the vital inustrument
situation rests in good hands!

A star now adorns the ARMY-NAVY “E” pennant awarded to WESTON
just 6 months ago . . . the first such pennant awarded in this highly special-
L\ ized instrument field.

.\ It’s a star that has real meaning. Because, from the very beginning of our
defense period, the responsibility for producing the vast quantities of in-
struments vital to the success of our country’s efforts, has rested largely on
the instrument leader.

This star signifies that the responsibility rests in good hands. *“The men
and women of the WESTON Electrical Instrument Corporation,” writes
the Chairman of the Navy Board for Production Awards, “have achieved
a signal honor by continuing their splendid production in such volume as
to justify this award . . . indicating their solid determination and ability
to support our fighting forces with equipment necessary for victory.”

But a great instrument task still remains . . . before victory is ours. So
WESTON workers continue reaching for new goals . . . with the same
determination, the same painstaking devotion to the quality ideal, respon-
sible for WESTON'S continuing leadership in the instrument field.

WESTON ELECTRICAL INSTRUMENT CORPORATION, NEWARK, NEW JERSEY

Radio Service-Dealer, May, 1943 11
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Fig. 5. Typical calibration for RCA 158D vertical amplifier for use as V.T.V.M.

degrees, will when impressed on op-
posite sets of deflection plates on an
oscilloscope cause a resultant pat-
tern which will vary from a very
narrow ellipse to a full circle. The
pattern will lean in a direction de-
termined by the phase relationship.
At 0 degrees or 180 degrees for a
2 to 1 frequency ratio the resulting
pattern will be an half ellipse open
either to the left or to the right de-
pendent upon the phase relationship.
For all other phase relationships the
resultant pattern will be a figure
eight whose open width and direction
is dependent on the phase. The vari-
ous patterns are as shown in Fig. 6
for five phase relationships.

A frequency ratio of 3 to 1 will
result in three joined cycles. A 4
to 1 ratio results in four joined
cycles. The frequency ratio will
always be equal to the number of
joined cycles. It is necessary there-
fore only to count the number of
peaks on either side of the pattern
and the frequency ratio is obtained.
By applying a known frequency

90° OR
270°

135° OR
225°

i
&

180°

(D)
-

voltage to one set of plates and the
unknown frequency to the other set
we may multiply the ratio by the
known frequenecy, if the unknown
is higher, and find the unknown
frequency. Such a method is usu-
ally quite easily used up to at least
a ratio of 10 to 1. Typical patterns
for several ratios are shown in Fig.
7,

A method more applicable to fre-
quency measurements of ratios
greater than 10 to 1 is by means of
a circular sweep. The circular sweep
may be caused by placing two sig-
nals, identical in frequency but hav-
ing a 90 degree phase difference, on
the opposing sets of deflection plates
of the ’scope.

The voltage for the circular sweep
may be taken from the 60 cycle line
through a step down transformer as
shown in Fig. 8. This also provides
a known frequency against which to
check the unknown. Having ar-
ranged the components as shown for
a circular sweep it is necessary only
to impress the unknown frequency

A4%° OR
319° o*

14
FREQUENCY
RATIO

24
FREQUENCY
RATIO

Fig. 6. The various patterns for five phase relationships.

12

across the vertical plates through the
amplifier. The circular sweep will
then be distorted into a circular pat-
tern whose circumference will vary
sinusoidally as the applied unknown
frequency. The number of complete
cycles making up the closed pattern
will be the frequency ratio of the
unknown to the known. Fig. 8 shows
such a pattern for a ratio of 14 to 1.
If the circular sweep were 60 cycles-
per-second, the unknown frequency
would then be 14 x 60, or 840 cycles.

A.C. Current Measurements

It is often desired for laboratory
and experimental work to measure
small alternating currents. Few
servicemen possess alternating cur-
rent milliameters or ammeters. The
oscilloscope can be readily used to
measure ac current values in circuits
having high impedance components.
As is quite apparent, the voltage
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FREQUENCY

Fig. 4. Frequency response of vertical
amplifiers in RCA 158D & RCA
T.M.V.-122B.

drop across a 1000-ohm resistor
gives the numerical value of the cur-
rent flowing in milliamperes. By the
use of a voltage calibration chart as
shown in Figures 8 and 5 it is possi-
ble to measure ac current as follows.

Insert a 1000-ohm resistor in ser-
ies with the high impedance circuit
element. Connect the vertical ampli-
fier input connections of the oscillo-
scope across this resistor. With all
controls set for voltage measure-
ments, note the deflection on the
’scope and check that on the calibra-
tion curve. The voltage value giving
that deflection will then be the nu-
merical value of miliamperes of ac
current flowing in that circuit. Fig.
9 shows such a set up. Smaller values
of resigtance may be used to measure
larger current values on the same
voltage calibration curve.

Receiver Output Waveforms
To study the wareform of a re-

Radio Service-Dealer, May, 1943



Meissner 6 Tube
Kit, assembled
—front viem

Fﬂﬂ% RADIO

TRAINING

... USE MEISSNER KITN!

Meissner Student Training Kits are preci-
sion engireered for more complete basic
radio training. The six tube kit chassis
contains two bands, covering a tuning
range of from 540 ke. to 1620 ke. (53 1o
16 meters). Operates on 110-120 volts.
50-60 cycke AC, or 110-120 volts DC.

Chassis is equipped with automatic volume

control, sl.de-rule dial, beam power out-

put, six inch oval electro dynamic speaker
... four panel controls: volume and on-off
switch, station selector, tone control, band

selector switch.

Meissner six tube student training kits are
shipped complete, including all parts and
tubes...each kit supplied with a schematic
diagram. Meissner 6 tube kit (Model No.
10-1197) special school net price of $19.10.

The name Meissner on radio training kits

Meissner
6 Tube Kis,
assembled
—rear viemw |

is your guarantee that each part represents the
finest radio craftsmanship. All Meissner radio
kits are precision engineered to give a definite

objective value in teaching.

See your Meissner distributor, or

write for complete catalog

MT. ILLINOIS

CARMEL,

“PRECISION-BUILT ELECTRONIC PRODUCTS”
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Fig. 7. Typical ratio patterns.

ceiver output voltage, an rf signal
modulated with an audio sine wave
is fed into the receiver input and
the output voltage across the second-
ary of the output transformer is im
pressed across the input of the ver
tical amplifier of the oscilloscope.
The signal is then reproduced on the
CR tube screen when a suitable
sweep frequency is used to move the
electron stream horizontally across
the screen. Deviations from a sine
wave are easily detected and located
by stage to stage signal injection, or
by r-f i-f, and audio input fre-
quencies being used so that each por-
tion of the receiver may be separ-
ately checked.

By using a signal generator giv-
ing a constant r-f output and fixed
percentage of modulation for a num-
ber of audio frequencies, an overall
fidelity check may be obtained. The
height of the defection should be
noted for the full range of frequen-
cies used. The response will then be
as the deviations noted in the height
of the deflections over the range of

4
UNKNOWN FREQUENCY

Fig. 8. Top—pattern of 14 to 1 ratio, Be-

low—voltage for circular sweep may be

taken from the 60 cycle line through this
step-down transformer.

14

frequencies when the input voltage
and percentage of modulation were
held constant.

If the signal seen on the screen
has harmonics so that it is distorted
from a sinusoidal form it will show
up as seen in Fig. 10. Overloading
and distortion in the output will
show up as a pattern containing har-
monic frequencies not present in the
input voltage from the signal gen-
erator. A pattern of this type while
indicating distortion does not neces-
sarily mean that it is caused by over-
loading. Impedance mismatch will
cause the same result.

I-F Alignment

To align the intermediate fre-
quency amplifier of a superhetero-
dyne receiver using the ’scope as the
indicating device we need in addi-
tion to the ’scope an external signal
generator having provision for ex-

Fig. 9. Setup for
using oscilloscope
as AC Milliamme-
ter, A typical cir-
cuit in which such
a check would be
made is also shown.

ternal sweep; the external sweep
unit, or modulator. This unit is
sometimes called a “wobbulator” and
should be able to vary our signal
generator frequency plus or minus
about 15 kilocycles so as to cover the
response frequency of the interme-
diate frequency amplifier stages.
The oscilloscope is connected to
the second detector output, and the
frequency modulated intermediate
frequency signal to the grid of the
last i-f tube. The last i-f trans-
former is then peaked so that the
center i-f frequency will fall midway
on the overall response curve which
will appear on the oscilloscope screen
when a horizontal sweep voltage of
proper frequency is used. The form
of the curve is much as shown in
Fig. 11. Those curves being typical
of wide band i-f stages providing
uniform response over a wide band
of frequencies. This is repeated for
each stage working back toward the
first i-f stage and that is adjusted
by coupling the output of the fre-
quency modulated signal generator
to the grid of the convertor tube.
The reason for the cathode ray

tube trace giving the response curve
as shown in Fig. 11 is relatively
simple. The voltage output of the
second detector is pulsating de and
when that is impressed on the ver-
tical scope amplifier the trace will at
any instant of time be deflected up-
ward by an amount in proportion to
the rectified signal at that time. The
time base of the ’scope is now repre-
sentative of frequency so that at a
definite point of time a certain fre-
quency is being detected. The maxi-
mum voltage will be developed by the
detector when the frequency is at
the center i-f frequency for a critic-
ally coupled circuit. For an over

coupled circuit the maximum re-
sponse will be noted at two positions.
The two positions will be at plus and
minus the center i-f frequency. Over-
coupling produces an essentially flat
response curve. The amount of dip
at the center frequency is dependent

upon the amount of overcoupling
employed.

The bandwidth and the center i-f
frequency may be determined by con-
necting a signal generator, tuned to
the center i-f frequency, across the
frequency modulated or, sweep gen-

(Continued on page 28)

Fig. 10. Distortion as seen on a ’scope.

A—high distortion; B—recognizable by

ear; but permissible; C—very high distor-
tion; D—objectionable distortion.
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New Harmony, Indiana.

Four winners are pictured . .

o000

IRC CONTEST WINNERS!

In accordance with the considered opinion of the Judges, five gentlemen have
been named winners in IRC’s “Here’s How” Volume Control Contest and
each has been sent a $100 U. S. WAR BOND —in all, $500 in Bonds.
. no photo available of the fifth, Mr. W. Pelham,

E. PAT SHULTZ JAMES G. RAPP
10412 McCormick St. 83 Raynor Street

| North Hollywood, Calif. Freeport, N. Y.

L 4. s 2

CARL W. CONCELMAN
Riverview -Drive

Brielle, New Jersey

RAY PENTECOST
4314 Elston Avenue
Chicago, Hlinois

Yes, ‘‘thanks a million” to you Radio Service Men of
America for your response to IRC's ‘‘Here's How”
Volume Control Contest! You really gave the judges a
tough problem in trying to pick the five best ideas from
among the hundreds received.

Fine Spirit Shown

While everyone can’t be a winner, all of us can be proud
of the enthusiastic way in which you cooperated for the
good of the Industry. You not only came through in a
manner that far exceeded even the most optimistic
expectations but many of you wrote stating that whether
you won or not, you hoped your experience would be
helpful to someone else.

Many Original and Valuable Ideas

We asked for ideas and we got them! We asked you to
tell how you were able to replace a volume control and
get the radio set working satisfactorily—when you
couldn’t obtain the unit you would ordinarily have used.

From every section of the country suggestions poured in
. . emergency repair methods relating both to mechani-

Radio Service-Dealer, May, 1943

cal changes in the controls and to electrical changes in
the circuits, which would do the trick when exact
duplicates were not obtainable.

We plan to make the most practical ideas available to
Radio Service Men throughout the Industry. Warch for
further announcements.

INTERNATIONAL

RESISTANCE COMPANY

Dept. R + 401 N. BROAD STREET « PHILADELPHIA, PA,

15



NEW 3rd EDITION

9 Additional Sections—
Completely Revised—Now
Contains 744 big, manual-
size Pages
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STOP GUESSING ON
RADIO SERVICE JOBS!

Every Wasted Minute Costs YOU Money!

The most importunt book any service shop or individual can
own during these critical times—bar none! Enables you to eut
corners-—save valuable troubleshooting and repair time—train new -
technicians in your shop—repair cheap sets at a real profit—handle 0«"‘ o'"‘d «
tough jobs in half the time normally required—and much more.

Now in its 3rd Edition—completely revised—bigger than ever-—and

containing NINE ADDITIONAL SECTIONS OF VITAL NEW "':,., i " OMbER
MATERIAL. In short, this new 3rd Edition of Ghirardi’s RADIO Bl LT Lo WHAT TO
TROUBLESHOOTER'S HANDBOOK is the most valuable col it o g Y

lection of servicing information ever assembled between two covers!
Its 404-page Case History Compilation now gives common trouble

W TRY NEXT?

symptoms, their causes and remedies, for over 4800 models of the pﬂ“wﬂ"";‘u‘
202 most popular makes of receivers. Often, these eliminate the need _..,—ﬂ”:,,w“ gl
for any elaborate testing. ALMOST ALWAYS, they save from S .
25% to 50% of the time you would normally require to repair a set “,,vﬂ';‘,,t"'
»
NOW COVERS 75 IMPORTANT SUBJECTS d ",,("":,-'::;

This feature, however, is ONLY ONE OF 75 IMPORTANT e e T
SUBJECTS covered in this brand new HANDBOOK-—subjects by "’."“,ﬂ’
which make the volume absolutely indispensable to busy servicemen e Lo
at a time when both parts and test equipment are scarce, and s
when you've got to have plenty of “Know How"” iu order to sub
stitute existing tubes, etc., properly.

THE HELP YOU NEED . . . WHEN YOU NEED IT! CUTS TESTING -3 ! . g

There are scores of time-saving charts, graphs, tables and data : | LF! | - ]

compilations—all designed to HELP YOU REPAIR MORE TIME IN HALF = J

RADIOS—REPAIR THEM EASIER—AND DO IT IN LESS

TIME! There are I.F aligninent peaks for over 20,000 super-hets ; w

a big section of data on those pesky I-F transformer troubles The BOOk That Te”s You hat to Do ke
AND THE MOST UP.TO-THE-MINUTE TUBE CIART you've

ever seen, with complete information on EVERY tube type and * s 0 AND How To Do IT!

with dozens of practicul tips on how the types muay be interchunged.

(?]ther Ieau:lrcs ‘.nclu&ie plug-in hamd ballalst ﬁeslstorfreplace(;nent The 3rd Edition of Ghirardi’s famous RADIO TROUBLE-
charts; condenser aand resistor charts; coil and transformer data s
wire tables—and a wealth of other muterlml that s:ves your time SHOOTERS M'\NL‘A‘L 18 NOT a.bOOk of theory.. Every .One
every day! of its 744 big, manual-size pages is literally loaded with practical,
PLAY SAFE . . . ORDER NOW! every-day, factual data that will help you do almost every job,
Send your order today! Make sure you get your copy quicker and easier—and at a greater profit! Eliminates guesswork.
while the supply lasts. (Paper shortages, etc.. may make it Saves time. Pays for iiself the first time you use it!
' .| o3 ¢ In short. it is the most valuable collection of servicing information ever
'meOSS'b]e. ftO reprlnt'.) Your. eIy will be chee}'full assembled bc:ween two covers—and, even though it is larger than the previous
refunded if you don’t agree within 5 days that it is the ition. it is sold at 1he same old price of ONLY 45 postpaid anywhere in the
finest business investment you can possibly make! U. S. A. (85.50 foreign

Another Ghirardi ‘‘Must"”’

5-DAY MONEY-BACK GUARANTEE

for Busy Servicemen

1 . = 0
8 RADIO & TECHNICAL PUBLISHING CO., Depi. RSD-53 ] . .
’ P York Y 1 These are days when it pays big
# 45 Astor Place, New York, N. Y. h to have a complete line-up of mod-
: Enclosed find payment for books d b c so, if desired § ern servicing information at your
o sent COD. for the amounts indicated, plus postage. In either case, if T am g fingertips—and Ghirardi's MODERN
: satisfied, m "t“‘ within 5 days of receipt for refund. : RADIO SERVICING iS the only

Ghirardi’s new 3d Editi RADIO SPECIAL MONEY.SAVING ingle book that 1 a mplet

: 1 single boo at gives complete

: TROUBLESHOOTER'S HAND:- COMB'N'\;'ON ] 1 course in modern radio testing in-
: BOOK $5. ($5.50 foreign.) = {[h(e)]')}?}e(wN Rﬁgﬁ? O(S)é\RV?Ed : struments, troubleshooting, and re-
g [ Ghirardi’s MODERN RADIO ING at special price of only g Written so you pair procedure. Everything explained simply,
1 SERVICING $5. ($5.50 foreign.) $9.50 for the two. ($10.50 foreign.) g e ) clearly. Unexcelled for helping train new
1 1 ) men_quickly in your shop—for brushing-up
gt Name 1 understand it! on short-cuts and kinks which may be hazy
2 1 in your mind-—for every-day reference. The
# Address 1 famous 1300-page home-study course on the entire art of radio
(] 1 repair, with 706 illustrations, and 720 review questions. Only
a2 City . v State [ 55 complete ($5.50 foreign).
L T ey ———— | Sec MONEY-SAVING COMBINATION OFFER in coupon!
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SECTION XXX

ABOUT CONDENSERS

UCH has been written about

condensers. In articles and
books you will find a great deal of
useful information regarding the
characteristics of condensers, meth-
ods of testing and troubles to which
they are subject in service. But it is
a curious fact that nowhere—at least
so far as this writer has been able to
determine—will you find any. con-
crete data as to the actual values of
insulation resistance, power factor,
Q, or any other characteristic of im-
portance in condensers. To be sure,
in instruction books accompanying
condenser testers, information is
given as to what constitutes a leaky
condenser, what is considered a high
power factor, and other useful infor-
mation which will enable the user to
get the most value out of his test in-
strument. But this information is
often far, far too easy to misunder-
stand. When, for instance, you read
that an insulation resistance of 60
megohms is perfectly satisfactory
for bypass purposes, it is easy to as-
sume that a condenser giving such a
test reading is perfectly good. Such
is not necessarily the case. For a
low-voltage, high-capacity electro-
lytic, perhaps, this might be quite
passable. But for any miea or paper
type, it would mean that the condens-
er had a good deal more than one
foot in the grave.

So we feel that there is some point
in taking up in detail many of these
items which have been so obscure in
the past to all of us. We shall learn
not only what readings we may ex-
pect to find in merely passable con-

densers, but also what constitutes
top-notch condition. For there are
many times when no serviceman is
justified in using anything but the
best. Too often critical public ad-
dress jobs have been lost through an
unfortunate but easily preventable
failure of a condenser which showed
far below par on test, but which
seemed satisfactory in performance.
We shall look into some applications
of condensers and see in just what
type of circuits high excellence of
characteristics is imperative, and
also in what applications we need
not be so particular.

L L
P i 2
®
,lv ™ 2l
T Y ——

Fig. 1. When an alternating current is ap-
plied to a condenser, it goes through a
charging cycle in one direction (A), and
then in the opposite direction (B), dis-
charging between cycles back into the line,

Radio Service-Dealer, May, 1943

Operation and Losses

But first let us start at the begin-
ning and see just how a condenser
works, both theoretically and prac-
tically. In Fig. 1A, for example, we
show an alternating voltage applied
to a condenser. During the negative
half-cycle of the applied voltage, elec-
trons accumulate on one plate of the
condenser as shown, forming a nega-
tive charge. This negative charge in-
duces an equivalent positive charge
on the remaining plate. If the volt-
age source were withdrawn at some
instant while current was flowing
into the condenser as indicated, we
should find the polarities of each
plate to be as indicated in Fig. 1A.
Now, when the alternating voltage is
again applied and the polarity of the
voltage reverses, the original charge
on each plate is discharged back into
the voltage source, and is replaced,
with the polarity reversed, with an-
other charge as indicated in Fig. 1B.

Thus, in a perfect condenser, a
charge is formed on each plate when
current is applied of one polarity and
discharged when the polarity is re-
versed, to be replaced by another
charge of the opposite polarity. Dur-
ing this cycle of charge, discharge
and recharge, the condenser con-
stantly gives back to the voltage
source during the discharging pe-
riod the same amount of current
which it receives from the source
during the charging period. Thus no
power is lost during these operations
and we can say that the condenser
has no losses.
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Fig. 2. All conden-
scrs  have resist-
ance which affects
their efficiency. In
(A)  Rs is the
series resistance
and Ry the shunt

®

resistance. These
form a voltage di-
vider as (B)

Such condensers do not exist, al-
though the losses in a good air con-
denser, used at low frequencies, may
be extremely small. Insofar as the
condensers with which we are con-
cerned in this article, namely, mica,
paper and electrolytic types, losses
are distinetly a factor in their per-
formance. These losses occur in the
dielectric used between the condens-
er plates and in the bakelite or other
type of container used, if of a
molded form or otherwise enclosed in
insulating material. In the junction
of the leads to the elements of the
condenser, we find another source of
imperfect operation, due to losses.
In the best condensers of each type,
these losses are low; but it is also
true that what may be considered
low losses in one type of condenser is
much too high in another. For ex-
ample, an excellent electrolytic con-
denser may have far higher losses
than a relatively poor mica condens-
er. But it is of course unfair to
tompare an electrolytic condenser to
a mica type, because the applications
are so different. What we wish to
emphasize is that we need some sort
of yardstick to guide us in decid-
ing what is good in one type of con-
denser and not good in another. In
the final analysis, this depends to a
considerable extent upon the appli-

Fig. 3. In this coupling application the
series resistance of the condenser is shown
as Rs; and the insulation resistance as R..

18

cation, but not entirely. For often
we find that relatively poor charac-
teristics may be tolerated in certain
condenser applications without ap-
preciably affecting the circuit per-
formance, yet these same character-
istics may provide a warning signal
to indicate rapidly approaching fail-
ure of the condenser. That is the im-
portant point.

Thus, in a true condenser, some
power loss must take place. This
loss may conveniently be indicated
by shunt and series resistance. The
leakage which occurs between the
plates of a condenser, due to imper-
fections in the dielectric between
the plates, or to conduction between
the condenser terminals across the
surface of the case of the condenser,
is the same as would occur if the
condenser were shunted by a resis-
tor, and may be represented as such
in a drawing, as has been done in
Fig. 2. Likewise, dielectric losses at
high frequencies, the joints between
the condenser leads and the condens-
er foil, as well as the contacting sur-
faces between connecting foils, can
be shown as series resistance, as we
have done. In addition, there are
other losses which occur to a vary-
ing extent, depending upon the oper-
ating frequency, which affect the
performance of the condenser. All
are indicated by power factor and
insulation resistance measurements.

Power Factor Losses

Just how power losses as discussed
above may occur can be seen from
a study of Figs. 24 and 2B. In Fig.
2A, we see the series resistance of
the condenser leads and other con-
tacting surfaces indicated as Rs,
while the shunt resistance, repre-
senting insulation resistance and
leakage is indicated as R;. If we
compare what takes place in a true
condenser, as indicated in Fig. 2,
with that which represents the ideal
condition shown in Fig. 1, the dif-
ference is readily apparent. During
the charging cycle, in Fig. 24, the
charging current must pass through

* SECTION XXX

both Rs and R;, and in doing so
some of this energy is lost; dissi-
pated in the form of heat. The same
condition takes place during the dis-
charging cycle. Further, as the shunt
resistance becomes lower and the
series resistance becomes higher,
more and more of the current in the
circuit will pass through the resis-
tances and less and less will be left
to form charges on the condenser.
This can readily be seen from a
study of Fig. 2B. Note that the
shunt and series resistors form the
equivalent of a voltage divider. When
the shunt resistance R, is low and
the series resistance Rc¢ is high,
which is a condition often encoun-
tered in very high radio frequency
circuits, very little voltage is devel-
oped across the condenser C. Thus
its bypass action is greatly reduced;
it really makes very little difference
in the action of the circuit whether
or not the condenser is connected
to it.

A tabulation of the characteristics
of mica, paper and ceramie condens-
ers is shown in TABLE I. This table
covers the most important character-
istics and the values shown represent
the average of what should be found
in new condensers of top-notech qual-
ity. The first-listed characteristic,
Q, is a measure of the efficiency of
a condenser in that the Q is high
when losses, of all types, are low,
and is low when the losses are high.
Q is related to power factor in that
it is substantially the reciprocal of
the power factor when the losses in
the condenser are not too high. The
formula for Q in condensers is

1
Q = —_—_—
R2xFC

where C equals the capacity in far-

N
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Fig. 4. In screen bypass and cathode by-
pass applications, as shown, the insulation
resistance requirements are not so severe.
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ads, F is the frequency in cycles and
R is the resistance, due to losses, in
the condenser. Q is usually measured
at high frequencies, of the order of
1 me, where radio-frequency losses
show up; often they are not revealed
by low-frequency measurements.
Also, Q measurements are especially
applicable to mica and ceramic con-
densers, because these tyvpes are so
generally used in r-f circuits at rela-
tively high frequencies.

Note the wide range of Q values
given. For plain mica condensers.
when the capacity of the condenser
is low, the resistance losses are large
in comparison with the capacity and
therefore the Q is low. For best re-
sults, mica condensers of less than
100 mmf should employ low-loss
bakelite, to reduce these losses to a
minimum. At higher capacities,
above .0005 mf, this is not so impor-
tant.

Power Factor Measurements

Power factor measurements are
usually made of capacities greater
than .0005 mf, regardless of the
tvpe of condenser bhecause the meter
used for  measurements is not
adaptable to read directly values of
Q) for capacities greater than 500
mmf. Ordinarily the higher eapacity
values in mica condensers are used
where lower frequencies are involved,
and therefore the power factor meas-
urements, at 1000 cycles, provide a

good indication of the condenser
quality.
Note that our tabulation states

only that the power factor of new
micas shall be less than 0.59%. Ac-
tually, it will be found that most
high-grade condensers of the low-
loss variety will read considerably
less—perhaps 0.1 to 0.29,. Readings
in this vicinity are quite apt to be
inaccurate due to unavoidable difhi-
culties encountered in such meas-
urements; but a condenser which
reads better than 0.59% is above sus-
picion.

The power factor of paper con.
densers closely approximates that of
mica condensers because of the low
frequencies at which such measure-
ments are made. If we were to
measure the Q of paper condensers,
we should generally find it to be very
low, less than 100, assuming that
the measurements are made at high
frequencies, of the order of 1 mega-
cvele. Since paper condensers are
normally used for low-frequency by-
passing their lower efficiency at high
frequencies is not too serious.

Radio Service-Dealer, May,

Ceramic Condensers

We haven't discussed ceramic con-
densers as vet, and this is about as
good a time as any to talk about
them. These are the little tubular
condensers which look so much like
resistors that many a receiver has
been wrecked by zealous servicemen
who have applied an ohmmeter to
this condenser and, finding its resis-
tance unreadably high, have snipped
it out of the circuit as being an
open-circuited resistor. You can
guard against this embarrassing
state of affairs, if you have never to
date encountered any such condens-
er, by taking a good look at any
resistor-shaped component whose
function is not altogether clear. Cer-
amic condensers are hollow tubes,
while practically all composition re-
sistors are solid—that’s one way of
identifving them.

These ceramic condensers vary in
size according to their capacity and
temperature coetlicient. The lower-
capacity. negative-temperature-coetli-
cient tvpes are no larger than some
14-watt resistors. They are quite
excellent electrically, comparing fa-
vorably with the best micas, but
they get to be rather bulky in the
larger capacity values. so they have
not replaced micas to any appreciable
extent. Their most common applica-
tion is in tuned circuits which must
have high frequency stability, such
as superhet oscillators and some
types of i-f circuits. They can bhe
made to change in capacity with a
change in temperature in a direc-
tion opposite to that of coils and
other circuit ecomponents, so that the

Fig. 5. In this filter circuit, it is seen that

low power factor, represented by a low

value of series resistance R, is more im-
portant than high insulation resistance.

tuned frequency of the circuit tends
to be kept constant. Thus the change
in frequency as a result of an in-
crease in the temperature surrounl-
ing a coil may be such as to decrease
the frequency by increasing the in-
ductance of the coil. If the capacity
of a condenser shunted across this
coil is caused to decrease as the sur-
rounding temperature increases
(which is the same as saying that
the condenser has a negative tem-
perature coefficient) the effect will
bhe to counteract the change in fre-
quency which would otherwise result
because of the temperature change.
These ceramiecs can be made with a
wide range of temperature coefh-
cients to meet varving circuit re-
quirements—trom a positive coethi-
cient of .0129,/° C. to negative co-
etficient of .0759%/° C.

Silver Mica Condensers

The distinguishing feature of sil-
vered mica condensers, as compared

TABLE |

Mica

Plain
Q (at 1 me) (a) 50 to 1400
I’:)\\'er Factor (at 1 ke)
Temp. Coeff. (°C.)

Insulation Res. (megs)

less than 0.5%,
0.03Y, (max.)
10,000 (min.

CHARACTERISTICS OF MICA, CERAMIC AND PAPER CONDENSERS

Mica
Silvered

200 to 1400 Up to 1250

Ceramic Paper

0.005¢,,
10,000 (min. (¢)

Notes: (a) The Q decreases rapidly in low capacity ranges; above 250
mmf the upper limit shown applies.
power factor is measured.

0.25 to 1.5,
.012 to .0759; (b) 0.19, (max.)

For high capacity values,

b) This temperature coeflicient applies over an ambient tem-
perature range of from about 32 to 150 degrees Fahren. At very
low temperatures, the capacitance of some tyvpes of paper con-
densers decreases.

(¢) The insulation resistance of various tvpes of impregnated
paper condensers depends upon the capacity. See text.
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Fig. 6. High insulation resistance in C1 and C2 is not so important as in the coupling
condenser from the diode detector to the amplifier stage.

with the ordinary types, are their
excellent capacity stability with
changes in temperature. While they
are not adaptable to the compensat-
ing action obtained with ceramics,
they are much smaller (in the high-
er capacity values) and for most cir-
cuit applications are very satisfac-
tory. They are made only in low-loss
bakelite because the ordinary brown
bakelite introduces losses which
would limit the stability of the con-
denser.

Impregnated and Oil-Filled Types

Paper condensers are made in a
wide variety of tvpes, though the
type most frequently used in com-
mercial radio applications is wax-
impregnated. As most of us know,
when the cardboard tubular form is
employed, high temperatures fre-
quently cause the wax to melt and
eventually the condenser deterior-
ates. Enclosing the condenser in
metal helps to overcome this fault.
Electrically, though, these wax-im-
pregnated types compare very favor-
ably with the more expensive oil-
filled types generally employed in ex-
pensive apparatus.

O

"

Fig. 7. Temperature compensating conden-

sers, C, tend to keep the frequency of this

i-f transformer constant as the surround-
ing temperature varies.
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Of the oil-filled condensers, three
types are available. Mineral-oil
filed and impregnated condensers
are designed to meet the most ex-
acting requirements over a wide
temperature range, but their greater
bulk and expense precludes their use
in most commercial apparatus. Often
there is little need for their great
temperature stability; home radios
are not operated over a wide tem-
perature range. These condensers
also have a low power factor, but for
bypass purposes at low frequencies
—and these condensers are not in-
tended for use at high frequencies—
these advantages are not too im-
portant.

Vegetable-oil filled and impreg-
nated condensers are also available
for use in high-grade p.a. systems
and the like. While such condensers
can be made somewhat smaller than
mineral-oil types, they are likewise
comparatively expensive and their
use is accordingly limited to ap-
paratus where cost is relatively un-
important. These show somewhat
lower insulation resistance than min-
eral-oil condensers but it is still so
very high that this deficiency is un-
important. They are suitable for use
over a wide range of temperatures
and are noted for their long life and
reliability. The use of a vegetable
oil (usually castor oil) makes pos-
sible rubber insulation against mois-
ture at the point of entry of the
leads to the interior of the condens-
er, improving the seal against hu-
midity and thus prolonging the con-
denser life. Mineral -oil types are
obliged to use synthetic rubber at
such points.

The third type of paper condenser
is impregnated and filled with a syn-
thetic oil known as chlorinated di-
phenyl. Commercially this appears

under trade names such as Pyranol
and Dykanol A. Such condensers
have low power factor and high in-
sulation resistance. Further, they
are compact; a can half the size of
that required for a given capacity in
mineral oil is adequate for a chlor-
inated dipheny! type. Such condens-
ers are designed for operation as fil-
ter and bypass condensers, as well
as for coupling purposes. They do
not have the capacity stability at low
temperatures which is characteristic
of mineral oil types, but this is quite
unimportant in any of the circuits
designed to use them.

The insulation rating of condens-
ers of the paper types is based on the
capacity in microfarads and the re-
sistance in megohms. A large capa-
city condenser cannot be expected to
have so great an insulation resis-
tance as a smaller condenser, with-
out increasing its physical size to a
prohibitive degree, because of the
thickness of paper required. Accord-
ingly, a rating is established for a
representative 1-mfd condenser, at
say 500 megohms minimum, and this
rating is increased proportionately
as the capacity decreases. Thus an
0.5-mfd condenser would have a
rated insulation resistance of 1000
megohms, and 0.25 mid type at 2,000
megohms, etc. A practical limit is
reached at around 5,000 megohms.
Insofar as ecircuit operation is con-
cerned, 500 megohms should be ade-
quate in practically any application
. .. but it is well to know just how
good the condenser should be in or-
der to determine if any deteriora-
tion has taken place. Once started,
most deteriorating conditions cause
rapid decrease in the life of the
condenser.

(Continued on page 32)
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Fig. 8. in this oscillator circuit, the trim-
mer C. is of the temperature-compensating
type.
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COND. INPUT - 440 Voits COND. INPUT- 425 Voits Fig. 1. Kit Components
- - ) -y LR ” N . .
(HOME ‘ 330 . [ CHONRE . 320 ()uanluy I)vscrlpuou
— v ) ™ / 1
= = E: | HHH X 1 T-1 Power Transformer
= = ‘ 1 CH-1 Filter Choke
W) s 1 CH-2 Filier Choke
1 Punched and drilled ehassts, wrinkle
) Ginish
0 $e 1 R-1 25M ochm Resistor with one slider
st Je 1 Extra slider for R-1
L \7" | 1 SW-1 SPST Toggle Switch
O ¢y S 1 SW.2 SPDT Toggle Swiich
— 1 On.Of Switeh Plate
| 1 C-1 8. mfd.450 volt condenser
GO W A | 1 C-2 3. 450 ”
] ot Vot 1 C.3 8. 450 "
g - - — 1 C4 2 " ev0 " "
= ! t 1 C-5 25 " 600 ”
I 1 C6 .25 T 600 ™ -
e 2 Mounting Lugs
95 m— 1 A.C. Line Cord, with attaehed plug
| 1 4 Prong Socket for Rectifier Tube
l 1 Rubber Grommet
i 7 Prong Voliage Terminal Socket
= 7 Prong Plug for above socke:
7 18" Resin Core Solder
) - a’ Stranded Push-Back Hook.-Up Wire
> . | 107 Spaghetii Tubing
S 1 VT-1 R.M.A. Type 80 Vacuum Tube
| > - 4 8/32" x 5/16” Hex Nuts
N "gf 10 6/32” x 14” R.H.M. Screws
- 10 6/32"” x 14" Hex Nuts
2 o
SIGNAL GORPS RADIO TRAINING peagrins S FEtEeU AR 8
UTILITY POWER SUPPLY KIT

SIGNAL CORPS TRAINING KITS

E believe that one important

reason why the Signal Corps
has been so successful in rapidly
training men for technical radio
work is due to the sound practical
experience the trainees get in build-
ing radio apparatus which is both
workable and useful. Some of these
units are designed for radio testing,
and because the same principles are
involved whether we are testing
Army or civilian radios, some of
these units will be found most wel-
come In many service shops, now
struggling to get along with inade-
quate equipment. These units are
simple to build—they have to be, for
inexperienced trainees — but they
work, and we feel fortunate to be
able to present to our readers full
constructional details on many of
these kits. For those who expect to
be called in the draft, a study of
these components will enable them
more rapidly to qualify in any train-
ing course of this sort to which they
may be assigned. For others, the
utility of the finished units will more
than pay for the time involved in
construction.

By J. P. Hollister

For radio servicing, the most use-
ful units are the signal generator,
the utility audio amplifier and the
utility power supply. Let’s consider
the last-named first, because the
power supply is intended to furnish
power for many of the other units,
none of which has its own power
supply. The schematic diagram, Fig.
1, shows the circuit. The type 80
rectifier is used in a conventional
full-wave rectifying circuit, but the
filter is so designed that either choke

cn2

Fig. 2. Chassis lay-
out for the power
supply.
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or condenser input may be used.
This is done by means of Sw-2,
which may be thrown to connect C-1
across C-2, so that the input of the
filter becomes the choke, CH-1. Or,
with the switch in the position
shown, the standard condenser input
circuit results.

The advantages of both condenser
and choke input circuits are thus
realized in a single power supply.
When a high voltage at relatively
low current is needed, the condenser

e
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—VOLTAGE INPUT SOCKET

B. MEG.

SIGNAL CORPS RADIO TRAINING
UTILITY AUDIO AMPLIFIER KIT

Quantity Deseription

Chassi«. Punched, Dritled, & B.W, Vin.

1

I VT.1 657 or 65)7CT R.MAL Vacuum Tube
1 VT2 6F6 or 6F6GCT M. A, Vacnum Tube

1 Ve.l 1 Megohm Volume Gontrol

: F-1 Shielded Ontput Transfarmer, tapped

at, 4, 8, 153 and 500 ohms

| C-t 006 mfd. Condencer. 40O vaite
i C-2oto. " . 35 "

1 -3 .1 P b , 100

1 C.4 .1 o " .00

Not furnished whea

input circuit mayv be emploved. Un-
der these conditions, the resulting
output voltage across the bleeder re-
sistor K1 is 425 volts. While this
voltage will be reduced in propor-
tion to the amount of current taken
by the apparatus to which it is con-
nected, this voltage is normally
rather high for many applications.
With the circuit adjusted for choke
input, the voltage across R-1 is re-
duced to 320 volts and the regula-
tion is much improved. However,
the degree of hum filtration is some-
what greater with condenser input.

The flexibility of such a power

metul 6317 iz suppiied.

Fig. 3. Kit Componecnts

1 C-5 .1 wmfd. Condenzer, 100 volig
1 -6 10, v - .oa0
1 C-7 . = o . 430

1 o1 3000 ohme Vo Wan Resiztor

t R.2 2200 - 2% - o

] R-3 300M 1,

] R loom o, e
1 R-5 3uom & L -

1 H6 10M R

[} R-T 300

1 Knob for valume conirol

1 Charsir Inpat Connecior

supply adapts it to many uses
around the radio service shop. In
trouble-shooting, especially with in-
termittents, it is sometimes advis-
able to substitute another power
supply in order to make certain
whether or not the trouble is in the
power supply circuit of the receiver
under test. In other cases, where
the customer requires an estimate
before agreeing to allow work to be
done, it is well to restore operation
(when the main cause of inopera-
tion is due to a power supply defect,
such as a blown condenser or power
transformer) and check such items

INPUT POWER SUPPLY ouTRyT
L] . L] [ 3
SOCKET— = SOCKET
VT vT-2 1 I
L]
* *
Vet . .
Fig. 4. Chassis lay-
» ® @ ° out for the utility
audio amplifier.
* L ]
L ]

1 toput Conneector Plug

2 8 Prong Getal Suckers

1 Shield for 651767 tube

2 7 Prong Soekels

2 7 Prong Connector Plugs

8 Rusin Care Solder

4 stranded Push Back Hook-up Wire

1 Schematie Diagram & Charslz Luyont
4 7ox T ROV Screws

4 x 3/16" Hex. Nuts
) A4T RELM. Serews
8 6/32" x 147 Hex. Nuts

Note: Only one-half a1 the primary of T-1 iz uzed

as the volume control, tone control,
etc., to make certain just how much
work has to be done on the set be-
fore giving an estimate. The power
supply has other uses, of coufse, in
serving as a test source for leaky
condensers, and as a source of power
for other test equipment.

The chassis layout for the power
supply, shown in Fig. 2, represents
the arrangement used in the commer-
cial kit made available for construc-
tional purposes. If other parts are
used, they may not fit this chassis,
which is punched and drilled for spe-
cific units. However, the same lay-
out may be used with such modifi-
cations as mayv be necessaryv to uc-
commodiate the components substi-
tuted.

The Utility Audio Amplifier, shown
in Fig. 3, is a simple two-stage, high
gain amplifier which is rated to give
about 3 watts undistorted output. As
with the power supply unit, this am-
plifier mayv be substituted for the au-
dio section of a receiver under test,
in order to localize obscure sources
of trouble and intermittent operat-
ing conditions. The amplifier does
not have sufticient gain for some
types of crystal microphones, but it
should be useful as a small p.a. unit
when carbon, or similar types of
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microphones with high output are
available. Further, it will work nice-
ly with any type of phonograph pick-
up. Note the socket used for the out-
put terminals. This idea might be
employed to advantage in many com-
mercial p.a. amplifiers. By using an
assortment of T-prong plugs, it is
possible to obtain any ot the sup-
plied output impedances without
bothering to wire in connections, as
is commonly the case. The layout for
the punched and drilled chassis is
shown in Fig. 4. (Fig. 5 is below)
Getting around to test equipment,
the signal generator circuit shown
in Fig. 5 meets the need for a signal
source which will provide plenty of
“sock” for testing and aligning re-
ceivers. This is more of a tailor-made
proposition than any of the other
instruments and should prove a very
interesting kit to play around with.
No coils are provided; you roll your
own. In doing so, a good tip to re-
member is that increasing the num-
ber of turns four times on a coil
will cut the frequency in half, other
things remaining equal. Thus, if you
find that 5 turns on a l-inch coil,
close-wound, results in an oscillator
frequency of 6 me, when shunted by
the full capacity of the 365 mmf
tuning condenser, then increasing
the number of turns to 20 will re-
sult in an output frequency of about
3 me. You can check your frequen-

cies by hooking up a receiver to a
good antenna, tuning in a station,
then adjusting the test oscillator fre-
quency until it produces a beat or
squeal in the receiver speaker. The
receiver should then be tuned to
twice the original frequency, at
which the oscillator signal should
again reappear. This will be the
second harmonic of the original os-
cillator frequency. This check is
necessary to make certain that the
signal originally tuned in was not a
harmonie, rather than the funda-
mental, oscillator signal frequency.

The oscillator is a 6SK7 employed
in what is usually termed an elec-
tron-coupled oscillator circuit. The
oscillating circuit itself is a Hartley
type, and each coil is tapped at
about one-third to one-fifth the total
number of turns between the ground
end and the cathode tap. If the tap
is taken too high up on the coil, para-
sitic oscillation may occur, indicated
by a number of output frequencies
close to the desired frequency. If
there are insufficient turns included
between the tap and ground, the cir-
cuit will not oscillate, or will oscil-
late over only a portion of the tuning
range. In general, it is best to keep
the number of turns between the
cathode tap and ground to a mini-
mum, since this gives the best wave
form. For most ranges (except very
high frequency ranges) the mini-

mum number of turns should be de-
termined with the tuning condenser
at full capacity setting, because this
is the condition where most feed-
back, and therefore the greatest
number of turns on the coil, is re-
quired to make the circuit oscillate.
If “dead spots’’ occur over the tun-
ing range, the wiring should be
looked over and leads shortened and
dressed away from the coil until the
condition disappears. In general,
this results from the leads acting as
little tuned circuits in themselves
which absorb energy at their reson-
ant frequency from the coil circuit
and thus cause the circuit to fail to
oscillate. Sometimes it is possible to
increase the feedback and make the
circuit oscillate, even though there
are absorptive circuits in the field
of the coil, but this should not be
done if it can be avoided. Often the
presence of these coupled circuits, re-
sulting from long leads or incorrect
placement of the leads, causes a
shift in the frequency of oscillation
as the coil is tuned over the range—
in any case, it causes uneven
strength of oscillation at different
points in the tuning range, which
affects the usefulness of the oscil-
lator.

In testing the signal generator,
the uniformity of oscillation—or the
lack of it—may be checked by in-
serting an 0-10 ma milliammeter in

1 VT-1 6SK7 or 6SKh7GT RM.A. Vacuum Tuhe 1 VC-1 Varisble 10m ohms potentiometer 18" Horin core solder
1 Hlack Wrinkle Cabinet and Chaesis 1 SW.1 Switch mounted on back of 1 Handle
1 C-1 365 mmfd. dual section condenser 1 J-1 Closed circuit juek 4 Bumper feet
1 2 002 to .003 mica eond. fixed. 1 J-2 Red tip jack 1 7 prong male plug
1 -3 .00015 mfd. mica eond. fixed. 1 J-3 Blaek tip jaek 1 7 prong socket
1 C-14 .002 10 .003 mica cond. fixed. 1 Two cirenit phone plug 1 t prong socket
1 C-3 00015 mfd. mica cond. fixed. 1 R.F.C. 215 wmh. 150 ma. 50 chms R.F. Choke b 8 prong oetal socket
1 C-6 .00 to .003 miea. eond. fixed. 3 4 prongs, coil forms 12 PK 776 x 14” self tapping screws
1 R-1 Renistor Im ohma 1 watt 1 Spool #3141 or #36 D.C.C. Wire 6 6/32” x 14" hex nuts
1 R-2 DT e ) R 2 2 Bar knobs 114" 1 Dial plate
1 R-3 Resistor 530m ahmg 1 wati 4’ Stranded push-back hook-up wire
PLUG-M COR. COW SOCMET
3 0 Y 0 veet
COILS NAND |
WOUND ON
COIL FORMS
TO DESIRED c-e
FREQUENCIES I
-2
outeuT
93
| T
250 Yolts
= 8 POSITIVE
—_POWER SUPPLY SOCKET
SEES SIGNAL CORPS RADIO TRAINING
b NEGATIVE— x SIGNAL GENERATOR
€3 vouUs

L
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series with R! and the point to
which it connects to C2. Alternative-
ly, the connection may be made by
cutting it in series with the B plus
lead. Oscillation will be indicated by
a decrease in plate current as com-
pared with the reading obtained
with the non-oscillating condition.
We can make sure that the circuit is
not oscillating by grounding GI.
When the circuit oscillates weakly,
oscillation can sometimes be stopped
by simply touching GI, but a good
healthy oscillator doesn’t pass out
quite so easily. A large change in
plate current—or cathode current—
indicates strong oscillation. If the
plate current reading remains sub-
stantially the same throughout the
tuning range, the oscillation output
is uniform. This happy state of af-
fairs is seldom realized. Usually the
change in plate current between the
oscillating and non-oscillating condi-
tions will be about two or three
times as great at one end of the
tuning range as it is at the other,
especially with an oscillator of such
simple design. This, however, does
not affect the usefulness of the kit
for training purposes or, for that
matter, for most radio service pur-
poses either.

The output level is controlled by
the potentiometer VC-1. To be ef-
fective, the oscillator must be en-
closed in a shielded cabinet. The
coils should be small, especially for
the higher frequency bands, if used.
A diameter of % to 34 inch is not
too small. If made larger, there will
be so much signal leakage from the
case that the output control will be
ineffective in reducing the signal
level. Even under the best condi-
tions, it will be found that minimum
signal output will not be obtained

6C6 TO +9v.

- 0.2
SROIM HEG.
&
\ ] 2+

\ S S

WA §«"-o _
= 04 .‘2
®
S . : (<3
A1) | I
6V. 67.5V. ¥

C BATT. B BATT. -2V

to6V.

Fig. 6. Circuit of an audio oscillator.

with the potentiometer VC-1 at a
minimum setting. A shielded cable,
connected to J-2 and J-3, with the
shield grounded to J-3, will help to
prevent much of the signal leakage
from reaching the receiver input
circuit.

Modulation is obtained by inject-
ing an audio signal into the suppres-
sor grid circuit, by means of the
Jack J-1. The simplest way of doing
this is to use a 60-cycle signal,
which may be obtained from a fila-
ment transformer or from an un-
used filament winding of the utility
power supply transformer. Only a
few volts are required and it is con-
venient to make this modulation
voltage adjustable, by shunting a
potentiometer across the modulation
voltage source and applying only the
voltage between the moving arm
and ground to the suppressor grid.
If some other frequency is desired,

. A5
vr

WIRE HOLES

I ABNET TOP

HANDLE-HOLES .

]
Lavour [ emu“",mun

I
|
{
’ Capwe )
|
I
I
I

Fig. 7. Chassis layout for the signal generator.
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tnen 4 separate audio oscillator may
be rigged up, such as that illustrated
in Fig. 6. This simple audio oscil-
lator uses the negative conductance
or “transitron” circuit, and can be
arranged to oscillate at any fre-
quency in the audio or r-f range
simply by changing the coil and
condenser. For the a-f range, an au-
dio choke of the a-c/d-c set type,
shunted by a .005 or larger condens-
er, depending on the frequency de-
sired, should he very satisfactory.

It is well to remember that mod-
ern receivers really don’t require an
audio modulated signal for aligning
purposes. The simplest and best way
to align a receiver is with an un-
modulated signal, which is far sharp-
er than the usual 400-cycle modu-
lated signal, peaking each stage by
adjusting each circuit for maximum
indication of a voltmeter or “magic
eye” connected across the ave bus.
Where we really need modulation is
in checking for fidelity of recep-
tion, and one excellent wayv of pro-
viding such modulation, which has
never become as popular as it should,
is by using a turntable and records.
Many do not realize that “constant-
frequency records,” recorded to give
a uniform output level over a fre-
quency range of from 30 to 10,000
cycles, may be obtained, and serve to
identify the frequency range of the
receiver under test. Further, voice
and orchestral records may be em-
ployed for an actual check of recep-
tion under permanently stable con-
ditions. The output of the record
may be run through any audio am-
plifier before coupling to the oscil-
lator which it is to modulate.

These kits may be obtained from
the Lafayette Radio Corporation,
and include the components listed on
each parts list. We are indebted to
the U. S. Signal Corps for permis-
sion to describe these kits and to the
Lafayette Radio Corporation for
supplying the schematics and parts
lists reproduced herewith.

Data regarding additional kits
are now in preparation. Next month
the several Meissner Signal Corps
and Student Training Receiver Kits
will be covered.

*

““PREFERRED TYPE CAPACITORS”
ANNOUNCED

»» Solar Capacitor Sales Corporation,
Bayonne, N. J,, announce the adoption
of a new policy of capacitor standard-
ization, in anticipation of inevitable
Government? enforced standardization.

New Solar Catalogs V-1 and V-2
have been issued, illustrating a mini-
mum number of types specifically de-
signed for a maximum number of appli-
cations.

Radio Service-Dealer, May, 1943



THE

SUPERHETERODYNE

HEN two signals of slightly
different frequencies are su-
perimposed, the envelope of the re-
sulting oscillation varies in ampli
tude at a frequency that is equal to
the difference between the frequen-
cies of the two alternating currents.
It swings through an amplitude
range equal to the crest amplitude
of the smaller of the two voltages.
This result is obtained because at
one moment the two waves will be
in phase and so will add together,
while a short time later the higher
frequency will be one-half cycle
ahead of the other wave and so will
add in phase opposition. The rate at
which the amplitude of the envelope
varies is called the beat frequency.
The production of such beats by
combining waves is called “hetero-
dyning.” Since such a signal when
rectified gives a rectified current
that varies in amplitude with the
beat frequency, heterodyning pro-
vides a means of changing the fre-
quency of an alternating current. In
the beating of an unmodulated wave
with a modulated wave the character
of the modulation remains in the
resultant beat. This is the underly-
ing principle upon which superhet-
erodyne receiver action is based.
Among the principal advantages
of the superheterodyne circuit are:
(1) Amplification at a low fre-
quency so that full advan-
tage may be taken of the
amplification properties of
modern tubes
Practically uniform selec-
tivity over the entire tuning
range of the receiver.

Fig. 1 illustrates superheterodyne
action in block form The received
r-f signal is the same as for a tuned
r-f receiver. The amplified output of
the r-f, or pre-selector stage, is an

(2)

RECEIVER

by Oscar E. Carlson

INTRODUCTION—The superheterodyne reeceiver is the
only type of receiver in general use today. Everyone
who hecomes thoroughly familiar with the underlying
theory of the superheterodyne receiver will have a bhasie
knowiedge of radio transmitter circuits since these are
made up primarily of enlarged components identieal
otherwise to receiver components. They will have
learned the fundamentals of alternating current theory,
resonant circuits, rectifiers, filters, vacuum tube theory,
ete. This article covers briefly the majority of the eir-
cuits of a typical superheterodyne receiver. It is more
than a review or “refresher”, as the reader will discern.

enlarged reproduction of the re- the signal out of the mixer is the

ceived signal. This signal voltage is
fed into the mixer, or converter. In
addition, the local oscillator feeds an
unmodulated signal into the convert-
er. The two signals combine and
produce a third or lower carrier fre-
quency having the same modulation
characteristics as the received sig-
nal. This is shown by the fact that
the shape of the wave envelope of

same as that of the received carrier.
The fact that the newly created car-
rier has a lower frequency is shown
by the reduced number of cycles
within the envelope. This new modu-
lated carrier is the i-f, or intermedi-
ate frequency signal. It is amplified
in the i-f amplifier stages and passed
to the detector, or demodulator. This
is also called the second detector,

Fig. 1. Superheterodyne receiver block diagram

Radio Service-Dealer, May, 1943
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Fig. 2. High impedance mutual
antenna circuit

coupled

and here the modulating component
Is separated from the i-f carrier and
passed into the audio amplifier.

Radio Frequency Voltage
Amplifiers

There are two general types of
radio frequency voltage amplifiers.
The first one to consider is the r-f in-
put circuit which follows the antenna
and proceeds the first amplifier grid.
The second, which we will consider
later, is the r-f interstage cireuit
which operates from a vacuum tube
and supplies signal voltage to a fol-
lowing amplifier tube grid. The most
widely used antenna circuit for use
with a separate antenna, outside
antenna, is the High Impedance Mu-
tual Coupled Antenna Circuit. The
primary inductance, L,, is designed
to have a resonant frequency below
the lowest tuning range of the re-
ceiver. A schematic of such an input
circuit is shown in Fig. 2.

The equivalent circuit of this an-
tenna circuit may be derived by con-
sideration of Thevinin’s Theorem,
and by use of the equivalent circuit
of a two winding transformer. This
1s shown in Fig. 3. The gain for this
circuit

E out o 2C
is MQ.
E in

Where:

M 1s the mutual inductance in
henries
Q. s the secondary inductance Q
L, is the primary inductance in
henries
C, is the antenna capacity in
farads.
Most antennas used below a fre-
quency of about 3 mc are less than
one eighth wavelength long and are
capacitive antennas.

w?L,C, is equal to unity at reson-
ance for the primary. It is large
compared to unity throughout the
tuning range when the resonant fre
quency of the primary is about one-
half the lowest frequency to which
the receiver is designed to operate.
The approximate gain of such a cir-
cuit is therefore

MQ

>

Interstage RF Amplifiers

Interstage r-f amplifiers are used
between vacuum tubes to amplify
and select the desired signal voltage
supplied by the input stage from the
antenna. In general these amplifiers
may be divided into two types: (1)
those that are designed to operate
from a triode amplifier tube; and
(2) those operating from a pentode
amplifier tube. These may be further
subdivided into two types: fixed
tuned and variable tuned. The fixed
tuned include i-f amplifiers for the
most part, while the latter type in-
cludes tuned radio or signal fre-
quency amplifiers. Most receivers
used today employ pentode tubes in
the r-f circuits. Fig. 4 illustrates
Single Tuned Circuit r-f amplifiers.

The circuit illustrated in Fig. 4B
gives the best performance. The
radio frequency choke must have
much larger inductance than the in-
ductance, L, which is tuned by the
variable capacity, In the circuit
of Fig. 4A and 4C the resistor, R,

Fig. 3. Equivalent circuit for Fig. 2

loads the tuned circuit and lowers
the effective @ by an amount depend-
ing on the value of the resistance
and the circuit impedance QuL,. The
gain of any of the three circuits il
lustrated is:
Gain = GmQ, o
Where:
Q, is the effective Q of L, in its
respective circuit.
w18 2 F
L, is coil inductance in henries
Gm is the mutual conductance of
the tube in mhos.
The gain may be approximated to
GmR for ultra-high frequency cir-
cuits where R is small compared to
the circuit impedances. The gain of
any of these circuits is a function of
@ only, and may be determined from
the Universal Resonance Curve
shown in Fig. 5. For the further
explanation of the Universal Reson-
ance Curves, it is suggested that the
texts mentioned in the bibliography
appended to this article be studied.

Mutual Coupled Interstage
Circuits

There are two common types of
mutual coupling circuits and both
are shown in Fig. 6. They are both
the same as to schematic. The only
electrical difference is in the reson-
ant frequency of the primary cir-
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Fig. 4. Single tuned circuit R-F amplifiers
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Fig. 5. Universal resonance curves

cuit. This may be either higher or
lower than the receiver tuning
range. With the primary circuit
resonant to a frequency higher than
the receiver tuning range the anten-
na should be resonant to a frequency
above the tuning range also. The
gain for such a circuit would be,

Gain = GmQ, v M
where:
M is the mutual inductance be-

tween primary and secondary.

Since Q, is a function of the reson-
ant frequency of the secondary cir-
cuit the gain varies directly with
the frequency. As we can see by ref-
erence to Fig. 5, the selectivity of
such a circyit may be ascertained by
using the Q of the secondary circuit
and the Universal Resonance Curve
For Single Tuned Circuits.

In the low frequency primary cir-
cuits the primary is usually designed
to resonant at a frequency of about
one-third of the lowest frequency
that the amplifier is to handle. This
circuit is used extensively at broad-
cast frequencies and the gain formu-
la is,

Fig. 6. Mutual coupled R-F amplifiers

M

Gain GmQ.

L,C

M

this becomes: GmQ,X

L

We can therefore see that for such
an arrangement the gain is inversely
proportional to frequency. This is
usually corrected for by using capac-
ity coupling between the high end of
the primary coil and the secondary
circuit. By the use of proper capac-
ity it is possible to achieve constant
gain over the receiver tuning range.

L.F. Circuits

As we stated under the advantages
of the superheterodyne receiver, am-
plification is accomplished at a low
frequency. At this low frequency,
or i-f, amplification is fixed fre-
quency amplification and the circuits
can be very efficiently designed and
constructed.

The most common type of i-f am-
plifier is shown schematically in Fig.
7. This is a double tuned circuit with

Fig. 7. Mutual
coupled [-F
amplifiers

the primary and secondary circuits
both resonated to the same fre-
quency. The gain of such a circuit
is:

KQ
Gain GmZ
1+ K*Q?

M

where K is
v LL
and
when Z Z,oL,; Z ), o L,
: VvV Z1Z

The maximum gain occurs when KQ
is equal to I and this is generally
termed critical coupling. Under that
condition the formula for gain sim-
plifies,
GmZ
Gain

The selectivity of a double tuned
transformer may be determined
from the Universal Resonance
Curves as shown in Fig. 5 for vari-
ous values of KQ.

Radio Service-Dealer, May, 1943

Oscillators

Most superheterodyne receivers
employ either the Hartley or the
Tuned Grid Plate Feedback Oscil-
lator. Receivers of the communica-
tions type often employ the Hartley
and a separate oscillator tube while
most home receivers employ a com-
bined Oscillator First Detector tube
and circuit.

The Hartley Oscillator is normally
used in all sets that employ a sepa-
rate oscillator tube. The Hartley is
a negative grid oscillator. It is es-
sentially a vacuum tube amplifier
with sufficient output energy coupled
back to the input circuit to sustain
oscillation. The grid is biased con-
siderably negative with respect to
cathode. The feedback voltage must
be fed back to the input 180 degrees
out of phase with the output voltage
so as to add in the input circuit.
This phase variation is accomplished
by having the grid and plate con-
nected to opposite ends of the com-
bined grid-plate coil and the fila-
ment, or cathode, connected in be-

tween. The grid excitation voltage is
the voltage drop across the induct-
ance between the grid and filament
tap, it equals /X,  C, is the grid
blocking condenser which has negli-
gible reactance and C, places the
plate of the tube at r-f ground poten-
tial. See Fig. 8 for the circuit of a
typical Hartley Oscillator.

To be continued next month

Fig. 8. Hartley oscilfator



The Use Of

Oscilloscopes

(Continued from page 14)

erator. A small pip will then ride the
response curve at the center i-f
frequency. By detuning this genera-
quency and noting the frequency de-
viation across the response curve we
can measure the bandwidth of that
curve.

In some commercially built signal
generators that have a built-in sweep
arrangement, the center frequency is
marked on a calibrated dial. Adjust-
ments of the plus and minus sweep
frequency deviation are made by ad-
Justment of a dial which is ealibrated
in frequency deviations around the
center frequency.

Frequency Modulation Receiver
Alignment

The alignment of frequency modu-
lation receivers can be accomplished
by the signal generator and output
meter method. For best results
however, the adjustments should be
done with a sweep generator and os-
cilloscope. The heart of the F.M.
receiver is the “Discriminator,” and
successful alignment of that stage is
most easily accomplished with the aid
of an oscilloscope. The i-f alignment
is conventional and should be done
as described above under “I-F Align-
ment.” It is to be remembered that
the bandwidth required is consider-
ably greater than for amplitude
modulation. The sweep generator
must be adjusted for a plus and
minus 150 kilocycle sweep.

To align the diseriminator, set up
the equipment as follows. Connect
the generator to the signal grid and

RESP&NSE FOR CRITICAL COUPLING
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ground of the convertor tube. Use
a .05 micro-farad condenser in the
“hot” lead of the signal generator.
With the generator frequency devia-
tion still adjusted for 150 kilocycles
as used for the i-f alignment, adjust
the primary trimmer of the discrim-
inator transformer for the greatest
vertical deflection on the oscilloscope
streen. Proper vertical gain control
on the 'scope will be a matter of ex-
periment but should be such to allow
low output voltage from the sweep
generator. The next step is to adjust
the secondary trimmer until a pat-
tern as shown in Fig. 12-A is obtain-
ed. This adjustment is very critical
and should be made to give as sym-
metrical a pattern as possible. If the
straight line portion of the curve in
Fig. 12-A is not quite straight, the
primary trimmer should be slightly
readjusted. When this has been done,
decrease the sweep frequency devia-
tion to about 100 kilocycles. The pat-
tern should then appear as in Fig.
12-B. Make a very slight readjust-
ment of the secondary trimmer of
the discriminator transformer while
watching the tuning eye on the re-
ceiver. The eye should just close, but
should not overlap. This completes
the alignment of the i-f portion of
the receiver. The r-f and oscillator
are adjusted with a conventional sig-
nal generator with the equipment
customarily used for aligning ampli-
tude modulation receivers.

The sound channel of a television
receiver employs an 8.25 megacycle
i-f. The discriminator adjustment
will be the same as above except for

RESPONSE FOR OVER-COUPLED STAGES
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Fig. 11. I-F Response Curves.
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Fig. 12. Response curves for F.M. Discr_im-
ination Circuit. See text for explanation.

the use of a center i-f frequency of
8.25 megacycles instead of 4.3 mega-
cycles as in the straight F.M. re-
ceiver or converter.

There are innumerable other uses
of the Cathode Ray Oscilloscope for
the service-dealer. It is believed that
with the methods and material pre-
sented in this and the previous ar-
ticle that further uses will be made
self explanatory by application of
the theory and methods outlined. For
those readers who wish further in-
formation on this subject, a biblio-
graphy was printed following the
first article of this series in the
April issue of this publication.

*

PARTS SALES MANAGERS MEETING
FOR IMPORTANT DISCUSSION

»» A joint meeting of the Eastern
Group of the Sales Managers Club, and
the Western Group now known as the
Association of Electronic Parts &
Equipment Manufacturers, is called
for the morning of June 10th, at the
Palmer House, Chicago, in connection
with the R.M.A. Convention.

Chairman Charles Golenpaul of the
Eastern Group has accepted the sug-
gestion of Ken Price, Executive Secre-
tary of the Western Group, that such
a joint meeting be held. In view of the
recent WPB Order L-265, the setting
up of the Electronic Research Supply
Agency, and other current problems,
all sales executives in the radio parts
industry are urged to be present at
this joint meeting.

Radio Service-Dealer, May, 1943



Shop Notes

Signal

PHILCO MODEL 39-17

Analyzer,

{Cain Data)
Signal

Card 1

Generator and Receiver

tuned to 600 KC Turn attenuator on generator to high,
tune receiver for dip on gain indicator—readjust atten-
uator to 1.0 on gain indicator through a .0002 mfd.
condenser connected at the recever’s ant.

1.0 600
grid 4.2 600
plate 125.0 osc. freq. 1070
plate 42.0 IF freq. 470
grid 6.5 IF freq. 470
plate 270.0 IF freq. 470
diode plate 170.0 IF freq. 470
taken at vol.

cont. 7.0 volt dc

triode plate 11.0 volt 400 cps
grid 10.0 volt 400 cps
plate 120.0 volt 400 cps

Rock tuning condenser for all tests except for the osc. and audio.

Ant.
1A7GT
1A7GT
1A7GT
IN6GT
IN5SGT
1H6GT
1H6GT
1A5GT
1A5GT
AVC

SENTINEL MODEL 240-W
Instructions: Same as above.

Card 3

1.0

osc. mod. grid 27.0 RF freq.
osc. mod. plate 12.0 osc. freq.
osc. mod. plate 80.0 IF freq.

IF amp. grid 19.0 IF freq.

IF amp. plate 975.0 IF freq.
diode plate 730.0 IF freq.
triode plate 6.2 volts 400 cps
output egrid 6.0 volts 400 cps
output plate 70.0 volts 400 cps
at v. ctl. 3.5 volts dc

SENTINEL MODEL 248-W

{Gain Data)

Instructions: Same as data 4.
Ant. (loop) through .1 mfd. condenser.

Ant.
12SA7
12SA7
12SA7
128K17
128K7
128Q7
128Q7
35L6GT
35L6GT
AVC

1.0 RF freq.
osc. mod. grid 41.0 RF freq.
osc. mod. plate 125.0 osc. freq.
ose. mod. plate 260.0 IF freq.

IF ampl. grid 110.0 IF freq.
IF ampl. plate 5600.0 IF freq.
diode plate 2700.0 IF freq.
triode plate 12.0 volts 400 cps
output grid 11.0 volts 400 cps
output plate 120.0 volts 400 cps
at vol. ctl. 14.0 volts dc

PHILCO MODEL 42-395

Card 5

4556 KC

A partial short in the 18 mfd electrolytic condenser
connected to the rectifier cathode will short the rectifier
tube cathode to filament and burn out the power trans-
former. Solution, check the condenser carefully and if
at fault, replace.

Submitted by R. A. Snitgen

PHILCO MODEL P.T. 69

(Correcting Distortion and Hum)

Replace point 05 part #80-4519X from cathode of
7A8 to terminal of 85Z3 to antenna.

Submitted by R. A. Snitgen

Radio Service-Dealer, May, 1913

Card 9

Data presented as **Shop Notes’*, contributed by service-dealers as a re
sult of practical experience, is carefully considered before acceptance
We belfeve ‘it correct but we assume no responsibility as to results.

AMRAD MODEL F-516
(Cain Data)

Instructions: Same as given on Card 1

Ant.

6d6 osc. mod.
6d6

6d6

6d6 i.f. amp.
6d6 i.f. amp.
76 2nd det.
76 audio
6b5 output
6b5

1.0
grid 15.0
plate 1400.0 osc. freq.
plate 840.0 i.f. freq.
grid 100.0 i.f. freq.
plate 840.0 i.f. freq.
grid 460.0 i.f. freq.
plate 11.0 volts 400 cps
grid 10.0 volts 400 cps
plate 175.0 volts 400 cps

ATWATER KENT MODEL 487
Instructions: Same as datas 1, 2, 3, except for re-
ceiver setting, it should be tuned for Peak on gain

indicator.

Ant.

68 RF ampl.
58 RF ampl.
2A7 osc. mod.
2A1T osc. mod.
2A7 ose. mod.
58 IF 1 ampl.
58 IF 1 ampl.
58 IF 2 ampl.
58 IF 2 ampl.
2A6 diode

2A6 triode

2A5 output
2A5 output

(Cain Data)

Instructions: Same as datas 1, 2, and 3.
1.0 RF freq.

6A7T osc. mod. grid 3.7 RF freq.

6AT osc. mod. plate 600.0 osc. freq.

6A7 osc. mod. plate 100.0 IF freq.

78 IF ampl. grid 92.0 IF freq.

8 IF ampl. plate 9200.0 IF freq.

75 diode plate 5800.0 IF freq.

75 triode plate 12.0 volts 400 cps

42 output grid 10.0 volts 400 cps

42 output plate 220.0 volts 400 cps

AVC at vol. ctl. 30.0 volts de

negative

1.9 RF freq.
grid 2.8 RF freq.
plate 1.8 RF freq
grid 14.0 RF freq.
plate 160.0 Osc. freq.
plate 42.0 IF freq.
grid 4.5 IF freq.
plate 300.0 IF freq.
grid 110.0 IF freq.
plate 3500.0 IF freq.
plate 3250.0 IF freq.
plate 17.5 volts 400 eps
grid 16.0 volts 400 cps
plate 60.0 volts 400 cps

PHILCO MODEL 66

Card 2

600 KC
600 KC
600 KC
600 KC
1072 KC

472
472
47215 KC
4721

KC

600 KC
600 KC
1060 KC
460 KC
460 KC
460 KC
460 KC

These gain data submitted by Robert Boudreaux

RCA PUSHBUTTON MODELS

{Noise and Adjustments)

Card 8

When electric capacity type receivers become noisy
or fail to trip properly, tap both ends of the push-
button bakelite strips, insert 4/36” screws tightly to
apply tension. Result: noise will probably be eliminated
and buttons will operate correctly.
Submitted by R. A. Snitgen

RCA MODEL V-175

(Eliminating Hum)

Card 10

When ordinary methods to reduce hum have failed
try removing small bias cell, checking same. If no volt-
age is indicated by meter, punch a small hole in the cell
and force in, by means of an eye-dropper, a drop or so
of water. This generally revives chemical action bring-
ing voltage back to normal, which in turn causes hum

to disappear.

Submitted by R. A. Snitgen
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The Ken-Rad Tube & Lamp Corp. shows how an intecresting window can be designed
without much ditficulty. A well-dressed window helps boost sales.

STAR FOR PHILCO STORAGE BAT. DIV,

»» For continuing excellence in produc-
tion, the Storage Battery Division of
Phileco Corporation has been awarded a
white star to add to its Army-Navy “E”
flag.

The original “E” award was pre-
sented to Philco by Rear Admiral Wat
T. Cluverius on Ogtober 7, 1942.

*

IRC CONTEST WINNERS ANNOUNCED

» » Several months ago the Interna-
tional Resistance Co. of Philadelphia
launched a “Here’s How” contest. Five
$100 war bonds were offered as prizes
to the servicemen who submitted the
five most interesting answers to the
questions, “How were you able to re-
place a volume control and get the set

working  satisfactorily when you
couldn’t obtain the volume control you
would, ordinarily have considered neces-
sary for that particular make and
model of radio?” IRC announces the
winners—E. Pat Shultz of N. Holly-
wood Cal., James G. Rapp, Freeport,
N. Y., Ray Pentecost, Chicago, Ill., Carl
Councelman, Brielle, N. J. and W. Pel-
ham, New Harmony, Ind.
*
IRC ADDS STAR TO “E” FLAG

»» Six months ago, when accepting the
Army-Navy “E” burgee, the Inter-
national Resistance Co., manufacturers
of volume controls and resistors, prom-
ised “to make the Axis see stars.” Em-
ployees and management fulfilled this
promise for they have been awarded
the white star emblematical of six

months continued outstanding war pro-
duction.

OXFORD-TARTAK UPS KOPETZKY

Paul H. Tartak, President of Ox-
ford-Tartak Radio Corp., Chicago, an-
nounced the election of Alexander M.
Arnt and Karl A. Kopetzky as Vice-
Presidents. Mr. Arnt heads production

KARL A, KOPETZKY

while Mr. Kopetzky, besides continuing
his executive duties, now takes charge
of electronic developmental work. O-T,
formerly a leading loudspeaker manu-
facturer has, since the war, branched
out into range filters, transmitters and
war required electronic apparatus.

*

HALLICRAFTER AGAIN AWARDED

»» The Hallicrafters Co. of Chicago,
who received the Army-Navy “E” last
September have again been cited for
continued excellence of production of
communications equipment by the addi-
tion of a white star to their Burgee.

(From left to right) George Berry, President of Local 105 U.E.R. & M. W_A.;
Harry Ehle, Vice-President of |I.R.C.; Dan Fairbanks, Jobber Sales Manager
and Alice Flannery, ‘union secretary, proudly display the new white star on
International Resistance Company’s Army-Navy “E" Flag,

30

(From left to right) R. W. Durst, Marcia
Davis, and Wm. |. Halligan of The Halli-
crafters Co.

RESISTANCE WIRE SHORTAGE EASED

»» OWI announced, on Apr. 10th, that
suppliers of fine gauge wire used in
manufacturing resistors now can fill
orders without delay. Hurrah! This is
one of the first bottlenecks to be broken.

Radio Service-Dealer, May, 1943
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TUBE SUBSTITUTION CHART oAl o

Discontinued
Type Replace With Changes
30 . .Use 2-volt filament supply
0Z4 . Use adapt. or change sock
30 Use 2-volt filament supply
30 :C.ams Use 2-volt filament supply
Resistor )
Resistor . (a)
1ASGT/G None
1A7GT . one
Resistor . (a)
32 ... .. Bulb is larger
32| SRt e v i Na b eme Na Buib is larger
32 i Bulb is larger
I1B7GT" ... aufsimizs. .. a)
Resistor  juenvasvesessn (a)
1CSGT/G ;unssm.-2gsmm None
Reésistor ieiabasenanams (a)
L G T e Requires higher fila. cur.
Resistofi  va.svsuatbesss (a)
Resistor .............. (a)
32 o aianaln —hwn: e .(b)
32 <erin .. (b)
Resistor .. ............ (a)
716G alfassees baiade NONE

1F7G . aergrsssnsawsney NOLC
ResiStor susomss abdaosa a
1GAGT/G ............. None
1ES5G,. 33 c:vuausi-- (a)
1G6GT/G ............. None
PRISGT . n v 1oy my o Note
Re#istor  a...sosdbwea.- (a)

1F4, 1F5G ...... ....Socket (c)
ResiStor s wywan sbadas (a)
ReSiStor cassdernes rasva (a)
1ASGT/G ... ....... Socket
YAIGT/G . fdlbd s s rims Socket
1TSGT/G . . Socket
1E4G . satasancy .. Socket
LHSGT/G  «. ivwmdimnd Socket
INSGT/G .... .......Socket
Resistor . ............. (a)
INSGT wamgsyae---- ae None
Resistor .............. (a)
ERSGT ... T 5Rianen: - None
Resistor .............. (a
Resistor . ..{a
Resistor e
Resistor - (a)
Resistor .(a)
Resistor . (a)
Resistor . (a)
2A3 .. -(d)
2A7 - ()
6B5  (f)
6B7 ...iee . iewiaeoonn {c)
6B7 ..., (f)

55 a0 e P O e (c)
6US/6GS5 ........ . (¢)
6H6 . .puepedeswea- s a (c)
82 4 g e @ e o (R)
82 . .i.iiiuiannnn . (8)
3 WS 15080 000d None
SWAGT/G ............ None
SWAGT /G :..z900----- None
SY3GT/G uw....:n...4d None

24 e T M am i None

ZA L epE s - None
47, 6F6 aa-... ... eam: ()
47, 6F6 su..vvue.: oy (h)
6A3, 2A3 ............ (d)

~~~~~~~~~~~~~~~~ 6A6X has ceramic base

SA xRl e oo )
6A8GT, 6A8 ........ None

.(c) h
~{e) (h

(&) (W)

s05eGs

d  teceerarevans
6US/6GS_ -.orii None
6H6GT/G .. . 1.1l None
6H6GT/G .... ....... None
6J5GT/G. 6C5 ........
6J76GT, 6K7G None
6K6GT/G ...None
6K6GT/G .... ....... None
6K7GT, 6K7G ........ None
6L6G ...........ln.. Only differ. is ceramic base
6AB3/6N5 ............ None
GBS/ " o ole/mams Lol s aramal oo o el ole (h
6BI5 R i S A BL. e e S (h

Reference (a)-—Use resistor or rheostat adjusted to value re-

quired to prcduce proper voltage across each tube filament.

(b)—Substitnte is larger.

(c)—Adjust voltages to values specified in Tube Manuals for
substitutes.

(d)—Make returns to 20-ohm center-tapped resistor across
filament.

(e)—Ii oscillation results, use close-fitting type shield and
ground to chassis.

(f)—Change socket connections and voltages to ccrrespond tc
values specified for the substitute in Tube Manuals.

Discontinued
Type
6N7G
6P5G
6P7G .
6Q6G .
6Q7MG
6SG7 .
68117

117M?GT ..
117Z6G ...
117Z6GC

182B/482B .
183/483 ...

485

4th REVISION
Replace With Changes

5 (h)
6X5GT/G ............. (h)
6XSGIT/G wman:s -ic: om None
6X5GT/G waid- .. sngann (h)

................... (h)

AV e - S e e e @ s e None

4/88 e e None
6X5GT/G ... vuunn (h)
6X5GT/G ............. (h)
6X;GT/G ............
615GT/G™ iowbs » vim= siawm Socket
. cmpeen - Socket
6SK7GT/G .. Socket
6D8G ............... . Socket
6B5GT  sgga. .p. - jfai. Socket

K6GT/G woume camns Socket
6SQ7GT/G Socket

............. Socket
6A8GT/G L re Socket
6V6GT/G ..... Socket
6CBGT/G mnir. . saoejdn Socket
618G .. . . Socket
6F8G . 0 s o0 e A Socket
6SAGT/G ..... ..... Socket
6AC7/1852 ............ (n)
6AC7/1852 . ......... (n)
6XS5GT/G .. ...... ... Socket
6MSGT ....... kadssid-. () (h)

A None
None
None
None
None
None
None
one
Fil. voltage
None
.. Fil. voltage
.................. il. voltage
il. voltage
il. voltage
il. voltage
il. voltage
il. voltage
(h)
None
None
None
one
voltage—Socket
43 >
12BBGT wanillsasssia . = Fil. volt.
No equivalent ...... .
25L6GT/G ............ None
25L6GT/G, 35A5 ...... () .
[ : 33 ocket—Fil. voltage
1B5/25'S N s 2. A None
2525 BT e 2 2 eloRe R e None
25Z6GT/G ............ None
2 L e e (e) ()
35AS  eaaBEe e o eeeies one
3SL6GT/G ...ttt None
................... Socket
TB7. 78 daiisumsdlc . o Socket
Resistor .......... ... (a)
Resistor . ............. (a)
50YeGT/G ........... None
35] glreommin- - o Lolele oL ool None
88 e T e el T .. Filament_voltage
[ 2o o . Socket—Fil. voltage
56 . e) (
57 .(e) (h
58 ..... Ae) (h
70L7GT .(f)
25L6GT . .Fil. voltage
AT cr T T .(e) (h)
117L7/M7GT .None
117L7/M7GT None
11726GT/G ... ..None
117Z6GT/G ... ....... None
No equivalent .........
No equivalent .........
No equivalent .........
No equivalent .........
7G7/1232 ... None
6ACY/18852 ............ None
6AB7/1853 ............ None
19F7 . ssimmmmngsns s .None
6B ive e i iwahindd § (4]
ZAN W pim e « » JOes None

(2)—I1f transformer will stand 3 ampere drain. Connect plates

in parallel.
h)—Different

type of socket required.

m)—Realigning may be required.
{n)—Change plate supply voltage to 250. screen to 135; con-
nect suppressor to screen. Add shield if 7W7 is used. Ad-

just_cathode r

esistor to give —2 vclis control grid bias.

(0o)—Feed screen from 300-volt source through 50,000 ohms.
Adjust control grid bias to —2.5 volts.
(p)—Use 300-volt screen voltage supply, feed screen through

100,000 ohms.

Adjust control grid bias t¢ —1.5 volts.




KEN-

Tough and they can take it—
these PT's

planes

And so can the
subs warships—and
every combat unit of the Allies

For the Heart of Communica-
tions—Ken-Rad Radio Tubes—
are working with them . . . and
they are doing a grand job

You might be unable to get

Ken-Rad Tubes now for your

home set But they’ll be back
—and how Meantime you'll
wait won't you rather than

retard victory

RAD

RADIO TUBES « INCANDESCENT LAMPS - TRANSMITTING TUBES

OWENSBORDO

Tube Substitutions

(Continued from page 6)

ber indicates a lock-in tvpe of base.
Thus, the 1LA4, which is the same
as the 1A5G, except for the loctal
base; or the 1LN5, identical to the
IN5GT, except for the base. Simi-
larly, the 1LA6 pentagrid converter
can be used for the 1A7GT, so often
found in batterv-operated sets. And
the 1LH4 for the 1H5GT diode-tri-
ode. If you haven’t any more
IN5GT’s, it is comforting to remem-
ber that -vou can use up the less

32

- KENTUCKY

called-for 1LN5’s by simply chang-
ing the socket. And the 1T5GT
power amplifiers may similarly be
replaced with the 1LB4.

The substitutions mentioned in the
foregoing paragraphs have been in-
corporated in the new Tube Substi-
tution Chart reproduced on page 31.
Also, insofar as possible, you will
note that footnotes replace the ref-
erence to past articles discussing
substitutions. We believe this will
make the chart more convenient to
use. As further data becomes avail-
able, the chart will be revised ac-
cordingly.

The substitutions shown on this
chart are discussed in detail in the

following back issues of RADIO
SERVICE-DEALER:
June, 1942
1A1, 1A1/5E1, 1B1, 1C1, 1DI,

1E1, 1E2, 1E5G, 1E5GT. 1E7G, 1G1,
1G5GT/G, 1J1, 1J5G, 1K1, 1L1, 1Q1,
1R1, 181, 1T1, 1U1, 1W1, 171, 2A3H,
2A7S. 2B6, 2B7, 2B7S, 2E5, 2G5,
2S/4S. 272/G84, 6A4, 6A5G, 6ATS,
6AB5, 6AB6G, 6AC6G, 6B6G. 6BTS,
6C7. 6D7, 6E7. 6N6, 6N6MG, 675,
6Y5. 6V7G, 12A5, 248, 25B6G, 278,
46A1, 46B1, 35S/518, 568, 578, 58S,
70A7GT, 182B/482B/, 183/483, 485.
July, 1942
6C5G, 6FHMG, 6J5G, G6KTMG,
6P5G, 6P7G, TATLM, 6Z6MG, 627G.
August, 1942
GA4, 6F6, 6A7, 6A8, 6AB5, 6G5,
6H5, 6J5G, 6K6, 6K6MG, 6N5, 6T5,
6U5, 6V6G, 7TB8LM, 7C5LT, 89.
October, 1942
257Z6GT/G.

About Condensers

(Continued from page 20)

Applications by Type

To return to our circuits, let us
see how important these characteris-
tics are in specific applications. In
Fig. 3, for instance, is shown a
coupling condenser application, Rs
representing the losses due to series
resistance in the condenser and R
the leakage, or insulation resistance.
If we assume that the capacity of
the condenser is high enough to al-
low signals to pass practically un-
impeded, then we need consider only
R, and R; as the important factors
in the performance of the condenser.
Insofar as Rs is concerned, assuming
that the capacity of the condenser is

.1 mfd and the test frequency is
1000 cvcles, a power factor (actually
this is the dissipation factor—which
is practically the same as the power
factor for low power factor percent-
ages) of 1¢. would represent a resis-
tance R, of about 300 ohms. This is
determined by the formula

Dissipation Factor (percent)
100 X 2-FCR

in which the capacity is in farads
and the frequency in cycles.

Since 300 ohms is negligible in
comparison with the usual 0.5-meg-
ohm or larger grid leak which forms
the input circuit in series with Rs,
there is substantially no loss in sig-
nal due to a voltage drop across Rs.
However, the leakage through R is
vitally important. If the B supply

Radio Service-Dealer, May, 1943
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voltage is 300 und the actual voltage
on the condenser is 100—a common
condition—,and the grid leak Rg is
1 megohm, then the portion of the
plate voltage of the previous tube
will be impressed on the grid at
point a, depending upon the ratio of
Rg to Ry plus R,. If R, is 100 meg-
ohms and Rg is 1 megohm, it is easy
to see that about 1/100th of the plate
voltage, or 1 volt, will be impressed
upon the grid of the following tube.
Since the voltage is positive, it tends
to buek the grid bias and thus ren-
ders the tube unable to deliver full
output without drawing grid current
and thus causing distortion. This is
particularly important with power
tubes having a low grid bias, and
even more so when the condenser is
coupling to a grid of a high-mu tube,
which normally has a very low bias.
In the latter case, it is good prac-
tice to use mica condensers exclus-
ivels

In Fig. 4, two applications are
shown, as a screen bypass and as a
cathode bypass. In the former appli-
cation we are no longer greatly con-
cerned with the insulation resistance,
since it serves merelv to reduce
somewhat the screen voltage. The
series resistance of the condenser
does become more important, because
the effectiveness of the condenser in
byvpassing is dependent upon its
charging current, as we have stated
before, and any series resistance lim-
its this effectiveness. This is like-
wise true when the cathode hyvpass
is under consideration, though here
again insulation resistance is not
important insofar as the functioning
of the circuit is concerned. Since Rs
is tied up with power factor, it fol-
lows that a low power factor is re-
quired in both these applications.

Now that we have shown these ex-
amples and discussed them, it is
easy to see that the filter applica-
tions in Fig. § are similar to those
just considered. Obviously Rs must
be low for the condensers to be ef-
fective, while R, is of secondary im-
portance.

Fig. 6 shows the application to
ave and detector-amplifier circuits.
In the ave circuit, it is again appar-
ent (contrary to popular opinion
that leakage is of no great impor-
tance, because no large drop will oc-
cur through R, until the condenser
becomes very, very bad—that is, un-
til its insulation resistance is per-
haps 10 megohms or less. But in the
coupling application, where the grid
is operated at contact-potential bias

-about 1 volt—and Rg is normally
10 megohms or more, it is just as
important to have high insulation re-
sistance in the coupling condenser
as in the previously discussed case.

Radio Service-Dealer.

Some Things are

REALLY Scarce

Right Now?*

THERE are no substitutes for some things
that are scarce today. There are no
“ersatz’’ servicemen to take the places of

those called to the colors.

But, there are just as many, and more,
sets needing repair. And you, brother 3A
or 4F, have to see that they're repoired.

Todoy it's your patriotic duty to ration
your time; use it so you get the utmost pro-
duction out of each unit of labor.

Use your testing instruments—employ the
latest servicing techniques —and reoch for
one of your thirteen RIDER MANUALS before
you begin each job. These volumes leod
you quickly to the cause of failure; provide
the facts that speed repairs.

It isn't practical or patriotic to waste time
playing around, guessing-out defects. Today

you must work with system and certainty,
RIDER MANUALS provide you with both,

WL

RIDER MANUALS
Valumes X1l to VII meee---$11.00 eash
Volumes VI ta It 8.25 each
Volumes | to V, Abridged --$12.50

Automatic Record Changers and Recorders 6.0

OTHER RIDER BOOKS YOU NEED
The Cathode Ray Tube at Work

Accepted authority on subject $3.00
Frequency Modulation

Gives principles of FM radio - 150
Servicing by Signal Tracing

Rasic Method of radio servicing ______ 3.00
The Meter at Work

An elementary text on meters 1.50
The Oscillator at Work

flow to use, test and repair - 2.00
Vacuum Tube Voltmeters

Roth theory and practice _ = 2.00

Automatic Frequency Control Systems
—also automatic tuning systems _ 1.25
A-C Calculation Charts
Two to five times as fast as slide rule.
More fool-proof. 160 pages. 2 colors__ 7.50
Hour-A-Day-with-Rider Series—
On "Alternating Currents in Radio Receivers’”
—On ‘“‘Resonance & Alignment”’—On ‘‘Aute-
matic Volume Control”—On “D-C_Voltage
Distribution® - -90¢ each

JOKN F. RIDER PUBlISHER, INC.

404 Fourth Ave. ®* New York City
Export Division: Rocke-International Electric Cory

100 Varick Street New York City. Cable: ARLAB

RIDER MANUALS

SPEED REPAIRS — AND VICTORY:

While the d-c voltage in the diode
circuit to which it is coupled is low,
the bias is so low and the grid leak
resistance is so high that even the
slightest leakage will affect circuit
operation.

Applications of temperature-com-
pensating condensers of the ceramic
tvpe are shown in Figs. 7 and 8. In
Fig. 7. the fixed condensers are com-
pensating tvpes which shunt the
coils of an i-f transformer. Small
trimmers are provided to take care
of aligning operations. In Fig. 8,
the temperature-compensating con-
denser is shown in an oscillator cir-
cuit and serves as the trimmer, Ct.

May, 19143

We have devoted relatively little
space to electrolytics, which consti-
tute such a large percentage of the
replacement problems. In view of
their importance, we will devote a
separate article to these tvpes in an
early issue.

*

OCD ISSUES RADIO FACT SHEET

An interesting pamphlet called War
Emergency Fact Sheet describing how
radio functions in the OCD setup has
been released. Copies may be obtained
from the Editorial Section, OCD, Wash-
ington. Send stamped, addressed en-
velope.
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Book Reviews

RADIO CIRCUIT HANDBOOK
published by Allied Radio Corp., 833
West Jackson Boulevard, Chicago,
Illinois. Price, 10c. Forty pages, 8V,”
x 117,

A new publication containing radio
and electronic circuits with analyses,
comparisons, and discussions. The
method of presentation was especial-
ly planned to make this book a useful
text for the classroom and for home
study as well as a reliable guide for
experimenters and builders. Funda-

34

mental principles of radio are illus-
trated and explained in sixteen basic

ALLIED’'S
RADIO-CIRCUIT
HANDBOOW

20

BLLIID ®ORIG (ORPORATION
T
——

circuits. The application of these
principles to various components of

receivers, transmitters, and other
electronic units is shown in twenty-
five additional circuits of conven-
tional radio and electronic units. A
schematic and pictorial diagram is
shown for each unit, ranging from
simple one-tube sets to superhetero-
dynes.

This well-prepared booklet should
prove to be very useful as a supple-
mentary text for radio classes.

*

NEW TROUBLESHOOTER’'S
HANDBOOK, 3rd revised edition,
by Alfred A. Ghirardi, published by
Radio & Technical Publishing Co., 45
Astor Pl., New York City. Price $5.
744 pages, 8Y5” x 11”. Cloth cover.

A completely revised edition de-
signed to enable beginner and ex-
perienced technicians in troub'e-
shooting and repairing all types of
radio sets and circuits. There are
404 pages of “case histories” relating
to 4,820 receiver and record-changer
models; a complete tabulation of I-F
peaks and alignment data; also a
complete tube characteristic and bas-
ing data chart requiring 17 pages.
133 pages are devoted to specially
prepared reference graphs and com-
pilations covering information need
ed on substitution methods, circuit
revisions, etc.

All data is arranged in a tabular,
cross-indexed chart form to simplify
finding wanted information. Pre-
ceeding every chart and table is an
explanatory section and from the
new Manual all “dead” material has
been eliminated to make it more com-
prehensive and timely. A service-
man’s library must have this new
edition. FTC.
*

ELEMENTS OF PRACTICAL RA-
DIO MECHANICS, by Samuel L.
Marshall assisted by Peter Greenleaf

Radio Service-Dealer, May, 1943



published by Current Book Co., 100 |

Fifth Ave., New York Cily. 227
pages, 8Y” x 11”. Cloth bound edi-
tion $2.50, heavy paper covered edi-
tion £1.50.

. As the title implies this text is a
shop manual for beginners. The
general plan is a series of jobs ar-
ranged to enable the beginner to
master essential operations and me-
chanics. Progressively the courses
follow the instruction sheet given be-
fore each problem and at the conclus-
ion of each contains a series of ques-
tions, which the student should be
able to answer if he has absorbed
the lesson.

The book is prolifically illustrated
with photos and schematics and runs
the entire gamut of radio theory
from the Diode Receiver to Super-
hets. The use of test equipment is
explained and concluding chapters
are devoted to amplifier and trans-
mitter circuits, microphones, multi-
vibrator oscillators and Hartley cir-
cuits. Without doubt the authors
have prepared an excellent book for
students and experimenters, espe-
cially handy for anyone preparing
for induction in the Signal Corps
where a knowledge of radio theory
is a big factor towards rapid ad-
vancement. FTC.

*

GRIMES' OPINION OF TELEVISION
»» Greatly improved by the research
now going on in connection with war
productions, television promises to have
a greater impact on American life in
the post-war years than any of the
countless other applications of elec-
tronics, according to David Grimes, vice
president in charge of engineering for
Philco Corporation, who addressed the
New York Socicty of Security Analysts
on “‘The Outlook For Electronics.”

“While our all-out war production
program has focussed popular attention
recently on some of the striking indus-
trial uses of electronics, it appears like-
lv that the development of television
broadeasting stations and the avail-
ability of home receivers in the post-

Radio Service-Dealer, May,

Production today depends a great deal on the attitude
of vour personnel. Keep them happy with a constant
flow of information, music and rhythm over your
P. A. system. Cinaudagraph Speakers are playing a
dramatic part on the home front helping to boost
morale — production in hundreds of War Plants
throughout our land every dayv.

3911 S. Michigan Ave., Chicago

“Ne Fener Sheaker Made in all the Pold ™

war period will have much greater ef-
fect on people’s lives,” Mr. Grimes said.

“Even before the war, television had
been advanced to such a stage that it
was possible to provide pictures of the
same sharpness of detail as home
movies. Through the development of
successful radio links fron New York
to Philadelphia and Schenectady, the
basis was laid for network television
programs to bring outstanding enter-
tainment and news events into people’s
homes over a wide area. All that will
be necessary to extend the coverage to
the entire nation is the erection of a
large number of relay stations.

“Radio broadecasting, it will be re-
membered, did not reach maturity until
network hook-ups were developed dur-

1943

ing the late '20s. It is significant, there-
fore, that unknown to most people, tele-
vision has already reached this stage.”

Scientific developments being rushed
to completion because of the needs of
the war emergency will insure the pub-
lic of better television broadcasting and
reception when the radio industry re-
turns to peace-time production after
helping to win the war, according to
Mr. Grimes.

Referring to other important uses of
electroniecs and the electron tube, in-
cluding especially the long-distance tele-
phone and talking movies, Mr. Grimes
ventured the opinion that television in
coming years would have an even more
far-reaching effect than any of these
on our customs and ways of life.
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...freedoms that are uppermost in the heart of every American.
Workers in industry have toiled unceasingly to build peak
production to enable their country to be the world’s best
equipped tighting forces to protect these freedoms.

~a T,

The Hallicrafters employees
have twice been cited by
their country for excellence
in production . . . once with
the Army-Navy “E” Burgee

and now the addition of
a star to this Burgee for con-
tinued excellence in produc-
ing communications equip-
ment so vitally needed by
our boys on all fronts.

This new honor will serve
as an additional incentive to
greater production.

BUY
MORE
BONDS!
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IF YOU CANNOT REPLACE

REPAIR THEM wnW
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RADIO PARTS
PRODUCTS

Walsco RADIO CHEMICALS
i Speaker Cements
Cements For Plastics
Special Adhesives

°

.

®

® Contact Cleoning Fluids
.

°

Noise Eliminating Compaunds
Radio Lubricants

Walsco RADIO HARDWARE

® Dial and Knob Springs
® Trimounts, Set Screws

Walsco CABLES, BELTS

Of course—we are concentrating our

WALTER

eflorts on war production—but not
M(mﬂj ODUCTS for a second are we neglecting the
RADIO SERVICEMEN who require so
wALSCO T PR RTICANIOI .., WALSCO RADIO PRODUCTS
nicatio? E!]Illgmkudio Repal? to keep the radios of their customers
For Comm¥ ools an wills, calif. in perfect working order. Write to-
Ldboram”ej' pivd geverly day for WALSCO Catalogue No. 112,
giving complete information about

93°62 WALSCO PRODUCTS.

pept:

LITTELFUSE PROMOTIONS

>» The Board of Directors of Littelfuse
Incorporated elected as Vice-Presi-
dents: Ash Wood, Sales Manager at the
El Monte, California plant, and Gerald
E. Spates, General Manager of the Chi-
cago plant. Miss Irene Mueller, Secre-
tary to E. V. Sundt, President, was
elected Assistant Secretary of the com-
pany.

Gerald E. Spates

Ash Wood

These three have long been in re-
sponsible positions with Littelfuse In-
corporated, which manufactures air-
craft and instrument fuses and acces-
sories. The main plant is at 4757 Rav-
enswood Ave., Chicago. A large modern
plant was erected and opened fully
staffed at El Monte, a suburb of Los
Angeles, in 1942.

*

PHILCO GETS STAR

In recognition of its continued war
production record, the Chicago Division
of Philco Corporation has just been
awarded the Army-Navy “E” with a
white star.
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ROSIE THE RIVETER GETS
COMPETITION

»» Radio frequency energy now is used
to detonate explosive rivets and speed
production of aircraft, E. I. du Pont de
Nemours & Company states.

The radio unit assures instant con-
trol of temperature in the firing tip,
eliminating time consumed in heating
an electric iron to operating degrees
and in frequent changes from one tip
temperature to another. This method
is adaptable only to large scale produec-
tion. The electric riveting iron, now
used widely, is still preferred for many
wpes of work.

Explosive rivets were introduced two
yvears ago, breaking a bad bottleneck
in fastening airplane sections where
riveters could work from only one side.
They are installed at a rate of 15 to 20
a minute, as contrasted with two to
four a minute for most “blind” fast-
eners.

The rivet has a high explosive se-
creted in a cavity at the end of the
shank. Heat applied to the rivet head
detonates the charge. The explosion
expands the charged end of the shank,
forming a “blind” head and setting the
rivet.

Engineers of Radio Corporation of
Ameriea and of I'u Pont developed the
radio unit, which consists of an oscil-
lator together with a specially prepared
applicator to concentrate current di-
rectly into the rivet head. As current
is induced in the head, the heat it cre-
ates fires the charge. Radio energy not
only gives instant temperature control
but prolongs indefinitely the life of the
firing tip. The tip is always cool, an
important safety factor. The same tip
can be used for any kind of rivet head.

*
DULWEBER KILLED

Don Noble Dulweber, well known in
the radio industry as head of Supreme
Instruments Corp., Greenwood, Miss.,
was accidently shot and killed at his
home on April 5th. As he opened a
closet door a shotgun that was stored
there fell and discharged. Death was
instantaneous.

Don Dulweber was 37 years old, the
son of the late Ben T. Dulweber, busi-
nessman, banker, civic leader and for-
nier head of Supreme Instruments.
Don, as everyone in radio knew him,
was a charming person with very broad
acquaintances. He is survived by his
widow and young son.

$1.00 PAID FOR SHOP NOTES

Write up any “kinks” or “tricks-of-the-
trade” in radio servicing that you have
discovered. We will pay $1 in Defense
Stamps for such previously unpublish-
ed "“SHOP NOTES” found acceptable.
Send your data to “Shop Notes Editor,”
RADIO SERVICE-DEALER, 132 W. 43rd
St., New York City. Unused manu-
scripts cannot be returned unless ac-
companied with stamped and addressed

return envelope.

ASTATIC’S
MICROPHONE
CONTRIBUTION

To Greater
Speed and Dependability
in Wartime Radio

Communication G DN

Series
Microphone

% In highly important branches of the military service,
where every second is precious and operating efficiency is imperative,
Astatic GDN Series Dynamic Microphones are doing a great job.
Unaffected by wide variations in temperature, sturdy and efficient,
GDN Series Microphones stand the test of rigid government require-
ments. Designed with tilting head and interchangeable plug and
socket connector, Recommended for use with Astatic’s exclusive
Grip-to-Talk Desk Stand embodying an efficient relay operating
OFF-ON switch for remote control of transmitters and amplifiers.
Finishes available in official army and navy shades.

1N CANADA:
CANADIAN ASTATIC, LYD
TORONTO ONTARIO

THE ASTATIC CORPORATION

YOUNGSTOWN, OHIO

INSTRUCTORS'!

Send for this NEW
rerr BROCHURE

TN N TN TS J"/"'/27;

Cricagy

Lafa ycllc"'s Special Department for handling the needs of
instructors and school management has just prepared this new brochure to
aid schools in their government training courses. We are helping Uncle Sam
to teach radio and we can help you too.

Lafayette Radio is headquarters for all radio and electronic parts
and equipment of every nationally known manufacturer in the field. A

( single order, no matter how large or how small, will bring prompt delivery

on all your requirements.

Send for your free copy of ‘‘Radio Training Kits'' brochure today.

write now—-address:
Sehool Sales Division
901 West Juckson Bowlevard
Chicago. Hlinovia
Dept. 583

S S NS S -

“*Quick Deliveries
on Radio and Eleetronic
Parts and Equipmesns”
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Mr. Jobber —

STOCK UP NOW!

The demand will be BIG

Get ready for the PROFITS!
A National advertising campaign has been
started that should make

“Elements of Practical Radio Mechanics”
one of your fastest selling items.

This excellent elementary book on radio, cir-
cuits, servicing, test instruments and transmis-
sion, was written by S. L. Maershall, chairman
of the Radio War Training Program of Brooklyn
Vocational Trade, and is recognized and being
currently used by Radio Instructors in War
Training. The U. S. Signal Corps is buying many
copies and the purchasing demand will afford

glea’;y bpap: cover copies :ls: S;;g you a fast turnover on this NON-PRIORITY
[+) oun cover coples 1§ .
Answer to above ¢ list .35 COMMODITY.

Your discount. 40, Sell EPRM to local book stores, radio stores,
2rder your requirements TODAY libraries, Army Posts and over the counter to
irect from the publisher. your regular “ham™ and radio customers.

CURRENT BOOK COMPANY

106 FIFTH AVENUE . NEW YORK, N. Y,

' STANCOR
TRANSFORMERS |
3‘;_ USED BY MOST SERVICEMEN R MOST! . E_;

STANDARD TRANSFORMER

SR « CORPORATION o
1500 NORTH HALSTED STREET. . . CHICAGO

« More leading independent radio service-dealers sub-
seribe to “RSD” than to any other publication devoted to
radio-electronic maintenance because only “RSD” meets
the present-day needs of servicemen for timely technical
data to help them repair radios faster, more efficiently
and at lower cost.

“RSD’” allotment of newsprint for 1943 will not per-
mit us to send out many sample copies. All paid sub-
scribers will be served. To insure receiving “RSD” every
month from now on, become a paid subscriber. Present
subscribers may extend their subscriptions if they wish.

Pee====ssscceas==:TEAR OUT AND MAIL TODAY :emcacncaccaaan==y

{ RADIO SERVICE-DEALER H
1 132 West 43rd Street, New York City, N. Y. 1
— 1
: Sirs: Here is my [] check (or [] money order) for $. . Enter my sub- 1
1 scription order to RSD for the next issues. (12 issues cost $2. 1
: 24 issues cost $3.) (Canadian and Foreign subscriptions are $3 annually.) :
1 1
1 [}
1 Name (print carefully) :
.
L} 1
1 ADDRESS ...... . PP ey o b 1
= i
] L
: CLEY ’ : STATE i SERVICEMAN :
[ ] [ ]
1 FIRM NAME .. . | .- M s ¥ i A 2 mAM w4 2 :
: IS YOUR FIRM A: SERVICE-DEALER ] JOBBER [ MANUFACTURER [ 2
: IF IN SOME OTHER BUSINESS, TELL WHAT IT IS: .. .......... .. ... ... ... . . :
"------------------------------------------------------J

G. E. PIONEERED RADAR

General Electric engineers as early
as the early 20’s were actively engaged
in the development of tubes, circuits,
and apparatus for the very high fre-
quencies which form the basis for
present-day radar—the electronic de-
vice which locates planes and ships far
beyond man’s former “vision,” even in
fog, darkness, and other adverse con-
ditions—according to Dr. W. R. G.
Baker, G-E vice president in charge of
the company’s Electronics Department.
The Army and Navy recently described
the radar device in a joint statement.

The United States has trained many
thousands of men in the operation of
radar, and will train many more thou
sands. Vital areas in the U. S. defense
system have been equipped with the
devices. Radar equipment is at work
with our fighting forces on land, sea
and in the air.

In operation, radar sends out radio
waves which are reflected back to sensi-
tive receivers when a ship or plane
enters the area which the radio waves
cover. Returning waves are then
plotted, and by a complicated system of
calculations, officers determine the po-
sition, direction of travel, and speed of
enemy planes or ships and then relay
the information to interceptor forces.

Germany and the other Axis nations
know about the device, but the Allies
were the first to use and perfect its
operation. It is credited with having
helped save the British Isles from in-
vasion in 1940-41 after the fall of
France.

*

BELMONT'S STATUS

»»> Belmont Radio Corporation of Chi
cago reported a net income of $330,859
for the year ended December 31, 1942.
This amount was after renegotiation
proceedings wherein $1,294,000 was set
up for return to the government and
$812,291 was allowed for Federal taxes.

1942 production, even though the
highest in the firm’s history, was far
below the levels now being reached, due
to the fact that many months of re-
search and engineering study were re-
quired to develop the type of radio and
other equipment Belmont is now mak-
ing for the armed forces.

*

NEW FREQUENCY METER

»» The Fred E. Garner Co., 43 E. Ohio
St., Chicago, announces four new
models of their “Telrad” line of fre-
quency meters. All models are erystal.
controlled and, by means of a class “C”
harmonic amplifier circuit embodied in
the units, accurate frequency carrier
signals are provided every 10 KC and
every 100 KC from one hundred cycles
to forty-five megacycles. A carrier sig-
nal is also produced every 1000 KC
from one megacycle to one hundred
twenty megacycles. A convenient panel-
mounted “on-off” switch permits use of
a 1000 cycle modulated note.
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TRIPLETT

(omibat Fiie
INSTRUMENTS

M DE\_ 626
5.60" scale

TRIPLETT
with ton

A WORD ABOUT DELIVERIES
Naturally deliveries are subject to necessary
priority regulations. We urge prompt filing
of orders for delivery as expedmously as
may be consistent with America’s War effort.
TRIPLETT ELECTRICAL INSTRUMENT CO., BLUFFTON. 0.

For VICTORY Buy
United States War
Bonds and Stamps

CONDENSER CO.
699 EAST 135¢th ST,
NEW YORK, N. Y.

NEW UTAH VICE-PRESIDENTS

The Directors of Utah Radio Prod-
ucts Company elected Oden F. Jester,
Austin Ellmore and Remy Hudson
Vice-Presidents, it was announced by
Fred R. Tuerk, President of the com-

any.

Oden F. Jester, now Vice-President
in charge of Sales, has been with Utah
for the past six years as General Sales
Manager, and for ten years prior to his
Utah connection, was with the Stewart-
Warner Corporation as assistant radio
Sales Manager and Radio Sales Man-
ager.

ODEN F. JESTER

Prior to entering the radio field, Mr.
Jester “grew up” with the Columbia
Phonograph Company and the Bruns
wick-Balke-Collender Company, Phono
graph Division, and his many friends
in both industries will be delighted with
the above announccment.

Right—REMY HUDSON
Left—AUSTIN ELLMORE

The new Vice-President in charge of
Engineering, Austin Ellmore has been
with Utah for the past fourteen years,
Chief Engineer since 1938.

Remy Hudson, the new Vice-Presi
dent in Charge of Postwar Planning,
was
Mitchell-Faust Advertising Agency.
Mr. Hudson’s main duties will be con-
cerned with plans for new Utah prod-
ucts after the war.

is fully recognized.

Radio Service-Dealer, May, 1913

formerly Vice-President of

Utah is now heav-
ily engaged in war production, but the
need for constructive postwar planning

HEAVY-DUTY

® Oilfilled capacitors such as the popular
“bathtubs’® and rectangular units, are now
available on high priorities only. And logi-
cally so, because such heavy-duty capaci-
tors play a vital part in wartime radio and

electronics.

If your radio or electronic work is directly
tied in with the war effort, you can count
on your local Rerovox jobber for such
heavy-duty capacitors subject to proper pri-
And of course you can count on him
replace-

orities.
for those essential civilian-radio

ments.

See Our Jobber .

Consult him regarding your capacitor require
ments, whatever they may be Ask for latest
catalog—or write us direct.

NEW BEDFORD, MASS., U. S. A.
In Canada: AEROVOX CANADA LTD., Hamilton, Ont.

EXPORT: 100 Varick St., N. Y., Cable ‘ARLAB’

RENEW YOUR *“‘RSD”
SUBSCRIPTION—$2.00
for 1 YEAR

$1.00 PAID FOR SHOP NOTES

Write up any “'kinks” or “tricks-of-the-
trade” in radio servicing that you have
discovered. We will pay Sl in Defense
Stamps for such previously unpublish-
ed “SHOP NOTES” found acceptable.
Send your data to “Shop Notes Editor,”
RADIO SERVICE-DEALER, 132 W. 43rd
St., New York City. Unused manu-
scripts cannot be returned unless ac-
companied by stamped and addressed
return envelope.
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4 For years Clarostat engineers studied,
tried, tested, no end of resistive coat-
ings. Out of this enormous expenditure
of money, time, effort, has come the
present Clarostat stabilized-element con-
trol. Accurate to start with. And stays
that way—in constant usage, under try-
ing climatic conditions, despite severe
humidity, for years of troubleproof serv-
ice. % Try a Clarostat Type M control
for that service job. Ask our local job-
ber for Clarostat replacements.

E CLAROSTAT

S. N, SHURE HONORED

At its April meeting the Associa-
tion of Electronic Parts and Equip-
ment Manufacturers (formerly the
Sales Managers Club Western Group),
formally presented to one of its char-
ter members and past presidents, Mr.

CLAROSTAT MFG. CB.. Inc. - 2857 N. G St., Brookiyn, N.Y,

LAFAYETTE'S WAR ORDER DIVISION

To expedite orders for vital mate-
rials necessary to the war effort, Lafay-
ette Radio Corporation of Chicago have
opened a special division to facilitate
prompt deliveries and procurement of
war materials.

S. W. Berk and David Muir

The new division will be in charge
of Mr. David Muir according to an an-
nouncement made by Mr. S. W. Berk,
vice president. Mr. Muir has long been
associated with Lafayette and was
formerly in charge of purchases.

Mr. Berk further stated that the con-
sistent increase of orders from manu-
facturers of war materials made neces-
sary the establishing of the new divi-
sion,

*

S. N. Shure, General Manager of Shure
Brothers, a laige decorated cake com-
memorating the recent Army-Navy “E”
production award to that company. The
presentation was made to Mr. Shure
by Jerome J. Kahn, Chairman of the
Association.

(From left to right) Kenneth C. Prince, Jack Berman of Shure Bros., S. N.
Shure and Jerome ). Kahn of Standard Transformer Corp. cut cake at the
Western Sales Managers Group Luncheon.

10

GENERAL INDUSTRIES

SMOOTH-POWER MOTORS

1

Marching On and On
Whether it be in peace or in war,
G. I. motors show their ability to
qualify for any job to which they are
assigned. At the present time they are
being produced entirely for the war
effort. When Victory is ours they will
again assume leadership in the phono-
graph field, together with G. |. home
recorders and record
changers.

THE GENERAL INDUSTRIES CO.

Elyria, Ohio

SYLVANIA UPS HEALY

Walter E. Poor, president of Syl-
vania Electric Products Incorporated,
announced the apointment of F. J.
Healy to the position of Vice President
in charge of Operations.

Mr. Healy was formerly Vice Presi
dent in charge of the lighting division.
In his new post he will be responsible
for all manufacturing operations in
both the lighting and the radio tube
divisions of the corporation.

*

HECTOR HEADS N.U. ENGINEERING

Dr. L. Grant Hector has joined the
National Union Radio Corp., radio and
electronic tube manufacturers, as Di
rector of Engineering, it was announced
by S. W. Muldowny, President.

Dr. Hector has a broad and varied
background of electronic scientific re-
search experience. He is a graduate of
Oberlin College and Columbia Univer-
sity, has served as Physics Instructor
at Oberlin, Professor of Physics at the
University of Buffalo and at the time
he joined National Union was engaged
in electronic development work for the
Office of Scientific Research and De-
velopment of the U. S. Government.

In his new position Dr. Hector will
direct all electronic tube research and
engineering activities for the company’s
laboratories and manufacturing plants
located in Newark, N. J., and Lansdale,
Pa.

Radio Service-Dealer, May, 1943
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SOLAR CAPACITOR SALES Corp., BAYONNE, N. J.

Sole National Distributors of Solar Capacitors to the Jobbing Trade




DEVOTED TO

BUILD PLANT MORALE
WITH RAYTHEONS!

Ih the huge burling room of the Botany Worsted
Mills at Passaic, New Jersey the workers mending

threads are surrounded by great masses of cloth

which, absorbing sound. impress a pall of

silence. With the new plant broadcasting system
and Raytheons on the job the silenee is broken

by cheerful musie resulting in

NEWTON, MASS. o

" RAYTHEON |

(2 E
e e B e

Ty

more effective work and better plant morale.

Replacing with Ray theon Tubes in plant broad-
casting systems is typical of Raytheon's good serv-
ice to all tyvpes of users. Servicemen, engineers
and maintenance men know Raytheon’s unfailing

performanee qualities . that is why they

recommend Rayvtheon Tubes for the unusual task.




