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Accurately sketched maps are transmitted from sky to earth under battle conditions
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A continuation of the author's analysis of symmetrical wave filters
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KEITH HENNEY, Edifor; Beverly Dudley, Managing Edifor; Donald G. Fink {on

leave); Craig Walsh (on leave); W. W. MacDonald, Associate Editor; John

Markus, Assistant Edifor; M. L. Matey, Assistant Editor; J. M. Heron, Assistont
Editor; Harry Phillips, Art -Director

H. W. MATEER, Publisher; J. E. Blackburn, Jr., Director of Circulation, Electronics;
Wallace B. Blood, Manager

‘DISTRICT MANAGERS, D. H. Miller, New York; R. H. Flynn, New England;

F. P. Coyle, Philadelphia; L. P. Canty, Cleveland; C. D. Wardner, Chicago

Contents Copyright, 1943, by McGraw-Hill Publishing Company, Inc.

McGRAW-HILL PUBLISHING COMPANY, INCORPORATED
JAMES H. McGRAW, Founder and Honorary Chairman
Publication Office 99-129 North Broadway, Ailbany, I, N. Y., U. S. A,

EDITORIAL AND EXECUTIVE OFFICES 330 West 42nd St., New York, 18, N. Y., U. 5. A,
James H. McGraw, Jr., President; Howard Ehrlich Executive Vice Prasiden? Mason B8ritton,
Yice President; Curtls' W. McGrow Vice President and Treasirer: Josaph A. Gerardi,
Secretary. Cable address: MCGRAWRILL, New York Member &. B, P. Member A. B. C.

ELECTRONICS. September, 1943. Vol. 6: No. 9. Publmud monthly, price 800 a copy. Allow at least
ten days for change of adidress. All communications ubout whorlotion: should be addressed to the
Director of Cirouiation, 330 W. 42nd St., New York, i8, N. Y.

Subseription nuo—-UnI!od States and possessions, Hnlno Centrai and Bouth Amerlcan countries,

.00 a year, $5.00 for two ysars, 'slooo for three years. Canada (Casadian funds mccepted) $5.30
a year, $3.00 for t\vo years. $11.00 for thres yoars, Great Britain and Britlhih possssaions 36 shillings
for one year, 72 .hllllnn ‘for three yoars, AH other countriss, $6.00 fer ane year, $12.00 for three
yoars. Entorsd as Second Class matter, August 29, 1936, at Post Office, Albany, Naw York. under
the Act of March 3, IB79 BRANCH OFFICES: 520 North Mlohlonn Avenue. Chlcago. III 88 Post
8treet, San Frunclaco 4; Aldwych Houss, Aldwych, London, C. 2: Washingten, D. C.. 4; Phila-
l{elnh{n. z|. cu'v;l-nd, 18} Dotrolt, 2; 8¢, Louis, 1; Boston, 16; Atllnu. 3, Ga.; 601 Weet th Strest,
08 Angoies, .

A McGRAW-HILL | PUBLICATION

WWW-americanradiohistorv-com

_.CHANGE OF ADORI

Director of Circulation:

From ...

Signed

.......... .....Cover
............ . 94
....................... 96
102
.......... > 108
.............. 110
........ 114
........... 116
................ 120
........ 122
............. 126
....... 130
............ 133
..................... 139
DEPARTMENTS
Washington Feedback ...... 91
Crasstallkiig o o i B S T b e
Refe =nce Sheet ............ 139
Tubes at Work............ . 142
Electron Art . ... . . 182
News of the Industry....... 212
New Products .. ... . 256
Book Reviews .............. 284
Index to Advertisers...... ... 302
Backtalky - S-mi ey s 304

McGRAW-HILL PUBLISHING COMPANY

330 West 42nd Street, New York, 18, N,

Y.

Please change my address on Electronics


www.americanradiohistory.com

AND A USEFUL ONE

On the job doing their duty all the time—that’s the
reputation of Tobe Capacitors, earned through
an almost complete absence of “returns!”

This record, far from making Tobe engineers
complacent, acts as a spur to even higher quality,
through constant research in materials and meth-
ods. Each Tobe Capacitor continues to be rated
with ultra-conservatism.

The Tobe Oil-Mite Capacitor, shown here, is im-
pregnated and filled with mineral oil. It is per-
forming day-in, day-out duty as a filter condenser
in war equipment. Inquiries in corfnection with
your condenser problems will receive our prompt
attention.

CHARACTERISTICS OF TOBE OIL-MITE CAPACITORS

STANDARD CAPACITY TOLERANCE. =10%

TEST VOLTAGE  Twice D.C. rating

SHUNT RESISTANCE .25 to 0.1 mfd. 20,000 megohms..25 to 0.5 mfd.
12,000 megohms.1.0 to 2.0 mfd.12,000 megohms

Note new 1, RATINGS .65 mfd. to 2.0 mfd. 600 V.D.C. .05 mfd. to
brackee thae a?lld-dm-’m 1.0 mfd. 1,000 V.D.C.
verted or yppinty 0" GROUND TEST 2,500 Volis D.C.
minals. o) e ter- POWER FACTOR Az 1,000 cycles—.002 to .005
ihace and permigg ;r°
org either underneah
on top of chassis,

A SMALL PART IN VICTORY TODAY—A BIG PART IN INDUSTRY TOMORROW
September 1943 — ELECTRONICS
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we PRESERVE our
ORIGINAL DRAWINGS

PHOTACT prints take the wear and
tear of _Freo,uent handling ——— our
originals serve only as lasting records

* * *

i

TRADE MARK

Pencil tracings become blurred and
smudged with too much hkandling—or
too many runs through the blueprint
machine. Even ink tracings can be dam-
aged from frequent use.

Photact preservesyour originals—whether
pencil or ink. By making a Photact of
your original you need no longer expose
these valuable drawings to the effects of
much handling or rough use. Your Pho-
tact becomes the “master” for every pur-
pose of reference and reproduction—and
your original may be filed away as a per-
manent record.

Photact restores old, worn-out drawings.
This method insures maximum pick-up
of lines weakened by over-handling and
gives you Photact’s clear ink-like lines.

Photact duplicatesyouroriginal drawings.
The Photact negative of original tracing

p"QEAcé ...

~ Pap :
PApgRg hedtion /
"‘“--._________ e CLO rHs /Iu

ST. LOVIS
DETROIT

—
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can be used to make any amount of
prints on either Photact paper or cloth.

The lines of each Photact have such high
opacity, even when made from pencil
tracings, that black-line or blueprints
made from a Photact “master” are always
much more legible than those made from
the original.

This high-quality reproduction with
sharp contrasts and clearly-defined lines
makes Photacts ideal for use in sub-con-
tracting, branch plants—government re-
quirements, etc.

Erasures and changes can be made easily
on a Photact.

For complete information about the
Photact process and Photact papers
and cloths, write: Photact Department,
KEUFFEL & ESSER CO., Third & Adams
Streets, Hoboken, New Jersey.

EST. 1867

KEUFFEL & ESSER CO.
NEW YORK + HOBOKEN, N. J.

SAN FRANCISCO
MONTREAL

LOS ANGELES
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Wstinghouse W)
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h idéa. From this nebulous beginning,

this “blue sky”, ideas are translated onto

‘are in this stage of your planning,
er the help that electronics and
Westinghouse “know-how” can offer
you. Today there are Westinghouse Elec-
tronic Tubes designed for every purpose.

Tubes which can see, hear, feel. Tubes

Keno',.o"
These h;

high voyt,

7 age fow
.P recipitron, X-roycurrem s
ing and radio, v

gt vacuum rectf,

lers supp’y

C for use j
: n
high VD"age test-

ELECTRONICS — September 1943

which clean the air, record brain waves,
transform and rectify huge amounts of
electrical current, weld metals, dry wood,
detect vibrations, measure and control
current flow, and perform an endless
number of jobs with speed, accuracy,

and utmost dependability.

Before carrying “‘blue sky” ideas 100 far,
investigate electronics thoroughly. Take
advantage, too, of the advanced technical
assistance that Westinghouse makes avail-
able for your use. Westinghouse Electric
& Manufacturing Co., Bloomfield, N. J.

www.americanradiohistorv.com
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THE TRIPLETT ELECTRICAL INSTRUMENT CO., BLUFFTON,

BACK UP YOUR BELIEF IN AMERICA...BUY WAR BONDS

September 1943 — ELECTRONICS
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One-bay circular FM aptenna—an exclusive G-E
development—at W4TNY, Muzak Corporation, N. Y,

To 144* broadcasters planning

FM stations right after the war

No other manufacturer offers so much
FM equipment and experience.

From helping you select the best
transmitter site to providing a full line
of FM equipment, G. E. offers you

complete service.

For instance, G. E. can supply its ex-
clusive S-T relay equipment to bridge
the gap between studio and transmitter
without wires. You locate the station
for maximum coverage, the studio for
maximum convenience.

General Electric has built more FM
broadcast transmitters than any other
manufacturer . . . more than a third of
existing stations.

GENERAL @) ELECTRIC

General Electric is the only manu-
facturer that has built both FM trans-
mitters and FM home receivers.

General Electric’s line of FM equip-
ment includes: Broadcast apparatus,
studio equipment, police radio, military
radio, complete S-T FM relay equip-
ment, monitoring equipment, high-
gain antennas, home receivers.

General Electric is the only manu-
facturer who offers a complete promo-
tional plan and local promotional effort
on the day your General Electric FM
station opens its doors. In newspapers,
over local radio, with publicity releases
and through every General Electric

160-87-6312

www.americanradiohistorv.com

dealer in your vicinity, the sale of FM
home receivers is pushed in a deter-
mined drive to help you establish your
station and FM in your area.

It’s not too soon now to start de-
tailed plans for the years following
Victory. We invite your inquiries.
Write to Electronics Department, Gen-
eral Electric, Schenectady, New York.

Tune in “"THE WORLD TODAY'' and hear the
news direct from the men who see it happen,
every evening except Sunday at 6:45 E.W.T.
over CBS. On Sunday evenings listen fo the
G-E ""Hour of Charm'' over NBC network.

*According to a recent G-E survey of broadcasters.

FM - TELEVISION - AN
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DESIGN FLEXIBILITY

A special, built around the “MTC"” basic design

ITH our many basic designs we can create
highly specialized variable condensers in a
much shorter engineering period. Whether you
are working on a rush war job or a postwar prod-

uct, Hammarlund will best serve your needs.

THE HAMMARLUND MANUFACTURING CO., INC.
% 460 West 34th Street, New York, N. Y.
S

T

8 September 1943 — ELECTRONICS
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PLAX POLYSTYRENE
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MECHANICAL

Tensile strength, lbs. per sq. in. (A.S.T.M. D 48-37)

5,500-7,000
Tensile proportional limit, lbs. per sq. in. (01%
offset) —38 F=3,700
0 F=2,800
78 F=2,500
Modulus of Elasticity in tension, lbs. per sq. in.
—38 F=554,000
0 F=536,000
78 F=469,000
Modulus of Elasticity in compression, 78 F lbs. per
sq. in. 560,000
Compressive proportional limit, lbs. per sq. in.
(019, offset) 2,600
Compressive Strength, 1bs. per sq. in. 15,200

Rockwell Hardness (14" ball. 60 kg. load) R-90-R-97

For design purposes, a maximum normal stress of
750 lbs. per sq. in. is safe, and a stress of 1,200 Ibs.
per sq. in. should pot be exceeded.

Distortion temperature (A.S.T.M. D 48-37), F (C)
176-194 (80-90)

Transition temp. F (C) 180 (82)
Softening point, F (C) 220-240 (104-116)
Ignition point, F (C) 1350 (732)

Specific heat, cal. per gr. per degree C. .32
Thermal expansion coefficient per degree C 7.2 x 10-8
Thermal conductivity — cal. per sec. per cm. per

degree C 3.2 x 104

Burning rate Low

For full details on stock
sizes of Plax Polystyrene
sheets, rods and tubes —
and for a bulletin on how
to machine Polystyrene,
write the Plax Corp., 133
Walnout St., Hartford 5,
Conn. (See page 12 for
machined parts photos.)

s

CHARACTERISTICS

in sheets, rods and tubes

ELECTRICAL

Volume resistivity, ohm. cm. 1017
Arc resistance (A.S.T.M. D 495-42) sec. 120-140
Dielectric strengtch, volts per mil

.005" thickness= 3,500

.010" thickness==2,500

.015"' thickness= 2,200

125" thickness= 500-700

Frequency Dielectric Constant Power Factor
60 2.5-2.6 .0001-.0002
103 2.5-2.6 .0001-.0002
106 2.5-2.6 .0001-.0004
1010 2.5-2.6 .0002-.0004

Corona voltage — 85,000

Electrical properties are constant from very low
temperatures up to about 75 C (167 F). At 90 C,
Power Factor 1s .0009; dielectric constant is 2.6 at

60 cycles.

CHEMICAL 23 ¥
Effect of:
*Weak and strong acids none S BTN
Weak and strong alkalis none ke
Alcohols none 5
Esters soluble o fi
Ketones swells
Aromatic and chlorinated hydrocarbons soluble AR
*Except oxidizers which discolor. e

A e

=, \;\\ww AIWPIOV gy o
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As THE SCIENCE of Electronics expands into new indus-
“Wtrial fields, so also will BAKELITE Polystyrene Plastics
demonstrate increasing usefulness. For these most versatile
of all plastics offer the electronics engineer the unusual com-
bination of properties that he demands in an insulating
material . . . properties that are obtainable in all the diversi-
fied forms in which polystyrene plastics can be produced,
including molded parts, tapes, films, filaments, sheets, tubes,
and rods — and even resin solutions for insulating coatings.

While the primary consideration in the choice of BAKELITE
Polystyrene Plastics is their exceptional electrical insulating
qualities, particularly for service at high frequencies, de-
signers should take into account other outstanding charac-
teristics that point the way to improved product styling. The
clear and colorless basic forms suggest many uses where
transparency is desired. Also, the possibilities for colors—in
either transparent, translucent, or opaque effects—are virtu-
ally unlimited. The materials have pleasant feel, and are
odorless. They can be molded with great facility, and in
available forms, can be machined readily.

Mechanical strength characteristics are exceptionally good
for a thermoplastic material, and resistance to chemical
attack, with few exceptions, places BAKELITE Polystyrene
Plastics in the front rank of all plastics.

BAKELITE Polystyrene Plastics are available now for
highly essential applications. After Victory these materials
will be available in large volume. This fact, coupled with
their low specific gravity, indicates that they will provide an
extremely low cost insulating medium despite their out-
standing properties.

Why not get acquainted now with all of the possibilities
offered by BAKELITE Polystyrene Plastics? Write for Book-
let 7M, or present your specific problems to Bakelite Plastics
Headquarters where they will receive prompt, thorough
attention, in strictest confidence.

BAKELITE CORPORATION, 30 E. 42np ST., NEW YORK 17
Unis of Union Carbide and Carbon Corporation

LCL]

The word “Bokelite” ond the Symbol ore registered trode-morks
identifying products of Bokelite Corporotion

BAKELITE

Outsmndz'ng Propertz'es
FOR ELECTRONIC USE

+
e T~

INSULATION—Dielectric strength of BAKELITE Polysty-
rene, 0.125 inches thick, at 60 cycles is 500 to 700 volts
per mil, step by step. At all frequencies, from 60 to 50,-
000,000 cycles, its dielectric constant remains at 2.50 to
2.60. Power factor, at 60 and 1,000 cycles, is 0.0001 to
0.0002, and at 1,000,000 cycles is 0.0001 to 0.0004. Vol-
ume resistivity is over 10° megohm centimeters. Arc re-
sistance is 120 to 140 seconds (A.S.T.M. D 495—42).

DIMENSIONAL STABILITY—BAKELITE Polystyrenes are un-
surpassed among the thermoplastics for dimensional sta-
bility. Even after 318 hours' immersion in water (215"
disk) dimensional change is only 0.05 per cent.

@
LBS.

f ]

AN FAN

MECHANICAL STRENGTH — Though extremely light in
weight (specific gravity 1.07), BAKELITE Polystyrene
Plastics have good mechanical strength characteristics.
Flexural strength (compression-molded) is 6,500 to 7,500
pounds per square inch; (injection-molded) 14,000 to
19,000 pounds per square inch. Tensile strength (compres-
sion-molded) is 5,500 to 6,500 pounds per square inch;
(injection-molded) 6,500 to 7,000 pounds per square inch.

CHEMICAL RESISTANCE—This is an outstanding property
of BAKELITE Polystyrenes. They resist alkalies, and non-
oxidizing acids to a degree that permits their use, in film
form, as separators for sulphuric-electrolyte storage bat-
teries. They have good resistance to hydrofluoric acid. They
are dissolved or attacked by benzene, toluene, and similar
solvents.
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Fa&rz’czztors Supply

“BAKELITE’” POLYSTYRENE IN THESE FORMS

Various plastics fabricators produce prefabricated forms
of BaclLiTz Fo ystyrene for further machining into elec-
trical szres. Tupizal forms are shown bzlow, including
sheet, tzpe, filamant, perforated film, unperforated film,
tibe zac rod ssozk. These forms of BAKELITE Polystyrene
are easily punciec, sawed, cut or machined into such elec-
toical parts as >znels, coil forms, stand-off insulators. and
kattery separators.

Hinssrasrons by courtesy of Plax Corperation

1

Electronics’ Most Versatile
Insulating Plastic

It may be Readily Molded

BY COMPRESSION OR INJECTION MOLDING

Volume peodaction of parts molded from BAKELITE Poly-
styrene by inj=ction molding permits great economies. The
molding material is heated to fluidity in a compression
chamber, forced into the closed mold cavity, chilled, and
¢jected f-om :he mold. The entire cycle is completed in a
few seconds, merely requiring the removal of the molded
pieces from the gates. Typical molded forms produced for
Izading makers of radio and electronic equipment are
shown belcw BAKELITE Polystyrene Plastics can also be
fabricated by zompression molding, though, generally. not
so readily as bv injection molding.

Molded parts by Erie Resistor Corporation, Plastic & Dise Cast
Corproration, and Plastic Products Company.

wmﬂ&mﬁm_
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PULYSTYRENE

Plax Polystyrene is also available in the famous
Polyflex Sheet and Polyflex Fiber, truly tough and
flexible extruded forms with wide insulation appli-
cations. Full details, and a bulletin on machining
Polystyrene, are available from the Plax Corp.,
133 Walnut St., Hartford 5, Conn. (See page 9 for
Polystyrene characteristics.)

OR p],As'ucs :
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', OUR BUSINESS IS
“MAKING LOUD SPEAKERS

Now being used for military communica-
, tion, detection and similar war time uses. ..
. built to those hich standards of precision,
_ durability and performarce born of habitual
£: péace time practice.

ensen

MANUFACTURING COMPANY

6601 SOUTH LARAMIE AVENUE, CHICAGO

ELECTRONICS — September 1943 13
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ELECTRONICS... A MIGHTY WEAPON

This is ELECTRONICS in operation . . . but
not until the full facts are released will you be
able to see all the technical developments.

ELECTRONIC physically, are assemblies Gy ; o
WICES ’ IEOR R RN
DEVICES of components, each one ; Al RS B ey

contributing its share toward making the in-
strument function. Among the many activities
of American Radio Hardware is the manufac-
ture of over one hundred parts used in
ELECTRONIC equipment and applications.
That our components are used in the produc-
tion of this mighty weapon is in itself a fine

tribute to our skill and our facilities. ELECTRONIC equipment is comprised of
many individual components . . . plugs,
jacks, insulators, etc.

!

"1 z d . . ..

P With electrical and mechanical tolerances as critical as they are nowadays,
T all of our components have been improved to a commanding degree. When

kN they are released for general use, they will be able to serve you better than
ever before. Your inquiries regarding the entire ARHCO line are welcomed:

e Radie Hadware Co., Frnec.
476 BROADWAY * NEW YORK 13, N. Y.

OF SHORT WAVE . RADIO . TELEVISION . SOUND EQUIPMENT

ARHEDY
W

MANUFACTURERS

14 September 1943 — ELECTRONICS
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EPEATEDLY it has been said—‘this war is
different”. Yes, different because, on land, at

sea and in the air, battles are being planned and
fought with weapons never before available to our
fighting men. Among these is the electronic tube. It
is reassuring to know that no nation is making wider
or better use of this great weapon of modern warfare
than the U. S. A. To help serve the vast requirements
of our Army and Navy National Union, for example,

Midway was ready
when the Jap attempt to
capture this strategic U. S.
outpost came June 4 to 7,
last year. Long before the
Jap flees of battleships, car-
riers, cruisers, destroyers
and transports could bring
their big guns into range—
vigilant patrol planes with
modera radio communica-
tions equipment had
sounded the alarm. Many
miles from Midway’s
shores American planes
blasted their fleet. ..drove
their survivors into a
frantic homeward retreat.

is producing electronic tubes on a scale far exceeding
its pre-war peak. Yet, dramatic as are the achieve-
ments of electronics in war, there will be even more
miraculous peace-time tasks for tubes to perform.
National Union will be prepared to aid engineers
and production men in applying the power of
electronics to their special needs. To producers
of war goods, this industrial electronics service of
National Union engineers is now available.

NATIONAL UNION RADIO CORPORATION  NEWARK, NEW JERSEY « LANSDALE, PENNSYLVANIA

Cathode Ray Tubes
Photo Electric Cells

Transmitting Tubes
VYolume Controls

ELECTRONICS — September 1943

Receiving Tubes
Exciter Lamps

Condensers
Flashlight Bulbs

Special Purpose Tubes

Panel Lamps

www.americanradiohistorv.com
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...since they
changed assemblies

* over to AMERICAN
PHILLIPS SCREWS 4§

IT amounts to rejecting rejection-tags, when you change from slorted screws to
American Phillips. For the Phillips Recessed Head automatically aligns with the
Phillips bit, forming one straight driving unit which always delivers these 3 opera-
ting advantages:

Quick Starting: No fumbling or wobbling, no dropping of screws. One hand
aims the Phillips driver, other hand holds the job.

Straight Driving: American Phillips Screw stays straight on the driver. No

out iy .
AN s\w? o crooked driving. Power drivers can be safely used.
R : 1
) WE GERE Rect Each Fastening OK: No screw-heads burred or off plumb. No gouged work
a- WY w surfaces or slashed hands. Screw sets up tighter, looks neater, holds better.

Like scores of other plants, you will find that both men and women can do
better work and more of it when using American Phillips Screws. You will further
find that American’s individual inspection lightens the work of yoxr inspectors.

AMERICAN SCREW COMPANY
PROVIDENCE, RHODE ISLAND
Chicago: 589 E. lllinois Street  Detroit: 5-267 General Motors Building

A. American Phillips Ma-
chine Screws.

B. American Phillips Wood
Screws.

American Screw Com-
pany manufactures’ a
complete line of Phil-
lips Recessed Head
Screws, in a full range
of sizes, and with all
styles of heads.

€. American Phillips Har-
D dened Self-Tapping Sheet
Metal Screws. )

D. American Phillips Stove
Bolts.

16 September 1943 — ELECTRONICS
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- MAGNETIC
CIRCUIT BREAKERS

Plaacer in normal Plunger after over-
position at bottom of load with axrmature
cy inder. attracted to pole piece.

TIME DELAY ON OVERLOADS .. ..

The magnet coil surrounds a hermetically sealed and liquid filled cyl-
inder which contains an iron plunger. This plunger, while normally nct
in the magnetic field, moves into the field on overloads with the liquid
controlling the speed at which the plunger moves. The magaetic flug
increases as the plunger rises, attaaining its maximum when the
plunger reaches the top of the cylinder. At this point the trip armature
is attracted to the pole piece and operates the latch mechanism which
opens the contacts. Various time delays can be obtained by the use of
liquids of different viscosities.

opening contacts.

INSTANTANEQUS ACTION
ON SHORT CIRCUITS . . ..

Short circuit currents energize the pole piece with sufficient speed to
attract the ammature before the plunger moves.

BLOWOUT ACTIOM AT CONTACTS .. ..

Magnetic blawout contacts mounted in individual arcing chambers
add speed to the arc interrupdon. As the value of the current to be
interrupted increases the quenching effect becomes greater due to
the intensified magnetic blowout field.

Send for Catalog 40 Showing complete line

HEINEMANN CIRCUIT BREAKER CO.

Subsidiary of Heinemann Electric Co., Est. 1888

97 PLUM STREET

TRENTON., N. J.
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‘ou’d squint too if vou tried to worry a hair-like wire through
an almest microscopic hole and direct it down through a ladder
of cross wires and bring it through the corresponding hole at
the bottom. But that was common practice in the entire tbe
industry in making this tube for “walkie-talkies.” The nerve
strain was terrific. Girls cracked up under it. Labor turnover
on this bottle-neck operation actually jeopardized the produc-
tion of this vital tube. TUNG-SOL factory
men solved the problem with the “lilly-jig”
which directs the tiny filament into the top
hole from where it is vibrated into place.
Production immediatcly stepped up. Rejects
went down. Critical materials were saved.
Now every filament is positioned automati-
cally. The result of this tired girl's squint
is . . . . better TUNG-SOL Radio Tubes.

'I'UNG SOI.

RADIO TUBES

TUNG-SOL LAMP WORKS INC., NEWARK, N. J., Sales Offices: ATLANTA, CHICAGO, DALLAS, DENVER, DETROIT, LOS ANGELES, NEW YORK
ALSO MANUFACTURERS OF MINIATURE INCANDESCENT LAMPS, ALL-GLASS SEALED BEAM HEADLIGHT LAMPS AND CURRENT INTERMITTERS
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THE acid test of transmitting
equipment quality is active service under ad-

verse conditions . . . for long periods.

Temco equipment consistently has been delivering ac-
tive service—on land, on sea and in the air—for suffi-

ciently long periods to have tested its metile conclusively.

Its faithful functioning can be attributed to three quali-
ties which are built into Temco units with the insistence of
a perfectionist. These qualities are: Advanced engi-
neering, finest of component parts and painstaking
workmanship by craftsmen who are unsurpassed in

Mco”

their specialties.

TRANSMITTER EQUIPMENT MFG. CO., INC.
345 Hudson Street New York, N. Y.

Maodel # 250 GSC Radia tele-

phone and telegraph transmitter

conservatively roted at 200 watts
output from 2 to 16 M. C. with
4 position crystal ond electron-

coupled master oscillotor control.

ELECTRONICS — September 1943 17
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' A Greal Familu 1

AGREATLY magnified picture of a few

Stewart parts — vitally important although

. small in size, as proctically all assemblies would

| be useless without them. A "Great" Family in
]

every sense. Great in coverage — meets almost

1 every Terminal requirement in the electrical
":g'j:. field. Great because every part is made to
E highest precision standards — accurately dimen-
4 3 sioned and to full standard gauge. Great by
o reason of the quality of the metals used, assur-

ing maximum strength, durabiiity and long life.
Odd shaped pieces stamped and formed
from wire or strip on high speed machines.
Hundreds of items in stock.

Complete Hot Tinning and Plating facilities
for handling large orders.

Send for samples and quotations.
Let us have your prints and specifications.

Quick Response to Inquiries
STEWART STAMPING COMPANY
621 East 216th Street, 67, New York

BUY MORE
WAR BONDS!

18 September 1943 — ELECTRONICS
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HAVE YOU ANY OF THESE

E are in an excellent position
to provide you with hermeti-
cally-sealed capacitors for wartime ap-
plications. Our extensive engineering,

research, and manufacturing facilities
are at your service.

In some cases there will be no need
to look further than our standard line
of Pyranol* capacitors for built-in
applications.

The line includes more than 350
ratings in space-saving shapes and

o
. "‘\

47

sizes. Many of the ratings are avail-
able in three shapes—oval, cylindrical,
rectangular—to make your design
problems easier. And they can be
mounted in any position.

BE SURE TO GET your copies of our
time-saving catalogs on d-c (GEA-2621A)
and a-c (GEA-2027B) types. Ask your G-E
representative for them by number, or
write to General Electric, Schenectady,
New York.

*Pyrana/ is the G-E trade mark for capacitors and for askarel. the synthetic, noninflammable liquid used in

treating G-E capacitors.

BUY WAR

GENERAL &)

BONDS

your specifications,

we’re likely to have the answer

PYRANOL
CAPACITORS

ELECTRIC

407-60-5700

ELECTRONICS — September 1943
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THERE IS ONLY

. .. but, to say that there is only one MYCALEX
is not sufficient without the backing of fact.
Whatever claims are made have been proved
in actual “firing line” application throughout
the far corners of the globe. Through intense
heat and cold . . . in days before the war, and
in these critical times, MYCALEX has emerged
predominant in its field and, as leading endgi-
neers in industry, radio and television have
told us, “is the most nearly perfect electrical
insulator known today.”

These engineers specity MYCALEX because
they prefer MYCALEX. Extiremely versatile
in its application, it may be cut, drilled.
tapped, machined, milled, ground.
polished and moulded. It meets re-

AYOLEX

o -

e o

U.S. NAVY OFFICIAL

ONE MYCALEX

quirements for close tolerances. Moreover,
MYCALEX is leadless. This, combined with
low loss at all frequencies, gives it advan-
tages over any other types of glass bound mica
insulation.

MYCALEX is not the name of a class of ma-
terials, but the registered trade-name for low-
loss insulation manufactured in the Western
Hemisphere only by the Mycalex Corpora-
tion of America. Be sure to specify MYCALEX
if you are looking for low power factor, low
loss, negligible moisture absorption and high
dielectric strength. Sheets and rods
immediately available for fabrication
by us or in your own plant.

Trade Mark Reg. U, S. Pat. Off.

MycALEX CORPORATION OF

Exclusive Licensee under all patents of MYCALEX (PARENT) CO. Ltd.

CLIFTON, NEW JERSEY

60 CLIFTON BOULEVARD
ELECTRONICS — September 1943
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apriEn BANK ON

In the excitement of electronic discoveries and predictions, one great and im-
portant factor—the human element—stands forlorn. Machines and uses are, after
all, only the offspring of man's experience and ingenuity. The more capable the
man, the more dependable his product.

This is the human element upon which the Electronic Corporation of America
pPlaces a high evaluation. And this, we suggest, is the element you should seek
when planning your future program. Find out more about your man and his back-
ground. Is he an old-timer or a "war baby”? Does he have the ability and facilities
to produce? How high are his standards? These are questions we’'ll gladly answer.
We're 100% in war work now . .. but, occasionally production schedules enable us
to accept additional contracts . . . communicate with us.

A CALL FOR GREATER EFFORT...The WPB reports that war production has
fallen off considerably. This is a challenge to industry and labor, and it’s up to us to find
the reason, whether it be optimism, internal strife, working conditions, discrimination, etc.
The roar of battle is thousands of miles away, but, if you listen closely, you can hear the
screams of a dying soldier. Can it be because we failed him?

ELECTRONIC CORP. OF AMERICA <

45 WEST I8th STREET « NEW YORK I, N.Y. « WATKINS 9-1870

24 September 1943 — ELECTRONICS
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RANSTAT Voltage Regulators
have unusual features for
radio, industrial or laboratory
apparatus requiring a special
voltage—a continuously adjust-
able voltage—or a constant volt-
age from a fluctuating power
source. With high electrical effi-
ciency (93-979,), they provide a
velvety smooth, practically step-
less control through their range
of rating in increments of no
more than 0.75 volts. In addi-
tion, they maintain power factor,
cannot distort wave form or

et N e N

interfere with radio reception.

Standard Type TH Transtat
Voltage Regnlators operate on
115, 250 anl 460 volt single
phase cr polvphase circuits and
handle 20 KVA and smaller
loads. They maintain voltages
within a narrow range in chang-
ing fram no load to full load.

The American Transformer
Company zlso manufactures
motorized and fully automatic
voltage regulators. Full infor-
mation upor request.

AMERICAN TRANSFORMER COMPANY, 178 Emmst St., Nawark, N.J.

MANUFACTURING SIN%E 1901 ATFREWARK, 'N: J.

wwWWwWeamericanradiohistorv.com
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THIS IS GOAT
ELECTRONIC TUBE

s e ~_ PART...

em——
'% 1t
=

TYPE G

81
G1224 is just one of the thousands of parts made by GOAT since the days
of radio infancy. GOAT is continually called upon to handle tough jobs
requiring skill, precision and efficiency. Because of experience gained
throughout the years, GOAT has been able to meet the demands of this in-
dustry for greater quality, durability and quantity production. -Today, GOAT
serves almost every electronic tube manufacturer with a tremendous variety of
stock and special parts made of any metal to any required degree of accuracy.

STAMPING GROUNDS
For Small Tough Jobs

TYPICAL PARTS

Shown here are just a few GOAT
electronic tube parts and shields
that have been stamped, drawn
and formed on GOAT machines,
dies and presses.

METAL STAMPINGS, INC.

A DIVISION OF THE FRED GOAT CO.INC. EST. 1893
314 DEAN STREET '~ BROOKLYN, N. Y.

i

26 September 1943 — ELECTRONICS
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SHBOTACLS” COMMUMEATIONS |

o & o

Like so many demons, the crashes and crackles ¢f unwanted radio
noise can play havoc with communications. Thev blot out words—
vital words broadcast from plane to plane, from ship to ship, frcm
command car to jeep or tank. They endanger tke lives of fightiag
men—they sabotage communications—«nless the proper suppres-
sion filter system is installed.

Solar Elim-O-Stats suppress interference rig3t where it stacts.
They absorb interference from generators, motors, contacts and
other sources. Thousands of these compact filters protect the lives
of our land, sea and air fighters. They prevent the blotting >ut
of vital communications in radio-directed com>at.

Pioneers in capacitor manufacture and electranic research, Selar
engineers probe the rapidly-expanding future of radio develop-
ment. In post-victory cars, ships and planes. Solar war-praven
Capacitors and Elim-O-Stats will safeguard civ.lian commumica-
tions, just as they are safeguarding military operations today.
Solar Manufacturing Corporation, Bayonne, New Jersey.

(%4
&xm

MAKERS OF

RADIO

) —ELIM-O-STAT —

NOISE SUPPRESSION

S \

FILTERS AND CAPACITORS
@ 17
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i

Wh’e;}i that day arrives...

Let's get together!

N
It you believe in the future of America as we  As a matter of fact, perhaps we can get to-
do, then we’re asking for an appointment im-  gether now, but if it happens we can’t, remem-
mediately after the victory has been won ... ber we have a date in and for the future. When
when a bright new era awaits us all. we both can keep it, you can again take advan-

Perhaps we can talk about a coil problem  '38€¢ of Anaconda service and the benefits

how thoroughly we're organized to help derived from the single product control “from

you on such a problem only military censor- ke ns e o backgd by years of contin-

: . : : uous metallurgical experience. =
ship forbids telling now. Or it may be that

you manufacture your own coils and will be in- ANACONDA WIRE & CABLE COMPANY

. . . . General Offices: 25 Broadway,New York 4 AN DA
terested in discussing magnet wire—any shape Chicago Office: 20 N.Wacker Drive 6
. B 5 . Subsidiary of Anaconda Copper Mining Co.
—any insulation that your operations require, Sales Offices in Principal Cities b= - =

This familiar trade-mark

- = ,fﬂ : ; v o s symbolizes the best ef-
GPE / /hagnilwire and code_ o gt e
ANACONDA WIRE & CABLE COMPANY
28 September 1943 — ELECTRONICS
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TTCYTISLT] THE NEW, VERSATILE

CML 1400

A-GC POWER SOURCE

ELECTRONIC GENERATOR

FREQUENCY RANGE — 300 to 3500 cycles
POWER OUTPUT — 1400 watts- REGULATION 1%

EVELOPED to fill the need for a
versatile source of power, CMIL
1400 offers unusual advantages to
engineers requiring test power at
various loads through a wide fre-
quency range.

CML 1400 is proving especially
valuable where Government specifica-
tions call for complete system tests on
the production line, through a wide
range of power frequencies. In addi-
tion to factory and laboratory applica-
tions, maintenance and field service
men are enthusiastic about the applica-
tions of CML 1400 to their work.
Radio installations in aircraft can
now be tested in the plane, or serviced
in the repair shop without resorting
to aircraft power supply ordinarily
employed. Also tests transformers
and condensers. Extremely simple in
operation; completely foolproof con-
trols.

DESCRIPTIVE BULLETINS
SENT ON REQUEST

' v
ez gl W
i "

COMMUNICATION

MEASUREMENTS

LABORATORY

Manufacturers of “ROTOBRIDGE "
High Speed Cable and Circuit Tester

118 GREENWICH STREET

ELECTRONICS — September 1943
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SN T R A
A\ N A

HONORABLE
PAPER WANGER=—
WHAT DO WE

Let’s Bury the Tramps—with Bonds and Stamps!

Copyright 1943——Philco Corporation

BEGINNING September
9th, the battle cry of Amer-
ica’s home front is, “"Back the
Attack—uwith War Bonds.” The
Third War Loan is on. The
goal is fifteen billion dollars.
To reach it, Uncle Sam is ask-

‘ In cooperation with the U. S. Treas-
ury Department, the Philco cartoon
campaign appearing in the national
magazines during September will
be devoted to the Third War Loan.

is the hour to press the attack’
! QOur soldiers and sailors are
doing it, under the magnificent
guidance of their heroic lead-
ers. Industrial America is do-
ing it. The men and women of
| Philco, today, are producing

ing every American, as an indi-
vidual, to join the offensive and buy an extre War Bond
during September.

America is on the move, thanks to the courage and
valor of our men on the battle front, the toil and sacri-
fice of the home front, the might and ingenuity of
the industrial front. This is no time to relax . . . it

radio, communications and
electronic equipment, ordnance and storage batteries
at an all-time peak. Now we of the home front must
do it ... each one of us ... during September!

Buy an extr« War Bond to back the attack of our
boys at the front. It’s a personal investment in victory
today . . . and the fruits of victory tomorrow.

PHILCO CORPORATION

“BACK THE ATTACK
WITH WAR BONDS~

During the Third War Loan in
September Buy an EXTRA
War Bond . . . for Victory.

30

LISTEN TO
““OUR SECRET WEAPON‘’

Hear Rex Stout expose
Axis lies and propa-
ganda. Every Friday |
evening, CBS stations. \

PHILCO—the Quality Name in
Millions of American Homes.

September 1943 — ELECTRONICS
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These are products made by our com-
pany for war-time aircraft. Because
they are typical of American enterprise
and engineering they are well-made,
precise, and highly useful to the Armed

BOMS RELEASE

CLECTRICAL INDICATING
SWITCHES COMPASS . INCTRUMENTS

ASTRO COMPASS ‘ SWINGING SIGHT

BN B M Let's take that for granted. Why shouldn’t we be
able to produce fine weapons in a nation that’s filled with good materials, splendid
machinery, skilled hands, and fine minds?

The question is—have each of us the spirit that goes a long step beyond mere man-
ufacture—the spirit to build weapons and then pay for them with our purchases of
war bonds?

That’s the measure of our patriotism.

To build for Victory is our duty as manufacturers.

To save for Victory is our responsibility as citizens.

MANUFACTURERS OF ELECTRICAL AND NAVIGATIONAL INSTRUMENTS FOR AIRCRAFT

ELECTRONICS — September 1943 31

wWwWwW.americanradiohistorv.com


www.americanradiohistory.com

THE INSPECTION OF QUARTZ...

DIAGRAMMED BY CRYSTAL PRODUCTS

pex

Major

‘Apex Face

Minor
Apex Face

AN
‘A P o Minor Face

Major Face

Crystallographic
Ares

=3 Y
— X /
Striations

or
/ Growth Lines

/ s

Quanz with the better piezo-electric properties
are imported. The mineral is usually classified according
to size with pieces ranging from 100 to 300 grams.

A shipment of quartz nearly always represents a cross
section of the quartz supply . . . some crystals will have
good faces and apexes, others only few faces and no
apexesy and still others no faces or apexes at all. It is
therefore necéssary that they be expertly sorted, usually
into three groups, each one to be treated in a different
method before cutting.

Next, in order, comes the study of impurities in the

different kinds af crystals. The impurities can be seen
with the naked eye, by having a beam of light pass
through the crystal. This shows up such impurities as
fractures or cracks, foreign particles included within the
crystal, bubbles, meedles, veils, color and ghosts or phan-
toms. The latter are cases where ‘the crystal contains
internal colored bands or planes parallel to the faces of
the crystal. These really represent stages of growth of the
crystal and it appears to the eye as if orie crystal has

grown within another. Crystals with excessive amounts

of impurities are, of course, rejected.
.

PRODUCTS COMPANY
1519 MCCEE STREET, KANSAS CITY, MO.

Producers of Approved Precision Crystals for Radio Frequency Control

September 1943 — ELECTRONICS
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The Army had
a transmitter but no
receiver

v Have you ever heard the szory of

short-wave radio?
It begins back in 1925 when
Colonel Loughry, stationed at the Presidio in
San Francisco, asked Ralph M. Heintz 10 sub-

\\/ W the Army’s first experiment with

mit a quotation on a short-wave transmitter.
The cost was estimated at $600, and in spitc
of the Colonel’s eloquence, his senior officers
were not persuaded that short-wave was prom-
ising enough to merit that amount of money.

But Colonel Loughry was not so easily de-
feated. There was a $375 reserve in the Fresidio
mess fund. The Colonel decided that the mili-
tary value of short-wave was worth risking the
unauthorized transfer of this idle money. Then

he and Ralph Heintz combed the Presicio junk’

pile, salvaging generators and other material
from condemned trucks.

Came the day when the transmitter was ready
to go on the air, and only then was it realized
that the Army lacked a receiver capable of
bringing in its new transmitter! So oficers in
Washington arranged to go to the home of a

ELECTRONICS — September 1943

=g

local amatcur to receive the Army’s first short-
wave message.
* * * * *

The Signal Corps and Heintz and Kaufman,
Led. have both come a long way since this in-
cident in 1925. The pioneer work of Heintz
and Kaufman with high frequency transmis-
sion showed the need for specially designed
tubes, and Gammatrons were developed to fill
this need.

Through continuous rescarch and improve-
ment, Gammatrons have maintained their
position of leadership in their field . . . their
reputation for high efficiency at very high fre-
quencies, for ease of neutralization, for long
life, and for mechanical and electrical stability.

HEINTZ ano KAUFMAN, vrp.

SOUTH SAN FRANCISCO, CALIFORNIA, U. S. A.

WW7%&¢

HK-24 —The long, capped tantalum
plate confines the entire electron stream
for useful output, and the grid is closely
spaced to the filament for short electron
time-flight. The result is high efficiency at
very high frequencies.(Plate dissipation 25
watts, maximum power output 90 watts.)

WWW.americanradiohistorv.com

33


www.americanradiohistory.com

Not Good Enough for Transformers“at War”

o
Satisfaction or your money back,” “defective
parts replaced free,” etc., are ample protection
for users of civilian goods but with_lives and ~
battles depending on Comlllunicati(§§§%uiﬁ-~
ment, these peacetime guarantees fail w0 satisfy.
There’s no time in a dog-fight to j_i%gp]ace a
defective transformer, and in battle th; only de-
pendable warranty is the assuranc.ei‘._'%_that the
equipment will »ot fail . . . even und.ﬁg.t»l;’é most
g

abnormal conditions and usage. g
(1

Building transformers for aerial comrﬁﬁi_ic__ation

™

MAKERS OF THE FINEST

34

is one of Rola’s war jobs. Into this task goes the
kngwledge and skill accumulated through year:
_ofdmanpfacturing leadership. And out of it, cer-
taiply; will come new knowledge and new skill

L e

for thie tasks of Tomorrow.

THE ROLA COMPANY, INC,, 2530 Superior
Avenue, Cleveland, Ohio.

- - |

In adéilian to transformers of varying types, Rola manujac-
tures '_}J'eat/xetx and coils of all kinds for aerial communica-
tions, (} your problem invelves Electronics . . . and is important
to the war effort . . . why not discuss it with a Rola engineer.

IN SOUND REPRODUCING AND ELECTRONIC EQUIPMENT

September 1943 — ELECTRONICS
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IT MUST BE RIGHT!

MACHINE

21 Concerns Offer the Phillips Head

AMERICAN SCREW CO.

THE BRISTOL CO.

CENTRAL SCREW CO. ‘
CHANDLER PRODUCTS CORP.
CONTINENTAL SCREW CO. .
THE CORBIN SCREW CORP.

THE H. M. HARPER CO.
INTERNATIONAL SCREW CO. .
THE LAMSON & SESSIONS CO. .

THE NATIONAL SCREW & MFG. CO. .

NEW ENGLAND SCREW CO.
THE CHARLES PARKER CO.
PARKER-KALON CORP.
PAWTUCKET SCREW CO.
PHEOLL MANUFACTURING CO.
READING SCREW CO.

RUSSELL BURDSALL & WARD BOLT & NUT CQ

SCOVILL MANUFACTURING CO.
SHAKEPROOF INC.

THE SOUTHINGTON HARDWARE MFG CO

WHITNEY SCREW CORP.

Out of the many screw heads designed
through the years to eliminate screw driv-
ing troubles, only ONE has gained wide
approval by the men who should know
most about screws. .. the men who develop
and produce fastening devices.

It is highly significant that the leaders

PHILLIPS~:

. Providence, R. I.
Waterbury, Conn.
Chicago, HI.

. Cleveland, Ohio

. New Bedford, Mass.
. New Britain, Conn.
Chicago, Il

. Detroit, Mich.

. Cleveland, Ohio

. Cleveland, Ohio

. Keene, N. H.
Meriden, Conn.

. New York, N. Y.

. Pawtucket, R. I.
Chicago, HI.
Norristown, Pa.

. Port Chester, N. Y.
. Waterville, Conn.
Chicago, Il

. Southington, Conn.

. Nashua, N. H,

in the screw industry . .. 21 concerns . ..
recommend the PHILLIPS RECESSED HEAD
as the first recessed head that is right in
every respect! It assures you that screw driv-
ing troubles will be ended when you spec-
ify PHILLIPS. Also, it means convenience
in buying, and prompt and capable service.

et SCREWS

SELF-TAPPING. STOVE

o
i .

KEY TO FASTENING SPEED
AND ECONOMY

The Phillips Recessed Head
was scientifically engineered to
afford:

Fast Starting — Driver point au:
tomatically centers in the recess
.. fits snugly. Screw and deiver
“become one unit.” Fumbling,
wobbly starts are eliminated.
Faster Driving -~ Spiral and pow-
er driving are made practical. .
Driver won’t siip -out of recess
to injure workers or spoil ma-
terial, (Average time saving is
50%.)
Easier Driving — Turning power
is fully utilized by automatic
centering of driver in screw
head. Workers maintain speed
without tiring.
Betier Fastenings Screws are
set-up uniformly tight, without
burring or breaking heads. A
stronger, neater job resulss.

WOOD SCREWS * MACHINE SCREWS ' SE_LF-TAPP.ING SCREWS * STOVE BOLTS
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IDEAL

CAPACITORS

ERIE BUTTON
SILVER MICAS

P i # 3

%

FOR V.HF. and UHF. applications
where short ribbon-type leads, low series
inductance, and compactness are requisite
factors, Type 370 Button Mica Condensers
are ideal components.

These small condensers consist essen-
tially of a stack of silvered mica sheets en-
cased inasilver plated housing. Thehousing
forms one terminal, the other terminal being
connected at the center of the stack, thus
providing the shortest possible electrical
path to and from the capacitor.

A wide selection of terminal and mount-
ing designs is available to provide both

CHARACTERISTICS

CAPACITY RANGE:
15 to 500 MMF at 1 mec.

POWER FACTORS :
.089%; max. for capacity tolerance +~ 5% or
closer (lor resonant circuit applications).
.12% max. for capacity tolerance over + 5%
(for by-pass and blocking use)

MAX. WORKING VOLTAGE:
350 Volts A.C., 500 Volts D.C.
Flash Test (2 seconds) 1,000 Volts D.C.
Leakage Resistance, Over 10,000 megohms.

feed-through and by-pass connections. Ca-
pacity ranges and electrical characteristics
are given above.

The efficiency and quality of Erie Button
Silver Micas have been thoroughly proven
in large scale production quantities since
1941. Complete technical information will
be sent to interested engineers on request.

INVEST TODAY IN BONDS FOR VICTORY

T
ERIE RESISTOR CORP., ERIE, PA. LONDON, ENGLAND - TORONTO, CANADA.

36 September 1943 — ELECTRONICS
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ONE OF A SERIES OF ADVERTISEMENTS SHOWING DeJUR PRECISION_PRODUCTS IN ACTICN ON THE HOME FRONT

]
R
l‘o 7y
|.|'|

f
il

«--ur)

@ME LIS,

Around the clock, from Monday to Monday, America’s “moni-
tors of the air” sit at their posts—and listen. Serving in a thou-
sand different ways, they check foreign news and propaganda,
send and receive weather reports, keep airt channels clear, ferret
out renegade radio stations. Of prime importance in the appa-
ratus used by monitors are meters and rheostats which assure
absolute control and give accurate indications of volume,
power, modulation and recording. In many instances the com-
ponents chosen for dependability are products of DeJur lab-
oratories. Built of the finest materials to exacting precision
standards, DeJur instruments are backed by a tradition of

twenty-five years of outstanding electrical accomplishment.

BACK THE ATTACK ... SUPPORT THE THIRD WAR LOAN DRIVE

Dejursfuse

SHELTON, CONMMNMECTICUT

\ Awarded for Excellence in Pro-
\\ duction and Quality of Material
\

NEW YORK PLANT: 99 Hudson Screet, New York Cicy © CANADIAN SALES 0FF|CE 560 King Strect West, Toronto

ELECTRONICS — September 1943 37
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LITTLE GIANTS OF DERENDABILITY

JAMES | B
KNIGHTS

Crysials Fof Victory!

.s—Th'e men of the James Knights Company .«
ic ﬁ_a\?’e. gtmre,gred in the manufacturenof

Crystals since 1932. Increased production Aay Type,
during the present ermergency period Cot or
turait Iread isti -
:lc:ircn??o:uf::;iﬁyesaiv:ree <ane3xusp.nga?'r::s Frequency
Knights will be making Crystals too when
this war is over—supplying them to those PRECISION CUTTERS OF QUARTZ
who demand the utmost in dependability R
and efficiency. FOR COMMUNICATIONS AND OPTICAL USES
The JAMES KNIGHTS Company
SANDWICH, ILLINOIS PHONE 65
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Another example of G-E research

FOR nearly 20 years, radio and industrial-control engi-
neers have been solving stubborn insulation problems
with General Electric Mycalex . . . a high-density,
stone-like substance ideally suited and extensively used
for high-frequency-current insulation.

Because of its excellent dielectric strength, superior
refractory qualities, exceptional dimensional stability,
and great mechanical strength, G-E Mycalex can handle
the toughest insulating jobs.

ESPECIALLY NOTABLE ARE THE FOLLOWING
INSULATION CHARACTERISTICS:

ELECTRICAL

Power factor (1000 k¢) . . . . . . . 0.002
Dielectric constant (1000 ke) . 7.5
Dielectric strength (volts per
mil for 0.2 in. thickness) . . . . . 360
MECHANICAL
Transverse strength . . . . Modulus of rupture.

" 14.000-19,000 1b/sq/in.
PHYSICAL
Water absorption s o mip @ .003%
For complete details about mycalex, send for booklet,
“G-E Compression-Molded Mycalex.”

G-E Mpycalex rods and plates may be subjected to all
machining operations of drilling, filing, sawing, and grind-
ing—making G-E Mycalex ideally flexible for exacting pro-
duction specifications...Write for sample. Address: Elec-
tronics Dept., General Electric, Schenectady, N. Y.

o Tune in General Eleciric's “The World Today® and hear the

news from the men who see it happen, every evening except
Sunday at 6 :45 E.W.T. over CBS network. On Sunduy listen to

GENERAL @) ELECTRIC

177-M-81-9915
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This volume is factual and concise . . . not selling. Its content sub-
stantially embodies specifications and technical data pertaining to
Electronic Enterprises power and transmitier tubes—mercory vapor
rectifier, power amplifier, modulator, half-wave merncury-vapor
rectifier, half-wave high-vacume rectifier, transmiiter triode, high
i vacume filament-type diode, etc. Maximum ratings, operating cur-
l- rents and voltages, and typical circuit conditions are given in detail.
i

" Electronic engineers, designers and manufacturers are invited 1o
] add this important compilation to their files. The part ta be under-
’ taken'by E-E electrenic tubes in the coming industrial cycle is
) 5 ' reflected in present vital military installations for every type appli-
: cation. Write for your E-E data book now; no obligation of course.

ELECTRONIC ENTERPRISES, INC.

SLEeTRInIE
e P\

GENERAL OFFICES: 63-67 -SEVENTH AVE, NEWARK, N. ).
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ELLCTRONICS — September 1943

THE FORMICA

When a parachutist takes his final exam both
his diploma and his life depend on the fitness
of his rip cord.

Lives also frequently depend upon the fit-
ness of inconspicuous radio and electrical
parts of Formica laminated plastic used in
war equipment — such parts as insulating
spools, insulating spacers, breaker arms,
radio tube socket bases, terminal strips,
rheostat cores and other insulating parts.

Formica combines lightness with strength,
dimensional stability, and resistance to
change through chemical action. It has a
low power factor, low dielectric loss. There
is a wide variety of grades each of which
emphasizes some one of the many valuable
properties of material for special purposes.

4661 SPRING GROVE AVENUE ° CINCINNATI!, OHIO

www.americanradiohistorv.com
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Constant Voltage guides the Tools of War

Transformers for: Constant Voltage » Cold Cathode Lighting * Mercury Lamps « Series Lighting + Fluorescent Lighting X-Ray Equipment * Luminous Tube Signs
Qil Burner Ignition « Radio * Power « Controls « Signal Systems « Door Bells and Chimes + etc. SOLA ELECTRIC CO., 2525 Clybourn Ave., Chicago, il

September 1943 — ELECTRONICS
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NEVER before in the history of warfare has
precision production been so important as it is
todav. From the trigger group of an M-l rifle to
the fire control of a 16-inch battery, split-hair
tolerances are demanded in millions of intricate
munitions parts. Producing to uncompromising
standards requires the finest type of machine
tools ever designed—operated at a constant level

of electric power.

But constant voltage is almost non-existent on
today’s overcrowded power lines. Wartime con-
sumers are busier. Huge volumes of electrical
energy are being intermittently used and released.
Heavy sags and destructive surges inevitably
occur. For that reason, manufacturers in every

Constan Y

]

J

field are stabilizing power themselves with SoLa
CONSTANT VOLTAGE TRANSFORMERS.

« Sola *“CVs” equalize voltage sags and surges,
absorb variations as greal as 309, feed a con-
trolled flow of power to machines. And they
protect the very life of sensitive instruments and
electronic tubes.

Engineered for long, trouble-ree service, Sola
“CVs” are instantaneous in action, without
moving parts, self-protecting against short cir-
cuit. They have a place on your production lines
—the life lines of American victory.

Note to Industrial Executives: Sola “CV™ trans-
formers are available in standard 10VA to 15KV A units.
Special units to specification. Ask for bultetin DLV 71

4

raqgformers

Tir
*
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B

WWW-americanradiohistorv.com


www.americanradiohistory.com

Mlnlatute
Octal
Diheptal |
' ‘Bayonef Tube
Lockin
Glass Tube
 Acorm
C’rystal Holder
Battery e
Cathode Ba y Tube

o

HH

"~ Consult FRANKLIN on your ‘next Socket
problem—be it mounting, contact size or /
the utility of your socket applloahon,;

FRANKLIN SOCKETS are made of ~e|'h.er
LAMINATED or MOUI.DED LOW I.OSS or 7
CERAMIC construction. :

A W.FRANKLIN MA;;,;Acf 7

175 VARICK smeer NEW YORK
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For complete, balanced,
fully guaranteed instrumentation...

» DuMont cathode-ray specialists
have compiled and published a man-
ual and catalog just off the press.
This book is replete with valuable data
on cathode-ray principles and practice,
as well as descriptions and listings of
DuMont tubes and equipment, Write
on your business stationery for your
registered copy. And do not hesitate
to submit your cathode-ray problems
for engineering collaboration.

slNI™

“ ALLEN B. DUMOMNT LABORATORIES,

44

. Yes, DuMont makes both — cathode-ray tubes and instruments.
Pioneer of the commercialized cathode-ray art, DuMont has always
insisted that such equipment be developed, designed and built as a
thoroughly coordinated whole, since basically the equipment is but an
extension of the cathode-ray tube itself.

’ That is why DuMont tube specialists and instrument makers work
side by side. Latest tube developments are immediately available to
DuMont instrument makers. Contrariwise, as DuMont instrument mak-
ers evolve new circuits or functions, they can count on corresponding
tube characteristics. Meanwhile four DuMont plants franslate that ideal
coordination into up-to-the-minute tubes and instruments.

’ Always remember, DuMont makes both—tubes and equipment—
for that complete, balanced, fully guaranteed instrumentation.

m%ﬂmé Aovanon

o [t

th I'ASSAII:. MEW JERSEY - CABLEF ADDRESS: WESPEXLIN, NEW YORK

qg-_ 4 d.!

&=
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SUPERIOR

FINE SMALL

TUBING

(Maximum OD ~5/8")

White Today for Your Copy of

SUPERIQR BULLETIN 438
®

Whether your use of small
tubing extends back over
the years, or has been
stepped up by the war,
we_ believe this booklet
has ready  information

that will save you time.

WRITE TODAY FOR
BULLETIN. 48 ON YOUR
COMPANY LETTERHEAD.

BRAWN Welded and drawn “Monel” and *‘Inconel”. SEAMLESS and Patented LOCKSEAM Cathode Sleeves.
ELECTRONICS — September 1943 45
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ard to find

Specific parts for a specific application . . . those are the things that are hardest to
find, these days. At Ucinite we specialize in the carrying out of such orders.
Take banana pin assemblies like the ones illustrated above, for instance. We can
design them from the start for your particular needs. We make the pins, die-stamp

the mounts, assemble them, inspect them and get them out on time.,

Small jobs don’t bother us. But we have the engineering staff and the production
apacity to handle the big jobs, too.

The UCINITE CO.

Specialists in RADIO & ELECTRONICS
Newtonville, Mass.

LAMINATED BAKELITE ASSEMBLIES
CERAMIC SOCKETS
Division of United-Carr Fastener Corp.

BANANA PINS &
JACKS . PLUGS - CONNECTORS . ETC.

September 1943 — ELECTRONICS
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GUTHMAN & ;

15 SOUTH THROOP STREET-CHICAGO
PRECISION MANUFACTURERS AND ENGINEERS OF RADIO AND ELECTRICAL EQUIPMENT

ELECTRONICS — September 1943 47
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A NEW TECHNIQUE
SPEEDING VICTORY

LITERALLY a onc¢ man army, the paratrooper
strikes fast and hard—almost anywhere. He
represents a new and deadly technique of
modern warfare, one that America is utiliz-
ing to the fullest.

Industry, too, hastlearned new techniques.
New short cuts, new refinements in design,
new ways to build faster and better the tools
and weapons our fighting men need.

Simpson electrical instruments and testing
equipment, for example, offer a basically
superior type of movement which required a
slow and costly method of construction only
a few years ago. Today, in the Simpson plant,
this greater accuracy and stamina is a matter
of mass production.

Tomorrow the many things industry has
learned under the impetus of war will build
a brighter, happier world. The harder we
work on the job at hand, the sooner that
tomorrow will come.

SIMPSON ELECTRIC COMPANY
5200-5218 Kinzie Street, Chicago 44, Illinois

77/ e

i,

INSTRUMENTS THAT STAY ACCURATE
Stamps for Victory

Buy War Bonds and
48
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SHE ISN’T VERY GLAMOROUS RIGHT NOW
—she’s much too busy winning the
war to take time out for fluff. But
fichting men on every front, in every
plant will remember her. How she
climbed right into coveralls and went
to work —testing bullets, sorting car-
tons, bonding plywood, making steel
...How she went to work at the
front, too—getting messages through,
helping to take pictures, saving lives
through X-Ray, spotting planes, aim-
ing guns . ..

IN 194.X her popularity will be even
greater. She’ll have time again for
glamorous jobs as well as the dirty
work she’s not afraid to do. She’ll be
making possible two-way television,

o/

piloting skyliners for weekends in
Europe, producing and controlling
power by radio, extending the vision
of research . ..

CONCERNS IN THE ELECTRICAL FIELD that
intend to go on with electron tubes
to even newer, more exciting jobs
when Victory is won will find that
Roebling has been planning along
those lines, too. More than planning

for in meeting war’s tough specifi-
cations, Roebling is learning new
things for peace.

For today’s needs and tomorrow’s
plans rely on Roebling as your source
for €lectrical wires and cables.

JOHN A ROEBLING'S SONS COMPANY
TRENTON 2, NEW JERSEY

Branches and Warehouses in Principal Cities

ROEBLING

ELECTRICAL WIRES AND CABLES

ELECTRONICS — September 1943
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* * DUMONT offers the Smallest
Paper Capacitor for your space
problem . . . Regardless of its

HAVE wee size, it gives the most satis-
' factory results for the big job
YO u as well.
* IT IS NON-INDUCTIVE SUIT-
A ABLE FOR 95° Humidity opera-
* tion.
SPACE -
Leads are sealed in Bakelite

* PRO B LEM Resinold.

% ? TYPES PI TYPES PIN

and P2 and P2N

* Suh‘:{b‘:;iz?:y 95° Suifa:‘ljn::i:ylco"

*

*

DUMON

ELECTRIC CO.

MEFR'S OF
CAPACITORS FOR EVERY REQUIREMENT

34 HUBERT STREET NEW YORK, N. Y,

50 September 1943 — ELECTRONICS
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Spring
Resilient strength, not rigid inflexibility, is the secret TOOL HOLDER

of Willard Spring Tool Holders. It's the reason why For Threading and Forming

Right hand offset. Madel(in 3 sizes for 1/4”,
5/16" and 3/8" square bits. Furnished with
hardened wrench and one high speed cutter.

these Holders are so successful in preventing cutter
breakage and damaged work . . . why they can be

used for fine or coarse threading without danger

of chatter or tool marks . . . why they can handle

faster feeds with a heavier cut . . . why they are so

adaptable to a wide variety of work . . . and espe-

cially why you should specify Willard Spring Tool
' FORMING TOOL HOLDER

. L. Straight and right hand offset. For cutter
Write for descriptive booklet %" x 2" diameter. Furnished with hard-

AUTO-ORPNANCE

THOMPSON TOOL DIVISION &

Awarded to Auto-Ordnance

342 West Putnam Avenue, Greenwich, Conn. Corpoxasiongfoniexcellencelin
d production of “Tommy ' Guns

Holders for economy, efficiency and accuracy!

ened wrench and one soft blank cutter.

G REENWII CH . S TAMFORD . BRI DGTETPORT . N E W y O R K

ELECTRONICS — September 1943 51
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A TINY light flashes. Immediately, a massive
machine starts operating. One little tube supplies the
impulse. But springs ave the muscles which accurately
control the mechanical motion—tireless muscles, capa-
ble of working continuously, without strain.

To give the precise, instantaneous action necessary for
gaining full value of electronic control, such springs
must be designed for the specific application—and all
factors bearing on their use scientifically evaluated.

Muehlhausen engineers have solved thousands of spring
problems which arise with unusual applications— by
the thorough study they make of all operating condi-
tions, and their many painstaking tests to prove that
each design is »/ght. An assurance of greater latitude
in the design of new and better electronic products.

MUEHLHAUSEN SPRING CORPORATION
Division of Standard Stee! Spring Company
760 Michigan Avenue, Logansport, Indiana

very ing

sultingMuehlhousen Engs

neers to secure springs ol
fasting efficiency.

52
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If the war should end tomorrow . . .

RADIO RECEPTOR, with a wealth of experience encompassing the entire
history of radio, would be ready to convert its greatly expanded
facilities to the construction and installation of Ground-to-Air Naviga-
tion, Communications and Airport Traffic Control Equipment for
civilian use.

G OO QNG Now devoted to the war effort, these engineering and production
o e facilities that built the first commercial ultra-high-frequency airport
' control units, which were installed at Washington National Airport for
the Civil Aeronautics Administration, will be in a pesition to provide
all advanced types of airport radio equipment—for municipal and
private fields—under a single contract, if desired.

Today, RADIO RECEPTOR installations assure increased safety and
efficiency in airports throughout the world. We'll be glad to send a copy
of our revised booklet, “HIGHWAYS OF THE AIR”, now in preparation.
Please write on your business stalionery to our Executive Offices,

251 West 19th Street, New York 11, N. Y.

o~ . .
B  _Awarded for Meritorious
e, WY Service on the Production Front

SI N CE 19 22 I N RADIO A ND ELECTRON

ELECTRONICS — September 1943
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In the heat of every fight @ CONTINENTAL-DIAMOND product
Sights side by side with every soldier, satlor and marine

DISTRICT OFFICES:
New York * Cleveland ¢
Chicago * Spartanburg, S.C.

West Coast Representative :
Marwood, Ltd., San Francisco

Sales Offices in principal cities

70° below zero in the Stratosphere; 130° above zero on the desert; radio
sets must function if our fighting forces are going to hold hard won gains,
If the electrical insulation fails, the radio fails and the fight may be lost.
But DILECTO laminated plastic insulation has been developed by C-D
engineers to stand extremes of temperature, humidity and physical abuse,
so these vital ears of our armed forces DO NOT FAIL.

Almost fifty years of research, trial, experiment, and application experi-
ence with radio and electrical insulating materials are represented by
DILECTO laminated plastics. That’s why they don’t fail when the going
is tough.

You can build this same security into your products NOW to help the

war effort... TOMORROW to meet peace-time competition. Catalog DO-3
gives complete technical data, electrical and mechanical, on DILECTO.

May we send you a copy?

C.,(»Mb@mla/=D/mm FIBRE COMPAN.Y

Established 1895 . . Manufacturers of Laminated Plastics since 19117 — NEWARIK o DELAWARE
W

54
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Neo slang intended, men, but we're told that’s
the way it looked . . . when the Shermans
started roling Romme! in reverse. Today . . .
headlines emphasize e increasingly effec-
tive job that our mechanized units are deing -
over the ertire invasion front . . . And since,
in the roar and din o° mechanized bactle,
quartz crystals are the one method for keep-
ing harried Commanders tuned to_pre-
arranged fequencies, so vital for clear trans-
mission . . . for accurate co-ordination

A A C.methods of manufacturing are of vital
importance. Our “Blueprints of Safety” de-
mand that A. A. C. crystals be matchec to
guard the invisible tolerance. .
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ARNOLD BRILHART COMPANY

435 MIDDLENECK ROAD - GREAT NECK, N.Y, - Phone GREAT NECK 4054

56 September 1943——ELE(C
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g ack home, listening in is an indoor sport—but
“upstairs’’ it's a matter of life and death! Ask a fighting
bomber crew! Over their “'party line’’—the bomber's
inter-phone system—all the crew, from pilot to tail
gunner, simultaneously hear each message. The
navigator sings out: *'This is it. . . hold her s-t-e-a-d-y
...on target!’’ Then the cheering words from the
bombardier in the belly, *'‘Bombs away!"’ and the
command to speed home, mission performed.

We at Trav-Ler Karenola are happy to be one of the 1
firms supplying the high quality inter-communication
equipment that assures dependable audibility
despite shell-shattered air and motor din.

e,

i w

WAEER KARENOLA

A LIS LBl TELEVISION CORPORATION;

URERS OF QUALITY RADIO AND COMMUNICATION EQUIPMENT 1030 WEST VAN BUREN STREET « CHICAGO 7, ILLINOIS'

RONICS — September 1943 57
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It’s better than a 2 to 1
chance that your home
or auto radio owes its
performance and better
reception to G. I pre-
cision equipment.

September 1943 — ELECTRONICS
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SKILLED HANDS
Tnited foo Viitory

On August 12tk, 1943, United Electronics Campany recaived
$1€ covated Army-Newy “E'" Award for excellence in produc-
tion of wen materials.

n aczepting the kcnor of flying the 'E’ burgee over our

slant, we extend Zul and grateful recognition to te skill, the

* wilk ard the spirit of Ioyalty which has mativated otr personnel

ever since Pearl Harbo-. To the nation’s cfficial tritute we add
a tearty ''well done © for our family o° workers which has
achievac am outstaicing production recorz in bath cuantity and
gqudlity cf cutput.

Under -he fresh incpiration of our "E' banrer we pledge
curselves tc renewed and faithful effort. Our aiv continues:

nore and better elzcronic tubes . . . fer victory today and

i)

ELECTRONICS COMPANY
NEWARK NEW JERSEY

ketter livrg tomorncw.
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RELAVS FOR [ONTROLLING
AUTOMBYIL PERATIONS

THERMAL + INERTIA ¢« MAGNETIC « MOTOR-DRIVEN

New developments in Struthers-Dunn motor- Other Dunco Time-Delay Relays of inertia,
driven Type PS Recycling Time-Delay Relays thermal, or magnetic construction afford a com-
have resulted in units Y5 the size of previous plete assortment for modern enginecring require-
compact timers, and having 100% ball-bearing ments. Based on broad, specialized experience
clutch and cam members. in this field, Struthers-Dunn engineers will gladly

make recommendations to meet your needs.
Write for your copy of the complete Dunco
Catalog and Relay-Timer Data Book.

. TF
. 4\

Ty o ¥y
i ‘n-.sv‘i-._‘

<4 SMALLER — CONTINUOUSLY ADJUSTABLE

Another important Dunco Timer development is the Type PSY1 shown at left.
Exceptionally compact, its contact closure time is continuously adjustable from
0 to 100% of the cycle time. It operates continuously at 1 cycle per minute.

% STRUTHERS-DUNN, Inc.

1321 ARCH STREET, PHILADELPHIA, PA.

OISTRICT ENGINEERING OFFICES: ATLANTA o BALTIMORE + BOSTON o BUFFALO o CHICAGO s« CINCINNAT « CLEVELAND o DALLAS o DENVER o DETROIT o HARTFORD
INDIANAPOLIS » LOS ANGELES ¢ MINNEAPOLIS «+ MONTREAL « NEW YORK » PITTSBURGH » ST. LOUIS ¢ SAN FRANCISCO « SEATTLE » SYRACUSE « TORONTO WASHINGTON

Sl
.

60 September 1943 — ELECTRONICS
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HE continued private operation of America’s radio net-

work rests upon the satisfactory performance of individual
stations. Forged together, these stations form a mighty chain
that secures Freedom of the Air. . . . But each station can
remain an organ of Freedom only as long as it cischarges all
the terms of its license . . . a license that must be underwritten
by the assured life and dependability of the many components
of a modern transmitter.

Like many of America’s great stations, WLAC’s transmitter,
built by Western Electric Company, uses Cornell-Dubilier
capacitors. Today, there are more C-D capacitors in use in
broadcast station equipment than those of any other make. This
universal acceptance has been won by the extra life, exsra
uniformity and extra dependability built into every C-D capaci-
tor. Thirty-three years’ exclusive specialization in capacitor
manufacture is a significant guarantee of fine performance.
Cornell-Dubilier Electric Corporation, South Plainfield, N. J.

A complete range of C-D capacitors is available for all trans-
mitting, receiving and electronic applications. Send for catalog
No.160R describing the complete line of C-D CAPACITORS.

Cornell-Dubitier Capacitors

MICA « DYKANOL - PAPER « WET AND DRY ELECTROLYTICS
ELECTRONICS — September 1943 61
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This warplane radio part has all of these
properties, thanks to the use of a heat-treated
Alcoa Alllminf:r%‘Alloy. Aluminum is just
natuarally light in ‘weight and highly resistant
to corrosion. It can be given a variety of
attractive, durable finishes.

This particular part is stamped out, formed
and quickly assembled by spot-welding while the
aluminum is in its annealed condition. Then,
locked in a }ﬁxture, it is heat-treated and allowed
to age harden. Held securely to shape. the fin-

ished part is accurate, rigid and high in strength.

équiiremén-ts. i

N

Other fabricators often find it possible to
heat-treat aluminum and then form it before
the metal age hardens. Thus they avoid distor-
tion without having to nse a fixture. Ability todo
this depends, of course, npon the length of time
it takes to complete f{abrication of the parts.

Many articles, helpful on war work, have
been published on the working and handling of
aluminum alloys. These are listed in Alcoa’s
“Aluminum Service Bulletin No. 4. We'll
gladly send you a copy. ALuminum CompaNY

oF AMERICA, 2136 Guil Bldg., Pittsburgh, Pa.

September 1943 — ELECTRONICS
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THE

BATTLE

OF
COMMUNICATIONS

Mobile communications units assembled by Halli-
crafters are helping to win the battle of communica-
tions on every fighting front. They are built to endure
the rigors of modern warfare ...The consistent per-
formance of SCR-299 has been highly praised by
leading members of our armed forces for its adapt-
ability in meeting all the requirements of combat duty
... A phrase best describing the SCR-299 was given
when a leading military authorily said, “It is to

communications what the jeep is to transportation.”

-

hallicralters
CFICAGO, U.S. A,

THE WORLD'S LARCEST EXCLUSIYE MANUFACTURER OF SHORT WAVE RADIO COMMUNICATIONS EQUIPMENT

ELECTRONICS = September 1943 63
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OUT OF TODAY'S R.‘ESEA_RC;H’ * « TOMORROW IS ENGINEERED
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ANHFAD

17,‘{{ N reached for the stars and grasped . .. Electronics.

Dewvoted nowe to sear, this amaging science prouses wondrons adventures for
mankind on T1HIE ROAD AHEAD.

As constant research has deceloped the potentialitics of Flectronics, so the
search for a BETTER 117.AY, here at American Lava, has perfected steatite insulation
best suited to the new requirements.

Pioneers of steatite clectrical insulation . . . now in our g1st vear of Ceramic
Leadership, «we are able to say with full confidence that AL SIMAG Steatite Tnsulators
represent the highest quality, precision, dielectric properties and mechanical strength to
be found among the Stcatites.

There wcill be no 00/11/»'0//11'16 with qaa/ity i the /)raz/m‘z‘/oﬁ ofoLS[MA'G

Steatite Insulators.

AMERICAN LAVA CORPORATION

CHATTANOOGA, TENNESSEE

AWARDED JULY 27 1942

Where stability is an i.mp‘nrtant = r% @
requirement, ArSiMac Steatite Loy e o
ceramics are unsurpassed for lend- | S L ;

ing rigidity and permanence of A

aligr}mcnt\to electronic circuits. ' |NSU I-ATO Rs

CHARACTERISTICS TAILORED T0 YOUR REQUIREMENTS

WWW americd
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...who use Push and Selector Switches
The electro-mechanical components manufac-
tured by the Chicago Telephone Supply Com-
pany have been standard for quality and
workmanship since 1896. In spite of wartime
demands, manufacturers of electronic equip-
ment may be assured of the same craftsman-
ship and service to which they have become

accustomed throughout the years.

Chicago Telephone Supply Company is also
producing plugs, jacks, variable resistors and
switches (separate and in combination with
variable resistors). Inquiries are invited from

manufacturers on these and similar items.

Plugs Jacks Switches Telephone Generators

Variable Resistors and Ringers

CHICAGO TELEPHONE SUPPLY
@WW

September 1943 — ELECTRONICS
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ADVANCED DESIGN DUAL-TESTER

Model 804 is a portable Tube and Set Tester developed by Radio City
Products to answer the demand for a modern, efficient instrument. It is
equipped for direct testing of all acorn tubes as well as all old and new
types of regular receiving tubes, rectifiers, etc. Large quantities of these
units, purchased by the U.S. Signal Corps, give evidence of the splendid
performance and reliability of this instrument . . . .

CHECK THESE FEATURES:

Famous Dynoptimum tube test circuit.

Double line Fuses. Meter protected against burn-out by
instrument fuse.

Sensitive leakage, noise and hum tests provided.

Exclusive RCP method of A.C. measurement eliminates
errors inherent in copper oxide rectifier types.

Ohmmeter reading: ratio—500,000.000 to 1

Current reading ratio 1,000,000 to 1

Latest type built-in “Rolindex” mechanical roller tube
chart.

Voltage reading ratio—

100,000 to 1

Electrostatic Jeakage Tester for all mica and paper con-
deunsers.

Electrolytic leakage Tester for all electrolytic capacitor
readings on “Good-Bad” Scale.

Battery Tester—actual condition of battery determined by
testing under load for various voltage ratings of
batteries.

RANGES :

D.C. Voltmeter :0-25-10-50-250-1000-5000

A.C. Voltmeter :0-10-50-250-1000-5000

Output Voltmeter:0-10-50-250-1000-5000

D.C. Milliameter :0..5-2.5-10-50-250-1000

D.C. Ammeters :0-10 amperes.

Ohmmeter :0-250-2500-25000-2.5 Meg.-25 Megohms

Model 804 is supplied in a handsome sturdy oak case
with removable cover, 1434 x 13" x 6”. . . . Weight

12% lbs.

Complete, ready for operation on 105-135 volis, 50-60
cveles . ) $84.50

RADIC CITY PRODUCTS COMPANY, INC.

127 WEST 26th STREEY

&

NEW YORK CITY

MANUFACTURERS OF PRECISION ELECTRONIC LIMIT BRIDGES-—-VACUUM TUBE VOLTMETERS — VOLT-OHM.MILLIAMMETERS — SIGNAL
GENERATORS — ANALYZER UNITS — TUBE TESTERS — MULTI-TESTERS — OSCILLOSCOPES — AND SPECIAL INSTRUMENTS BUILT TO SPECIFICATIONS

ELECTRONICS — September 1943
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HAYDU BROS

W W//zm‘

g Q a
PERFECT FORM—Dboth in manufacture and performance, is more essential y
now than ever, if yon are driven by war time speed, and the constantly growing [ A

Ne

T

LT
i
i

g0

mi

need for greater prmluclion.

The traditionally dependable performance of Haydu Bros. Burner equipment,

has been an assuranee of uninterrupted economical production.

23 . ~ o -
Today, thousands of Haydu Bros. Burners, in many styles and sizes, for Gas, 058

Air and Oxygen, are used in plants of the general glass working industry from
coast to coasl, helping to speed those cssential orders. - iy
Specially designed Burners, Torches. Cross- &
o G Q

fires and Mixers lo meet your requirements.

HAYDU BROTHERS

PLAINFIELD. NEW JERSEY

B z g T . 4
o G S
puaraeriy_jeaut’ i : : e o

- o

WRITE FOR

Sty

| B e R
waroy S ,..: _ \\
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GUNNER BY REMOTE CONTROL

Hls battleground is located far from the fighting
fronts. His skill and long experience have been
lent to the making of vital parts—parts that are vital to
a boy in a bomber over Germany or his neighbor’s son
in a fighter in the Pacific. Their equipment is dependent
on split-hair accuracy of Utah Parts—and he’s giving
it to them. He’s a gunner by remote control.

There are hundreds like him at Utah—soldiers in
coveralls. By the skill of their hands and the sweat of
their brow, they’re making sure that Utah Parts don’t
fail at the critical moment—asa switch releases a stream
of machine gun bullets . . . as a headset receives a com-
mand to take a strategic height. These and many other
vital electrical and electronic devices are being turned
out in quantity and o #ime . . . by this precision task

PARTS FOR RADIO, ELECTRICAL AND ELECTRONIC DEVICES, INCLUDING
SPEAKERS, TRANSFORMERS, VIBRATORS, VITREOUS ENAMELED RESISTORS,
WIREWOUND CONTROLS, PLUGS, JACKS, SWITCHES, ELECTRIC MOTORS

ELECTRONICS -— September 1943

force at Utah. Important to the success of this task
force is the work of the Utah laboratories. Here, new
solutions to electrical and electronic problems are
being worked out. Here, a great store of knowledge
and experience is being accumulated.

Tomorrew that knowledge and experience will be at
the service of peacetime America. There will be better
Utah products built—more convenience, enjoyment and
efficiency for many Americans—because of today’s great
advancements, necessitated by war.

UTAH RADIO PRODUCTS COMPANY, 837 Orleans
Street, Chicago, Illinois. Canadian Office: 560 King
Street, West, Toronto. In Argentine: UCOA Radio
Products Co., SRL, Buenos Aires. Cable Address:
UTARADIO, Chicago.

www.americanradiohistorv.com
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Performance Perfectionists

material of invention.

® Technical progress depends upon tireless experi-
ment to perfect performance.

Sylvania circuit engineers are performance perfec-
tionists. They conduct never-ending tests on new cir-
cuit and tube combinations using experimental equip-
ment. They constantly improve radio and electronic
tube quality. And they compile data that is the raw

QUALITY THAT SERVES IN WAR

70

This long-range Sylvania research policy, which main-
tained our standard of quality in peacetime, has proved
invaluable in wartime. It has contributed to the im-
provement of military communications, to the per-
fection of Radar, to the volume production of cathode
ray tubes, and to the development of timesaving elec-
tronic devices for war industry.

And it will prove no less valuable when victory widens
the radio-electronics field. It will contribute to-the
development of FM radio and practical television. It
will help to convert electronic military secrets of today
into everyday miracles for better life
and work tomorrow.

RADIO .D;V-IS.ION
SYLVAN I A ELECTRIC PRODUCTS INC.

Emporium, Pa.

RADIO TUBES, CATHODE RAY TUBES, ELECTRONIC DEVICES, INCANDES-
CENT LAMPS. FLUORESCENT LAMPS. FIXTURES AND ACCESSORIES

September 1943 — ELECTRONICS
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per

1

(Right) L. T. Campbell, Supt. Communications, Delta Air Lines, with J. B. Kramer, at Wilcox installation, Atlanta Station.

SERVING THE NATION'S AIRLINES

Wilcox equipment has been used by the major airlines for
many years...and while, today, Wilcox facilities are producing
largely for military needs, the requirements of the essential
airlines also are being handled. Look to Wilcox for leader-

Communication Receivers . B . g '
ship in dependable communications!

Aircraft Radio
Transmitting Equipment
Airline Radio Equipment’ wmmox ELEcmlc COMPANY
Quality Manufacturing of Radio Equipment
14TH & CHESTNUT KANSAS CITY, MO.

ELECTRONICS — September 1943 71
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HAT is it you need? Tube bases made cf
WBAKELITE, or of the new MICANOL (for
low loss at high frequencies) ? Bases {or receiving,
transmitting, or special tubes?

Tell us what you’re looking for. See check list

below. (If you’re a manufacturer of electrical

TUBE PARTS AND
MACHINERY

72

equipment, perhaps we can supply you with bases
for your plug-in connections.)

RCA has a complete line of tube bases to meet
a wide range of requirements.

And in most cases, delivery can be started in a

reasonably short time,

WHAT TO DO:

1. Write to: Tube Parts & Machinery Section,
Radio Corporation of America, 572 South 5th
Street, Harrison, N. J.
2. Tell us your requirements:
(a) Type or types of bases needed, including
size, number of pins, and material wanted.
(b) Quantities of each type needed.
(c) Date when deliveries should start.

RCA Victor Division s RADIO CORPORATION OF AMERICA e Camden, N. .I.‘

September 1943 — ELECTRONICS
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/4
”A’/’o OTHER BUSHING 2

3.

o L

SEE WHAT YOU GET WITH
NEW PYREX
METALLIZED BUSHINGS:

Permanent hermetic bond — positive seal
against leakage of oil, water, and air—no
gaskets, washers, or “dopes” to leak.

Quicker, less expensive assembly — fewer
parts and fewer operations reduce labor costs
and speed up production—several can be sol-
dered at once—no baking required.

Practically foolproof — the metallized layer

3 solders easily. You can use any common solder
and flux, applied by soldering iron, soft air-
gas flame or induction heating.

Great thermal shock resistance—will easily
4 meet Army and Navy specifications for rapid
temperature change.

Superior electrical characteristics of glass

5 —low dielectric constant, low power factor,
high dielectric strength, and great electrical
resistivity.

6Negligible water absorption — no glaze to
crack or chip.

Does not carbonlize or track—because it’s in-
organic.

8A wide selection in several standard sizes.

--------------------------l
e

. ]
I Corning Glass Works i
: Insulation Division, Department, E-92 »
2 Corning, N. Y. |
|
: Please send me full details of improved |
g method of metallizing on glass. )
n :
: Name v van. . ove Saraararsim e slart, s s [ ]
'y :

B CoMmPaANY. oo e et ineneaaanennns
1 pany )
| |
g Street............. PR P YN - (]
- 1 L
b iy Stat .

173 D 7.7 7
Z e N - - S l y l
= B s 2 ek -
“PYREX?" is a registered trade-mark and indicates manufacture by Corning Glass Works. TR E I rrr rrrYy 11

ELECTRONICS — September 1943 73

www.americanradiohistorv.com


www.americanradiohistory.com

74

P

After
the war...

. the two-way radiotelephone will be
employed by American indusiry as a con-
venience, a safq.,uard and®a business require-
ment. This modern method of communica-
tion has many proven applications in the
followiny ficlds:

Aviation Railroading
Marine Mining
Police Patrol Iire Fighting

Enginecring Trucking
Public Utilities
If you think you may be able 1o cmploy two-
way radiotelephone communication in your
field, we would be pleased 1o discuss your
problem without cost or obligation. We
have nothing to sell since our entire output
has been placed ar the disposal of the United
Nations all over the world!

L]

Requests for iuformation and literature from
respousible parties may be addressed to:
Inudustrial Engineering Dept.
Jeflerson-Travis Radio Mfg. Corporation,
245 East 23rd Street
New York, N. Y.

Your plane will have a ’phone!

OUNDS fantastic, doesn’t it? Yet the incredible
wartime development of the two-way radiotelephone
in military aviation is striking evidence that it will be
widely used by the planes, cars and trains of tomorrow.
Jefterson-Travis was in the forefront in the develop-
ment of this unique form of communication long
before Pearl Harbor. Today our entire facilities are
devoted to producing this type of equipment for the
United Nations, thus hastening the day when we will
be again building two-way radiotelephones for you
and your peacetime purposes in Tomorrow’s World!

JEFFERSON-TRAVIS

RADIOTELEPHONE EQUIPMENT
NEW YORK . WASHINGTON . BOSTON

September 1943 — ELECTRONICS
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IN Lumeri-h foil, the electrical and radio industrics possess
an insula-ir g material unique in its ability to withstand the
corrosive effect of copper wire, moisture, and current flow. It
has been “ound that current-carrying copper wire, against
Lumaritl iisulation, is as free of corrosion hazards as it would
be if suspeaded in air.

Lumarita foil is used as an extra covering for coil spools
and bobbirs made of other insulating materials. 1t is used for
between layer insulation for multiple wound coils. Molded
Lumarith is used for coil spools, connector blocks, fluorescent
lamp parts, and for countless other electrical applications.

The possibilities of Lumarith in the electrical field are limit-
tess. Celanese Celluloid Corporation’s research depart-
ment is prepared to offer you suggestions and ad-

vice on the subject of Lumarith for insulation.

Celanese Celluloid Corporation, the First Nume in Plastics,

180 Madison Ave., New York City 16, a division of
Celanese Corporation of America sole producer of
Lumurith* and Celluloid* plastics . . . Represen:atives:
Clevelanid, Dayton, Philadelphia, Chicago, St. Louis,
Detrait. Los Angeles. Washington, D). C., Leominster,
Monireal, Toronto, Ottawa.

PLASTIC

*Trade Marks Reg. U. S. Pat. Off.
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www.americanradiohistorv.com


www.americanradiohistory.com

ENGINEERING EXCELLENCE AND QUALITY
OF MANUFACTURE ... THE FORMULA
FOR A BETTER PRODUCT

Seehurg engineering excellenee and quahty of manufacture
o o =

is best exemnplified i the production of these vital and highfy

proficient types of war equipment ... airerall radar,

aircraft controls, lank communication equipment, aviation

training devices, aircraft gun tureet equipment and aireraft transniission
equipment # = The Seebure organization is confidently

looking forward to the future ... after Vielory ... to servine

bigger and broader markets with products created and designed for

making this a better and happier world in which to live.

MARERS OF FINE MUSICAL INSTRUMENTS SINCE 1902

J. . SEEBURG CORPORATIUN « 1500 DAYTON SI&H « CHICAGD, 1LL

.%‘v‘&%%
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BACK THE ATTACK WITH WAR BODNDS

Auto-Lite Magnet Wire Helps Build Better Products

Back of Auto-Lite Wire Products are research
and engineeriag facilities which are con-
stantly perfecting answers to baffling prob-
lems. The range of applications varies from
fractional moter field windings to material
for Boulder Dam Generators—and the new
record-setting turbo-electric units at Chicago.

The controlling factor may be limited
space, unusual shape, weight restrietion or
cost. Keen interzst today is focussed on newer
wire insulation developments. Butyrate Tape

PORT HURON, MICH.

| 4m 750,000 K. W. Generator at Boulder Dam
Fractional Motor Magnet Winding mp

THE ELECTRIC AUTO-LITE COMPANY

and Vinylite are two types being used for
lighting and low tension cirrcuits in radio
production, aircraft construction and other
vital war need.

Our business has been built by supplying
wire and wire products that solve problems
for designing engineers and manufacturers.
Whatever your need, unusual shapes, sizes or
special insulation requirements . . . fecl free
to write us for authoritative recommendations.

SARNIA, ONT.

Wire Division

A“TO'“TE WIRE="!CABLE

IN ITS 26 GREAT MANUFACTURING DIVISIONS, AUTO-LITE IS PRODUCING A LONG LIST OF ITEMS FOR AMERICA'S ARMED FORCES ON LAND, SEA AND IN THE AIR

ELECTRONICS — September 1943
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New Metalizing Method...
Eliminates Loose Graphite Particles

Taylor's exclusive Processed Carbon Anodes allow
higher anode voltages. These amazing new type
anodes open new fields for tube design.

Seamless, and without high resistance weld spots,
they are accurately machined from solid graphite,
then entirely metalized to combine the desirable
characteristics of carbon with the advantages of other
type anodes. Because they do not warp, they provide
insurance against efficiency loss due to changing
electrical churacteristics. A special method of fusing
lead wire to anode assures positive continuity
between tube connection and anode. And too, this
new Taylor Process allows complete and permanent
degassing of the anode.

You will hear mcre about this far-reaching develop-
ment as its applications continue to increase Taylor
Tube efficiency en a "*More Watts Per Dollar’’ basis.

b TAYLOR TUBES, INC.,
2312-18 WABANSIA AVE., CHICAGO, ILL.

wWwWw.americanradiohistorv.com

LONGER TUBE LIFE!

September 1943
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WwW-51 D-¢ Volt-
ters, Milliam-
mmeters

TYPE D
Amme

eters, R
m and Microd

meters,

JYPE DW-52 Rod*”

d
frequency Ammeters T::r
. -
Milliammeters (A-¢
mocouple Types)

ELEMENT ASSEMBLY

(Approx twice actual size)

Nate the clean, simple lines of this compact element,
made possible by the internal-pivot construction and by
securing all parts solidly to the cast-camol magnet.

HESE new instruments are especially well suited
for use in radio and other communications equip-
ment where compactness is essential. In most ratings,
they are approximately one inch deep.
Thinness is obtained by the internal-pivot construc-
tion, But this design affords much more than thinness.
The elements, on account of their high torque and
large-radius pivots, are well able to withstand vibra-
tion. High torque comb'ned with a lightweight mov-
ing element results in fast response. Good damp.ng

ELECTRONICS — September 1943

solidly mounted on the inside of the armature instead of the outside

M% HIGH FACTUR UF MERIT—resulting from a feather-

weight moving element and relatively high torque

k THINNESS obtained by the use of internal pivots— pivots

Type DW-52 ammeter in
a molded Textolite case

makes for ease and accuracy of reading. Large clear-
ances ensure reliable operation.

All these features add up to a high factor of merit
and all-round fine performance.

For complete information on ratings, prices, dimen-
sions, and specifications, ask the nearest G-E office
for Bulletin GEA-4064. Or write to General Electric
Company, Schenectady, N, Y.

GENERAL ¢g ELECTRIC

602-43-6200

79
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Insulators for Ultra High Frequencies

For years we have been closely associ-
ated with the rapidly progressing elec-
tronic industry and during this time have
produced insulators for practically every
type of electronic device.

Our knowledge . . . years of experi-
ence . . . engineering and manufacturing
facilities permit us to meet your most
exacting specifications. Every day we pro-
duce millions of precision made insula-
tors for the electronic industry.

For the duration 100 per cent of our attention—

all personnel and equipment—is being
used to hasten Victory.

| STURNKOEE

Ry

W

@N@@E@T@R@JJ

*x INVEST TODAY IN %
BONDS FOR VICTORY

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA.

www americanradiohistorv. com
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/#ﬁILE the sweep of electronics aggers the imcfgiriétion——

the proper way to hook-up the esse ial wiring is an established
engineering proceedure. ¢ T&B Sig “Kons — Pressure (Solderless)
Wire Terminals/—make permane ii  metal-to-metal connections.
They resist cortosion. They withsfgnd high frequency vibrations.
They install fagt with any of the / arious T&B Power Tools. They
are madein a }breat variety of dbsigns and wire capacities. ¢ Ap-
proved. Patenfed. ¢ Send for Jfa-Kon Catalog Bulletin No. 500.
Write to us of your special groblems. s Under the T&B Plan,
Sta-Kons, likg all other T&B M oducts, are sold only through T&B
Distributors who reduce the/manufacturer’s selling costs, thereby
reducing the,’cost of all eledtrical equipment to the user.

é ORDER SMHLLUT ESSENTIAL PRODUCTION
PARTS AT LEAST FOUR MONTHS IN ADVANCE

MAS & BETTS CO.

INCORPORATED [ e
MANUFACTURERS OF ELECTRICAL FITTINCS SINCE 1899 m

ELIZABETH 1, NEW JERSEY Y
In Canada: Thomas & Betts Ltd. Montreal 5 \L

wwwe.americanradiohistorv. com
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*PHOTRONI

pHOTO-CELS

Photronic Cells now being made for war purposes only, hold many
new possibilities for design engineers searching for better methods or
new products for post-war markets.

The improved Type 3 photo-cell has a marked increase in sensitivity
and can be produced in various outputs and various linearity factors,
to meet specific circuit requirements. They can be matched in spectral
sensitivity, too; to give practically the same spectral response curve
throughout the color spectrum. And since the fatigue factor has been
materially reduced, their response is more uniform, and far more rapid.

The development of the Type 3 is the result of continued research
and experience in the processing of photo-cells dating back to 1930 . ..
the year in which WesSTON introduced the first American-made com-
mercial cell of the barrier-layer type.

Type 3 Photronic Cells can be supplied in various styles and cases,
as well as unmounted in a variety of shapes and sizes. Complete
technical data, in booklet form, available to design engineers on request.
Weston Electrical Instrument Corporation. 618 Frelinghuysen Avenue,
Newark, New Jersey.

*PHOTRONIC ~ A registered
trademark designating the
photoelectric cells and photo-
electric devices manufactured
exclusively by the Weston
Electrical Instrument Corp.

Laberatory Standards . . . Precision DC and Specialized Test Equipment. .. Light
AC Portables . . . Instrument Transformers Measurement and Control Devices .
. . . Sensitive Relays ... DC, AC, and Exposure Me!ers...Aircraﬂé_nsirumen!s,..
Thermo Switchboard and Panel Instruments. Electric Tachometers...Dial Thermometers.

FOR OVER 54 YEARS LEADERS IN ELECTRICAL MEASURING INSTRUMENTS

82 September 1943 — ELECTRONICS
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Standoff, bowl, and other special-purpose
fmsulatory are available i wide range. Lapp
is also equipped for production of many
special assemblies, cluding porcelain or
steatite, with all associated metal parits.

Lapp porcelasn water coils, porcelain pipe
and fittings provide a means for cooling
bigh-frequency tubes, without slud ging, elimi-
nating need for water changing or cleaning.

ELECTRON'C CIRCU'TS For lump capacitance in any

high-frequency circuit, Lapp gas-filled condensers save space, save power,
save trouble—and use no mica. Available for use at any needed voltage
rating and capacitance, they operate with practically zero loss, are puncture-
proof, fail-proof znd constant in capacitance under temperature variation.
Above is Unit No. 26541, consisting of two No. 25934 units. The assembly provides pivoting
bus conductors, arranged so that the units may be used singly, in series, or in parallel, provid-
ing capacitance continuously variabie from .0022 mf. to .022 mf. Each unst is rated at 200 amp.,
6500 volts, capacitance variable .0043 mf. to .ox1 mf.; the combination in series, 200 amp., 13,000
volts, .0022 t0 .0055 mf.; in parallel, 400 amp., 6500 volts, .0086 to .022 mf. In the girl’s hands
#s Usniit No. 23722, rated at 50 amp., 7500 volts, capacitance .000045 mf. to .000075 mf.

. INSULATOR CO., INC.

LEROY, N. Y.
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4313 NORTH KNOX AVENUE, CHICAGO 41, ILLINOIS

® The G-M Type 29 Relay is designed mechanically and magnetically to
give unusual efficiency and dependability in operation. Its small size and
light weight combined with rugged construction, characteristic of ali G-M
relays, make it ideal for a multitude of communications uses. The Type 29

is positive in action and requires an exceptionally low power input.

Numerous circuit combinations are available to meet practically any require-
ments. The high efficiency of the magnetic circuit insures high contact pres-
sure. Phosphor bronze armature bearings, turning in accurately reamed
holes in a brass bracket, insure free operation and long life. The contact
springs and anti-vibration springs are of nickel silver. Mycalex insulators
are available if specified. All steel parts are heavily cadmium plated and
the coil is carefully impregnated so that the entire unit will withstand 200
hour 20% salt spray tests. The illustration above is actual size.

A free standardized sample of the Type 29 relay shown above, specifica-
tion No. 12899" is available for examination and test to manufacturers
who are prospective relay users. Orders for free samples must be accom-
pdnied by a priority of AA-4 or better.

*No. 12899 samples have 12 volt D-C coils, two double throw contacts and
one single throw normally closed contact.

VISITRON PHOTOTUBES

are availoble in numerous
sizes. Made by G-M, pioneer
in development and monufac-
ture of quality phototubes.

LABORATORIES |NC.

September 1943 — ELECTRONICS
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Stratosphere., Troposphere or Aquasphere

The ingenuity of the N-Y-T
Sample Department is repre-
sented in practically every
point abave and below the

four corners of the earth.

Specializing exclusively in the design and
development of audio and power trans-
formers, chokes and filters for highly criti-

cal requirements, these custom-built units

experience every ccnceivable electrical

and mechanical operating tondition.

Abrupt and extreme temperature fluctua-
tions, moisture, acid fumes, concussion,
humidity, etc.—yet maximum performance
is assured at all times. Too, substantial
savings in weight, area and mounting
space attest to the resourcefulness of
N-Y-T engineering.

The Sample Department, now devoted
100% to problems pertaining to Army,
Navy and Air Corps applications, will be
available to you later, for peacetime
needs.

NEW YORK TRANSFORMER COMPANY

26 WAVERLY PLACE

-y

:

IR
L )

R e R &

NEW YORK, 3, N. Y.
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A SOLDERLESS
TERMINAL

JRCRAFL WIARINE PRODUL 15 INC

APAP

MIDGET SOLDERI €55 WIRING DEVICES

"PRECISION ENGINEERING APPLIED TO THE END OF A WIRE"

Now you can eliminate the inherent difficulties encountered in soldered small wired con-
nections by using the newest addition to the line of Solderless AMP "‘Diamond Grip"' Insulation Sup-
port Terminals, designed specifically for electronics use on wire sizes 26 to 22 inclusive.

CHECK THESE ADVANTAGES AGAINST YOUR PRESENT METHODS

1. Eliminates skilled labor by providing self-gauging hand, foot and power installa-
tion tools which assure uniform application.

2. Terminal is crimped to both the conductor and the insulation in one single operation
— three perfect crimps at one time.

3. Minimum voltage drop through terminal — the result of one-piece construction of
current carrying inember.

4. Tensile strength of Diamond Grip crimped joint greater than strength of wire itself.
5. Eliminates solder joint failures and speeds up production.

6. Insulation support protects against danger of grounds or shorts.

7. Visual inspection of every connection — wire extends through terminal barrel.

8. Assured uniformity of performance through uniformity of installation.

Take advantage of this new solderless terminal — engineered in every detail by AMP —
for use on wire sizes 26 to 22. Write, phone or wire for prices and complete details.

AIRCRAFT-MARINE PRODUCTS, INC.

DEPT. B, 286 NORTH BROAD STREET, ELIZABETH, NEW JERSEY - TEL: ELIZABETH 2-1350

Canadian Representative: A & M ACCESSORIES, LTD., TORONTO, CANADA

OTHER AMP PRODUCTS FOR ELECTRONICS ,

DIAMOND GRIP INSULA- Also available are AMP

TION SUPPORT TERMINALS R

Spade Terminals, Flag- éhh
A complete line of Dia- s @ e
mond Grip Insulation Sup-  TypeTerminals, Hook-Type  “QUICK DISCONNECT" BONDING JUMPERS
port Terminals for wires  Terminals, Llighting Con- For aircraft radio transmission and receiving
sizes down to 14 (Comm.) equipment. Vibration-proof, yef easy, positive

in various tongue shapes  T9¢tss and others for spe-  gicconnection. Also for use on precipitron

and stud hole sizes. cific electronic usage. equipment,

ELECTRONICS - September 1943 87

WWW-americanradiohistorv-ecom


www.americanradiohistory.com

88

CRIS CUT DIAMOND SAW BLADES

CRIS CUT DIAMOND SAW BLADES have been developed in close cooperation with the quartz
processing industry.

CRIS CUT DIAMOND SAW BLADES are metal bonded, manufactured by our own electro charg-
ing process. (patents pending)

CRIS CUT DIAMOND SAW BLADES are manufactured to insure:

parallel cut : smooth surface : fast operation : thin slicing : long life
CONSOLIDATED DIAMOND SAW BLADE CORP.
320 YONKERS AVENUE YONKERS 2, N. Y.

September 1943 — ELECTRONICS
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'ROUND THE CORNER 1) o S
EMERGENCY ELECTRONIC I 1J) $A
EXPEDITING SERVICE TO '

BUSY WAR INDUSTRY

Technically Informed Suppliers of Industrial Electroric Materials

EMERGENCY ELECTRONIC
EXPEDITERS

Experience—yes, experieace gained before Pearl Harbor and during the months
that followed—marks RCA Tube and Equipment Distributors as eager and qualified
to play an important part in America’s battle of production. Ove- three hundred
veteran wholesalers and their organizations stand ready to service your wartime

requirements—expedite deliveries—keep production rolling!

RCA Tube and Equipment Distributors are technically informed businessmen,
familiar with electronic parts and tubes and their applications. And these men are
in business today because they get things done!

In cooperation with many RCA Tube and Equipment Distributors who are anxious
to put their special talents to work for you, RCA proudly presents z listing of their
services on the following pages. You'll find it worth your while to look them over

-to call up your local distributor—to get acquainted, and get set for special service!

Weet your tocal RCA TUBE and
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ITHACA

TO NEW YORK WAR MllNlIHICTlIRERS

LINES CARRIED 1 LA 5
IN STOCK

TALLMAN

Testing devices
Temperature devices ‘ F I T H A c A
Control devices

ELECTRONIC COMPONENTS c A N F I L L

Power, industrial and receiving type tubes

Special purpose tubes {cathode ray, Y 0 U R 0 R D E R s '
photocell, etc.) =

Complete line of component parts,
switches, relays, etc.

Our stock is normally large. And these are days when

Cements, varnishes, solvents and

chemicals stock has to be large to meet the demands of war

manufacturers for specific radio and electronic com-

INDUSTRIAL FLUORESCENT LIGHTING ponents, laboratory equipment, industrial lighting,
Complete fixtures . tools and consulting service.

tamps and starters (all sizes) This means we’re not only able to fill your orders

Ballasts and misc. maintenance parts 9 o o a a

— but to fill them quickly! Individual attention is

TOOLS given each order —and you’ll be pleased with the

prompt, efficient service.
Powericlrillsyarinds rassprayersond Then, if the items you need are not in stock, our
marking tools consulting service will gladly advise you what is
WA ST e, BRI L STt i) available and where. And to go a step further, if
there is any question in your mind as to the material
you need, we’ll recommend what to use for your
specific job, and how to use it.
We're positive you will find our stock and per-
sonnel helpful. As always, it is our aim to give

Screwdrivers, pliers, and hand tools

CONSULTING SERVICE

College trained consultants
Design and development work

‘“Just a Little More Service Than You Would
Rightfully Expect'’.

128 EAST SENECA ST., ITHACA, N.Y.

Phone WOrth 2-6276

(o) #

&
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on your Orders for

RADIO-ELECTRONIC

MATERIALS

Need RCA Tubes for any Radio or Elec-
tronic application? Need RCA Test Equip-
ment? Need capacitors, resistors, relays,
solenoids, rheostats, potentiometers, coils,
transformers—or the products of any one
of dozens of manufacturers? Then try
our service today. We know the Radio-
Electronic field.” We know who makes
the products you need and how they can
be obtained. Our personalized service
costs nothing extra—and has long since
proved its value to busy manufacturers.

FOX ELECTRIC SUPPLY
COMPANY

67-69 N. State St.
ELGIN, Illinois

ELGIN 4380
[} N g .
; TUBE AND EQUIPMENT
i DISTRIBUTOR :

DAVENPORT

WANTED

YOUR ORDERS FOR
ELECTRONIC MATERIALS

These are days when it pays
doubly to send your orders
for Radio-Electronic materials
to a long-time specialist, We
know the field. We know what
X is available. We know where
4t can be obtained—faster than you may

have thought possible under existing war- l

time emergency conditions.

RCA Tubes, RCA Test Equipment—or
resistors, rheostats, controls, potentiom-
cters, capacitors, relays, transformers,
wire—or numerous other products pro-
duced by many manufacturers. They're our
business. We know how to deliver the
goods. Try us on your next order!

MIDWEST

TIMMERMANN CO.
114-16 Western Avenue
DAVENPORT, IOWA

‘Phone 3-1801
— —
TUBES AND EQUIPMENT

ERV.

Technically informed
SERVICE

on needed

ELECTRONIC
MATERIALS

Need electronic materials—small quan-
tities or large? Then rush your order to us.
See what we mean by Emergency Service
to industrial users of Electronic Equipment !

Not only do we carry Jarge stocks. Not
only do we deliver the goods faster than
you may have thought possible under war-
time conditions. We know what is avail-
able, where it is available, and how fast it
may be obtained. We are in a position to
offer valuable recommendations—because
Electronics is out business. Qur business
is one of SERVICE—and that means
Service in obtaining materials promptly as
well as in using them to best advantage
once they’'ve been obtained.

RADIO PARTS CO., Inc.

538 West State St.
MILWAUKEE (3), Wisc.

BRANCH:
326 W. Gorham St.
MADISON, Wisc.

CHICAGO

RADIO AND
ELECTRONIC
COMPONENTS

y

{@/ Delivered

Promptly!

Tubes, Test Equipment,

Capacitors, Relays, Coils,

Transformers, Resistors, or
What Have You?

Let us stack our “‘Know How’’ of the
Radio and Electronic industries against
your next order for materials. Let us
show you what we mean by our slogan
““WE DELIVER THE GOODS"’—
faster, more efficiently than you may
have though( possible under present-
day emergency conditions !

*here s no dark secret about it, It’s
simply that we've been dealing with
Things Electronic for a long time. We
know who makes it and where. We
know where it can be obtained, and
how fast, This PLUS service costs you
nothing extra—and it has already
proved its value to countless plants
whnch like our own, are literally

“snowed under’* with war work.

e LUKKO

SALES CORPORATION

5024 Irving Park Road,
Chicago, lilinois
AVEnue 4800

TUBE AND
EQUIPMENT
HEADQUARTERS

We are distributors for RCA Tubes ‘and Test
Equipment for any Radio or ‘Electronic need,
as well as for condensers, resistors, rheostats,
controls, potentiometers, coils, relays, trans-
formers, solenoids, wire, and numerous other
components produced by many manufacturers.
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HARTFORD

-

" RCA Tuber N

4 i 1
(Potentiometers) convinced!

Relays (Solenoids)
and countless
other components,
produced by many
manufacturers

227 Asylum Street,

Hartford, Conn.
Phone: 2-1144

Headquarters for Accurate, Informed Service

RADIO-ELECTRONIC MATERIAL

Making war equipment that necessitates frequent calls
i for Radio-Electronic tubes and other Electronic compo-
nents? Then get acquainted with our service—today!

TUBES AND @ EQUIPMENT

RCA Test 4 Chances are, we’ve got what you need in stock—for
Equipment immediate delivery upon receipt of suitable priorities.
ChHpachtors If not, we’re well equipped to get it for you faster than

P, you may have thought possible under war conditions—
Resistors and to render intelligent, personalized expediting service
Controls . all along the line. gl"ry us on your next order and be

R. G. SCELI & CO.

WANTED

YOUR ORDERS FOR
ELECTRONIC MATERIALS

These are days when it pays
doubly to send your orders
for Radio-Electronic materials
to a long-time specialist. We
know the field. We know what
" is available. We know where
it can be obtained—faster than you may

have thought possible under existing war-
time_emergency conditions.

RCA Tubes, RCA Test Equipment—or
resistors, rheostats, controls, potentiom-
eters, capacitors, relays, transformers,
wire—or numerous other products pro-
duced by many manufacturers. They're our
business. We know how to deliver the
roods. Try us on your next order!

AMERICAN RADIO CORP.

510 Central Avenve
DOVER, N.H.

'Phone: Dover 404
TUBES AND %" EQUIPMENT

LOUISVILLE

GEARED FOR SERVICE TO \
2. |, BUSY WAR INDUSTRIES,

i

GET YOUR RADIO AND ELECTRONIC

/

SUPPLIES 0” T,M E!

Here is your *'‘Open Sesame!” to rapid, intelligent expediting
on your orders for almost any type of Radio or Radio-Electronic
material. Chances are good that we can ship your order from
stock upon receipt of proper J»riorities. If not, we know where
the materials can be obtained, how they can be obtained, and
how they can be shipped to you far more promptly than you
may have thought possible under existing war-time emergency
conditions. “‘Electronics’’ is nothing new to us. Try our service
on your next order—small or large!

SMITH DISTRIBUTING CO.

831 E. Broadway
Louisville, Kentucky
'Phone: Jackson 1155

)

)

Remember: The
""Magic Brain’ of any
Electronic Device is a
vacwum tube and the
Sountainbead of mod-
ern tube develop-
ment is RCA. We are
headquarters for RCA
Tubes for all applica-
tions; also RCA Test
Equipment, as well as
resistors, rheostats,
relays, capacitors,
transformers, wire.
coils, and the prod-
wcts of many different
manufacturers.

MIAMI

HEADACHES"

on your Orders for

RADIO-ELECTRONIC
MATERIALS

Need RCA Tubes for any Radio or Elec-
tronic application? Need RCA Test Equip-
ment? Need capacitors, resistors, relays,
solenoids, rheostats, potentiometers, cotls,
transformers—or the products of any one
of dozens of manufacturers? Then try
our service today. We know the Radio-
Electronic field.” We know who makes
the products you need and how they can
be obtained. Our personalized seryice
costs nothing extra—and has long since
proved its value to busy manufacturers.

MAJOR APPLIANCES, Inc.

925 W, Flagler St.,
MIAMI (36), Florida

W

TUBE AND EQUIPMENT
DISTRIBUTOR
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CHICAGO

------

COMPLETE
CENTRALIZED
SERVICE

on

in RADIO and

PR W ELECTRONICS
10

LLLINOIS

»

. C“‘clco'

W eeel SPEEDS SUPPLIES

< b
for the ARMED FORCES ... WAR INDUSTRIES ... the HOME FRONT

Through Allied’s centralized service, you can simplify your procurement
of RCA tubes and equipment...as well as the radio and electronic
products of practically all other nationally known manufacturers. Our
large stocks speed supplies of over 10,000 items for the Armed Forces,
for War Training, for Laboratories, Maintenance and Production. Our
special procurement and expediting division is in constant contact with
all manufacturing sources. You save time and work —instead of dealing
with many sources, you get everything you need from this one dependable
arsenal of supply. Emergency needs are met with speed and efficiency. Let
our experienced staff help you as it is helping so many others today.

BLY
333 WEST JACKSON

USE YOUR NEW
ALLIED CATALOG

Maost complete up-
to-date Buying Guide.
If you do not have
yours, send for it today.

It’s FREE!

Write, wire or phone Haymarket 6800
ALLIED RADIO CORP., 833 W. Jackson Blvd., Dept. 24-J-3, Chicago

DISTRIBUTOR

SEND FOR THESE VALUABLE NEW BOOKS

Specially prepared by leading tech- ¢ DICTIONARY OF RADIO TERMS, Easy-
nical experts for radiotraining and for ta-understand definitians.

helpful reference on the job. Pgiced to ONSZ=Z8N 1 oL e i et oe o lofe 10¢
cover only the cost of preparation and ® SIMPLIFIED RADIO SERVICING, Short

mailing. Worth much more. Get all six!

cats in trouble-shooting.

INGRI7C755E I el 0 . . 10¢
e RADIO DATA HANDBOOK. Formulas,
Tables, Chars, o RADIO-FORMULA AND DATA BOOK.
No.37-758..000vernnnnes 25¢ Handy pocket-size radio manval.

N, 37-752. 00 00eenececocacsnnns

® RADIO CIRCUIT HANDBOOK. o RADIO BUILDERS HANDBOOK. Simpli-
Schematics and Pictorials. fied theory and building projects.
....... Na.37-750, cuveecessssccnnsnee
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CHICAGO

LARGE STOCKS
FAST DELIVERIES

on alltypes of Radio-
Electronic Equipment

TECHNICALLY
INFORMED SERVICE
on small orders or large
INTELLIGENT
EXPEDITING

(we know what is
available and where)

Try our service on your next order
for Radio-Electronic materials,
large or small. This is oxr business.
We know what is available and
where. We carry normally large
stocks—for immediate delivery
upon receipt of suitable priority.
We know what to use for a given
iob and how to wuse it—and will
gladly make recommendations 'if
there is any question in your mind.
Try our service on your very next
order—whether it be for RCA
Tubes or resistors, capacitors,
transformers, relays, wire or what
have you? You be the judge of our
service!

THE

RADOLEK CO.

601 W. Randolph St.
Chicago, IH.
'Phone: Monroe 5434

TUBE AND EQUIPMENT
HEADQUARTERS

COLUMBUS

N OHIO

Here is your 'Open Sesame!’’ to rapid, intelligent expediting
on your orders for almost any type of Radio or Radio-Electronic
material. Chances are good that we can ship your order from
stock upon receipt of proper priorities. If not, we know where
the materials can be obtained, botw they can be obtained, and
how they can be shipped to you far more promptly than you
may have thought possible under existing war-time emergency

“LARGEST RADIO PARTS HOUSE

Remember: The

# conditions. “‘Electronics’’ is nothing new to us. Try our service ""Magic Brain” of any

on your next order—small or large!

HUGHES-PETERS, Inc.

111-117 E. Long Street
COLUMBUS, OHIO

&

{Main 4356)

Electronic Device is
vacuum tube and the
Sountainhead of mod-
ern tube develop-
ment is RCA. We are
headquarters for RCA
Tubes for all applica-
tions; also RCA Test
Equipment, as well as
resistors, rheostats,
relays, capacitors,
transformers, wire.
cosls, and the prod-

% i ucts of many dtiermt

Nk manufacturers.

HARTFORD

Located in Connecticut or
anywhere nearby? Then
call on Hatry & Young for anything
from tubes to test equipment, batteries,
soldering irons, or what have you? Our
stocks are normally large — and if we
don’t have it in stock we’ll get it for
you promptly and efficiently. Ask the
buyers who know. They’ll tell. you
H & Y is “tops” for service!

HATRYaYOUNG

HARTFORD 3, CONN.

203 ANN ST.

RCA
Tubes and Equipment
Stancor
Mallory
Stromberg-Carlson
Utah
Shure IRC
National
Eveready
Burgess
Hexacon
Kwikheat, etc.
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HEADACHES
on your Orde;s fo

RADIO-ELECTRONIC

MATERIALS

Need RCA Tubes for any Radio or Elec-

tronic application? Need RCA Test Equip-

ment? Need capacitors, resistors, relays,

solenoids, rheostats, potentiometers, coils,

transformers—or thefproduas of any one
a

of dozens of manufacturers? Then try
our service today. We know the Radio-
Electronic field. We know who makes
the products you need and how they can
be obtained. Our personalized service
costs nothing extra—and has long since
proved its value to busy manufacturers.

NORTHWEST RADIO and
ELECTRONIC SUPPLY (O.

204 So. 10th St.
Minneapolis (2), Minn.

" TUBE AND EQUIPMENT
DISTRIBUTOR

WORCESTER

WANTED

YOUR ORDERS FOR
ELECTRONIC MATERIALS

These are days when it pays
doubly to send your orders
for Radio-Electronic materials
to 2 long-time specialist. We
know the field. We know what
is available. We know where
it can be obtained—faster than you may

have thought possible under existing war.
time emergency conditions.

RCA Tubes, RCA Test Equipment—or
resistors, rheostats, -controls, potentiom-
cters, capacitors, relays, transformers,
wire—or numerous other products pro-
duced by many manufacturers. They're our
business. We know how to deliver the
£oods. Try us on your next order!

RADIO MAINTENANCE
SUPPLY CO.
17 Central St.

WORCESTER, MASS.
'Phone 4.3123

AR a1
"!"l
TUBES AND ™ w

SEQUIPMENT

PHILADELPHIA < CAMDEN ¢ ALLENTOWN « WILMINGTON

In...

FEATURING THESE
LINES:
RCA “All the Way

Sprague
Cornell-Dubiher
Stanco

s H.B. Jones

ovoX
Aer Weston

Bussman
Bogan Sound
Ohmite Triplett
Burgess '
Thordarson Clarosta
Shure

Hollicrafters, efc.

Pennsylvania
New Jersey
Delaware

...STORES NEAR YOUR DOOR
TO SERVE YOU

Fast service . .

. large stocks . .
through six strategically located stores . .

. personalized expediting service
. backed by an exception-

ally broad Radio-Electronic experience of long years’ standing . . .
These, in brief, are the RADIO ELECTRIC SERVICE COM-
PANY features that have proved invaluable to war equipment man-
ufacturers throughout a large section of the industrial East.
Try us on your next order — large -or small. Write for the big
RESCO Catalog. Our representative will gladly call on you if you

say the word.

RADIO ELECTRIC
SERVICE CO.

Main Store: N. W. Cor. 7th & Arch Sts., Philadelphia, Pa.

Branch Stores

3145 N. Broad $t., Philadelphia, Pa.

® 5133 Market St., Philadelphia, Pa.

811 Federal St.,, Camden, N. J. ® 1042 Hamilton St., Allentown, Pa.
219 W. 8th St., Wilmington, Del.

TUBES AND

EQUIPMENTY

VAILABLE—-AND WHERE 70 GET IT R
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SOUND PROJECTION *
SYSTEMS

WAR has pulled Sound Projection Systems into the midst
of battle . . . making them important all along the line.
The Eastern Company has complete facilities for the design
and manufacture of these Sound Projection Systems of
every description . . . ranging from inter-
office systems to high-powered units for use
in naval, amphibian, and land operations of
the armed forces. Today this equipment is
being supplied throughout the world by The
Eastern Company.

MOBILE SOUND
PROJECTION TRA'LER

Pictured above is a Trailer equipped with
an unusually powerful sound projector.
This trailer is attached to military vebi-
cles and is used to direct trairsing, landing,
or combat operations. This ard similar
equipment has been supplied by The East-
ern Company to the Armed Forces and is
in use throughout the world.

CRASH CONTROL TRUCK

Hlustrated below is a Crash Coutrol Truck
fully equipped with sound ivojection de-
vices, short wave radio receizing and send-
ing set, fire fighting and first aid kits. This
truck as supplied by The Eastern Company
is used at naval and military air bases.

Above are important Electronic Components, used in centrally con-
trolled sound projection systems designed and manufactured by the
Eastern Company.They are installed in many Naval and Army Air Bases,

DESIGN * ENGINEERING
MANUFACTURE ¢ INSTALLATION /
of
ELECTRONIC APPARATUS
SIGNAL CONTROL DEVICES
INTERCOMMUNICATION SYSTEMS

BNTHE EASTERN COMPAN

AND

e 620 MEMORIAL DRIVE=CAMBRIDGE, MAS

HEADQUARTERS FOR

TATATATATA'AN( @ 1
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A highly organized department of Tke
Eastern Company specializes in the pro-
. curement of all types of electronic par:s
esmEe 4 and equipment. This department has
4 e i - e served radio engineers, war industries,
research laboratories, educational inst-

)

-y - ~— tutions, and the Armed Forces through-
o Y out the country. A most extensive stock

h ¥ e of electronic parts is carried including

\ - et such nationally known brands as RCA,
3 —— e Mallory, Thordarson, IRC, Centralab,

Sprague, Cornell Dubilier, Stancor.
- Pictured at left is a section of tke
Electronic Parts Department.

AP

PRIME AND

SUBCONTRACT
MANUFACTURE OF

ELECTRONIC DEVICES % =t e

DM EANY Kelvinatre §
t 1 "
! i

The Eastern Company is active : - Sl l
5 ; 1 s e W .
as a prime and subcontractor in Py HI EASTE RN ¢
the manufacture of important elec- :
tronic devices for war industry, re-
search laboratories, and the Armed
Forces. Ample capacity in plant,
equipment, technical, managerial,
and financial resources is available
to support additional projects of
this type. At right are pictured the
ildi using the shops
bulldlngs Rt 8 ¢ PP z YHE EASTERN COMPANY,
offices, and warehouse of the East- 520 Memorial Drive,
ern Company. 1ambridge, Mass.
Please send a copy of your illustrated brochure

presenting in detail the facilities and capacities
»f your company for the manufacture of elec-

“ l.ronic apparatus.

WASHINGTON PROVIDENCE

DIST. OF COLUMBIA RHODE ISLAND

\*
CHICAGO WORCESTER (.0
‘o"gﬂ'

ILLINOIS MASSACHUSETTS

SERVICE ON RADIO-ELECTRONIC MATERIALS @
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NEW YORK

...IS TO ORDER
FROM
TERMINAL
RADIO CORP.!

® Because we have such a long line of
supplies . . . and because we are able to
fill most orders promptly — we urge you
to become acquainted with our head-
quarters. The best way to prove our
value is to let us fill your next order for
electronic and radio material.

There’s a complete line available,
headed by RCA, Ohmite, Thordarson,
IRC, National, Hammarlund, Stancor,
UTC, Cornell Dubilier, and Aerovox.

Our service is yours. Through years
of experience we know the Radio-Elec-
tronic field. If we happen not to have
the product you need, we know who
makes it and how it can be obtained.

Of course this service is free, but we
offer it gladly because it has helped so
many war manufaccurers. So— for quick
delivery plus our personalized service —
try us on your next order! You’'ll want
to repeat!

TUBES AND EQUIPMENT

TERMINAL RADIO CORP.

85 CORTLANDT ST.

NEW YORK 7, N. Y.

‘PHONE WORTH 2-4415

FLIN}

WANTED

YOUR ORDERS FOR
ELECTRONIC MATERIALS

These are days when it pays
doubly to send your orders
for Radio-Electronic materials
to a long-time specialist. We

know the field. We know what
is available. We know where
it can be obtained—faster than you may

have thought possible under existing war-
time emergency conditions.

RCA Tubes. RCA Test Equipment—or
resistors, rheostats, controls, potentiom-
cters, capacitors, relays, transformers,
wire—or numerous other products pro-
duced by many manufacturers. They're our
business. We know how to deliver the
&oods. Try us on your next order!

SHAND S PERCAI : :.'(I')I ES

203 W. Kearsley St.
Flint, Michigan

'Phone ’ \ 2-9714
‘ | ’! = A

TUBES AND %‘ EQUIPMENT

TOPEKA

No Order too Large
None too Small

From RCA Tubes and Equip-
ment to all types of well-
known Radio-Electronic com-
ponents — we’ll welcome the
opportunity to fill your re-
quirements, large or small.

We have normally large
stocks plus the facilities for
obtaining needed equipment,
plus the all-important “Know
How” of its use. Write, wire,
or ’phone.

ACME RADIO SUPPLY

634 Quincy St., Topeka, Kansas

TOPEKA, Kusa
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CHICAGO

Here are Skilled Technicians and One of
the Largest Stocks in the Middle West

YPEED . . faster deliveries than you ever thought

ossible under war conditions . . is the big fea-

FANDEMTINES B RO BN 7@66,/ :urepof W-J Emergency Service! Three fuclorgs are
responsible for this unusual speed: 1. A special de-

i’:“’?;’:e‘inw;';'lu:;;"‘;s' partment has been ejslublisllne(l for expediting rush

S o eii:ei;: priority orders from u!dusl'nul war plufllzs; 23 ()}1e of

. e oo the Ia.rgest and most (l}ver§1ﬁe(l stocks in the nufl(lle

coor REUREMH officials responsible west is constantly maintained; 3. A highly trained

Ty o i corps of radio and electronic technicians . . men

IR qualified to serve you quickly, efliciently, aceurately

. have heen assigned to our Emergency Service

TERMINAL FOOT SWITCH Department.
BLOCKS A Whether you need 1 item or 100 . . whether called

for, ordered by wire, phone or by mail, the same
speedy, expert attention is devoted to your needs.

“START TODAY .. W-J .. ALL THE WAY” is a
good slogan to act upon! It will save you time and
trouble. Only one order to place, one bill to check
and pay, one reputable concern to depend upon for
speedier deliveries of all your needs.

WALKER-JIMIESON, INC.

311 SOUTH WESTERN AVE, CHICAGO 12, ILL. PHONE: CANAL 2525
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NEW YORK

SAVE TIME!
INNEW YORK
PHONE
MEDALLION
3-5716

FOR YOUR
RADIO AND
ELECTRONIC
SUPPLIES!

‘ V

EMERGENCY ELECTRONIC
EXPEDITERS

Engineering Products Division

BRUNO-NEW YORK, inc.

460 West 34th Street, N. Y. C.

Distributors and Manufacturers of

Radio and Electronic Equipment

wASHINGTON

“Serving our Government

Ill

from the Nation’s Capito

PRODUCTS

In Washington it’s American Amplifier!
As specialists in the lines listed above,
we are geared to fill war needs accurately
and promptly. Try us on your next order —
large or small.
Call the Washington representative for
personal service on your requirements.

merican Amplifier & Television Corp.

NN —19th St., N. W., Washington, D. C.. .. Telephone: Republic. 7900

MEMPHIS

MEMPHIS’ LARGEST EXCLUSIVE RADIO-
ELECTRONIC PARTS SUPPLY HOUSE

\/ RCA Recelving, Transmit- Replacement Radlo and
ting, and Speclal-Purpose Electronic supplies and
Tubes equipment
\/ Sound and inter-communicat-
ing equipment '\/ RCA Test Equipment

We deliver the goods — rapidly and ders or mail—all receive the same care
accuratelzv! Every order receives full and atcention to detail. Whatever your
benefit of our years of specialized ex- Radio-Electronic requirements, it pays
perience in this field. to try Bluff City first!

Large orders or small; ’phone or-

BLUFF CITY DISTRIBUTING CO.

905 UNION AVE., MEMPHIS 3, TENN. 'Phone 5-5761 and 2

IT PAYS T0 BUY ELECTRONIC COMPONENTS |
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by

WANTED

YOUR ORDERS FOR
ELECTRONIC MATERIALS

These are days when it pays
doubly to_send your orders
for Radio-Electronic materials

to a long-time specialist. We

know the field. We know what
is available. We know where
it can be obtained—faster than you may

have thought possible under existing wat.
time emergency conditions.

RCA Tubes, RCA Test Equipment—or
resistors, rheostats, controls, potentiom-
eters, capacitors, relays, transformers,
wire—or numerous other products pro-
duced by many manufacturers. They're our
business. We know how to deliver the
goods. Try us on your next order!

KIEFER-STEWART (CO.

Georgia & Capitol Aves.
INDIANAPOLIS 9, IND.

Pecoicbon st =
TUBES AND @ EQUIPMENT

SALT LAKE CITY
In the Mountain
States It’s...

RADIO STUDIOS, Inc.

136 E. Broadway, Salt Lake City 1, Utah

We carry one of the largest
stocks in this part of the
country —and back it up with
personal service and Radio-
Electronic knowledge that
spells real efficiency for busy
war equipment manufac-
turers and other ‘users.
'‘Phone 4-7727

TUBES AND @ EQUIPMENT

DAYTON

®

DISTRIBUTOR

Round-the-Corner Supplier
to BUSY OHIO

WAR INDUSTRIES
\\

If it’s Radio-Elecironic equipment or fWe featyre th 153
€se |;
components you need, you can get T“ORD e Ilnes,-
A
them from Standard—and get them May kso Ura
o] H
fast! N & = OHMIT
. E
Supplementing our large stocks, we CoRH Evepe, oy
know what is available and where. Bug ”Elbbuslus
= ) R
From stock room to executive offices, i Gtss 8y
UELLER sSMAN

we’re geared for the kind of service
g GUARD'A CENTRALAB

that busy war industries require. "
AMPHENO‘ CKSON

Whether your order is large or
small — give Standard a call! Erc,

Standard Radio and
Electronic Products Co.

135 East 2nd St., Dayton, Ohio
Telephone: FU-2174

TUBES AND EQUIPMENT
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RICHMUND

An Address FOR ALL VIRGINIA
TO CONTACT

WANTED

YOUR ORDERS FOR
ELECTRONIC MATERIALS

These are days when it pays
doubly to send your orders
for Radio-Electronic materials
to a long-time specialist. We
know the field. We know what
is available. We know where
it can be obtained—faster than you may

WYATT-CORNICK

INCORPORATED

RICHMOND,
VIRGINIA

Need RCA tubes, RCA Victor and Radiola Parts,
RCA Commercial Sound and RCA Test Equip-
ment? We have them! And we know that today
you need them in double-quick time! So we'’re
geared to fill your order promptly! — to follow
through just as soon as we receive your request
and priority rating!

And here’s an extra service we give you: if
you're in doubt as to what item to use for a
specific job . . . we'll tell you what to use and RCA Tubes, RCA Test Equipment—or
even where 1o get it, if it isn’t in our stock! Thus §f§;§f°‘3;,,'ah§?§§§f",ﬁ?;‘,‘,‘_"'f;;,’,‘;}f,‘,‘:.’.‘l’,‘}‘_
you're assured quick delivery, even if we don’t E’:ZZ:{{,’; ,,',';’,',';‘,:,‘;‘,‘,i,,2;',‘:,’“";‘?},“:,‘?“";{,’;
have it available at the moment.

TUBES AND
EQUIPMENT

have thought possible under existing war-
time _emergency conditions.

business. We know how to deliver the
£00ds. Try us on your next order!

RADIO ELECTRONIC SUPPLY (CO.,
1112 West Warren, Detroit, Mich.
TE 2-5611

S —

Try our service on your next order!
RICHMOND,

WYAIT'CORNICK' I" e VIRGINIA

RACE AT 14th' STREET « PHONE 3-1945

TUBES AND ~EQUIPMENT

SIOU L

SOUTH DAKOTA

CHICAGO — ATLANTA

DELAYS ¢Ze Zo?
NECESSARY!

/]

... Just Send in
Your Orders to
Power City Radio Co.

From stock on hand we are able
to fill many orders for sound
equipment, office communication
equipment, radio repair parts and
supplies, hearing aid and Elec-
tronic Service.

»o

coils, U

many

mers,
vanpfo?

an
celays.
re sther

gacturers:

Get Radio and Electronic Parts — Quickly!
Electronic engineers and research technicians need not de-
lay completion of vital projects for lack of parts or equip-
ment. Lafayette Radio Corp. is headquarters for RCA and

Wil every other nationally known manufacturer in the field.

The reputation of Lafayette Radio Corp. for complete
stocks and prompt deliveries is well known to thousands of
electronic engineers. We can fill your needs quickly!

25 years of radio reliability!

LAFAYETTE RADIO CORP.

910 wesT Jackson eLvp. CHICAGO 7, ILLINOIS
265PEACHTREESTREET ATLANTA 3, GEORGIA

Just shoot in the orders — along
with suitable priorities —and we’ll
rush the delivery. Our service is
fast!

And if the material you want
isn’t in stock, we're equipped to
get it for you in double-quick
time. Try us on your next order —
small or large—and bhe convinced!

POWER CITY RADIO CoO.

224 So. Main Ave.
SIOUX FALLS. SO. DAKOTA

Telephone @
TUBES AND EQUIPMENT
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SEATTLE—PORTLAND —SPOKANE

Oldest and Largest

Electronics Distributor

serving the

PACIFIC NORTHWEST ano ALASKA

ALL LEADING LINES
FAST DELIVERIES

Technically Informed Service

HARPER-MEGGEE, Inc.

Est. 1918

SEATTLE » PORTLAND -+ SPOKANE

TUBES and EQUIPMENT

TECHNICALLY INFORMED DISTRIBUTORS Rl



www.americanradiohistory.com

FEATURING THESE LINES

____

TUBES AND EQUIPMENT

AMPHENOL
ASTATIC
AUDIO DEVICES
B & W COILS
BELDEN
BLILEY
BOGEN

BUD
BURGESS
CARDWELL
CENTRALAB
CORNELL-DUBILIER
CROWE

DU MONT
DUNCO

EBY

EIMAC

FREED
GAMMATRON
GARRARD
GREEN FLYER
GUARDIAN
HALLICRAFTER
HAMMARLUND
HICKOK
HYTRON

IR G
JENSEN
JOHNSON
KATO
KRAEUTER
LENZ
LITTLEFUSE

MAC-KEY
MALLORY-YAXLEY
MEISSNER
MILLEN
MUELLER
NATIONAL
OHMITE
PAR-METAL
PREMAX
PYREX
RADIART
RADIO CITY
RAYTHEON
RCA
READRITE
RIDER

R. M. E.
SHURE
SIGNAL
STANCOR
SUPREME
TAYLOR
THORDARSON
TRIPLETT
UNIVERSAL
UNIVERSITY
UTAH

Uu. 1. C
VIBROPLEX
WARD LEONARD
WESTINGHOUSE
WESTON
WORNER

PITTSBURGH

AR
] DISTRIBUTOR

=

® TECHNICAL “KNOW HOW"

@ TRADE KNOWLEDGE of what is
available, and where

® LARGE STOCKS
® AN EFFICIENT ORGANIZATION

Founded in 1919, Cameradio has been dealing with things
Electronic since the “‘knee pants’’ days of Radio itself.

Our stocks are large—our lines cover practically any indus-
trial Electronic requirement—and we're geared for the prompt,
accurate, technically-informed service that busy war equip-
ment manufacturers, laboratories, and governmental agencies
demand.

Next time you need any of the equipment or components
produced by manufacturers on the accompanying list—TRY
CAMERADIO FIRST.

We deliver the goods!

CAMERADIO

- 963 LIBERTY AVE.
PITTSBURGH - - PA.

@ CHECK WITH YOUR RCA DISTRIBUTOR FIRST

www.americanradiohistorv.com
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RADIO AND
ELECTRONIC
TS

/’/

)

7/
\ ‘
DISTRIBUTORS

RADIO ENGINEERS

+DUFFY o

DETROIT (26), MICH.

L/
M-

TEL. CHerry 2270
h .

BALTIMORE

WANTED

YOUR ORDERS FOR
ELECTRONIC MATERIALS

These are days when it pays
doubly to send your orders
for Radio-Electronic materials
to a long-time specialist. We
know the fiecld. We know what

! is available. We know where
it can be obtained—faster than you may

have thought possible under existing war.
time emergency conditions.

RCA Tubes, RCA Test Equipment—or
resistors, rheostats, controls, potentiom-
cters, capacitors, relays, transformers,
wire—or numerous othet products pfo-
duced by many manufacturers. They're our
business. We know how to deliver the
goods. Try us on your next order!

RADIO ELECTRIC
SERVICE COMPANY

3 N. Howard Street
BALTIMORE, MD.

LEXINGTON 3835-¢

I ———
TUBES AND

DELIVERING,

@

LRl 2 T o
5T TIME!

a

That, in addition to buying more war bonds, should be the prime wartime aim
of every true American. MORE PRODUCTION — AHEAD OF TIME —
will see this war through to a glorious Allied victory. At Sun Radio, we are
devoting every minute of every day to seeing that deliveries of precious radio —
electronic materials are expedited to American Industry with the utmost pos-

sible speed.
SUN RADIO OFFERS

RADIO PARTS, TUBES and
ELECTRONIC EQUIPMENT

FROM STOCK!
*

A @amflefe SEND FOR THIS

Sowrce of Supply FREE BOOK!

If you are actively engaged in
the war effort doing purchas-
ing, expediting or specifying

for
INDUSTRIAL MANUFACTURERS

RESEARCH LABORATORIES radio-electronic parts, our
AIRCRAFT PLANTS massive 800 page buying guide

OIL REFINERIES will be of great assistance in

PUBLIC UTILITIES your work. Lists countless
TELEPHONE — TELEGRAPH COMPANIES thousands of nationally known
BROADCAST STATIONS items — condensers, resistors,

transformers, tubes, meters,

SHIPIARDS test equipment, plugs, jacks,
SCHOOLS COLLEGES switches, relays, connectors,

POLICE and FIRE DEPARTMENTS chassis, wire, solder, etc.
U. S. ARMY SIGNAL CORPS Write for it

U. S. NAVY today on your
and many other Government Agencies company sta-
tionery.
* Address
Dept. E-9.

The fsl)rocess of getting vitally-needed materials to
our fighting fronts in a hurry may often appear
complex —but getting vital materials for research
laboratories and industrial plants is a_compara-

tively simple task if one contacts SUN RADIO. 800
We ‘can save you time, effort and needless ex-

pense since we generally can make prompt ship- Page
ment from our enormous stock, or obtatn it 1n o
the shortest possible time with required priori- BUYII‘Ig
ties. Radio — electronics has been our business Guide

since 1922, Why not let us help, next time?

New York’s Oldest Radio-Electronic Supply House

SUN RADIO CO.

212 FULTON STREET @ NEW YORK 7, N. Y.
Telephone : BArclay 7-1840

EQUIPMEPEIT

TUBES AND EQUIPMENT
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OAKLAND

RADIO AND
ELECTRONIC
COMPONENTS

2~

" Promptly!

Tubes, Test Equipment,

Capacitors, Relays, Coils,

Transformers, Resistors, or
What Have You?

Let us stack our “‘Know How'’ of the
Radio and Electronic industries against
your next order for materials. fe( us
show you what we mean by our slogan
‘“WE DELIVER THE (¥OODS"—
faster, more efficiently than you may
have thought possible under present-
da{_ emergency conditions!

here’s no dark secret about it. It's
simply that we’ve been dealing with
Things Electronic for a long time. We
know who makes it and where. We
know where it can be obtained, and
how fast, This PLUS service costs you
nothing extra—and it has already
proved its value to countless plants
which, like your own, are literally
“snowed under’’ with war work.

E. C. WENGER (O.

1450 Harrison St.,
OAKLAND 12, California

Telephone: Glencourt 1020

TUBE AND
EQUIPMENT
HEADQUARTERS

We are distributors for RCA'Tubes and Test
Equipment for any Radio or Electronic need,
as well as for condensers, resistors, rheostats,
controls, potentiometers, coils, relays, trans-
formers, solenoids, wire, and numerous ‘other
components produced by many manyfactprers.

ST. LOw.

RADIO AND
ELECTRONIC
MATERIAL

TUBES
TEST EQUIPMENT
CAPACITORS
RELAYS COILS
TRANSFORMERS AND
RESISTORS
INTERCOMMUNICATING
SYSTEMS
LOUD SPEAKERS

PARTS AND TUBES
OF EVERY DESCRIPTION

TECHNICALLY
INFORMED SERVICE

20 Years of experience
at your command

LARGE STOCKS
Prompt Deliveries!

Write, wire or "phone for com-
plete information relative to
high priority electronic equip-
ment needed in a hurry. Large
stocks enable us to dispatch
orders promptly. If out of
stock, we usually know where
materials jn this category are
available without loss of time
and, therefore, can be of real
assistance. Vast experience
with Governmental orders in-
sures satisfactory service on all
orders regasdless of size.

DISTRIBUTORS FOR
LEADING MANUFACTURERS

Telephone: Chestnut 2325

INTERSTATE
SUPPLY COMPANY

10th AND WALNUT STREETS
SAINT LOUIS, MO.

SERVING THE RADIO

TRADE SINCE 1928

g4
=08

NOW NEW YORK FINDS
US AT OUR PEAK!

Yes — for 15 years we've done a whale of
a business and helped many manufacturers!'
Today we're well equipped to fill your
orders for Electronic equipment and Radio
Parts — as soon as you send us the order,
along with necessary priorities!

We not only carry a large stock, but can
tell you where to get items if they are tem-
porarily low on our list. Chances are
though, we have what you want. Try us on
your next order!

DYMAC, INC.

[) 27 BARKER ST,
EQUIPMENT BUFFALO 9, NEW YORK
‘Phone GA 0252

" LITTLE ROCK

ARKANSA

In Arkansas, Holcomb Gunn Co. is well
equipped to fill your orders for RCA tubes
.. . RCA Parts . . . Victor and Blue-Bird
Records . . . on short notice!

Our line of these products is ordinarily
full. And, if we happen to be out of the
items you need, we can tell you where and
bhow they can be obtained. We go in for
this consulting service in a big way, and
it will save you time to call us directly!
Send us your orders today and we'll give
them quick attention!

HOLCOMB GUNN (O,

310-12-14 East Third Street
Little Rock, Arkansas
Telephone 7221

ar:s m@ mu.pm
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NEW YORK

CHICAGO

RADIO AND
ELECTRONIC
TS

GEARED FOR SERVICE TO
BUSY WAR INDUSTRIES

GET YOUR RADIO AND ELECTRONIC

;,‘ B \CURRLIES ON TIME!

: ; Here is your 'Open Scsame!’’ to rapid, intelligent expediting
£ on your orders for almost any type of Radio or Radio-Electronic
material. Chances are good that we can ship your order from
g stock upon receipt of proper priorities. If not, we know where
B the materials can be obmined‘j how they can be obtained, and
[ how they can be shipped to you far more promptly than you

3 may have thought possible under existing war-time emergency Remember: The

conditions. "*Electronics’’ is nothin'g new to us. Try our service "Magic Brasn’ of any

on your next order—small or large! Electronic Device is a

vacuum tube and the

'Phone: WOrth 2-6276 Jountainhead of mod.-

ern tube develop-

ment is RCA. We are

bheadquarters for RCA

Tubes for all applica-

tions; also RCA Test

Equspment, as well as

[ ]
(@ Delivered
&7 Prompf’y! RADIO CORPORATION ‘11;”:5;,5“4

12 WEST BROADWAY . NEW YORK 7 ucts of many different

manufacturers.

Tubes, Test Equipment,

Capacitors, Relays, Coils, HOUSTON
Transformers, Resistors,

500 v. Mica Condensers. TUBES AND @ EQUIPMENT

**WE DELIVER THE
GOODS” — faster, more effi-
ciently than you may have
thought possible under pres-
ent-day emergency conditions!

We know who makes it and
where. We know where it can
be obtained, and how fast.
This PLUS service costs, you
nothing extra — and it has
already proved its value to
countless plants which, like
your own, are literally
“snowed under” with emer-
gency war work.

-]

N E w A R K H;adquarters for Ac-n;rate, Informed Se:ic n
ELECTRIC COMPANY RADIO-ELECTRONIC MATERIAL

. {

323 West Madison Street y . Mﬁkiqu E\;ar equg'pmegt thatdneiﬁssit%tles frequent calls
or adio-Electronic tubes an other ectronic compo-

CHICAGO, ILLINOIS | RCA Tubes \ nents? Then get acquainted with our service — today! P
Ph D b 0083 1 RCA Test ~ Chances are, we've got what you need in stock — for
one Dearborn Equipment immediate delivery upon receipt of suitable priorities. If
Capacitors not, we're well equipped to get it for you faster than
P you may have thought possible under war conditions —
TUB E AN D Resistors and to render intelligent, personalized expediting service
. Controls gll along d&e' line. Try us on your next order and

EQUIPMENT (Potentiomaeters) S SRAVInceCt,

Relays (Solenoids)

HEADQUARTERS and countless R.C. & L. F. HALL

other components,

We are distributors for RCA Tubes and Test
Equipment for any Radio or Electronic need, produced by many 1015 CAROLINE STREET,
as well as for condensers, resistors, rheostats, manufacturers P. O. Box 2434
controls, potentiometers, coils, relays, trans-
fqrmers, solenoids, wire, and numercus.other HOUSTON, TEXAS
components produced by many manyfocturers. 'Phone: Capitol 0721

CAN GIVE Y0
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LOS ANGELES — SAN FRANCISO ATLANTA-SAVANNAHR

\ . GEARED FOR SERVICE TO
Y BUSY WAR INDUSTRIES
- i ? M .'_‘ "

i = ’ ﬁJ“G;fﬁiz
| GET YOUR RADIO AND ELECTRONIC
© SUPPLIES ON TIME!

Here is your ""Open Sesame!”’ to rapid, intelligent expediting
on your orders for almost any type of Radio or Radio-Electronic
material. Chances are good that we can ship your order from
stock upon receipt of proper priorities. If not, we know where

the materials can be obtained, hoiw they can be obtained, and
how they can be shipped to you far more promptly than you

2

FAST Delivery
;

may_have thought possible under existing war-time emergency Remember: The
conditions. **Electronics’” is nothing new to us. Try our service  “Magsc Brain® of any I
on your next order—small or large ! Electronic Device is a =
}raclmry btub; a}rd tz'e I I
ountainbead of mod-
LEO. Jo MEYBERG co., Inc. ern tube develop-
i Zle}:; is RCA./W:R%:;
. eadquarters for
2027 S. Figueroa 5t., 70 Tenth St., T”,m/a[ “%C"ﬁpl’f“’
3 R tions; also est
Los Angeles, Cal. San Francisco, Cal. Faniment, s well s
resistors, rheostats,

relays, capacitors,

AN transformers, wire,

L. - coils, and the prod-

g W S wets of many different
"u ! ! manufacturers.

=
:

ANN ARBOR — BATTLE CREEK

IN
GEORGIA

TUBES AND @ EQUIPMENT

TRY SPECIALTY
FIRST!

We're geared, ready and waiting
to fill your orders—orders from
busy war industries needing ma-
terials from the RCA line, also
Solar, Stancor, Thordarson, P. R.
Mallory Co., and others.

Most likely we have what you
need right in stock, because our

RCA Tubes Rheostats Potentiometers line is very complete. If not,
Relays Transformers Wire & Cable ;_V;,re;;;l; EORENLES e
Resistors Meters Photo Cells . e el e

. i manufacturers in many instances.
Coils Switches Sockets We know you will find it help-

WEDEMEYER

SPECIALTY
|5|-|5('-TRON|COFSUPP"Y Co. DISTRIBUTING CO., Inc.

ful. Send us your next order!

425 Peachtree Street, N.E, 223 E. Broughton St.
M|CH|GAN ATLANTA 3, GA. SAVANNAH, GA.

ANN ARBOR BATTLE CREEK
TUBES AND @ EQUIPMENT

) CHECK WITH YOUR RCA DISTRIBUTOR FIRST
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NEW YORK

IF IT'S TUBES YOU NEED
Chances are We Have Them!

Yes!

Right from stock on hand we may be able to
make delivery of the Radio Tubes you need
— Power Tubes, Special Purpose and Re-
ceiving Types.

For years we have kept our supplies well
stocked — and today, while they have
necessarily been reduced due to war

demands, we have many of the crit-
ical types on hand or can possibly get
them fer you, QUICKER! Just send
us your order— with the necessary
priority — and we'll take fast
action to see that it gets filled
promptly!

TUBE AND
EQUIPMENT
DISTRIBUTOR

SANFORD ELECTRONICS
CORPORATION

(Formerly Sanford Samuel Corporation)

136 LIBERTY STREET, NEW YORK 6, N. Y.
TELEPHONE: BARCLAY 7-2242

FOR ELECTRONIC EQUIPMENT REQUIREMENTS
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- RCA Victor Division

‘If you haven’t seen the pages immediately in front
of this page we suggest you read this magazine
backward!

Here’s the reason . . . The pages preceding this
one list many of the RCA Tube and Equipment
Distributors who are anxious to use their special-
" ized knowledge of things electronic to give you
real service on the items they have in their stock
or can expedite for you while you're busy with
other problems.

If you're not already acquainted with the RCA
Tube and Equipment Distributor in your city, we
suggest you look him up—and put him to work on
the material you need in a hurry! That’s right. He is
in business to serve you, and to help expedite

material needed to win this war!
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Aviation—A Progress Report
The Lessons of War Become the Key to a Richer Peace

UNIsiA, PANTELLERIA, SICILY — stepping stones

to momentous events! But that is not all. For
they spell out across the blue waters of the Medi-
terranean a pattern of invasion that has progressed
far since last summer’s first major Commando oper-
ation against the I'rench coast.

From Dieppe, you remember, too many of the
raiders never got back. But in Tunisia, and on
through Sicily, the Allied might plowed inexorably
forward, winning objective after objective at a sur-
prisingly low cost in casualties. Air supremacy over
the battlefield? Yes. But we have learned, too, how
to save lives and shorten

The inference is clear. Effective prosecution of
the war will require smaller ground combat forces
and much larger air forces than some of our strate-
gists once thought.

Our most urgent need, then, is for ever-mounting
fleets of aircraft. And, fortunately, this is just what
we are getting. The American aircraft industry now
is producing as many airplancs as all the rest of the
world combined. In 1938 we made 100 planes a
month. Now we make three times that many in a
single working day. By the end of 1943, our pro-
duction rate will be about 10,000 a month.

But at this stage of the
war, types of planes are

the war by strategic air
bombardment as a prelude
to invasion.

Thus the bombardment
plane —rarely scen by the
doughboys on the fighting
fronts—is destined to save
their lives by hundreds of
thousands in the decisive
attacks that are to come.

This is the fifteenth of a series of edito-
rials appearing monthly in all McGraw-
Hill publications, reaching more than
one and one-half million readers. They
are dedicated to the purpose of telling
the part that each industry is playing in
the war effort and of informing the pub-
lic on the magnificent war-production ac-
complishments of Americd’s industries.

more important than mere
numbers. In the early
months the program was
heavy, and properly so,
with single-engine trainers.
Then, as training planes
accumulated, the empha-
sis shifted to heavier types.
Now we are turning out

This fact is confirmed by
the cold calculations of
the responsible strategists. It will give renewed
courage and confidence to every member of the
armed forces and of the home fronts throughout
the United Nations.

For instance: thorough strategic bombardment
of an objective reduces by ncarly fifty per cent the
surface forces required for invasion. Anticipated
losses are reduced from more than fifty per cent of
the original ground force to about twenty per cent.
Precision bombardment —as used on railroad objec-
tives in Rome —reduces this percentage of loss still
further when it is followed by offensive action on
the ground.

multi-engined bombers at
a rate that is the envy of
the entire world. Some months ago the President
revealed that we were manufacturing 500 long-range
bombers every month. The figure was conservative
even then. And soon we shall be producing planes
of this one type at a rate adequate to replace the
normal losses of a flect of at least 1000 American
heavy bombers operating as continuously as the
weather will permit.

A glimpse of the poundage production may help
us still further to evaluate the miraculous achieve-
ments of the aviation industry as a whole. It was
89,000,000 in 1941 . . . 291,000,000 in 1942 . ..
911,000,000 in 1943 . . . and 1,417,000,000 in 1944

WWW.americanradiohistornv.com
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—1if we need it. There you have the magnificent
record of the American aircraft manufacturing in-
dustry —a monument to the cooperation of indus-
try, labor, government, and to all-out teamwork
between the aviation industry and those other in-
dustries which have converted their facilities to the
manufacture of airplanes.

What of our enemies and our Allies?

German production probably has flattened out
at 2500 a month — with downward revision in im-
mediate prospect. Japan may be able to produce as
many as 1000 planes a month — until we get our
new long-range super-bombers in sufficient numbers
to whittle down that figure. Italy may be able to
turn out her 500 a month — for a little longer. At
best the maximum Axis monthly total is 4000.

Add to our monthly score of nearly 8000, a total
of approximatelv 4000 for Britain, Canada and
Russia, and the United Nations score comes to
12,000 monthly. There we have a three to one ad-
vantage for our side. And between our own rising
production and the brilliant operations of our
bomber commands we should soon boost the ratio
well above that figure. Therein lies the certainty of
continued and growing air superiority over all the
far-flung battlefields.

The critics of American airplane quality have been
silenced ever since the ratio of ecnemy combat losses
to our own on bombardment missions surpassed
four to one. In the Pacific where our heavily armed
and armored planes are knocking off the desperately
stripped racing craft of the Nipponese, enemy losscs
often run as high as eight to onc or more. In the
Mediterranean theater, where the Ttalians were
abandoned by their Allies, the story is much the
same. Only in the well-defended homeland of the
Nazis do we sometimes drop below the average, but
even in those rarc instances the ratio is still well in
our favor and the effectiveness of our bombardment
1s adding constantly to our margin.

% *

Behind the production lines the battle of research
and design still rages. In many a laboratory night-
shift, on many a secret test field, new and terrible
surprises for the enemy are in the making. Super-
bombers, destined for Tokyo, have long since passed

out of the design stage and the Japanese may learn
about them almost any day. New discoveries, de-
signed to sow swift and silent devastation, are farther
along than our enemies believe. No longer will fog
or storm or night be permitted to fight on the side
of our focs.

The men of science who are toiling to broaden
the horizon of our knowledge stand today on the
threshold of discoveries that have been sought for
centuries. New reservoirs of power may soon exert a
profound influence in many fields of technology
and through them on our way of life.

Once the war is won these new discoveries will
be translated into better living. No longer will
countless thousands spend their lives within their
own communities or countries. New efficiencies in
transportation will bring world travel within the
reach of many who once had to stay at home. New
family vehicles will navigate the skyways as easily
and safely as the highways. Already more than a
dozen manufacturers of airplanes, ships, automo-
biles, and electrical equipment are designing, build-
ing, or flving rotary-winged aircraft such as the
helicopter or autogyro to meet the needs of tomor-
row’s families. New and safer aircraft of the fixed-
wing type are ready for production as soon as
materials become available.

The quality that now makes each of our war
planes worth so many of those built bv our cne-
mies will be translated into the sturdy reliability
demanded by peacetime operation. The devices that
seeck out and find our enemies behind the veil of
fog or darkness will, after the war, reduce weather
hazards to the point where they will be no greater
in the air than on the ground.

Science and industry will continue to do their
jobs and do them well. But if the world 1s to be
made a better place for men to live in, statesman-
ship must not fail to do its part.

President, McGraw-Hill Publishing Company, Inc

WWW-americanradiohistorv-com
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the amateuris sti

in radio
He’s nor at his haywire rig in the attic...he’s holding
down key engineering spots in the laboratories, the
factorie$, cthe army,navy and marine corps. Today the
radio amateur is the rop electronic engineer who is
doing the impossible for his country and for the
world. And why not?...the radio amateur has always
done the impossible. He’s the one who refused to
obey the rules...demanded more and ever more from
his “ham’* rig. The equipment thar he used...especi-
ally the tubes...had to have greater stamina and vastly
superior performance capabilities. Thus the radio
amateur literally forced electronics forward. For the
products created to stand up under his gruelling
treatment represented real advancement. Eimac tubes
are a good example, for Eimac tubes were created
and developed inthe great amateur testing grounds.
That’s one reason why Eimac tubes have proved so
vastly superior for commercizl and war uses. Yester-
daytheleading radio amateurs throughout the world
preferred Eimac tubes. Today these radio amateurs
are off the air as amateurs but wherever theyare, as the
leaders in electronics, they’re still using Eimac tubes.

EITEL-McCULLOUGH, INC. - SAN BRUNO, CALIFORNIA
Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, Calif,, U. S. A.

Follow the leaders fo
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SIX
YEARS OL|

o

== hut still
the whopper
of them all!

ERE you see the first commercial

250 KW power amplifier tube

being put through its paces in 1937. It
was the world’s biggest sealed off vacu-
um tube then—and it still is today.

While its giant proportions and
power are striking, the really significant
thing is not the tube itself—but what’s
back of it! And that is the unique
“know how” of Bell Telephone Labo-
ratories and Western Electric, which
made possible this tube—and which has
brought forth so many other develop-
ments that have speeded the growth of
electronics.

Today Bell Labs and Western Electric
are adding steadily to their specialized
knowledge—are applying all they know
to devices to help win this war. In the
~ years of peace to come this pair of
pioneers will continue their leadership.

*Buy War Bonds regularly—all
you can—from now till Victory!
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WASHINGTON FEEDBACK

BT T R e

%~ Of vital importance to the elec-
tronic industry is the list of “criti-
ical” occupations about to be issued
by the War Manpower Commission.
This list has long been in the mak-
ing and is primarily designed to
protect industry’s dwindling supply
of highly skilled technicians.

Experience has amply demon-
strated that while the declaration
of certain industries as “essential”
lessened pirating and labor-shifting
from plant to plant, it did not af-
ford enough protection by way of
deferment from military service.
The War Production Board’s radio
officials have long felt that the
drain of the military services on
the reserveir of young engineers,
technicians and researchers had
created a particularly difficult prob-
lem for the greatly expanded and
comparatively young electronic in-
dustry.

The critical list will certainly in-
clude skilled employees now en-
gaged in manufacture of radio and
radar equipment.

WPB REORGANIZATION — The
Radio and Radar Division of WPB,
which was reorganized last winter,
is undergoing a few more changes.

Frederick S. Boland, formerly
chief of the Scheduling and Dis-
tribution Section, has become chief
of the Program branch. Gerald
E. Miller, former chief of the Pro-
gram branch, left WPB several
months ago.

Arthur Wilson has been given the
top job in the Distribution and
Scheduling branch. Working under
him are Robert Lovelace, in charge
of the Distribution Section, and
Oscar McDaniels, in charge of the
Scheduling Section.

The Domestic and Foreign branch
is unchanged under Frank M. McIn-
tosh, except for the fact that Peter
J. Faber, assistant manager and
buyer for the radio department of

SITHTTTUHTTHI ]

Montgomery Ward, has come in as
an advisor.

WPB also plans to bring in as la-
bor consultant a representative of
the unions.

DIAMOND DIES—The bottleneck
in the production of critical small-
sized diamond dies has been broken,
according to Charles E. Wilson, ex-
ecutive vice chairman of WPB.

Indispensible in the radio equip-
ment program, Mr., Wilson ex-
plained, is wire so fine that it is
invisible to the eye (one pound will
span 100 miles). Such wire must be

drawn  through  precisely-drilled
diamond dies. Our small pre-war
requirements had been filled

through imports from France and
the Low Countries, where die crafts-
men had been trained for genera-
tions.

At the beginning of this year, it
was estimated that the U. S. would
need between 25,000 and 30,000
small-sized diamond dies, which
seemed a hopeless goal. A half-
dozen craftsmen were located and
set to work in this country. Then,
as a result of experiments conducted
in Britain and later in the U. S.,
we perfected a machine that drilled
from 8 to 10 dies at one time. Meth-
ods of greatly lengthening the life
of each die have since been devel-
oped.

It now seems assured that quotas
will be met this year.

ENEMY PATENTS—Large firms
are availing themselves of enemy
patents held by the Alien Property
Custodian. This is evidenced by a re-
cent application of a single com-
pany for 3700 patents. The fee for
obtaining a license is now $15 for
each patent, instead of $50 for
a single patent plus $5 for each re-
lated patent included in the same
license. (See this month’s Electron
Art for data on electronic patents.)

ELECTRONICS — September 1943
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SALVAGE—Producers or sup-
pliers to consumers of electronic
equipment, if unable to dispose of
used, defective, exhausted or con-
demned parts for salvage, were ad-
vised by the WPB to destroy the
useless parts within 60 days, thus
assuring that the parts will not find
their way back into trade channels.
Action was taken through an
amendment to Order L-265, effec-
tive July 23.

CMP-5 REVISED—WPB has re-
vised CMP-5, governing mainte-
nance and repair, to include radio
communications companies under
the highest priority rating. AA-1
places such companies on a par with
the armed forces. The action was
taken because international car-
riers are handling an increasingly
heavy load of wartime military traf-
fiec. Radio communications com-
panies formerly had AA-2 rating.

RESISTORS—EImer Crane, chief
of the Components .Division of
WPB’s Radio Division, urges manu-
facturers to continue the use of the
lowest grade of resistors and capac-
itors that satisfactorily meet circuit
performance requirements. There
has been a great deal of discussion
on what grade of resistor should be
used in spare part kits.

MINIATURE TUBES —Dr. L.
Grant Hector has been appointed
production consultant on miniature
tubes for the Radio Division of the
WPB. He will seek to increase pro-
duction and improve quality of
these receiving tubes through co-
ordinated efforts of manufacturers.
Dr. Hector is chief engineer of the
National Union Radio Corporation.

PATENTS—At a recent meeting
in Washington, the American Patent
Law Association, through its Board
of Managers, endorsed the princi-
ples of the report of the National
Patent Planning Commission, trans-
mitted to Congress by the President
on June 18, 1943, but reserved cen-
sideration of the individual recom-
mendations until legislative bills
are framed.—G.T.M.
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The Thirty-First Time
Was Also the First.'

Not all contact problems yield the answer on the first
try. In this case, thirty different combinations of ma-
terials were tested; the thirty-first experiment brought
the desired solution. And—it was the first time the

problem had been licked.

War demands have uncovered marvelous design in-
genuity on the part of manufacturers. But new designs
breed new material problems and this case was no
exception. Indeed, it was plenty tough.

The part was a regulating relay for automotive equip-
ment. The electrical contact specification was the knotty
question. In test operation, alloys used produced ex-
cessive material transfer, indicating eventual contact
failure. But Mallory engineers delved into experience
and “know how” to come up, on the thirty-first try,
with a Mallory Elkonium that measured up to the job.

Wh le he aesign stitl n o/ eprin /()rm
! t gn js 1 6 vepr; t

LLORY

Without that experience to draw on, tests might easily
have run to a hundred and thirty-one tries!

Mallory aids many a manufacturer to get maximum
life from contacts and complete contact assemblies.
Specifically, Mallory services, in this connection, can:

1. Suggest contact alloy for any application.

2. Suggest backing materials and methods
of assembly.

3. Suggest most suitable operating condi-
tions for the contacts.

Mallory will be glad to cooperate with you.

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

Cable Address — PELMALLO 1\‘( ’
M P.R.MALLORY 8 CO.Inc. Y

ELECTRICAL CONTACTS AND CONTACT
ASSEMBLIES . . . NON FERROUS ALLOYS
POWDERED METAL ALLOYS
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ELECTRONICS....KEITH HENNEY Editor... SEPTEMBER, 1943

AW

»COST ... In all the present
whoopla about electronics being the
great new industry after the war, no
one says much about the cost of the
new things. You can’t sell electronics
on glamor; and in spite of the fact
that there seems to be very little that
cannot be accomplished by electron
tubes, there is a very serious doubt
that anybody can sell much electron-
ics that is not economic.

For example, many housewives are
going to preserve fruits and vege-
tables this year. Home canning is
hard work over a hot stove. Suppose
we could get a simple induction heat-
ing rig into which a standard-size
Mason fruit jar would fit. Un-
doubtedly this could be worked out.
But what would it cost? H-f heating
is economic when the material heated
has a high economic value per unit
volume. Fruits and vegetables, how-
ever, are mostly water and not worth
much. The amount of power required
to raise the material to the boiling
point can easily be calculated; and
any radio man can figure what the
apparatus would cost.

Having made the calculations, it is
our guess that thousands of house-
wives will still be laboring over a hot
stove this summer—and will continue
to do so. Home canning by electron-
ics is still uneconomic.

» POST-WAR EDUCATION

After the last war, thousands of
men whose educations had been inter-
rupted returned to college, were given

CROSS

TALK

simplified courses, and secured war
degrees. Many of these men are now
leaders in industry and in high mili-
tary positions.

Thousands of men are leaving col-
leges now; and many of them will
want to return. They will want de-
grees; but they will not want the
kind of thing they were taking as
boys in college. They will want some
streamlining ; they will want to make
themselves electronic men, aviation
experts; proficient in the new tech-
niques to which they have been ex-
posed by their wartime jobs.

It is not too soon for engineering
schools to be thinking of this prob-
lem; to arrange courses in these new
subjects which men who have been
out of touch with the classroom can
take and benefit by. It would have a
most welcome ray of hope if colleges
could publicly announce, soon, just
what they are going to do to help
the returning men (and women) to
quickly equip themselves to find their
place in the new world after the war.

» WORK ... A McGraw-Hill editor
returning from a trip to England
reports that men there are working
60 to 65 hours per week, women 50
to 55 hours per week. Men are paid
an average of about 8 pounds for
their work week with 1 pound de-
ducted for taxes. In addition men
and women put in about 12 hours a
week on home guard duty. The
pound is now worth about 4 dollars.
Think it over.

WWW.- americanradiohistornv-com

» A-N . . . At the American Foun-
dation for the Blind, a weighing ma-
chine has been devised which per-
mits blind operators to operate
scales accurately. (See ‘“Tubes at
Work,” page 104, Jan. 1943, ELEC-
TRONICS.) The most important point
about this machine is the use of the
A-N concept so familiar to airplane
pilots and aireraft radio men. Except
for use in aircraft navigation the
A-N idea has lain idle until the Foun-
dation put it to a new use. It is quite
conceivable that this ingenious idea
could be applied to many another bal-
ancing system.

» FREEDOM . . . In the popular
interest in radar and the share in it
played by Sir Robert Watson Watt,
the fact that Sir Robert has broader
interests is overlooked. At the Brit-
ish Association conference on “Sci-
ence and the Citizens” Sir Robert
said that the radio listener of post-
war days had a right to expect his
own four freedoms: (1) freedom
from interference, (2) freedom from
distortion, (3) freedom of choice,
(4) freedom from distraction. The
first three are technical problems
only; they can be solved by putting
broadcasting on the higher fre-
quencies and by using FM. The
meaning of the fourth freedom was
not indicated in Wireless World’s
report; but Americans would wish
for freedom from offensive commer-
cials. Broadcasting has everything
now—except good taste.
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Radio vs. Industrial

Same CIRCUIT... different SYMBOLS
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SYMBOLS

Lack of uniformity in symbols identifying the component parts in electronic equipment

cireuit diagrams causes confusion which is inimical to the war effort. Failure to standard-

ize on one set of symbols for both communications and industrial gear will also multiply

the possibilities of error when commercial activity is resumed

RESENTED herewith are two dia-

grams representing exactly the
same circuit. Component parts in
one are drawn in symbols used by
telephone, telegraph and radio en-
gineers; the other employs symbols
used by power, control and measure-
ment engineers. Both sets of sym-
bols represent approved ASA stand-
ards.

Even a casual glance will show that
certain elements in the circuit are
not only represented differently
when drawn for communications use
than when drawn for power use, but
that a given symbol often represents
two entirely different concepts to
these two groups of people. What
looks like a capacitor to a radio man
is a normally-open contact to a power
man ; the symbol used by a communi-
cations engineer to represent a re-
sistor indicates a magnetic-core in-
ductor to a power engineer. The
main difficulties oecur in represent-
ing in svmbolic form such important
components as resistors, capacitors,

inductors (including relay windings -

and transformers), relay and switch
contacts, and fuses.

Says the American Standards As-
sociation:

“Much thought has been given to
the coordination of symbols for com-
munication, power, con trol and meas-
wremént. Many copies of tentative
standards have been distributed, in-
cluding copies to electrical manufac-
turers and others not represented di-
rectly on committees, for such com-
ments and suggestions as might be
nelpful in attaining the best symbols
possible.

“It has been found that all but
four of the basic symbols could be
harmonized. Of these, the different
purposes for which the symbols are
required, and the established usage
of most of these symbols for upwards

of forty years in each field, makes it
practically impossible to evolve sin-
gle symbols which meet the require-
ments and uses of all groups.”

ELECTRONICS believes that .it is
possible to devise a uniform set of
symbols which will be acceptable to
both communications and industrial
engineers; it believes that this should
be done now in the interest of war-
time efficiency and to avoid perpetu-
ating a ridiculous difference in sym-
bols after the war; it believes that
the ASA is the logical place for the
present dual set of symbols to be
fused into one.

Until recently, the difficulties cre-
ated by discrepancies in our symbolic
language were not serious, since the
communications people and the power
people rarely utilized the same cir-
cuit diagrams. Now, however, the

picture is rapidly changing. Indus-
try is awakening to the vast possi-
bilities of electronic appag@tqs and
circuits which come directly: from
c,Qmmunication engineering« are be-
ing used for “power, control and
measurement”’ applications. The sit-
uation is further complicated by the
fact that hundreds of thousands of
men are being trained by the mili-
tary services to recognize the com-
munications symbols. To most of
these men, many of whom will have
much to do with industrial as well as
communications gear after the war,
power symbols will be strange.

Neither the communications nor
the industrial symbols used at pres-
ent are perfect. ELECTRONICS will be
glad to help in any way it can in the
proposed development and adoption
of a single set of symbols.—K.H.

Symbols for Typical Basic Components

COMMUNICATION POWER
— AN ———— Resistor —_— —
——”——— Capacitor ——_I—
— T — Inductor (magnetic core) ——ANN—
I ——  Inductor (nonmagnetic core) — T ——
. . Fuse T

— AMW—— Rheostort (X
RLE
L
[Q:] L Relay —  ARWW——
N o—— Contact (open) ———-"——-
\Vu~ P

p— Contact (closed) —_;H"—
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Planning a

V-H-F

Northampton troop headquarters, typical of the four points from which remotely
operated transmitters are controlled

Closeup of a 125-#t unguyed tower, one
of those used in the eastern part of the
state
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VERY Police and Fire Commis-
E sioner looks forward to the time
when he can have instant communi-
cation between all important units of
his force, whether thev be Troop
Commanders located at a fixed head-
quarters, patrol units which might
be temporarily located at any point
throughout the area served, or a
single man sent on an important
assignment where he mayv need in-
stant contact with his headquarters.
In such service, mobile units may be

Typical control desk. The control for a new
frequency-modulated station is on the left.

-

By JOHN A. DOREMUS

Ingtructor
Massachusetts Institute of Technology.
RRadio Engineer,
Commonwedlth of Massuchusetts

at the scene of a fire or accident,
or chasing a fugitive at high speed
along a highway. They may tunnel
through mountains and under rivers,
or peacefully patrol the roads of
a rural countryside.

A few years ago, any venture into
the realms of radio to accomplish the
vitally needed communication was
looked upon as a questionable ex-
periment. Today, a properly-designed
radio system can make instantaneous
contact with all parts of an organiza-
tion as commonplace as a telephone
conversation. Installations such as
those for the Pennsylvania Turnpike,
ELECTRONICS, May 1943, the Con-
necticut State Police, ELECTRONICS,
November and December 1940, and
the svstem just installed for the
Massachusetts State Police are prac-
tical examples of the possible services
that can be rendered by radio.

The unit on the right controls a now out-
moded medium-frequency transmitter

September 1943 — ELECTRONICS
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COMMUNICATIONS SYSTEM

Design, installation and maintenance of radio equipment. Operation and administration
suggestions. Details concerning the Massachusetts State Police system, employing frequency-
modulated equipment, are included as practical examples of successful V-H-F systems

. VERMONT
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Map of the entire Massachusetts system, Circles indicate approximate areas covered by

various stations.

Dependable radio communication
for the Emergency Services has
evolved through tireless experimenta-
tion and careful manufacture. The
recent development of frequency-
modulated equipment for this service
promises to simplify and standardize
system design. The increase in serv-
ice range and dependability make
FM equipment a welcome substitute
for both medium frequency and HF
amplitude-modulated units.

Experience has led to the formula-
tion of certain design fundamentals
that can now be used to tailor-make
a system to the exacting needs of any

particular department. These were
vividly brought to the fore during
the design of a system which has
recently been installed for the Massa-
chusetts State Police.

Budget — The first fundamental
requirement for a successful system
is not technical, but administrative.
The success of a communications
system depends greatly upon its
place in the organizational chart of
the department it serves. In almost
every case, communication is the
most important factor in the effec-
tiveness of a police or fire depart-
ment, and should be treated as such.

ELECTRONICS — September 1943
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In most instances at least two stations can be heard in all locations

Equipment used in communication
should be chosen carefully and
should be maintained in an accurate
state of adjustment. The communi-
cations department should be pro-
vided with a budget that will per-
mit proper maintenance of the
equipment in order to provide the
unfailing service required by the
organization.

Basic System—Every radio sys-
tem design must be carefully
drawn up to include all features re-
quired by the agency it must serve.
This can best be accomplished by
bringing into the picture a quali-
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Typical mountaintop concrete

Mt. Greylock station. In this instance,
gear is located in the basement of a sum-
mit house. The mast is guyed to with-
stand high winds and heavy ice-loads

station
house. This one is located at Blue Hill

. rvcatets

fied communications engineer who
should be required to make a
thorough study of the department’s
communication needs before he at-
tempts even a basic design. It may
well be that certain communication
functions can be carried out better
and more economically by the use
of wire lines rather than radio. On
the other hand, radio can provide
channels to points that cannot be
dependably served by wire circuits.
Certain requirements will deter-
mine the choice of FM, AM or
medium-frequency equipment. After
the engineer has completed his
study, he should draw up his basic
plan in close collaboration with the
Commissioner and other adminis-
trators who will be responsible for
the operation of the system.
Specifications — When the basic
plan has been established, the engi-
neer must prepare specifications for
the equipment. These must be writ-
ten so that they will invite com-
petition between manufacturers but
at the same time be accurate and
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complete so that the equipment fur-
nished will fulfill the basic plan. A
most important consideration should
be that of maintenance. Similar
units should be used wherever pos-
sible. Mountings should permit
quick replacement of defective
equipment with spare units. Ex-
perience has dictated that a system
should incorporate one spare unit
for each ten in service. Equipment
should be specified to contain com-
ponents that are operated well
within the ratings placed on the
parts by the manufacturers.

The preparation of the basic plan
will require considerable time and
expense. Field tests will be required
with experimental equipment. How-
ever, time and money spent in this
way will be reflected directly in the
performance of the system.

Fixed Station Problems—Almost
every system incorporates com-
munication between a general head-
quarters and a number of mobile
units. Whenever possible, the fixed
station should be located at the head-

quarters building to make the sys-
tem as simple as possible. On the
other hand, when a large area is to
be served, it becomes necessary to
locate the fixed station transmitter
at some vantage point and provide
control circuits to the headquarters.

Antenna—The most important
single factor in the choice of a trans-
mitter site is the height of the trans-
mitting antenna above the average
ground level of the area to be cov-
ered. The antenna should be located
on a tower that projects well above
any objects in its immediate vicinity.
When the antenna is located on a
peak with abrupt slopes, operation
will be more satisfactory than when
the location is on a gentle rolling
hill. This effect is quite marked and
will make desirable the choice of a
steep hill located in one corner of
the service area in preference to a
gentle hill of the same altitude lo-
cated near the center of the area.
When it is necessary to locate a sta-
tion in a region where only low hills
exist, a considerable increase in the
height of the antenna tower will
produce results that will justify the
corresponding increase in antenna-
tower cost. A hill located at the junc-
tion of several valleys would be a
highly desirable location for a sta-
tion to serve that area.

Antenna towers should be de-
signed to withstand all possible wind
and ice conditions encountered where
the station is located. In general, the
steel tube masts are preferred to sup-
port antennas and should be guyed
when winds and ice loads make it
necessary.
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Radio stations should be located at
points that have dependable electric
and telephone facilities and should
be easily accessible for maintenance
and repair. However, it is often
necessary to sacrifice accessibility to
attain the antenna height afforded
by some of the more remote moun-
tain tops. Gasoline-driven power-
generating equipment should be in-
stalled with automatic facilities for
putting it on the line should the
normal supply fail.

Station Housing — When the
transmitter is located in the head-
quarters building, a suitable room
can usually be made available. Ade-
quate ventilation is important and
should be provided. When a trans-
mitting station is to be located on an
isolated mountain peak, a serious
housing problem exists. Because of
the desirability of high, exposed lo-
cations, the building must withstand
all the weather conditions expe-
rienced. Brick, concrete or concrete
block afford more insulation than
most other types that can be built
economically, yet will afford ade-
quate protection against fire of
either internal or external origin.
However, careful waterproofing must
be undertaken to protect equipment
from moisture and controlled ventila-
tion should be provided.

Electric power and telephone facili-
ties should be well protected from
the elements. Underground cable is
most satisfactory and insures maxi-
mum station dependability. A simple
voltage-regulating transformer will
protect the equipment against large
line-voltage fluctuations encountered
in remote areas.

Control—When the station loca-
tion is accessible and reasonably
close to the control point, telephone
wire control links are quite satisfac-
tory. When long distances must be
covered, radio relay equipment can
provide a very satisfactory control
link. In addition, considerable sav-
ing in telephone-line rental is pos-
sible and the radio link will be the
most economical installation.

Control functions should provide
all operations required by the basic
plan. It is usually possible to accom-
plish control on the same circuit that
handles the speech signals by the use
of direct current or by a high- or
low-frequency alternating carrier.
Provision should be included for op-
erating the transmitter in the event
of control line failure.

Mobile Station Problems—Mobile
equipment must be constructed to
withstand the severe vibration en-
countered in the rear of a police
cruiser. Careful design and rigor-
ous maintenance are the only effec-
tive cures for the gremlins that
crawl into the units to loosen bolts
and soldered connections.

The choice of equipment should
be made with due consideration of
battery drain. Frequency-modulated
equipment has considerably lower
drain than AM equipment for the
same power output.

Again, the antenna height is a
prime factor in determining the ef-
fective range of the mobile trans-
mitter. An antenna mounted on the
rear of the car has a directional
radiating pattern that sends a sig-
nal in a direction from the antenna
towards the front of the car that is
three to four times as great as the
signal in the opposite direction. An
antenna mounted in the center of
the top of the car emits a greater
signal in all directions than the
rear-mounted antenna in its maxi-

mum direction. Wherever practical,
roof-top antennas will produce bet-
ter radio performance but some-
times their appearance is objec-
tionable.

Because mobile equipment will
often be operated by untrained per-
sonnel, control of the equipment
should be as simple as possible. A
common telephone handset is pref-
erable and there need be no more
switches to put the unit in opera-
tion than a single press-to-talk but-
ton on the handset. Pilot lights, a
master switch which can also be
used to turn on the receiver, and a
volume control are the only other
controls needed.

Hand-carried equipment is needed
to provide communication on forest-
fire patrols and many other types
of missions  that cannot be per-
formed in automobiles. Equipment
for this type of service mugt: be
carefully designed and built to be
dependable and simple to operate.
Low drain tubes should be used to
give maximum battery life. Any ar-
rangement for increasing antenna
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Floor-plan of typical mountain-top 250 watt station building. The transmitter is
placed in the approximate center of the building, permitting access from both
front and rear for speedy repair work
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increase the

height will greatly
range of the units.

Maintenance—When radio equip-
ment is new, its performance is de-
termined by the quality of manu-
facture. However, after a period of
service, the performance is depend-
ent entirely upon the man who
keeps the circuits in adjustment. As
soon as possible after new equip-
ment is installed, complete mainte-
nance facilities should be provided.
Each mobile unit should be in-
spected and checked at least every
30 days. It is common practice to
inspect fixed stations weekly. A card
file of unit numbers and equipment
on hand will help keep inspection
schedules in order. Rigid inspec-
tions of this type should almost
eliminate breakdowns in service.

A close estimate of the annual
maintenance cost of all equipment,
including buildings and towers, but
not including salaries, is approxi-
mately ten percent of the system
valuation. This will permit the pur-
chase of supplementary units to re-
place those wearing out over a long
period of time.

Instruments essential to the op-
eration of a maintenance shop in-
clude a frequency monitor and sig-
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nal generator, alignment oscillator,
cathode-ray oscilloscope, tuning
meter for transmitters and receiv-
ers, condenser checker, vacuum-
tube voltmeter and ohmmeter and
r-f power-output meter. Power
drills and screwdrivers and a small
rolling table aid greatly in making
car installations.

Radio maintenance can be suc-
cessfully accomplished if the radio
men are on duty during the normal
business hours. However, the radio-
men should be on 24-hour ecall to
handle emergency situations.

Whether a radio system designed
along the lines described here is
intended for a police department,
fire department, or public works de-
partment, the fundamental princi-
ples are the same. After the basic
requirements have been determined,
the major problem will be that of
careful installation and mainte-
nance.

Massachusetts State Police System

Massachusetts, the largest of the
New England states, has four and
one-half million inhabitants who
live in an area of 8257 square miles.
The State is approximately 180
miles long and 46 miles wide except

Long telephone and power lines control the mountain-top stations.
View shows distant farms and the town of Adams, approximately
2,000 ft below the Mt. Greylock station

View through door of typical transmitter house, showing a unit
containing a transmitter, two receivers and control equipment

near the eastern coast where it
broadens to a width of approxi-
mately 100 miles. The terrain varies
from the sands of Cape Cod to
3500-ft. Mt. Greylock which is in-
accessible, except on snowshoes,
five months of the year.

In 1941, the State Legislature
authorized the installation of a
state-wide radio system to fulfill
the particular needs of the Massa-
chusetts State Police. A complete
communication survey of all state
departments had just been under-
taken by the Massachusetts In-
stitute of Technology and the
author, who was a member of the
survey committee, was retained as
State Radio Engineer.

The State Police organization is
made up of 425 officers and men
who operate approximately 125 ve-
hicles in the accomplishment of
their normal duties. Plans are now
being made to enlarge this force by
the addition of Auxiliaries to aid
in the present emergency. The or-
ganization, which is directed from
the Boston Headquarters, is sub-
divided into four troops with head-
quarters at Framingham, North-
ampton, Holden and Bridgewater.
Although the officers are based in
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twenty-one substations in addition
to the Troop Headquarters, all po-
lice activity is directed by the Troop
Commander. All headquarters and
substations are interconnected by
a private-line teletypewriter system
which is normally used for all inter-
station business. This teletypewriter
system is inter-connected with simi-
lar systems in many eastern states
allowing a quick inter-change of all
urgent traffic.

The new radio system replaces a
medium-frequency (1666 kec) system
which was made up of obsolete, in-
efficient equipment that was capable
of dependable one-way communica-
tion with cruisers in less than half
the State. Two-way operation was
possible with a few selected cruisers
equipped with composite high-fre-
quency transmitters constructed by
the members of the Radio Depart-
ment.

The basic plan of the new system,
which evolved from the communica-
tions survey, was drawn to closely
follow the organization plan of the
State Police and included the follow-
ing features:

1. Two-way communication should
be possible between Troop Headquar-
ters and mobile units in every part
of the State.

2. Car-to-car transmission should
be possible over limited ranges. This
should be accomplished with a mini-
mum amount of extra equipment in
the mobile units.

3. Communication should be pos-
sible between all police headquarters
and substations in the event of fail-
ure of the teletypewriter facilities.

4. The state-wide coverage should
be accomplished with the use of a
minimum number of fixed stations
of not more than 250 watts each, yet
incorporate a generous safety factor
that will permit reasonable service
from adjacent stations should one
station be temporarily inoperative.

5. The entire system should be
able to operate through any emer-
gency that would interrupt normal
power circuit facilities.

6. All buildings and antenna struc-
tures should be able to withstand the
extreme climate that is sometimes
experienced in New England.

7. Standard units should be used
throughout the system to facilitate
maintenance and replacement.

Specifications were drawn up for
the equipment and submitted to
manufacturers. The contract was

awarded to Fred M. Link of New
York whose bid was 20 percent lower
than the next competitor’s. The suc-
cessful installation of this elaborate
gsystem during these times of mate-
rial shortages was made passible by
Mr. Link, whe was able to supply
much of the eguipment from stock
without waiting for material alloca-
tions.

The fulfillment of the basic plan
required seven 250-watt and two
25-watt fixed stations located at
strategic points throughout the
State. Frequency-modulated eqguip-
ment was used throughout the sys-
tem. The msin stations of the system
operate on 35.9 Mec while all mobile

Installations in Ford cruisers.

units normally operate on 35.78 Me.
For car-to-car operation, a small re-
lay changes crystals in the mobile
transmitter so that it can operate on
the frequency of the main station.
With frequencies as close as those
chosen, no retuning of the transmit-
ter circuits is necessary. Each fixed
station has a receiver on both fre-
quencies.

Coaxial antennas are mounted on
90-ft and 125-ft tubular-steel towers
that are designed to withstand over
15¢ mile-an-hour wind velocities.

Two towers on the highest moun-

tains are guyed while others are self-

supporting. Special antennas had to
(Contmmued on paye 178)

The car cn the left carries a poriable stretcher for

emergency first-cid work. on a shelf above the radio gear

Radio confrol umit and handset in a typical cruiser
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R-F HEATING
Speeds PLASTIC

Preheating of thermosetting plastic preforms by means of a high-frequency field doubles

press production by reducing curing time, eliminates breakage of inserts and pins. mini-

mizes gassing problems, reduces the amount of pressure required

R R

Upper press platen

Preform.g

/.ower press p/afen |

FIG. 1—Simplified diagrams illustrating successful stages in the closing of a positive

type mold, as used in compression molding

= % bt )

e
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HE NEWEST large-scale use of r-f

heating is in the plastics mold-
ing industry. In one of the most
promising applications so far de-
veloped, radio-frequency current
is used to preheat plastic molding
materials just before these mate-
rials are placed in the press.

By eliminating the appreciable
time otherwise required to bring
the molding material to the soften-
ing temperature, such heating en-
ables the output bf the press to be
greatly increased. Under favorable
conditions, production of a given
press may be doubled or even
tripled. Since the material is soft-
ened before it goes into the press,
lower pressures can be used. Gas-
sing and flow problems are allevi-
ated, rejects are fewer and stop-
pages due to pin-breakage are
much less frequent.

Installations to date have been
limited to operations using mate-
rials in the shape of preforms. The
method shows promise for many
other molding operations.

The Heat Problem

The advantages of radio-fre-
quency preheating are the tangible
results of applying the simplest
form of dielectric heating™®* to
standardized molding procedures.

The conventional process of
molding thermosetting materials is
illustrated in the simplified sketches
of Fig. 1. The molding material,
which is frequently a mixture made

FIG. 2—Typical preforms of thermosetting

molding material (front) together with the

finished pieces (rear) molded from these

preforms. The unit at the upper left is a
small jackbox
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'MOLDING
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By J. P. TAYLOR

RCA Victor Division,
Radio Corporation of America

Camden, N. J.

Shop setup for production molding with the aid of radio-frequency preheating equip-

ment.

A girl operating the r-f unit places preforms on a metal shelf gonstituting

one output electrode, settles another electrode into place on top of the preform,
closes a protective cage and subjects the preforms o a high-intensity field for about

4D seconds.

up of a resin binder and a filler
such as wood-flour, rags, or paper,
is placed in the cavity of a mold
which is mounted on the lower
platen of the press. The male part
of the mold, which is attached to
the upper platen, descends into the
molg cavity, forcing the material
to take the desired shape.

Both parts of the mold are heated
by steam or electricity. The heat is
required for two reasons; first, to

She then feeds the preheated preforms to the operators of two presses

bring the material up to the soften-
ing or flow temperature (without
which it would be impossible to
press the material into anything but
the simplest shapes) and second, to
raise the material to a temperature
which will cause it to cure or set
and hold it there a reasonable
length of time.

Since most of the resins used will
cure in a minute or two at tempera-
tures just above the softening
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Close-up of the electrodes, with plastic
preform in position, and the interlocked
protective cage on side of rf unit

points, it is apparent that the time
required to bring the material up
to temperature is the major deter-
mining item in the cycle. This time
is considerable for all except the
smallest pieces and, in most cases,
represents the major part of the
press cycle. The reasons will be ap-
parent from a study of Fig. 1. It is
obvious, for instance, that while the
layer of material next to the hot
mold will come up to temperature
rapidly, the part of the material
near the center will, because of the
low thermal conductivity of these
materials, come up rather slowly.
Moreover, since the material will
not flow until it reaches a fairly
high temperature (usually 250 deg.
to 300 deg. F), and since the mold
does not make contact over the full
area until then, the heat transfer is
bound to be a relatively slow proc-
ess. This heating problem has been
the bottleneck in all attempts to
speed up molding processes.

The sketches in Fig. 1 are in-
tended to illustrate the process gen-
erally referred to as compression
molding. Compression molding and
transfer molding are the two
methods ordinarily used for mold-
ing of thermosetting materials.

Transfer molding - differs from
compression molding only in that
the material is first placed in a
chamber separate from the mold
cavity proper. A ram which de-
scends into this chamber forces the
material, as it is softened, through
a small opening called the gate,
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Oven Heating

L T O I O A A4
:._‘ VYLV |
-_?: Interior heated :._-
= slowly by
= B thermal T
~— conduction -

S IINEELGN
77 TTT N

®

R-F Heating
\\\\\\1\171‘/‘//
N \ Frry7 P
- 1-- Heat generoted ::
-1 n the
P materral rtself” i S

AV TN
PV AT A A A

FIG. 3—Diagrammatic illustration of the heat-flow in a plastic preform when using
oven heating (A) and when using 1 heating (B)
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FIG. 4—Isotherms for the preform from which the jackbox in Fig. 2 was made,
showing conditions of preheating in an oven at 250 deg. F for 5 minutes (A) and

preheating in an oven at 250 deq. F for 30 minutes.

In practice, the first-mentioned

method gives insufficient heating of the center to be useful while the second causes
the outside to be “precured”” so that it cannot be molded
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FIG. S—Isotherms for the preform from which the jackbox in Fig. 2 was made,
after preheating in an oven at 150 deg. F for 30 minutes (A), and after preheating
for 40 seconds with rf power (B)

into the mold cavity. The same
problems of heat transfer and con-
ductance are present. Transfer
molding is of advantage and is
ordinarily used when the mold is of
intricate shape, since by softening
the material before it comes in con-
tact with the pins and inserts, less
likelihood of breakage is involved.
Even so, r-f preheating should be
of advantage in reducing the heat-
ing cycle. It is also likely that many
parts now necessarily made by
transfer molding will, with the
availability of r-f preheating, be
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made by the relatively simpler
method of compression molding.

The Use of Preforms

In compression and in transfer
molding, the molding material may
be in the form of loose powder,
small granules, or preforms. Pre-
forms may be regular shapes, such
as pellets, cubes, discs, or the like,
which are convenient to handle, or
they may be of more intricate
shapes having some relation to the
shape of the final molded piece
(Fig. 2). In either case, they are

usually formed from carefully de-
termined amounts of material, by
cold-pressing.

The use of preforms offers sev-
eral advantages from the point of
view of handling and convenience.
In using a so-called positive mold
such as shown in Fig. 1, it is neces-
sary to use exactly the right amount
of molding material in order to
maintain constant density. Pre-
forms avoid the necessity of hav-
ing to weigh out the correct amount
of powder for each piece. Again,
many molding materials have high
bulk factors, meaning that they
compress greatly on molding. This
makes them difficult to handle un-
less some means of “predensifica-
tion,” such as preforming, is util-
ized. In the case of specially shaped
preforms, there is an added advan-
tage in that the shaping facilities
flow into the recesses of the mold
cavity.

The trend in the molding indus-
try is very definitely toward the
use of preforms for nearly all op-
erations involving the use of ther-
mosetting materials.

Shortcomings of Oven-Heating

An advantage often claimed for
preforms is that they are adaptable
to preheating. As applied to the
older method of preheating, in
an oven, this advantage is nebulous,
at least insofar as all but the small-
est preforms are concerned.

Consider, for example, a preform
such as is shown at the upper left
in Fig. 2, two of which are used in
molding the adjacent jackbox. This
preform is roughly 21”x21”x1}” in
size. From well-known formulas for
heat flow* it can be shown that if
this preform is placed in an oven
at a temperature of 250 deg. F, it
will require approximately a half-
hour for the center to reach 225
deg. F (90 percent of the surface
temperature). But this preheating
cycle is out of the question since the
curing of this kind of material is a
time-temperature function and even
five to ten minutes at 250 deg. F
would completely set the surface
and thereby make molding impos-
sible.

At lower temperatures longer
preheating periods are, of course,
permissible. Before the advent of
r-f heating, the jackbox preforms
shown were preheated for a half-
hour in an oven at about 150 deg. F.
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This was nowhere near the soften-
ing temperature and, moreover, the
center never reached this figure.
Even so, the preheating operation
was considered worthwhile, which
is an indication of the importance
attached to preheating.

Radio Frequency Heating

Radio-frequency heating is the
ideal method of preheating pre-
forms. Moreover, this statement is
almost equally true in reverse, for
preheating of preforms is certainly
a very good, if not an ideal example
of radio-frequency heating. The
truth of these statements is imme-
diately apparent when the essential
difference between r-f heating and
other methods of heating is con-
sidered. The diagrams of Fig. 3
illustrate this difference.

In all other methods of heating
(except chemical reaction) the
source of heat is outside the mate-
rial. No matter how produced, such
heat must start at the outside of
the preform and travel inward by
thermal conduction (Fig. 3A). Radio-
frequency heat, on the other hand,
is produced in the material itself.
The heat is produced simultane-
ously throughout the preform and,
except for the effect of radiation
and conduction losses, is uniform
throughout. The only flow of heat
is the slight outward flow due to
these losses (Fig. 3B).

Figures 4 and 5 show the isother-
mal lines for the jackbox preform

FIG. 7—After r4 preheating, typical thermosetting plastic pre-
forms are soft and can be crushed between the fingers as shown

shown in Fig. 2 for four different
conditions of heating. In Fig. 4 the
preform is assumed to have been
placed in an oven at 250 deg. F.
The isotherms calculated by approx-
imate methods for times of five min-
utes and thirty minutes are shown.
It is obvious that in the shorter
time (Fig. 4A) not enough heating
of the interior has been accom-
plished to be of value. In the longer
time (Fig. 4B) the interior has
started to heat, but by this time
the outside has been set hard. Thus
neither of these time-cycles is prac-
tical. In order to prevent curing of
the exterior and still obtain some
heating of the interior the actual
procedure (prior to use of r-f heat-
ing) was to place the preforms in an
oven at 150 deg. F for thirty min-
utes. As can be seen from Fig. 5A,
this oven-heating cycle produced
only a relatively small temperature
increase.

The result of heating the pre-
forms by r-f energy is indicated in
Fig. 5B. The two preforms are fed
about 2 kw of r-f for a period of
forty seconds, at which time the

temperature of the inside reaches
280 deg. F. (The isotherms shown
for this case are estimates based on
a relatively small amount of dat'a,
but they are considered representa-
tive.) The temperature of the pre-
form is fairly high all over, with
the exception of small areas at the
edges. Even this slight differential
is no great disadvantage in that
when the preforms are placed in
the mold the outer edges immedi-
ately take up some heat from the
hot mcld, thereby tending to equal-
ize the temperature all over the
block.

Method of Applying R-F Heating

The method of applying r-f heat-
heating to regularly shaped pre-
forms is simplicity itself. The only
critical part of the operation lies in
the fact that the heated preforms
must be transferred to the mold
cavity without appreciable delay,
since if they are allowed to stand
long after being brought to curing
temperature they will set.

The heating cycle must be coordi-
nated with the press operation. To

FIG. 6 — Curves
showing relative _|' r
curing times for 1

non-preheated (A), |
oven preheated (B)
and rf preheated 8
(C) preforms of
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accomplish this the r-f generator is
ordinarily located near the press.
The r-f equipment may be operated
by the press operator, or, in cases
where some assembly time (placing
of inserts, etc.) is involved, it may
be advantageous to have a separate
operator. In the operation shown in
a photograph accompanying this
paper, a girl operates the r-f gener-
ator and feeds heated preforms to
the operators of two presses.

The heating box for the preforms,
which is also pictured here, is usu-
ally mounted on the r-f unit, an ar-
rangement which simplifies instal-
lation and allows the unit to be
moved about without tco much diffi-
culty. The box actually is a screened
cage, hinged at the back for easy
opening and interlocked so that
power is automatically removed on
cpening.

To heat the preforms the operator
places them on a metal shelf and
rests a small brass plate on top of
thein. This plate, which may be
made larger or smaller as required,
forms the top electrode, while the
shelf forms the bottom or grounded
electrode. After the preforms have
been placed in position and the cage
closed, the operator pushes an “On”
button and allows the heating to
proceed until a small amount of gas
is given off by the material, at
which point the current is turned
off and the preforms are ready to
go in the mold. An automatic timer
may be used.

Production Advantages of R-F Heating

The most obvious advantage of
r-f heating is, of course, the very
considerable reduction in curing
time in the press. Actually, what is
usually spoken of as curing time
includes not only the time at cur-
ing temperature but also whatever
time is required for all parts of the
material to reach this temperature.

In thick preforms not preheated,
or only slightly preheated by oven
methcds, the time required to reach
cure temperature is considerable.
When using r-f preheated preforms
the curing time is a very short pe-
riod indeed since the material is put
in the press near cure temperature.
Thus in thicker preforms the reduc-
tion in soc-called curing time is
spectacular. The curves given in
Fig. 6 by V. E. Meharg illustrate
this particularly well® Curing time
reductions are seen to be consider-
able when r-f preheating is used.
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One note of caution must be
sounded here. The curves of Fig. 6
do not give the true picture of overall
time reduction. To the cure time
must be added the time for unloading
and loading the mold. This will
necessarily be fixed and in the case
of molds having a number of inserts,
it may be as much as several min-
utes. The jackbox shown in Fig. 2
is a good example. According to W.
M. Witty®, the cure time for making
this box could be reduced from seven
minutes with oven preheating to one
and one-half minutes with r-f pre-
heating. Actually, a cure time of two
and one-half minutes was adopted.
When to this were added the three to
four minutes necessary for disassem-
bling and then reassembling a com-
plicated mold, the actual saving of
overall time was only about 40 per-
cent. Nevertheless, this made it pos-
sible to obtain with two presses the
production previously ohtained with
three. The cost of the r-f equinment,
in this instance, was approximately
25 percent of that of the third press
and mold which it replaced. In fact,
the third mold alone would have cost
approximately the same as the r-f
unit and, unlike the r-f unit, its use-
fulness would have been limited to
the production of this one item.

Otker R-F Heating Advantages

Spectacular as time-saving feature
may be, it is likely that other ad-
vantages of r-f preheating will soon
be recognized as being of equal or
greater importance. Of these, the
most outstanding is the fact that
r-f preheated material is in a soft
state when it is injected into the
mold.

When a preform is heated by r-f, it
tends to swell up slightly and to
soften as the resin approaches the
flow stage. When such preforms are
removed from the heating box ready
for the press, they are quite soft and
can be crushed between the fingers
as shown in Fig. 7. This fact, namely,
that the material as it goes into the
press is soft and plastic, is of consid-
erable importance in that it means
that the material will begin to flow as
soon as pressure is applied. More-
over, it will flow uniformly through-
cut and will not have hard lumps in
the center which, when forced against
inserts or pins, may break off the
inserts or pins. If the mold dia-
grammed in Fig. 1 is imagined with
all of the inserts, pins and projec-
tions necessary to produce the jack-

FIG. 8—Molded terminal strip. pressed
from a preform which has preheated by
1f power. Because of the large number
of ping in the die used to press this piece
it was difficult to mold by older methods

box shown in Fig. 2, the importance
of preform softening will be evident.

Going a step further, it may be
predicted that the use of r-f will
make possible some moldings which
otherwise could not be made at all.
The terminal strip shown in Fig. 8
has a large number of holes which
must be formed by pins inserted in
the mold. Attempts to make this unit
without preheating resuited in a
high breakage of pins. Preheating
with r-f completely eliminated this
trouble.

Another similar possibility is in
the simplification of preforms. It
has been found that intricately
shaped preforms are usually not
necessary when the softening action
of r-f preheating is utilized.

The use of r-f preheating may be
of considerable advantage in elimi-
nating, or at least reducing, gassing
problems. In some molding mate-
rials, particularly phenols, heating
releases volatile materials in the form
of gases. Previously it has been
necessary to provide some means for
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FIG. 10—Rear interior view of 2-kw, 1-f generator shown in use
The 833-A oscillator tubes are behind
Rectifier and control components are
Load tuning inductances may be seen
General design follows radio transmitter practice

elsewhere in these pages.

the panel at the top center.
on the wall at the right.
at the left,

-

FIG. 9—Curves showing the reduction in molding pressure which
is permitted when r-f preheating is employed, reproduced by
courtesy of V. E. Meharg

the escape of these gases from the
mold cavity. In some cases this was
accomplished by design and shaping
of the mold. However, in other cases
it was necessary to ‘breath” the
press (open it momentarily) in order
to allow the gases to escape.

In r-f preheating the gases are
mostly driven off before the material
is placed in the mold. Breathing will-
rarely be necessary and molds can be
designed without concern as to how
gases will escape. This is of particu-
lar advantage in the molding of
pieces with long vertical sides (deep
draws), such as radio cabinets.

Still another advantage of the soft-
ening caused by r-f preheating is
that lower pressures may be used to
obtain the necessary compression and
cause the mold to close. Curves given
by Meharg (Fig. 9) illustrate this
point. The reduction in required
pressure can be turned to advantage
in either of two ways. As applied to
presses presently operating, it allows
the press (with the same pressure
applied) to be closed much more

quickly. In the pressing of the jack-
box shown in Fig. 2 it was found
that the press closing time was. re-
duced from one and one-half min-
utes with oven preheating to less
than twenty seconds with r-f pre-
heating. In the future it will allow

cheaper presses of lighter construc-
tion to be used, or, conversely, bigger
pieces to be molded in existing
presses. Similarly, there is at least
a good chance that less expensive dies
can be used. Such a development
(Continued on page 204)
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FIG. 11—Simplified circuit of the 2-kw r-f{ generator shown in Fig. 10
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MiriTaArY FACSIMILE

Facsimile transmitters in scout planes permit sketching military data with black pencil on
a red outline map and transmitting the black portions to headquarters during flight. The

signals are meaningless to the enemy if intercepted unless they also possess the exact out-

line map tracing used at headquarters to complete the received copy

TRANSMISSION—The completed map
is clamped on the sending drum, and
transmission begins as soon as go-
ahead orders are received by radio
from the receiving officer in the
mobile field headquarters. During
scanning, the observer can receive
new instructions from headquarters
and discuss them by radio, since mul-
tiplex equipment permits simultaneous
two-way radio communication in the
wave band used for facsimile trans-
mission. Either the transmitter or the
receiver, or both, can be used in tanks,
armored cars, scout cars, ships, planes
or any other mobile equipment having
the necessary source of power. The
useful working range is hundreds of
miles
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SKETCHING — Over enemy
territory, the observer
sketches on an accurate
scale map vital data on the
disposition of enemy troops
and equipment. Since the
map is in red and the fac-
simile transmitter is insensi-
tive to this color, only the
added markings are trans-
mitted. These would be
meaningless to anyone inter-
cepting the radiated signal
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RECEPTION—AbLout hali of the map has been reprcduced here at the facsimile

receiver. The complete transmission requires only a few minutes, as the stylus

burns in the image at the rate of & sq. in, per min. on a 6%2 x 8 inch copy sheet.,

The stylus has a linear velocity of 1850 in. per min. and the scanning spot has a
diameter of 0.01 in.

INTERPRETATION—The commanding officer places his map transparency over the

recelved copy. adjusting the position so the squares coincide, and thereby secures

a complete map. The facsimile equipmenti shown here, providing near-perfect

synchronizafion between transmitting and receiving scanners, was developed
by William G. H. Finch
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Methods oi Depositing
"METALLIC FILMS

Thin films of metals, “sputtered” or otherwise deposited on glass, ceramics, plastics
etc., are widely used in apparatus employed by electronic engineers. Methods of deposi-

tion are discussed in this comprehensive survey of old and new deposition techniques

LTHOUGH methods of deposit-
A ing thin films of metals on sur-
faces such as glass, ceramics and
plastics have been known for more
than 50 years, they have not been
widely employed until recently ex-
cept by physical and chemical lab-
oratories studying atomie strueture
and electron theory.

Today, however, metal film-depos-
iting techniques are being used com-
mercially for many purposes. Thin
films provide highly reflective sur-
faces for mirrors. They simplify
the manufacture of spectrometers
and interferometers. They increase
the conductivity of fine quartz fibers
used as suspensions in sensitive in-
struments such as quadrant and
string galvanometers, electrometers
and electrocardiographs. They are
useful in the construction of bar-
rier layer photocells and lend them-
selves admirably to the design of

other electronic equipment com-
ponent parts.
e :
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Apparatus for production of mirrors, etc.,
by cathode sputtering. (From Gardner
and Case)
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By SAMUEL WEIN

This article presents a brief sur-
vey of known metal film depositing
methods. These methods have certain
advantages. For example:

Extremely thin films may be
formed; so thin in fact that they
may be used as optical filters and at
the same time serve as electrical
conductors as, for example, in the
barrier layer types of photocells.

Metals that ordinarily cannot be
precipitated out of solution can be
deposited on surfaces.

Metals can be applied to noncon-
ductors without resorting to special
chemical or physical treatments.

Materials can be coated with
metals by this method which could
not be coated if high temperatures or
chemically destructive compounds
were required, as in some other proc-
esses.

Alloys and elements such as tel-
lurium, silicon and selenium can be
deposited on any given surface in
very thin layers.

One metal can be deposited on an-
other that is far removed from it in
the electrochemical series, whereas
this is impossible by electroplating.
For example, gold or platinum can be
deposited on aluminum or
nesium.

There are also disadvantages. For
example:

The processes are comparatively
slow and tedious.

The deposits are not made conven-
iently.

Cathode Sputtering

The technical literature indicates
that Grove was the first to deposit

mag- |

metallic films by means of a high
voltage across an anode and a
cathode operating in a vacuum.
When this method is used, the cath-
ode disintegrates and the metal of
which the cathode is made is de-
posited upon the anode as an ex-
tremely thin and homogeneous film.
The method is commonly known as
cathode sputtering, and is gradu-
ally being superseded by others.

Sputtering Methods

There are two commonly employed
methods of sputtering. Both are car-
ried out in a partial vacuum or in the
presence of an inert gas at low pres-
sures.

Arc—Pencils of the metal, or met-
als, to be coated on a given surface
are brought together, with a suitable
source of emf applied between them.
Sometimes a voltage is also applied
between the cathode of the arc and
the work in order to “pull” the metal
lons over to the surface to be coated.
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Apparatus for deposition of metals by the

evaporation method. The metal is heated

by placing it in a crucible inside the

tungsten coil or by placing the metal itself
in the coil (Gardner and Case)
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Single and two-bell evaporation units

High Voltage—Gardner and Case
give a description of one layout
of a high-voltage method. A base
plate of metal or glass is covered by
a glass bell jar with the joints made
tight by wax or rubber cement. “If
an aluminum base plate is used, it
may serve as the anode. The connee-
tion for evacuating is brought out
through the base plate and the pres-
sure is reduced to approximately
0.001 mm Hg. The cathode, a thin
sheet or wire grid of the metal to be
deposited, and the surface to be
coated are placed parallel, approxi-
mately 25 mm apart. A 10,000-volt
transformer (% kw is satisfactory)
furnishes the currvent. It is advis-
able to rectify the curvent. either by
means of a vacuum tube or by means
of a mechanical rectifier driven by a
svnchronous motor. If no rectifier is
used, the anode should preferably be
of aluminum”.

Evaporation Methods

Distillation—Here we have a small
crucible of ceramic or other material
whose melting point is much higher

o
AN R

than that of the metal to be distilled.
The metal is placed in the crucible in
the form of particles of irregular
shape, wires of different sizes, coarse
granules, or powder or salt (organic
or inorganic). The crucible is heated
by means of a heating coil to a suffi-
ciently high temperature to bring
about a vapor condition of the metal,
which will condense on a cold glass
plate. Suitable means for accom-
plishing this in a vacuum chamber
have heen covered by Sommer,
O'Brien, Sukumulyn, Berghaus and
Burkhardt.

Thermal FEwvaporation— This
method was first suggested by Edi-
son and thereafter developed in de-
tail by Zworykin, Trautman, Saeger,
Edwards, Williams, Willlams and
Ruedv. Alexander, Gardner, Biggs,
Walker, Burkhardt and Reinecke,
Siebertz, and Lenz. It is commonly
used today because of its simplicity
and because the required equipment
is inexpensive.

In the early days, Edison used fila-
ments of carbon., molybdenum or
tungsten. Nichols at the Bureau of

ELECTRONICS — September 1943
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made by Distillation Products, Inc.

Standards makes a coil of tungsten
about # mm in diameter, clamped by
strips of iron to heavy (1 mm) tung-
sten wires. The material to be coated
is placed on a glass plate and sup-
ported on a clamp which can be
raised or lowered. If the surface to
be coated is too close to the material
used as the coating, the film will not
be uniform, being thickest in the
center. Also, the heat from the fila-
ment may break the glass if it is
thick and too close to the filament.
One can watch the progress of
evaporation by looking up toward the
filament from the bottom cf the tube.
This is especially convenient when
semitransparent deposits are re-
quired. When the filament is heated
the metal to be evaporated will as-
sume a vapor or guseous condition,
which soon condenses on the glass
and the inner wall of the bell jar.
Henderson evaporated nickel which
had been electroplated onto a tung-
sten wire in a technique designed to
secure especially uniform films.
Pfund evaporated bismuth from a
tungsten spiral by a similar method.
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Eddy Current Technique

The use of eddy currents for “ex-
ploding” magnesium within vacuum
tubes is common practice. This
method forms a mirror-like deposit
on the inner wall of the evacuated
bulb. The method is fast, but in
some cases the investment for equip-
ment to produce the eddy current is
prohibitive. “Getter pills” using al-
loys of different proportions between
magnesium and aluminum, with a
small percentage of barium, are com-
monly used in the vacuum tube art
and are also employed for making
front-surface mirrors. This idea is
covered by the patents of Case and
Macksoud.

Getter pills are usually made up
to individual requirements with re-
gard to whether the aluminum or the
magnesium is in preponderance.
Some typical getter pill alloys formu-
lated by the King Laboratories, Inc.,
are shown in the table below.

The lower of the two temperature
values in the column at the right
gives the temperature at which the
evaporization of the magnesium is
practically complete and at least a
trace of barium is detectable in the
deposit. The higher figure gives the
temperature of practically complete
barium deposition. In the case of
alloys containing no magnesium, the
lower figure gives the approximate
temperature at which the barium be-
gins to deposit and the higher value
is the value required for complete
evaporization.

The magnesium will usually begin
to distill at least 50 deg lower than
the lower value given in the table. It
is recommended that where the
“hashing rate” be fast, the getter be
raised to a temperature at least 50
deg higher than the upper figure
given in the chart.
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Thin metallic films find numerous
applications in mirrors, optical fil-
ters, microscopes and other optical
instruments. Some of these applica-
tions are now described.

Optical Applications

Front-Surface Mirrors—Deposited
metal films are particularly useful
for telescope mirrors, optical com-
parators, etc., in which there is no
glass between the reflecting surface
and the air or other medium through
which the light rays approach the
mirror. This type of mirror elimi-
nates distortion effects introduced by

GETTER-PILL. COMPOSITION

Barium MagNEsTUM
42%4 5
3714 25
4354 12
25 55
42 9
35 50
371, 374
43 20
45 T4
50
60
70
75
40
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Frasu
Avuminum  Teme. (DEa. C)
5214 1025-1075
3714 850-900
4334 900-950
20 700-750
49 925-1000
15 900-950
25 750-800
37 850-900
55 1125-1175
50 1125-1175
40 1000-1075
30 950-1025
25 925-1000
35 875-925

made by Distillation Products,

Inc.

the optical properties of glass and ef-
fectively increases reflection (due to
absence of absorbing material).
Metals not generally used in the for-
mation of reflecting surfaces prove
useful when properly deposited. For
instance, chromium has been found
to provide a very satisfactory surface
when it is properly coated on glass.
Chromium gives to the surface two
especially valuable properties: (1) It
reflects light over a wide range of
wavelengths, having a reflectivity of
85 percent in the ultraviolet region,
where silver drops off to 4 percent re-
flectivity; (2) such a surface does
not tarnish quickly, if at all, as com-
pared with silver.

The following notes on aluminum
surfaces will be useful to those inter-
ested in front-surface mirrors:

The reflectivity of aluminum is
very nearly as high as silver for
green light and is much higher for
the ultraviolet, according to Cob-
lentz and Starr, making possible the
use of mirrors for ultraviolet optics
where the lack of achromatism in a
lens system is often objectionable.
Edwards finds that aluminum reflects
89.5 percent of light and aluminum-
magnesium alloys reflect 94 percent.
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Aluminized mirrors exposed for
more than 6 months show no tarnish.
The permanence of the high reflec-
tivity definitely exceeds that of sil-
ver protected by an evaporated quartz
layer, according to Cartwright and
Strong. The aluminum is inert to
corrosive agents because of the layer
of oxide which forms on the surface
when removed from the evacuating
chamber.

The aluminum adheres more
tenaciously to glass than does silver,

so that dust, etc., may be washed off/

with soap containing no caustic soda.
Soda with water may be used as a
cleansing agent.

Aluminum mirrors have a greater
uniformity than silver in reflectivity
and transmission throughout the vis-
ible wavelengths and find wide ap-
plication for interferometer plates
for this reason.

Optical Filters—Semi-transparent
films of metals are used as optical
filters having unique transmission
characteristics dependent on the
metal deposited, and are also used as
optical filters which must simultane-
ously serve as electrical conductors,
as in the case of a conducting me-
dium for the barrier type of photo-
cell.

Such filters may be formed of a
single metal or an alloy. Alloys are
used where transmission of a spe-
cific color is required and where the
required characteristics can not be
obtained with a single metal. The
following table shows the colors
transmitted by certain metals:

MeTAL CoLor
Silver Blue-violet
Chromium Brown
Aluminum Blue

Gold Green
Copper Green
Selenium Orange

Any two or more of these metals
applied to a glass surface as succes-
sive films will produce a transmission
equal to the product of the transmis-
sion of the component metals.

It is well known that a coating of
a metallic fluoride on an optical lens
will reduce or eliminate reflection at
the glass-air interface if the coating
has the proper thickness. This is a
most important application of coat-
ing technique.

In spectrophotometers semi-trans-
parent films which transmit all colors
to an equal degree are employed to
attenuate one source of light with-

out affecting the color response. An
alloy of chromium and platinum has
such a characteristic. Another use of
semi-transparent films is in inter-
ferometers employed to examine mi-
nute contractions and expansions in
industrial machines.

Beam-gplitting, as in binocular
microscopes or in color cameras, -is
another use of thin metallic layers.
For example, a film of an alloy of
aluminum and copper will reflect red
and blue light but will transmit green
light, the aluminum reflecting the
blue and the copper reflecting the red.

Electronic Applications

Thin metallic films, such as those
which may be deposited by any of the
methods described, have a number of
applications in the electronic field.
Typical examples follow:

Microphone diaphragms made of
duralumin coated with gold are
located between two small chambers
containing granular carbon. The
carbon granules are in electrical con-
tact with the sputtered gold film on
the duralumin diaphragm (West-
ern Electriec Co.).

Piezo-electric crystals are coated
with metals to make better or more
intimate electrical contact, according
to Hulburt, Kingsley and Vigoureux.

Resistor units, according to Richt-
meyer, Zworykin and Hobruck, are
coated with metals for electrical con-
tact purposes.

Shielding for high-frequency oscil-
lators is made by sputtering metals
on plastic and other materials.

Phonograph master records made
in wax, insoluble metallic soaps or
other similar materials must, of ne-
cessity, be electroplated with a suit-
able hard metal and then backed up
to a desired thickness for use as a
“stamper.” To accomplish this elec-
troplating process, Edison sputtered
gold on the master record, then
backed the thin shell with copper by
electroplating. Russell used palladium
because it is harder than gold and is
not affected by chemical action be-
tween the palladium surface and the
resinous material with which it is in
contact during the molding process.

Other Uses of Metallic Films

Window glass has been coated with
semi-transparent films so that those
inside a building can see out but
those on the outside cannot see in.

Advertising displays have been
made by placing text and illustra-
tions in a suitable box containing a
light that flashes on and off peri-
odically. When the light is on, the
copy can be seen. When the light is
off the display acts like a mirror be-
cause of the material coated on a
glass plate within the box.

Tin cans have been coated so that
contamination of the material by the
tin is eliminated. Alloys of silver
have been used for this purpose.

Materials such as vegetable and
animal matter in the form of fabric
or textile (cotton, wool, silk, paper,
wood, linen, jute, hemp, leather, gela-
tin, mica, ete.,) have been coated by

(Continued on page 248)

ORGANIC FLUIDS FOR VACUUM PUMPS

S.G. at

Name Formula Mol. Wt. g5° ¢ N,! 72
Butyl Phthalate CH.(COOCHj,), 278.1 1.0465 1.491 39
Butyl Sebacate
Amoil C¢H,(COOC;H,;). 306.2 1.0190 1.485 44
Amoil-S CaHu(COOCsHu)g 343.3 0.9251 1.449 33
Octoil CsH(COOCsH 1), 390.3 0.9796 1.488 39
Octoil-S CSHIG(COOCEHH) 426.3 0.9103 1.443 53
Vacuum
Ultimate R K Viscosity °F°
Name at 25°Cc BP. °C 80 100 150
Buty! Phthalate 10— 85 1.7 x10-10 79 58 45
Butyl Sebacate
Amoil 2.5x10-5 100 1.7x10-11 100 81 52
Amoil-S 3.1x10- 111 2.9x10-18 71 65 50
Octoil 2.5x10-7 122.5 2.6 x10-10 178 171 75
Octoil-S 5x10-8 143.4 6.7 x10-12 83 81 57
1. Refractive index for sodium D line 3. Boiling point at 10 2mm
i . ' Ny — No 4. Conductivity in mhos at 27° C 5
2. Dispersion ratio, i.e., ———— 5. Viscosity in seconds — Saybolt viscosimeter

Np —1
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Photoelectiric

Contact

CONTROL

Printer

Once the correct printing time has been determined for a
given negative, a phototube-thyratron-guillotine shutter
arrangement insures that all contact prints made from that
negative will have uniform density regardless of variations
in lamp intensity due to changes in filament temperature |,

0 make large numbers of con-

tact prints economically from a
single negative requires the mini-
mum printing time consistent with
exact density duplication between
prints. High printing speeds, in turn,
demand high light intensity and
automatic exposure.

A number of electronic timing de-
vices were used before the develop-
ment of the unit described here, but
in every case print densities varied.
The earlier timing units used solenoid

contactors or mercury relays for con-
trolling the current to the lamps. It
was found that the release time of
these relays was inconsistent and
consequently the time cycle varied
even though the electronic circuit
provided absolutely accurate timing.

The relays were replaced with thy-
ratron tubes whose action wag in-
stantaneous, but severe density vari-
ations were still experienced. These
were traced to variations in light in-
tensity between cold and hot lamps.

Diagram of the pholo-
electric control c¢'rcuit Mooified
refay i

Dunco CX1030
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shutter T
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Using six number 2 photoflood lamps
and printing times of one-half second
and less, the time for the lamps to
reach maximum temperature (maxi-
mum light intensity) depended on
the starting temperature of the fila-
ment. A series of prints made from
a cold start and continuing as rapidly
as the operator normally worked
would show increasing densities until
a temperature equilibrium had been
established. Any appreciable inter-
ruption in printing would result in
less dense prints until the temper-
ature was again equilibrated.
Variations in density due to ther-
mal inertia in the lamp filaments can
be overcome by exposure through a
shutter rather than by inereasing and
decreasing the brilliancy of the
lamps. If the exposure is actually
measured by using a phototube to
discharge a timing capacitor, the de-
vice will be self-compensating for
line voltage changes, darkening of
the lamp envelopes or any other
change that varies the light intensity.
An Eastman No. 12 studio printer is
easily modified to incorporate such a
timing device. Figure 1 shows the
complete installation, comprising the
“guillotine” shutter, the thyratron
relay circuit, the phototube and step-
wedge, and the mechanical system for
varying the exposure by placing dif-
ferent steps of the step-wedge in
front of the phototube mask opening.

Operating Principle

The light path in this printer starts
out horizontally. A concave mirror
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POSITIONING NOTCHE S Lot

DRUM FOR STEP WEDGE —
PHOTOTUBE HOUSING =

PHOTOTUBE WINDOW-———

STEP WEDGE

RELAY THYRATRON

“GUILLOTINE “SHUTTER

500 WATT LAMP

1000 WATT LAMI'—

250 WATT LAMP

WINDOW

MIRROR

SHUTTER MAGNET.

CONTROL KNOB ——

By C. J. PENTHER and C. WEISKE

Shell Development Co., Emeryville, California

FIG. 1—Photograph (on opposite page) and diagram (at left) of
Eastman No. 12 studio printer as modified to incorporate a photo-
electric timing device that automatically compensates for changes
in light intensity as the printing lamp warms up during produc-

(shown in Fig. 1) concentrates the
light from the printing lamp into a
horizontal beam that is directed
through an aperture in the vertical
light shield to a plane mirror (not
shown) positioned behind the shield
at an angle of 45 deg, so it reflects
the beam vertically upward to the
film and paper on top of the table.
The mirror is mechanically coupled
to the platen and is turned to a ver-
tical position when the platen is
lifted so as to expose the “safe” light
(also behind the white shield in
Fig. 1).

A thin aluminum vane shutter is
placed between the light and the
shield. It is operated electromag-
netically by a coil in the anode cir-
cuit of a miniature thyratron (type
2050).

The time cycle is determined by
the time required to discharge a
capacitor in the grid circuit of the
thyratron from one fixed voltage to
another. A phototube is used to dis-
charge the capacitor, and the rate
of discharge is determined by the
intensity of the light falling on the
tube.

The phototube, placed so as to re-
receive light directly from the lamp
when the shutter is opened, is housed
‘in a light-tight box with a small
window which is covered with a
photographic film “step-wedge’. The
wedge, which varies the time of ex-
posure, can be moved one step at a
time in front of the window by
means of a drum having a ‘“detent”
device which accurately locates each

tion runs. This printer gives a choice of three different lamps
- s paa
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step in front of the window. The
control knob is mounted on the front
of the printer, where it is readily
accessible to the operator.

Figure 2 shows the calibration
curves for the timer, plotted for each
lamp. These curves were made
with a “Shutter Speedometer” that
indicates “effective time”, a measure
of light quantity (intensity X time),
taking into account the shutter ef-
ficiency. The curvature at the lower
end, which increases with the power

of the lamp, is due to the finite time.

required for the shutter to operate.
The minimum effective time is ap-
proximately 0.2 sec. for the 1000-
watt lamp, 0.4 sec. for the 500-watt
lamp and 0.65 sec. for the 250-watt
lamp.

By effective time is meant the
time the shutter would be fully
open if it opened and closed with
infinite speed. Since the shutter re-
quires time to open and close, the
elapsed time for a shutter cycle is
longer than the effective time. The
overall variation in effective time is
less than == 10 percent for line volt-
ages from 100 to 120 volts. By mark-
ing each negative with the lamp
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size and the wedge position number,
prints can be exactly. duplicated at
any time.

Circuit Details

The photoelectric circuit, shown on
the opposite page, is an adapta-
tion of the timing circuit described
by Goldberg?®, modified to incorporate
the phototube timing feature and
shutter mechanism. The resistor
required as a grid return for the
thyratron determines the maximum
time of operation. Its resistance is
made as high as possible (consistent
with stable operation) in order that
the dark-time be so long that it has
a negligible influence on the actual
operating time. That this is the case
is indicated by calibration curves
showing no tendency to curve down-
ward at the upper end.

The microswitch actuating the
timer is set to close just after the
mercury switch which turns the
light on. They are both auto-
matically operated by closing the
platen. When the microswitch dis-
connects the timing capacitor from
the charging source and connects it

(Continued on page 274)
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FIG. 1-—Parallel wire transmission line

with accessories as follows: (a) vari-

able air capacitor, (b) telescoping tan-

dem bridge, (¢) current detector, (d)

voltage indicator, (e) sine-wave oscil-

lator with detuning stub at (f), and (g)
tandem bridge

e ————
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ia- “1.3}4”\(‘

AW

Lol P, whad

MicrowavVvE PLUMBING

Laboratory instruction in u-h-f transmission requires new equipment not previously avail-
able. The construction of transmission lines and wave guides used at Harvard is described.
Concluding installment to discuss u-h-f antenna systems and oscillators

straightforward circuit setup
Ain a clear and orderly fashion
is generally the core of a good elec-
trical laboratory experiment or lec-
ture table demonstration. The design
of u-h-f laboratory equipment fol-
lows this principle, but other consid-
erations apply in addition. To keep
a piece of apparatus from misbe-
having at ten centimeters or two
meters may require careful attention
to the geometrical as well as electri-
cal design, in spite of the apparent
simplicity of both. Furthermore,
use in laboratory instruction de-
mands that the equipment be rug-
ged and versatile.

Suitable combinations of the vari-
our pieces of apparatus to be de-
scribed give a fairly complete cov-
erage of u-h-f transmission phenom-
ena and have been used with success
both in the laboratory and for lec-
ture demonstrations. The work may
be divided conveniently into three
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By D. D. KING,

Cruft Laboratory
Harvard University,
Cambridge, Mass.

sections: (1) transmission lines, (2)
wave guides, (3) antennas. The de-
scription to follow will be in that
order.

Transmission Lines

A typical transmission line set-up
is shown in Fig. 1. A rigid wooden
frame with guide track and meter
scale supports the line, which is hung
on polystyrene blocks. In order to
prevent spurious resonance effects it
is best not to make the line an inte-
gral number of half wavelengths
long.

From left to right along the line
are:

(a) A variable air capacitor across
the open end. Inductive and capaci-
tive (close wound) coils, resistors,

and bars are hung on the line to give
any desired termination.

(b) A telescoping tandem bridge
with grooves for various line spac-
ings.

(¢) A current detector consisting
of two brass rods mounting a post-
age stamp blocking capacitor at one
end and a small crystal at the other.
A mieroammeter (supported from
the blackboard) is connected across
the crystal. Coupling is varied by
raising or lowering the whole unit
or by moving it laterally along the
track. The brass rods may be tele-
scoped in and out from the line as
well.

(d) A voltage indicator compris-
ing two parallel rods acting as an
antenna to feed a crystal connected
near their center. The whole unit
again may be moved laterally or
raised and lowered with a rack and
pinion. The voltmeter is supported
from the blackboard.
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FIG. 2—Transmission line type of

coupled circuits operated at one meter

with equipment as follows: (a) detector,

(b) oscillator, (¢) tuning caparitors, and
(d) shorting capacitors

(e) A sine-wave symmetrical oscil-
lator' using two W. E. 316A tubes in
a modified Hartley circuit. Grid and
plate (tank) rods are bridged by
tandem postage stamp capacitors for
tuning.

(f) A detuning stub on the central
tubes containing the filament leads.

(g) Another telescoping tandem
bridge.

Measuring equipment for a line
experiment for the study of coupled-
cireuit phenomena is shown in Fig.
2. The measuring line with current
detector at (a) is loosely coupled by
a polystyrene frame to the secondary.

The oscillator (»), feeding the
primary of the coupled circuits, uses
an RCA 8012 and is similar to the
one mentioned above. Tandem tun-
ing bridge capacitors (e¢) and below
them, shorting capacitors to the sup-
ports (d), keep the r-f currents in
the tank. The General Radio 757A
oscillator in the background, with
matching section and antenna, is
used for calibration.

Compared with crystals, vacuum
tube voltmeters have the advantage
of requiring a less sensitive meter.
At wavelengths below 50 cm their
sensitivity declines. Nevertheless,
acorn tubes at 10 em are as sensitive
as a crystal. Close spacing between
tubes and line as well as standing
waves on the tube supports compli-
cate the operation at very short wave-
lengths.

FIG. 4—Transmission line voltmeter
using a pair of acorn tubes

FIG. 3—Vacuum tube voltmeter for
parallel line measurements, using or-
dinary rf pentodes
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FIG. 5—Rectangular wave guide.

From left to right are: {(a) radi-
ating horn. (b) measuring section with scale and movable detector,

(c) fixed driving unit, (d) movable driving unit, (e) wooden frame
for compression yoke. and (f) piston assembly

FIG. 6—Accessories for rectangular wave guide: (a) horizontal
elbow with reflector plate removed. (b) vertical elbow. (c) double
T-section with one plunger removed, (d) bottom view of detector,

Two vacuum tube voltmeters using
6D6 (or any r-f other pentode) and
956 tubes respectively are shown in
Fig. 3 and 4. Movable low-value re-
sistors or capacitors connected across
likely points of voltage maximum,
with detuning stubs placed on the
support and lead-in tubing, are pre-
cautions necessary to prevent self-
resonance,

Wave Guides

A rectangular guide for use at
3000 megacycles with the H,, mode is
set up in Fig. 5. The sections are
built up from stiff brass, silver sol-
dered together at the edges. Pins in

118

(1) insertion section with dielectric rod

the joints give additional strength
to the shorter sections. Short collars
soldered on the female ends readily
snap on the male ends. Once the de-
sired assembly has been completed,
wooden frames, one of which is
shown, may be secured to the outer-
most sections. Steel rods (not shown)
forming a yoke at each end are
slipped on, and set screws place the
whole assembly under compression.
The rigid unit thus obtained is well
adapted for use where large num-
bers of students handle the ap-
paratus.

The special types of sections and
the associated equipment used with

(e) double L-section, (f) fixed driving unit, (g) piston assembly,
(h) piston for assembly at (g). (i} parallel resonant section, (j)
capacitive section., (k) insertion section with bakelite slab, and

this wave guide are shown in Fig. 6
and will be considered individually.

The detector unit (d) of Fig. 6
consists of a flat plate with heavy
strips along the edges to make it
slide smoothly on the section with
he mounted scale. Constructional
details of the detector are shown in
Fig. 7. A pickup rod of adjustable
length protrudes from this base into
the guide. through a longitudinal slit
in the measuring section. A pickup
loop may also be used. Sensitivity
may be adjusted by altering the
probe length or by moving the slider
of the tuning stub up and down. The
ervstal cartridge is easilv replaced.
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FIG. 7—Constructional details of detec-
tor unit

A driving unit is shown at (f) of
Fig. 6. A movable probe antenna ex-
tending a very short distance into
the guide, as in the detector, is the
best type for experiments with the
guide resonant; here loose coupling
and a movable antenna are required.
A short section of guide with coaxial
adapter at the bottom and a match-
ing stub at the top is a more efficient
unit for power transfer. The inner
coaxial conductor is simply extended
through the guide into the coaxial
stub above, thus forming a fixed an-
tenna to excite the vertical £ field in
the same fashion as the probe.

Tuning piston assembly and tun-
ing piston are shown at (¢) and (/)
of Fig. 6. A rack and pinion with
scale is mounted in a frame to clamp

FIG. 8—Cylindrical wave guide with detector and driving unit
In the foreground. from left to right,
are: a piston, six different insertion grids and disks, and insertion
The cylindrical wave guide permits studies of modes of
oscillation which cannot be demonstrated by the rectangular guide

mounted for measurement,

holder.

on the outside of the male section.
The remocvable piston with springy
phosphor-bronze edges fits snugly
into the guide.

Horizontal and vertical elbows (a)
and (b) respectively and T sections
(¢) of Fig. 6 ave of st raightforward
construction. Flat reflector plates to
cover the corners of the elbows may
be slipped in to change their behav-
iour. A reflector plate, removed
from its angle piece, is shown at
((l‘v.

Plates or rods of various materials
and metal grids, called insertion sec-
tions, may be inserted in sections
fitted with guide pins or ridges and
a small spring to keep them in place.

Insertion sections with a bakelite
siab and with a dielectric rod are
shown in Fig. 6 at (k) and (D)
respectively.

Various sections have been devel-
oped to give reactive effects with the
H. mode. Inductive effects are given
either by a vertical double T section
with adjustable plungers (c¢) or by
inserting plates into the guide from
the narrow sides (¢). Capacitive ef-
fects arz obtained by inserting plates
from the top and bottom (j); in-
sertion from all four sides (¢) gives
the possibility of obtaining parallel
resonance. Finally, the whole width
of the guide may be effectively re-

(Continved on page 276)

FIG. 9—Accessories

to be changed.
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cylindrical wave guide. Cylindrical

for
section with rectangular attachment enables mode of oscillation

In foreground, from left to right are: antenna
mounted on coaxial section, double stub for matching coaxial line
to generator or load, and probe antenna with crystal detector
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FIG. 1-—Circuit used to
produce intense flashes
of light at an audio
rate corresponding to
that of the frequency
being measured

To mike
or vibr.
pickup

flashing

O
B+300v

discharge
tfube

Precision Stroboscopic

A fork-controlled electronic generator is adjusted until one of 84 rotating patterns appears
stationary when illuminated by a discharge tube fed with the signal to be measured. The
direct-reading range covers 32 to 4000 cycles with 0.05 percent accuracy

By EARLE L. KENT

Director of Instrument Research
C. G. Conn
Elkhart, Indiana

Conn stroboscope for sound analysis

120

LTHOUGH originally developed

to test the intonation of wind
instruments, the chromatic strobo-
scope to be described has been suc-
cessfully used in piano and organ
tuning (where it can provide spe-
cific data permitting duplication of
tuning), in investigations of pitch,
and in giving musical instructions
or demonstrations to students.

More recent uses in war industries
and in laboratories involve checking
the speed of rotating objects, cali-
brating or checking tachometers,
measuring natural frequencies of
moving parts of engines, measuring
stack frequencies, and calibrating
oscillators, impulse generators and
similar equipment.

The instrument as made by C. G.
Conn, Ltd. is essentially a logarith-
mic frequency meter of the strobo-
scopic type, capable of measuring the
frequency of any sound, vibration
or a-f voltage directly in the loga-
rithmic unit known as the semitone.
Results may also be expressed in
cycles per second by referring to a
suitable table. The logarithmic
scale is particularly advantageous in
measuring ratios of two frequencies,
with or without regard to the actual
frequencies involved.

In use, the alternating quantity to

be measured is converted into an
audio signal, amplified, and fed to a
discharge tube that produces flashes
of light at the audio rate involved.
This light illuminates a series of 12
identical pattern discs, each rotating
at a different determinable speed
that is proportional to the frequency
of a calibrated tuning fork in an
electronic generator circuit that
feeds a synchronous motor geared to
the pattern discs. Each disc is im-
printed with a pattern consisting of
seven rings of alternate light and
dark segments, with the inner ring
having two segments and each other
ring having twice as many as the
preceding ring. The fork frequency
is adjusted until one of the pat-
terns on one of the wheels appears
stationary due to stroboscopic effects.
The frequency of the input signal
can then be read on the dial.

The pickup device may be a crys-
tal microphone, vibration pickup, ro-
tating contactor or any other device
capable of delivering a signal of at
least 1.5 millivolts to the inpyt of the
amplifier circuit shown in Fig. 1.
This amplifies the input signal suffi-
ciently to actuate a U-shaped dis-
charge tube that produces flashes of
light at a rate corresponding to the
frequency being measured.
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The discharge tube is positioned
behind 12 translucent pattern discs
that are geared together in such a
way that the speed ratio between
adjacent discs is that of an equally
tempered semitone (a ratio equal to
the twelfth root of 2, which is about
6 percent). This ratio is obtained
with sufficient accuracy by succes-
sive use of the two gear ratios
89/84 and 107/101 in alternation.

The circuit of the electronic gene-
rator that feeds the synchronous
motor is shown in Fig. 2. The tem-
perature-compensated tuning fork
that controls the frequency is driven
by coils L, and L. in a regenerative
circuit whose pickup coil is L,. The
succeeding a-f amplifier stages that
step up the power to meet the input
requirements of the motor are of
conventional design.

Sliding weights on the tuning
fork are calibrated in 100 steps cov-
ering a frequency range of 3 percent
above and below 55 cycles (the fork
frequency). This range in combina-
tion with the 84 patterns (7 on each
of the 12 discs) is sufficient to give
a stationary pattern for any fre-
quency in the range from 31.772 cy-
cles to 4066.8 cycles.

The frequency range can be ex-
tended considerably upward by using

Above: Tuning fork and amplifier. The

knob controls the positions of sliding

weights on the tuning fork arms, provid-

ing changes of up to 3 percent in fre-

quency. The pickup and driving coils are
near the ends of the fork

an external frequency divider. Fre-
quencies up to 50 ke have been meas-
ured with the same degree of accur-
acy as the fundamental range, name-
ly 0.05 percent.

The 440-cycle tone broadcast regu-
larly on 5000 k¢ by the National Bu-
reau of Standards is adequate for
checking the calibration, because an
adjustment of the fork at any one
frequency makes it correct for all
other frequencies.
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FIG. 2-—Circuit ar-
rangement of the tun-
ing fork and amplifler
for driving the syn-
chronous motor

BELOW: One of the
pattern wheels. The
rings have 2. 4, 8, 18,
32, 64 and 128 seq-
ments respectlvely.
thus taking care of
seven octaves

Below: U-sshaped dis-
charge tube, gear train
" and motor are behind the

12 pattern discs
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URING the winter of 1938-39,
D while the television transmitter
of W2XB, now WRGB, was under
construction, considerable thought
and study were given to the possi-
bility of establishing a program link
with television transmitters in New
York City. In the spring of 1939, a
television receiver and an experi-
mental 160-Mc receiver were taken
to the top of Mt. Beacon, on the Hud-
son River, opposite Newburgh, and a
160-Mc transmitter was installed at
the present transmitter site of
WRGB, where power was available.
While a very strong 44-50 Mc signal
was received on Mt. Beacon from
New York, no trace of the 160-Mc
signal was received from the capitol
district. Even though it was realized
that the 160-Mc path was below the
line of sight, it was hoped that some
diffraction effect would permit a sig-
nal transmission which would give a
basis for calculation. The complete
absence of this signal caused a revi-
sion of plan. The circuit was re-
versed, with the receivers installed
in a truck with a gas-engine power

supply. Transmissions were made
from Mt. Beacon on schedule while
the truck was parked at various
selected locations in the Helderbergs,
near Schenectady. At none of these
locations was any trace of the 160-
Me link signal observed; but checks
on NBC’s video channel using only a
simple dipole antenna disclosed a
fair, although weak, signal. The low
noise level in the area gave promise
of a relayable signal if a large
enough factor of antenna gain could
be obtained.

Accordingly, the next step in this
developmental project was under-
taken. A temporary—and portable—
small metal building, large enough to
house a receiver and three or four
people, was obtained. A rhombic an-
tenna was erected on four 45-foot
collapsible metal-tube masts, and ob-
servations of NBC’s signal were be-
gun. A number of sites were tried as
locations for the receiver, although
the first one tried was preferred be-
cause of its accessibility to the road,
to power, and to phone lines. For
these reasons, as well as because of

Aerial view of relay station.

A double rhombic antennae is suspended between the

two sets of masts

s

Valuable experience
cained in extended tests
d u rin g the relaying of
New York programs to the
Schenectady area gives a
picture of what post-war
television problems will

be and how to solve them

THREE-

signal intensity, this site was chosen
for final adoption. During negotia-
tions for the site and the period of
planning and construction, observa-
tions were continued with satisfac-
tory results. This site is about 13
miles (airline distance) from the
main WRGB transmitter, and
slightly west of south of it. This
physical separation necessitated a
relay transmitter to provide a link
for the video portion of the signal.
A wire-line link could be econom-
ically provided for the audio signal.

A profile of the transmission path
between New York City and the
Helderberg relay station shows that
the relay station site is well over a
mile below a clear line of sight from
the top of the Empire State Build-
ing. In fact, a straight line run from
the top of the New York antenna to
the relay station passes 1500 feet or
more below the surface of the earth,
neglecting prominences.

Establishment of Relay

As finally erected, in the fall of
1939, the relay station was housed
in a permanent structure having a
floor area of about 16 by 16 feet. The
antenna, suspended between 128-foot
towers, consisted of two similar
rhombics located end to end along a
common principal axis. The length
per side was nine wave-lengths.
The input impedance of the
remote rhombic supplied the ter-
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YEARS of Television Relaying

mination of the nearer rhombic. The
remote rhombic was itself termi-
nated by a resistor whose value was
adjusted for optimum front-to-rear
response of the system. A wide-band
single-stage amplifier covering 44 to
56 Mc (Channels 1 and 2) was in-
stalled at the top of the tower near
the building to provide a better sig-
nal-to-noise ratio at the lower end
of the transmission line.

Reception was first accomplished
by means of standard GM275 Gen-
eral Electric television receivers, the
video signal output being taken off
the kinescope grid. The relay trans-
mitter consisted of a crystal con-
trolled oscillator, multipliers, and a
grid modulated pair of 834 tubes de-
livering 40 watts peak signal at
157.25 Mec carrier. The video signal
was amplified and fed to the modu-
lator stage, which consisted of two
807 tubes. The usual type of d-c in-
sertion circuit was incorporated to
effect d-c controlled output. The out-
put was fed through a transmission
line and an elevator section to pro-
vide impedance matching, to a small
rhombic antenna directed toward the
WRGB transmitter station. Over the
short distance of 13 miles of line of
sight, this provided extremely good
signal-to-noise ratio. The audio sig-
nal was taken from the television
receiver audio channel, through a
program amplifier and over a wire
line .to the transmitter.

By R. L. SMITH,

Supervisor, Technical Operations
Television Station WRGB
General Electric Company

Schenectady, New York

A diode coupled to the video trans-
mitter antenna circuit was connected
to the video amplifier and synchro-
nizing circuits of a second television
receiver for output monitoring.
Comparison of the two pictures gave
an accurate indication of relay-
transmitter fidelity.

Early Operations

During operation in 1940 inter-
ference was encountered from trans-
atlantic telephone, telegraph, and
broadcast stations in the i-f ampli-
fier band of the receivers (8-12 Mec).
The exceptionally good receiving lo-
cation, plus the great gain in these
amplifiers, resulted in the presence
in the output stage of the i-f ampli-
fier of extremely strong signals from
some of these transmitters. Shield-
ing the receiver chassis and the
inclusion of filters in the power leads,
antenna lead, etc., had no appreciable
effect. A well-shielded communica-
tions receiver having negligible
pickup without an antenna, would
pick up very strong signals with a
6-inch antenna in this band with the
television receiver turned on, and
practically none when it was shut
off. These signals resulted in spuri-
ous modulation of the video signal
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and were audible in the television
receivers throughout the area when
the audio channel was tuned over
the video band.

Operation of this installation was
continued through July, 1940. Dur-
ing this period, 148% hours of pro-
gram were transmitted in addition
to 140 hours of test pattern. This
program of relaying transmissions
was curtailed at the end of July by
the shutdown of the WNBT trans-
mitter to permit frequency change
from the old No. 1 channel (44-50
Mec) to the new No. 1 channel (50-56
Me).

During the period of no relaying,
following the WNBT shutdown, a
program of reconstruction was un-
dertaken. Relaying was resumed and
carried on for several months in
1941. Operation of the relay system
during this period was not as satis-
factory as that of the previous year.
This was due in part to a slight re-
duction of the WNBT output power
(necessitated by operation of the
tubes on the higher frequency of 50-
56 Mc) and in part to the changes
of propagation efficiency on the
higher frequency band.

Description of Redesigned Station

After this time the actual relay of
programs was discontinued for a
time while the stations were being
converted to the newly adopted
standards. During the negotiations
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preceding the adoption of these
standards, so many different possi-
bilities for future transmission sys-
tems were opened up that it was
immediately realized that a success-
ful relay link must be able to accept,
and pass on without modification,
any possible type of signal which
might in the future become standard.
This requirement included not only
all the various arrangements of am-
plitude-modulated signals, by the
combination of FM synchronizing
pulses with the amplitude-modulated
picture signal, or even FM transmis-
sion of the entire signal. Considera-
tion of these possible requirements
quickly led to the conclusion that the
only simple method of accomplishing

level. Since variation of grid bias
results in a change of grid input im-
pedance, and a consequent variation
of band-pass characteristics, the
control of gain is effected by varia-
tion of screen potential. To avoid
reflections due to feed back around
any or all stages, heavy shielding
and cascade decoupling had to be
provided. The output of this receiver
chassis is fed by means of a triple-
tuned circuit to the converter grids.
Here conversion to Channel No. 8,
(162-168 Mec) is effected. Further
amplification at this frequency in
two successive stages provides a
peak output of 50 watts.

The requirement that the output
frequency be locally controlled and
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this was to amplify and convert the
signal without demodulation or in
any way changing the signal en-
velope.

Previous experience with the pick-
up of r-f interference in the i-f band
made it appear inadvisable to use
any system involving the use of such
low-frequency bands; so development
of a high-frequency (50-56 Mec)
high-gain r-f amplifier was started.
The requirements included high-
gain (approximately 250,000 times)
and 4.75-Mc-wide band pass with
little variation over the pass band.
This amplifier also had to be
arranged for automatic gain control
to compensate changes in the signal
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maintained within 0.01 percent was
met by the inclusion of AFC circuits.
A portion of the output energy is
picked up and heterodyned with the
output of a crystal oscillator which
has been multiplied and amplified.
The resulting i-f frequency (4 Mec)
beat is amplified in a narrow-band
stage and, by means of a standard
discriminator circuit, produces a d-¢
potential proportionate to frequency
drift. Application of this voltage to
the grid of a reactance tube permits
shifting the frequency of the local
oscillator so as to restore the carrier
frequency.

The efficiency of operation of this
circuit has been demonstrated with

the following test: With a 1-micro-
volt signal from a signal generator
impressed on the receiver input and
the AEC control voltage lead open,
the master oscillator was tuned so
that the output frequency deviation
was 10 ke. The control circuit was
then closed. The deviation dropped to
about 1000 cycles, and became neg-
ligible when the input was raised to
10 microvolts. Since a receiver input
signal of 50 microvolts is required to
give normal relay transmitter out-
put with at least a fair signal-to-
noise ratio, this results in an ex-
tremely good factor of safety.

Automatic gain control voltage is
derived from a peak diode rectifier
coupled to the output antenna cir-
cuit. The well filtered output of this
rectifier drives the grids of two
6ACT7 tubes. One of these tubes is
used to actuate a meter to give a
reading proportional to peak output.
The other 6ACT tube is a d-c amplifier
whose plate current controls the
screen voltage of a number of the r-f
amplifier tubes in the receiver
chassis. A switch is provided for
selecting either automatic or manual
control. The latter control is a neces-
sary feature in conducting tests on
the system.

Additional diodes for monitoring
purposes are provided in the follow-
ing circuits: receiver-output stage,
converter grid, intermediate power-
amplifier grid, power-amplifier grid
and antenna.

These diodes are used for checking
the line-up of the various stages by
means of a hand-sweep oscillator and
oscilloscope. They are made available
by a rotary tap switch mounted on
the rear of the racks. In addition,
the antenna and converter grid
diodes are wired to a front panel
switch controlling the input to the
picture and also to the wave-form
monitor.

The aural receiver is a GE JFM-
90 translator which has been modi-
fied by removal of the multisection
variable tuning condenser and the
substitution of trimmers across the
circuits. A front-panel vernier on the
oscillator condenser permits slight
adjustments of its frequency to com-
pensate for circuit drift. Attempts
to couple this receiver directly to the
antenna input line showed that the
low impedance of the visual receiver
input resulted in too low a value of
signal to drive the high impedance
aural receiver reliably. Sufficient
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gain was present in the visual re-
ceiver chassis at the aural carrier
frequency, however, to permit coup-
ling the aural receiver anywhere
within six inches of the output stage
of the visual receiver. The best
coupling point has been found to be
the %-inch extension of the grounded
shaft of the output circuit tuning
capacitor! The existence of this field
even at the attenuated aural channel
frequency indicates the stringent re-
quirements for shielding, decoupling,
ete., found necessary in the develop-
ment of the visual receiver.

Station Arrangement

All equipment is built on standard
rack-mounted panels, resulting in
ease of maintenance and a high de-
gree of accessibility. The left rack
houses (from top to bottom) a re-
ceiver for relaying standard FM pro-
grams, a three-band FM-AM re-
ceiver, and a rack-mounted standard
television receiver. The second rack
houses the television-channel aural
FM receiver, the visual-receiver
master oscillator-multiplier unit, and
a group of power supplies. The third
rack contains a standard FM re-
ceiver, the transmitter power-ampli-
fier unit, converter-amplifier unit,
AFC unit, crystal oscillator-multi-
plier unit, and power supplies. The
fourth rack is devoted to monitoring
equipment and contains the fre-
quency monitor, visual picture and
wave-form monitors, and switching
and power-supply units. The right
rack contains all audio equipment. A
second room, 8 by 16 feet, has been
added to the building to provide
emergency living quarters for per-
sonnel when inclement weather pre-
vents their return to town at night.

Antennas Employed

During the previous operational
period it was observed that the band-
pass characteristics and gain of the
two-section rhombic antenna were
not satisfactory over the 50-56 Mec
band. Responsibility for this was
found to lie in the necessary in-
sulator connected across the junction
point. This caused phase shift so
that one unit did not properly ter-
minate the other. For that reason,
the antenna was changed to a single-
section rhombic of the same over-all
length. The gain of this antenna is
about 25 times over a simple dipole
antenna. For similar reasons the
small rhombic transmitting antenna

was eliminated and a new type of
wide-band directional antenna was
erected. This antenna consists of a
dipole and driven director of large
diameter, and having lengths of less
than one-half wave, so that, when
transferred back through the feed
lines, their impedance is practically
constant and purely resistive over
the band.

Results of Relay Operation

This new installation was com-
pleted early in 1942 and went into
scheduled program operation on
February 9th, 1942. Operation over
a continuous period of 15 months
indicates that a reasonably reliable
relay schedule can be maintained.

sequence. The most serious sources
of interference with good relaying
have been precipitation static and
lightning static. The former, caused
generally by flying snow or ice par-
ticles releasing their charges on the
antenna, is, of course, mainly present
in cold weather. Very little multiple-
path transmission and resultant re-
flections or ghosts have been noticed.

The first 100 hours of operation
disclosed that 4} percent of operat-
ing time was of unsatisfactory
quality, as a result of precipitation
static. An additional 24 percent was
marred by fading. In the summer
months, fading increases in intensity
and duration, and precipitation static
gives away to lightning disturb-

Equipment for relaying WNBT New York television programs through WRGB.
Schenectady

The variations of signal intensity
are not too prevalent or too great, in
most cases. Few, if any, fast fades
are noted, most variations being slow
and of long duration. It is interest-
ing to observe the fact that seldom
do both audio and video carriers fade
at the same time. The WNBT signal,
on an average operating day, has
been found to vary from a low of 100-
150 microvolts to a high of 400 mi-
crovolts, measured at the receiver
input.

Interferences (r-f) with the in-
coming signal has been negligible
since this system was adopted. Some
occasional interference from dia-
thermic sources has been noticed
at times, but has been of little con-
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ances. A year’s average figure of
unsatisfactory transmission condi-
tions due to these causes would be:
Lost by fading...... 5 percent
Lost by static causes.10 percent
On the average, the relaying of the
signal from WNBT has been more
successful than at any time in the
previous two periods of relaying.
The improved transient characteris-
tics of the system have been respon-
sible for this great improvement.
Automobile ignition interference,
which was formerly severe, has little
effect, unless the pulse happens to
fall near the leading edge of a syn-
chronizing pulse and causes a loss of
speed for a horizontal line.
(Continued on page 277)
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Band-pass Wave Filter

Analysis of wave filters of the band-pass type on the basis of bisectable symmetrical

. Center Opened

25 ; PPN

Bisectable Reoctonce Network Definition
—>
I
e Xo
First Second AR
half half R
section section = ..Xj_
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; - _Ehr [ at4 a9 !
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T = -~
Y Sl lo
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o
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Center Closed

FIG. 1—Bisectable reactance networks with equal resistance terminations

By E. S. PURINGTON

Hammond Research Corporation

Gloucester

N a previous discussion it has

been shown that the insertion
loss and lag for bisectable reactance
networks with respect to equal re-
sistance terminations are deriveable
from ¢ functions as defined in Fig. 1.
The function ¢, is determined by the
circuit involving the sending ter-
mination R and the first portion of
the network with the connectors to
the second portion opened, and gq. is
similarly determined by the same ar-
rangement but with the connectors
closed together. These ¢’s are the
tangents of the phase angles by
which the driving voltages E lead
the circuit currents I, and I. respec-
tively for the opened and closed con-
ditions. To provide for coverage of
the performance with varying -ratio
of the impedances of all the network
elements with respect to the termina-
tions, an impedance level parameter
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Mass.

h* was introduced to which the re-
actances X, and X, of the figure, and
consequently the ¢’s are proportional.
Q. and Q. may now be defined as the
values of the ¢q funcfions at unity im-
pedance level; that is Q, = q./k, and
Q. = q./h. Further it is convenient
to abbreviate for the product, sum
and difference of the Q’s; P = Q, Q,,
S = (Qn + Qe) andD = (Qu — Qe)-
With these additional nomenclatures,
the circuit loss and lag equations
are:—

Loss = 10 logie [1 o F’x,..:l .

Fu = 41

D @

1p—
Lag = tan™?! [Flaa:l ) Fx., = [‘hh_sl'] (2)

In addition the lag angle is to be
placed in the second or third quad-

* h=Ri/R where R:—impedance level of
network and R=filter termination.

rant provided (Q./Q.)* is greater
than unity, Therefore the per-
formance is entirely expressible for
any network combination when the
four simple arithmetical combina-
tions of the @’s and the impedance
level are known.

Occasionally it is required to
know the impedance Z, of Fig. 1 re-
lating to the impedance load upon the
sending arm R which includes the
driving force E, due to the network
with the receiving arm E attached.
This is given by the readily derived
equation :(—

pom [£ 8] = AN 2B

This is a pure resistance of value R
when P = —h” corresponding to a
zero loss condition; it is also a pure re-
sistance but of value Rh’D'/4 when
S = 0 corresponding to a 90 deg
phase shift condition, and can be a
pure reactance only when D = 0 cor-
responding to an infinite insertion
loss condition.

The general theory of which the
above summary is the simplest equa-
tional expression has been illustrated
by a detailed study of low- and high-
pass wave filter units. The perform-
ance was expressed in terms of the
ratio z of any frequency f to a refer-
ence frequency F., which preferably
has some physical significance.
For the 1low-pass and high-pass
units, types 4 to D of Fig. 2, F, cor-
responded to theoretical cutoff. Sim-
plicity of equations resulted by prop-
erly setting up the circuit elements
to make the product function P =
Q. Q.- a simple algebraic function,
such as (z° — 1) for the type B unit.
The functions @, and Q. involved z
and also a parameter k** relating to
a value of z corresponding to infinite

** Thus k=Foe /Fo where Foo is the
frequency of which the insertion loss is
infinite and Fo is the geometric mean of the
two cut-off frequencies.
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Units

circuit arrangements

insertion loss. For all types, one of
the Q’s corresponded to an inductor
and a condenser in series or in par-
allel and resonating at * = 1, and the
other Q corresponded to an inductor
or a condenser only. Low- and high-
pass filters are two- band filters, with
the cutoff frequency F, the transi-
tion point between low- and high-
loss values.

Three-band Filter Units

Next in the order of complexity
are the three-band filter units of
which the band-pass units are the
more important. Band-pass filters
are desired to produce high inser-
tion loss for both low and high fre-
quencies, but to produce low loss in
the range between a lower cut-off fre-
quency F, and a higher cut-off fre-
quency F.. The present discussion is
limited to the elementary units use-
ful for this purpose. One simple
method of approach is to consider
the minimum structural change in
low- and high-pass units necessary
to make them yield high loss at both
low and high frequencies, leaving the
possibility of low loss in the mean
frequency range. The four resulting
structures are shown in Fig. 2,
where elements identified by multi-
plicative or divisive factors m, n and
p applied to basic inductance value L
and capacitance value C correspond
to similarly designated elements for

Previous Analyses

Symmetrical Electrical Systems
(November 1942, page 54)

Reactance Networks with Resist-
ance Terminations
{January 1943, page 69)

Low- and High-pass Filter Units
(June 1943, page 106)
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FIG. 2—Circuits and parameters of fundamental band-
pass filters built up from low. and high-pass structures

low-and high-pass purposes. Ele-
ments involving the next alphabeti-
cal letter ¢ operate to provide the
loss band not provided by the other
elements.

The chart provides full informa-
tion for determining the possible in-
sertion loss characteristics when any
unit is terminated by equal re-
sistances, and for evaluating the
network elements required to yield
a loss characteristic specified by
values of parameters k, k and d, for
a specified choice of R and F,. It will
be noted the newly introduced param-
eter d relates to the relative differ-
ence of the two cut-off frequencies.
This is a band-width parameter, and
is determinable from the cut-off fre-
quency ratio value z, and/or ., or
from either. Choice of reference fre-
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quency F, as the geometric mean of
the two cut-off frequencies is in the
interest of equational simplicity, and
further, results in the product funec-
tion P = Q. Q. being the same for
any unit as for its frequency com-
plementary. These product functions
are set up to be in conformity with
the structural arrangements, and
also to make them negative in the
range z, to 2., and negative unity at
the geometric center of the range at
2z = 1. Some of the threefold infini-
tude of possible insertion loss curve
ghapes are shown in Fig. 3, for a
choice of band-width parameter
d = 0.409 making F. fifty percent
greater than F,. The impedance level
parameter in each case is chosen to
make the insertion loss nearly as uni-
formly low as possible in the pass

127


www.americanradiohistory.com

3 N 5
A4=0409
h=0.6 (AC) |
x
£l 1l omal
o = h=1667 (B,D)
fiiap | S 1N K ... 05 shown . | I T ——
g % | 5
Ed t | T
3 i ]
(i =~ X fs
& -, £ il Q?
N @, ks 5 IT
=, A |2 L a8 . —ti man
B-QO ‘-g -F\\ 9‘| o X 7,
BT IR P AR Y vz |
r 2 AN LBk
N 37} ] C D A,Br 2 3 5
£ AB M V=P
=710 . i (. i = e
: |
| " |
| Cc.D
0 - -
R ) a5 S0 1S 20 ix 30
T . X= Frequenc-,' Fario = £ F 3

FIG. 3—Loss curves for band-pass filter units for band-width parameter d =— 0.409

band, and the infinite insertion loss
parameter is given values to make
infinite loss occur for A and B units
at F; multiplied by 1.25, 1.5 and in-
finity respectively. A rough compari-
son is therefore possible between
the performance of band pass units
A and B and the corresponding per-
formance of low-pass units A and B
previously considered. The shunting
effect of qL and blocking effect of
qC in these two units are mainly op-
erative at low frequencies to modify
the characteristics below F., provid-
ing an additional frequency for zero
loss, and providing for infinite loss
at zero frequency. From inspection
of the curves, it is evident A and B
units will be used whenever the
emphasis is to be upon sharpness of
cutoff above F., and C and D units
whenever the emphasis is to be upon
cutoff below F,,

These band-pass units may be re-
placed by a wide variety of struec-
tural equivalents due to the number
of ways that T and delta arrange-
ments of inductors and condensers
oceur, but these will not be covered
here. In general these basic band-
pass filter arrangements are charac-
terized by both of the @Q’s corres-
ponding to similarly tuned circuits,
one resonant at F, and the other at
F.. For A and C units these are par-
allel resonant circuits, and for B and
D they are series resonant circuits.
The end circuits involving m and ¢
represent one of the tuned circuits,
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and regardless of the nature or com-
plexity of the coupling circuit be-
tween them these end circuits are of
themselves sufficient to make the loss
infinite at both zero and infinite fre-
quencies. Consequently band-pass
units are readily possible with any
number of reactor elements in the
coupling arms, here involving only
two elements in an arrangement
similar to the end circuits which they
couple.

Coupled Circuit Application

The information recorded here cov-
ers the simpler case in which the
coupling element is a single reactor.
For the special case of the infinite

loss parameter becoming infinity,
the four factors becomem = 1/d,n —
0,p = 2/s and ¢ = dx?, so that ele-
ments involving n are not required.
Types A and D then become simple
inductively coupled types, and B and
C become simple capacitively cou-
pled. When the three inductors of
such a type A unit are replaced by
two inductors with mutual induc-
tance between them, the unit takes on
the important form of Fig. 4, with
which loss, lag, and design informa-
tion is included. This is the famil-
iar coupled circuit system with each
circuit mC and wL tuned very closely
at the geometric center of the trans-
mission band, and connected in par-
alle] with the terminations, with mu-
tual inductance gL between the in-
ductors wL.

Because of its extensive use it is
important to record here Fig. 5 a
brief method of treatment when each
tuned circuit is dissipative with @
designating the combined quality
factor of the elements mC and wL.
This will hold sufficiently well for
practical purposes when the band-
width parameter is a small quantity,
making mw = 1 very closely. Un-
der these conditions the reactances
of both mC and wL are numerically
hdR at F,. It is irrelevant for prac-
tical purposes whether the dissipa-
tive effect is represented by a resist-
ance hdR divided by @ in series
with mC or wL, or by a resistance
hdR multiplied by @ in parallel with
these elements. By making the lat-
ter choice, the middle circuit of Fig.
5 indicates the performance. is the
same as if the two terminations R
were shunted by resistances R, =

T *
I
B = 0.1392 WRF G = 150200 WRFo
el e
e ‘“-_*'(;’"Jf?;f = o
T N e
_ el | e
Flom = L3/a08 1] [(x/as)2—1] mom R T e =
i wilfhx s = -\-'r r+ 1_|_r by = iRl +1
¥ [/t —1] [ixbeyi—1] eo=d/2) T DR = (di2 TSR
Ll 2{:.2\;:'.'...;_““!:{.'.2 ]-_t_ gty [;“? : e
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FIG. 4—Type A (k= 00) inductively coupled band-pass filter
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hdRQ. By the application of Thé-
venin’s theorem, the performance of
this dissipative circuit is precisely
the same as if the network were non-
dissipative, but with E and R replaced
by lower values E’ and R’ for which
the formulas are given. As a result,
for narrow-band dissipative cases the
performance of the dissipative cir-
cuit as to loss and lag is to a close ap-
proximation determinable from the
non-dissipative equations. Due to the
lowered effective terminations, it is
required that the actual impedance
level parameter 2 be replaced in the
performance equations by a greater
value ’ = h (1 4+ 1/hdQ). Due to the
lowered effective driving voltage E’,
it is required that the loss computed
using & be increased by 20 logy
(1 4+ 1/hdQ) decibels at all frequen-
cies. In both cases the modification
of the performance due to the dis-
sipative effect is determined by the
product of the three parameters &, d
and Q. Obviously the practical need
for low loss coils and condensers is
not so great for wide-band units of
this type as for narrow-band units.

A 5-Mc Interstage Transformer

As a practical example, consider
the design and performance of an in-
tertube  intermediate  frequency
transformer, specified to have a nom-
inal band-width of 200,000 cycles
centered at F', =5 Mc, for use with
l-megohm terminations. The band-
width parameter is therefore d =
0.04, and if an impedance level param-
eter = = 0.60 were chosen to yield
a good approach to uniform transmis-
sion in the pass band, the value of
the input and output condensers mC
would be the impossibly low value of
1.33 ppuf. If these condensers are as-
signed a lowest practical value say
25 ppf, the coil wL must be corres-
pondingly 40 pk making both ele-
ments of reactance 1260 ohms at 5
Me. On this basis the impedance
level is 2 = 0.031, and dissipative
loss is necessary in order that the
transmission curve may be satisfac-
tory. For b = 0.031, d = 0.04, a
value of circuit quality factor @ =
44 will make »* = 0.6. As far as per-
formance is concerned it is irrele-
vant as to whether this quality fac-
tor is obtained by smallness of coils,
closeness of shield, or by resistance
artificially introduced. In any event
the effective termination is cut from
R = 1 megohm to about 50,000 ohms,
and the effective voltage in the ter-
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FIG. 5—Treatment of narrow band dissipative symmetrical coupled circuits

mination is cut to E' = E/19.4 cor-
responding to 25.7 decibels added in-
sertion loss. Since the dissipative ef-
fect is representible by resistors of
55,000 ohms across each condenser
mC, the actual load Z, upon the send-
ing termination of impedance 1
megohm is about 27,000 ohms at the
frequencies of minimum loss.

Correlation Between Loss and Lag

Computed curves for loss and lag
corresponding to the example given
are shown in Fig. 6, illustrating the
correlation between loss and lag per-
formance that occurs in conventional
intermediate frequency transform-
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FIG. 6—Loss and lag curves of typical
intermediate frequency (5 Mc) transformer
described in text

ELECTRONICS — September 1943

WWAWLamericanradiohistorv.com

‘cal

ers. In the transmission band, the
loss is uniform to within about 0.5 db
between the cut-off frequencies. For
frequencies equally above and below
the center of the band, and differing
by twice the nominal band-width, the
loss is about 9 db greater than in the
transmission band. The lag is an in-
creagsing function of frequency,
changing by 360 deg throughout the
entire frequency range, and by ap-
proximately 180 deg in the transmis-
sion band. For the central frequency
the phase shift here shown as a 90
deg lag can be made a 90 deg ad-
vance by changing the sense of the
coupling. If the driving voltage F
represents an amplitude modulated
wave form, side frequencies are
shifted differently than the central
frequency so that shifts of the phase
of modulation occur amounting to 90
deg for the highest frequency of
modulation.

It will be understood the present
discussion is limited to the symmetri-
units directly related to the
previously discussed low-and high-
pass units. Other band-pass units
may in turn be related to the basic
band-pass units here considered. Es-
pecially complete information is
given for symmetrical coupled-cir-
cuit units as a special case of the
more general type A band-pass unit.
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A Variable-Frequency E LE CTRONIC

HE ELECTRONIC GENERATOR to be

described was developed to fill
the growing need for a versatile
source of a-c power. Several branches
of the electronic industry require a
device capable of delivering a reason-
able amount of power to various
loads, over a wide frequency range.
Good waveform and good regulation
under various load conditions are
also essential requirements. The var-
iable-frequency electronic generator
was designed to take care of this
problem.

The power output of the generator
is 1400 watts over a frequency range
of 300 to 3500 cps. The frequency
stability is better than 2 percent
after the initial warm-up period.
Output voltage is adjustable between
856 and 125 v rms. The regulation is
better than 1 percent from no load to
full load. The waveform is substan-
tially sinusoidal under operating con-
ditions ordinarily encountered.

Typical Applications

‘Operating requirements of much
airborne radio and radar equipment
are such that the equipment must
function properly even though the
frequency of the power source varies
through a wide frequency range. It
follows, therefore, that a power sup-
ply that can quickly be shifted from
one frequency to another is a prac-
tical necessity in a number of appli-
cations,

The design engineer requires such
a power supply for development work.
Transformer, capacitor and cable
manufacturers also need a power
source of this type in order to meet
test requirements. Government spe-
cifications frequently call for com-
plete systems tests on the production
lines, over a wide range of power
frequencies. The creation of high
audio frequency vibrations for test
purposes, employing magnetostric-
tion devices actuated by the elec-
tronic generator, is another interest-
ing application.

In addition to factory and labora-
tory applications there are others ap-
plying to maintenance and service.
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Close-up of variable-frequency electronic generator control panel

For example, radio installations in

aircraft can be tested in the plane or
serviced in the repair shop without
resorting to the gasoline-driven air-
craft power supplies ordinarily em-
ployed.

The basic approach to the problem
of designing a variable-frequency
electronic power source is well known
to those familiar with the design of
radio telephone transmitters. The
generator employs a tunable audio
oscillator and several stages of audio
amplification in cascade, the final
stage using a pair of power tubes op-
erating as a Class B amplifier. Sim-
ilar amplifier arrangements are used
in many modulator systems in radio
transmitters.

General Circuit Arrangement

The electronic generator differs
from a transmitter modulator system
in that a variable-frequency audio
oscillator is connected to the input

WARTIME Special

NOT, of course, limited to war-
time applications, equipment of the
type described here is particularly
useful at a time when rotating ma-
chines are difficult to obtain

MOREQVER, it provides extreme
flexibility needed to test certain
radio and radar apparatus during
design and production and facili-
tates maintenance of such gear

stage in place of a microphone. The
frequency can then be adjusted by
turning the frequency control knob
of the oscillator. The only serious
problem in design is the problem of
regulation. Inasmuch as the imped-
ance of the final amplifier stage is
several thousand ohms, the regula-
tion of such systems is ordinarily
poor. Unless special provision is
made to insure good regulation, out-
put voltage may vary considerably
from no load to full load.

An electronic control circuit em-
ploved in the electronic generator
changes this picture completely.
Through the operating range of the
control circuit, the regulation is bet-
ter than 1 percent, and the recovery
time when the load condition is dras-
tically altered is less than a second.

The block diagram across the top
of the accompanying drawing shows
the overall electronic generator cir-
cuit. Two of the three schematic dia-
grams appearing below within dotted
lines constitute “blow-ups” of cir-
cuits within individual blocks to
which they are appended. The other
schematic, at the bottom, shows de-
tails of a regulated power supply unit
to be discussed later. Blocks for
which schematics are not shown are
conventional and need no elaboration
here.

The oscillator employs two tubes in
a conventional RC circuit. Two fre-
quency ranges are provided, 300 to
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GENERATOR

Device operated from
220 v a-c line turns out
1400 watts of power at
any selected frequency
between 300 and 3500
cps. Novel automatic
control circuit keeps
regulation within 1 per
cent for output voltages

between 85 and 125 v

Arrangement of final Class B amplifier stage

By
BANA A. GRIFFIN

New York, N.

The complete unit, shown
with sides and back removed

compeonents

1000 cps and 1000 to 3500 cps. A
switch is provided to select the range.
The tuning dial is supplied with a
double-ended pointer so that the cali-
bration scale for each range may oc-
cupy approximately 180 deg.

The oscillator drives the 6L7 tube
in the control circuit (shown sche-
matically). Output of the 6L7 drives

the phase-inverter 6SN7. The 6SN7
is followed by push-pull 6A3’s in
Class A, which drive 812’s in Class B.
The 812’s drive the final stage, using
833-A’s in Class B.

Automatic Regulation Control

With a given amount of drive to
the final amplifier, the output voltage

ELECTRONICS — September 1943
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at the secondary of T, will ordinarily
vary through wide limits when con-
trol is not provided, being dependent
upar the load. The solution is simple,
if we approach the problem from
the correct angle.

The maximum load to be used is
connectad to the output transformer.
Ther: the drive to the final amplifier
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Phose

Amplifier

A-F Regulation
Oscillator Control
(65J7-6Fb) Unit

Inverter

(6SN7)

(P-P 6AZ%s)

Final
(Class B 833A's)

Driver
(Class B 812’s)

BIAS SUPPLY

= Rel |
sEIACRN

By

Combination block and schematic diagram of variable:frequency
Blocks across top show overall circuit ar-
The two schematics appearing immediately below,
within dotted lines, show circuit details of the units to which

electronic generator.
rangement.

is adjusted to deliver the proper vol-
tage to this load. This is accomp-
lished by control of potentiometer
Py, in the grid of the 6L7 control tube.
If the load is removed, the output
voltage will rise quickly under ordi-
nary circumstances. The function of
the control circuit is to prevent this
by reducing the drive to the final
amplifier whenever the output vol-
tage exceeds the predetermined level.

An isolation transformer T, feeds
output voltage to the 6H6 diode in
the control circuit. This transformer
is used so that the output circuit
may be ‘kept independent of the
ground system of the generator. The
normal 120-v output at the secondary
of T, is reduced to 40 volts at the
diode by T, Potentiometer P,, in the
cathode circuit of the 6SJ7 d-¢ ampli-
fier, is adjusted so that the positive
bias normally generated by the diode
is cancelled and the 63J7 is operating
at a point close to plate current cut-
off. A slight negative bias on the
injector grid of the 6L7 results be-
cause of the small plate current of
the 63J7. The control grid bias on
the 6L7 control tube is adjusted by
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means of P,. The latter is adjusted
so that the output of the 6L7 is
linear through the control range.

When adjusted as described, the
control circuit operates as follows:
The output of the diode increases
when the load on the generator is
reduced. The 6SJ7 grid bias becomes
less negative and 6SJ7 plate current
increases, which puts increased nega-
tive bias on the 6L7 injector grid.
This reduces the drive to the final
amplifier so that the output voltage
is held to a value extremely close to
that obtained under the full load
condition.

Because the control circuit is con-
nected from the input of the system
to the output, the arrangement is
one conducive to oscillation. For this
reason the constants in the diode
circuit must be such that the system
will not “take off”” in a low frequency
oscillation. With the values given,
tendency to oscillate is eliminated.

Naturally, the output voltage can
be changed from zero to maximum
(150 v) under load by the adjust-

ment of P,, Complete functioning of

the control circuit, is, however,

they are appended, namely within the regulation control unit
and within the final Class B amplifier upit. - The schematic at the
bottom shows details of a regulated power supply unit which
provides bias for the driver and final amplifier

limited to the range between 85 and
140 volts at the secondary of T.. This
range of control is sufficient to cover
most applications. Where additional
voltage is needed with good regula-
tion, the use of appropriate step-up
or step-down transformers is indi-
cated.
Bias Supply Details

One other design problem was the
construction of a suitable grid bias
power supply for the final amplifier.
As the 833A tubes require a negative
bias of 70 v and the peak grid cur-
rent under full load is around 300
ma, it was necessary to consider the
problem of securing a bias supply
of good regulation. In ordinary
times a small d-¢c generator might
be considered for this application as
such a generator satisfies the require-
ment of low impedance. The output
voltage is not independent of line
voltage, however, and the procure-
ment situation at the moment is
extremely difficult. For these rea-
sons the electronic approach was
again resorted to with excellent

results.
(Continued on page 278)
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ELECTRONIC CONTROL
of D-C Motors....Part IV

Methods of starting tube-controlled d-c motors, filtering and stabilization, reversing, and
obtaining regeneration by inverter action are treated in this series of articles outlining the
application of electron tubes to industrial control of rotating machinery

HE CONTROL CIRCUITS thus far

described have limited exces-
gively high armature current by
means of a signal voltage propor-
tional to current. This voltage reg-
ulated the grid phase retard of the
thyratron tubes so as to maintain
their rectified output voltage at the
correct value to sustain only this
limited amount of current,

Before the armature circuit is
closed to start the motor from stand-
still, there is no armature current
with which to produce a current-
limit signal voltage. And, at this
time, the speed control potentiometer
may have been preset to call for any
speed within the range of the drive.
It may be preset to give either par-
tial armature voltage and full field,
or full armature voltage and par-
tial field. Consequently, if the arma-
ture circuit is closed at a time when
the rectifier voltage is greater than
the IR drop corresponding to the
armature current at which it is de-
sired to current-limit, then the initial
armature current is proportionately
greater than the current-limit value.

The current continues to be ex-
cessively high until either the cur-
rent-limit signal voltage builds up to
the extent of taking over its control
function of regulating the rectifier
voltage to the correct value, or, until
the speed of the motor increases suf-
ficiently to develop a counter emf
by which to oppose the rectifier vol-
tage and reduce the armature cur-
rent.

Under these undesirable condi-

Editor’s Note. For purpose of congistency,
the symbols employed in this article are
those commonly used in communication cir-
cuits.

By E. E. MOYER

Electronic Section
Industrial Control Engineering Department
General Eiectric Co., Schenectady, N. Y.

tions, an unloaded motor would prob-
ably start off with a jolt and, in order
to reduce the armature current, the
motor counter emf would build up
faster than the current-limit signal
volts. On the other hand, a motor
coupled to a high inertia load such
that the speed could not change
rapidly, would be subject to this ex-
cessively high armature current until
the current-limit signal could take
over to reduce the current,

Even more serious is the fact that
if the speed control potentiometer
had been preset for a speed in the
weak-field range, the initial accelera-
tion would begin under weak field

conditions with corresponding re-
duction in torque and commutating
ability. Then, even though a very few
half cycles of armature current would
be sufficient to build up the current-
limit signal voltage to the extent of
actuating tube EE of Fig. 1 and
thereby produce full field voltage, the
accelerating period might be ex-
tended under weak field conditions
because the inductance of the field
circuit retards the build-up of field
current.

Pre-Conditioned Starting Current

For initial starting, one form of
pre-conditioning control was devised
which produced a false signal of d-c
volts - proportional - to - armature-
current, acting on tubes E and EE to

E
6
EE
B -
Auxiliary
o ®) confocts orr
forward ond
reverse
corrfactors
7
Armmature current
anode current-__
transftorrrer S

FIG. 1—Armature current limit preconditioning circuit as applied to armature
voltage control
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Auxiliary confacts
of dynamic
braking corfactor

FIG. 2—Preconditioning added to electronic
voltage control of d-c motors

reduce the initial armature voltage
and to produce full field excitation ir-
respective of the setting of the speed
control potentiometer. This proved
inadequate for controls which neces-
sitated reversing from a high-speed,
weak-field condition, where it is im-
portant to have the pre-conditioning
act on the armature and field circuits
in such a manner that the armature
circuit can be pre-conditioned for a
definite current limit at the same
time that the weak-field condition re-
mains unchanged.

Another scheme, which satisfies
both starting and reversing require-
ments, pre-conditions the armature
circuit by operating on the grid of
tube E and pre-conditions the field
circuit by operating on the cathode
connections of tube CC.

Armature circuit pre-conditioning
is established through normally-
closed contacts on the initiating con-
tactor—in this instance, auxiliary
contacts of the forward and reverse
contactors. These contacts set up a
control circuit by which the armature
thyratrons are pre-phased to, and
regulated at, a definite firing point.
This degree of phase control pro-
duces an average rectified output vol-
tage which has been pre-selected to
be approximately equal to the IR
drop of the armature circuit, corre-
sponding to the current-limit value of
the armature current which it is de-
sired to maintain, say 150 percent of
rated current.

This control circuit, in effect, com-
pares a pre-selected portion of ar-
mature voltage with the standard
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reference voltage of tube B and ap- .

plies the voltage difference to the
grid of tube E which, in turn, con-
trols the armature circuit saturable
reactor. A study of Fig. 1 indicates
that the method of comparing this
portion of armature voltage against
the voltage of tube B is somewhat
roundabout in that actually a portion
of the difference between the total
armature voltage and the sum of the
voltages of tubes B and G is com-
pared with the voltage of tube B
and then impressed on the grid of
tube E. The control sense is correct
to regulate armature voltage because
an increase in armature voltage tends
to reduce the voltage difference ap-
pearing across resistors R, and R..
This, in turn, tends to make grid-
point 11 become less negative, and
thus tube E passes more current to
limit the increase in armature vol-
tage. This control has very little ef-
fect on tube EE because the voltage
drop across resistor R, (due to the
current flow through R., Ras and
down through the control potentiom-
eter and K..)) makes the grid of tube
EE more negative than that of E.
Field circuit pre-conditioning is
established through a combination
of normally-closed and normally-open
contacts on the dynamic braking con-
tactor. These contacts serve to
transfer the cathode of tube CC from
its normal connection on the slider
of the field-voltage control potentiom-
eter to a temporary connection on
the middle control bus, point 6. This
transfer is the electrical equivalent
of moving the slider onto its con-
ductor segment, thus setting the
field for full excitation. This control

circuit is shown in Fig. 2. In this
instance, the dynamic braking con-
tactor is energized (picked-up) dur-
ing normal running of the motor in
either direction of rotation. Hence
the cathode of tube CC is normally
connected to the slider of the speed-
control potentiometer.

During the brief interval between
contact operation—i.e., when the
auxiliary contacts are opening and
the main contacts closing—these
pre-conditioning signals are main-
tained at their false values by the
time constants of the saturable re-
actor circuits and by the circuit-
stabilizing capacitor-resistor net-
works (see Fig. 5) associated with
tubes E and CC. So, when the arma-
ture circuit is closed, the armature
voltage is at just the correct value
to produce only a current-limit value
of armature current in the circuit
of the stalled armature; also, full
field has been established so that full
starting torque is available, The net
result is a smooth start from stand-
still to a condition of constant cur-
rent acceleration.

Armature Voltage Limit

Let us assume that we have a
590/2300-rpm, 230 volt motor run-
ning at 2300 rpm under field-weak-
ened conditions. If the operator of
this electronic control were to sud-
denly turn the speed-control poten-
tiometer back to a position calling
for, say, 10 percent speed by arma-
ture voltage control (or, if an auto-
matic limit-switch transfers from
one speed control potentiometer to
another which has been pre-set for
a low-speed condition), tubes C and

O

R“
2
.
Ras l
{
T L
C.
. 4
A1 Freld /o/fage Interfocks on
Armature (speed) dyn. broking
arrode current __ contro/ unit corrfacror
transforrmer Ealta)

FIG. 3—Armature voltage limit control added to field voltage control
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D would retard the grid phase on
the armature thyratrons so as to re-
duce their output voltage to the value
required for 10 percent speed. This
would reduce the average rectifier
voltage below the counter emf of the
motor so that the armature current
would tend to reverse. As a result,
the current would be cut off by the
electrical free-wheeling action of the
armature trying to pump back
through tubes, which will not con-
duct current in a reverse direction.

At the same time, tubes CC and
DD would fully advance the grid
phase on the field thyratrons so as to
produce full field voltage. In the
relatively short time determined by
the time constant of the field circuit,
the field current would reach full
rated value. Then, if the motor load
had had sufficient inertia to maintain
the motor speed during this interval,
the armature voltage would have
risen to about four times rated value.
That is, the armature voltage would
reach about 920 volts in this instance
where a 230 volt motor is running at
four times basic speed (because the
generated voltage is a measure of
the speed at which the armature con-
ductors cut field flux and the 590-rpm
basic speed alone is sufficient to pro-
duce 230 volts).

Such excessively high voltage is
objectionable because it might hi-pot
some part of the armature circuit or
cause the commutator to arc over.
The occurrence of high voltage un-
der these conditions is not peculiar
to electronic control alone—it may
occur with magnetic control using
certain relay sequences in combina-
tion with contacts which open the
armature circuit—but the speed of
response of the electronic cireuits
may aggravate the condition.

This high open-circuit voltage can
be snubbed, or limited, by the simple
expedient of taking a signal from the
armature voltage, comparing this
signal against a standard voltage,
determining the sense of the result-
ant voltage, and then using this re-
sultant voltage to actuate another
triode, tube H of Fig. 3, which pre-
vents the field saturahle reactor from
increasing the field excitation to any
value greater than that which would
produce a pre-selected maximum
armature voltage. This ceiling vol-
tage should be sufficiently greater
than the rated 230 volts to render
tube H inoperative (cut-off) during
normal operation. A 300 volt ceiling

is usually sufficient to accomplish
this result. Tube H will be operative
so long as the control tube (CC)
tends to strengthen the field from a
weak-field condition at a time when
the armature is rotating at such
speed that the generated voltage
tends to be in excess of the ceiling
voltage limit which tube H is preset
to limit.

Voltage Filter Circuits

The voltage wave which appears
across the armature of the motor is
composed of positive and negative
portions of a sine wave, superim-
posed on the d-c¢ counter emf of the
armature as shown in Fig. 4. The
positive-voltage portion of the vol-

an equivalent value of average
height or average voltage—much
as a road is built over a hill and
across a valley by taking off only as
much of the hill as is necessary to
fill the valley and grading the road
at the resultant level.

The filtering action is accom-
plished by a combination of grid re-
sistance and a grid-to-cathode ca-
pacitor at the grid of tube C. The re-
sistor absorbs some of the peaks of
voltage and yet lets enough current
through to build up the capacitor
voltage to a little-higher-than-aver-
age level so that when the capacitor
voltage leaks off during the idle per-
iod between peaks, the over-all aver-
age voltage is equivalent to the av-

Equivalent series
Ry resistarce of Ro-Rg-.
volfage divider g

s voltage across Cs
S gomng posrtive af
2 this point N\

- S 1l

One terrminal of Cs /s af
the pofential of the

,~ slider of speed corntrol
potertiorreter

Orther termiral of Cy fed
th roag/v equivalent series
resisiance of Ry-R
divider: This terminal
connects ro griad of rfube C

- s

/
1
)
{
'

oo

(.

A

I
l
I

!

B f*\ -~ TubqC
.
o =
= - 75
(1 R ety
I \l ol \ :

dnalE ol (g e j” erage  Connections
voltage armature voffage syl ‘CirVo/f%qe to tube C
(Forone por appearing Vi Lk § across Cy
trculor grid across Ry
phase arngle)

FIG. 4-——Filtering action of capacitor,

tage wave may have a peak height
equal to the peak value of the anode-
to-neutral voltage of the anode trans-
former. The negative portion may
reach a negative peak of equal value
under certain circumstances depend-
ent upon the inductance of the arma-
ture circuit and the load on the
motor.

Tube C, which receives the arma-
ture voltage signal, operates over its
full range with only a few volts
change in grid voltage. Hence, it is
desirable to smooth out the armature
voltage wave before these very high
voltages are applied to the grid of
tube C. Otherwise, tube C would be
paralyzed in response to all but a
small portion of the voltage wave
near the counter emf level and would
not transmit a true picture of the
average signal voltage.

This filtering process consists of
clipping off the tops of the wave and
filling in the depressions so as to give

ELECTRONICS — September 1943

wWWW.americanradiohistorv.com

C., in armature voltage-signal circuit

erage voltage which a d’Arsonval
meter (permanent magnet type d-c
meter) reads when connected across
the armature.

The better this filtering action, the
slower the capacitor voltage level re-
sponds to changes in the average
value of the armature voltage wave,
with the result that the armature
voltage could change widely before
the capacitor would change enough
to transmit this knowledge to the
control circuit so that when the con-
trol did respond it might bhe too little
and too late. Hence, only so much
filtering of this tvpe can be tolerated
at this point—just enough to take
off the rough spots, so to speak.

Anti-hunting Circuits

Another type of filtering which
takes advantage of the amplification
factor of the triode to effect a re-
duction in the size of the filter ele-
ments is a resistor in series with
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FIG. 5—Filters and RC stabilizing circuits added to armature and field control circuits

FIG. 7—Comparison of wave forms of rectification and inversion ’

FIG. é—Comparison of motor-generator drive and electronic drive during motor reversal

D-Motor Reversed
Generortor Polarity
Reversed

e
A-Motor Forward B - Regeneration C-Regeneration
(Deceleration) (Reodluced Voltoge)

MOTOR REVERSAL BY REVERSAL OF ARMATURE CURRENT

E~- Motor Forward F - Plugging™

(Short Circuit £ A,

MOTOR REVERSAL WITHOUT REVERSAL OF GENERATOR CURRENT

@ % L-Regenerate

(Inversion)

J-Forward K= “Plugging"

MOTOR REVERSAL WITHOUT REVERSAL OF TUBE CURRENT

Reversed

136 September 1943 — ELECTRONICS

www americanradiohistorv. com



www.americanradiohistory.com

a capacitor connected between grid
and plate of the tube.

If one remembers that the voltage
drop across a resistor can be changed
instantly whereas the voltage drop
across a capacitor can only be
changed slowly, then the behavior
of this particular RC combination
may be explained briefly and simply
as follows: If the voltage signal ap-
plied to the grid is such as'to make
the grid less negative so that the
triode tends to pass more plate cur-
rent, the plate voltage across the
triode tends to decrease and the

with the capacitor is increased, the
snubbing effect of the capacitor is
lessened because a greater portion
of the grid-to-plate voltage can ap-
pear instantaneously across the re-
sistor. The combinations of re-
sistance and capacitance which will
work best are not too critical, and
once decided upon, seem to work
for a wide range of motor sizes and
load conditions.

Sometimes, it is sufficient to con-
nect the series combination of re-
sistance and capacitance between
plate and cathode instead of plate

¥

Eams -0707 Epea K/, '{Eoc

Eivs-{09  Egms
0636 Epea
Y

RECTIFICATION

INVERSION

(Elementary considerations)

(Provided tubes are conductive
only when Hy and H, are negafive
with respect to H,

voltage across the resistor in series
with the plate tends to increase.
In other words, the plate tends to
move electrically towards the grid.
Suppose, now, that there is very
little resistance in series with the
capacitor between plate and grid.
Then, if the plate tends to move
quickly towards the grid while at
the same time the grid signal causes
the grid to move towards the plate,
the capacitor counters this dual ac-
tion because the initial voltage of
the capacitor cannot change quickly
and so tends to tie grid to plate and
temporarily blocks any action. Then,
as the capacitor voltage gradually
changes, the blocking is just as grad-
ually released.

A very slowly changing grid sig-
nal and its corresponding very
slowly changing plate voltage are
blocked only very slightly because
the change in voltage between grid
and plate is slow enough for the
capacitor voltage to keep pace with
events. If the resistor in series

to grid and in this way snub the
plate circuit alone without directly
involving the grid circuit.
Resistor-capacitor anti-hunting
circuits are found throughout the
control network, as shown in Fig. 5.
Usually, at least one such RC cir-
cuit will be associated with each
control function. Much the same
anti-hunting circuits, in similar cir-
cuit locations, are used in the arma-
ture-voltage control as in the field-
voltage control, except that the re-
spective values of B and C may be
different. Also, in the case of field-
voltage control, an RC combination
for the grid-to-plate circuit of tube
DD, which saturates the field satur-
able reactor, is caused to respond
to a signal of current through the
reactor winding rather than to a
signal of voltage across the tube.
This is because the plate voltage
of the triode contains a peculiar
voltage-ripple which is induced in
the d-c winding of the saturable re-
actor by the non-sinusoidal wave
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forms of the a-c windings. This sig-
nal of current through the d-¢ wind-
ing of the saturable reactor is de-
rived from the voltage drop across
resistor R, filtered by capacitor C..

These RC circuits are much more
important than is indicated merely
by the number and size of the com-
ponents. Without such stabilizing
influences the high amplification of
the basic control circuits would
make the regulatory action very er-
ratic and impractical. The high am-
plification, or sensitivity to small sig-
nal changes, is necessary if the con-
trol functions are to be regulated
within close limits, as, for example,
in maintaining practically constant
speed from no-load to full-load on
the motor. And, the damping or
stabilizing or anti-hunting influence
is necessary to temporarily and par-
tially nullify this high amplification
in proportion to the rate at which
the ever changing nature of a dy-
namic load demands automatic and
compensating adjustments from the
control.

Reversing

If a generator were driving the
motor as in A, B, C, D of Fig. 6,
instead of a grid-controlled recti-
fier, the direction of rotation of the
motor could be changed by revers-
ing the polarity of the generator
field excitation, which in turn re-
verses the polarity of the generator
terminals. Motor reversal would be
accompanied by a reversed direction
of current flow out of the generator
and into the motor (compare Fig.
6A and 6D). In these figures, it is
assumed that to drive the motor
forward, the current is leaving the
A, terminal of the generator and
entering the A, terminal of the mo-
tor, and that to drive the motor in
the reverse direction the current
would then have to leave at the
A4, terminal of the generator and
enter at the A, terminal of the
motor.

In the process of reversing from
a high speed (weak field) in one
direction to a different speed in the
opposite direction, the motor field
could first be strengthened to in-
crease the motor emf and, tempo-
rarily, to cause the motor to act
as a generator. Current would flow
out of the A, terminal of the motor
into the A, terminal of the generator
because the motor voltage would be
greater than the generator voltage.
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Then, the motor would be pumping
its energy into the generator and
back into the a-c system via the a-c
motor which drives the generator.

This transfer of energy from mo-
tor to generator quickly causes the
motor speed to decrease (decelerate).
Soon, even full field on the motor
would not generate sufficient voltage
to maintain the motor voltage at a
level greater than the generator
voltage; then the generator field
could be reduced as the motor speed
decreased so as to keep the generator
voltage below the motor voltage,
and thereby maintain a definite
armature current or rate of decelera-
tion (see Fig. 6C).

Theoretically, (but not practically
because of hysteresis or permanent-
magnet-like retentivity of the field
structure), when the generator volt-
age had been reduced to zero, the
motor speed would be zero. Then,
the generator field excitation could

be reversed (+ on F, and — on F,
instead of the previous + on F, and
— on F.) and could be gradually in-
creased so as to build up the gen-
erator voltage in the opposite polarity
and cause the motor to rotate in the
opposite direction in order to de-
velop a counter emf opposing the
generator voltage and limiting the
armature current now flowing in
the opposite direction.

Reversing Contactors

If a thyratron tube rectifier were
substituted for a generator, the cus-
tomary method of reversing could
not be used since the output voltage
of tubes acting as rectifiers cannot
be reversed, nor can the current
flow through the tubes be reversed.
Whenever the load on the motor be-
came of such an overhauling nature
that the emf of the motor tended
to exceed the output voltage of the
rectifier, the direction of current

flow would tend to be reversed but
would actually only become zero be-
cause the tubes will not conduct
current in the reverse direction.

Reversal of motor rotation must
be accomplished without a change
in the direction of flow of armature
current. This is possible if the con-
nections of motor terminals to recti-
fier terminals are reversed as by
means -of a magnetic reversing
switch (contactor) in the d-c line
between motor and rectifier. Then,
with the motor running so as to be
generating an emf, its armature
terminals would be connected to the
rectifier in such a manner that what
constitutes a reversed flow of cur-
rent in the armature becomes a nor-
mal direction of current flow through
the tubes so that there is a circuit
path through the tubes for the flow
of reversed armature current.

This same scheme could be used

(Continwed on page 281)
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Q for Unloaded

Concentric Transmission Lines

Alignment chart makes possible rapid determination of Q and sending-end impedance for

copper concentric cables of optimum conductor ratios. Supplementary chart extends results

for use with concentric transmission lines having any ratio of conductor diameters

HE nomogram on the following

~page and the supplementary
curves below are designed to permit
easy determination of the sending-
end impedance Z,, as well as the
value of @ for unloaded concentric
conductor transmission lines, in
terms of the resonant frequency and
the conductor sizes. The charts may
be applied to the usual concentric
transmission lines used as trans-
formers, filters, or transmission net-
works, which are either an odd num-
ber of wavelengths long and short-

B y R. C. MIEDK E, Washington, 1). C.

circuited at the receiving end, or an
even number of wavelengths long and
open at the receiving end.

The alignment chart of this Refer-
ence Sheet has been drawn to apply
to a concentric line of copper con-
ductors of such dimensions (b/a =
3.6) as to produce maximum Q. The
value of @ is independent of the num-
ber of quarter wavelengths of line
length. To use the alignment chart
for a line of optimum dimensions, it
is necessary to know the inner radius
of the outer conductor, b, in inches

Ko7
0.6

‘05

0.4

0.2

9,2
ail | L]

0 SR

a}g

% 30 50 100

Plot of multiplying factor, K, for concentric transmission lines
having various values of inner and outer conductor diameters

or centimeters, and either the fre-
quency in megacycles, f, or the wave-
length in meters, A, at which the line
is operated. A straight line connect-
ing either f or ) (on the scales at the
right) with the appropriate value of
b (center scale) and extended to the
scales at the left, will indicate the
values of @ and Z, for the line.

The value of Z, given in the align-
ment chart applies only to a line for
which b/a = 3.6 and for a line only
one quarter wavelength long.

To extend the use of the chart to
lines for which b/a may have any
value from 1 to 100, it will first be
necessary to determine @ or Z, for
a line for which b/a = 3.6, as indi-
cated above. The values of Q and Z,
thus determined must then be multi-
plied by the factors K, or K., re
spectively, determined from the
graph on this page, for the desired
value of b/a. Maximum value of Z,
occurs for b/a = 9.2.

An example will help to illustrate
the use of these charts. Assume we
have a transmission line whose inner
conductor has a radius of #” and
whose outer conductor has a radius
of 3”, and that the line is operated at
a frequency of 100 Mc. From this
data we have a = 2”7, b = 3", b/a =
2, and f = 100 Mc. Connect the
points, f = 100 Mc and b = 0.5 in.,
and read @ = 1,080 and Z, = 105,-
000 from the alignment chart.

From the chart relating K with
b/a, for b/a = 2.0 we find that K, =
0.83 and K,, = 0.44. The correct
line constants are then

Q' = KoQ =_0.83 X 1,080 = 896
Z'.= K Z. = 044X 105,000 = 46,200 ohms

ELECTRONICS REFERENCE SHEET
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Q for Unloaded Conceniric Resonant Lines
for Optimum Ratio of Conductor Dimensions, b/a—3.6

By R. C. MIEDKE
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The contact between tube and socket is the focal
point for positive authentic transmission of sound.
“Cinch Sockets” are specified for those communi-
cating systems that are “delivering” because the
contact, the King Pin positively assures electrical
connection. Constant research by our Engineers,
proper selection of alloys, temper, individual tension
tests, sizing, plating, are factors insuring reliable

performance of each CINCH CONTACT.
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TUBES AT WORK

Mass Spectrometer for Butadiene Analysis..................
Welding Monitor.. .............
Temperature-Compensated Wavemeter Coi
Sending Train Orders by Facsimile Telegraphy..............
Improvised Memorizing Machine
Remote Adjustment of Synchronous Clocks.................
Voltage-Stabilized Bias Supply for Power Tubes.............
Hearing Aid Circuits..........
Program Quality Analyzer.....

Diving Amplifier
Electronic Dehydration of Food

o~

Mass Spectrometer for
Butadiene Analysis

BUTADIENE MOLECULES are built ac-
cording to definite chemical patterns
from carbon and hydrogen atoms.
During this molecular assembly proc-
ess the composition must be checked
at intervals but present methods are
so slow that the batch of butadiene is
often finished incorrectly before the
analysis is completed. A mass spec-
trometer that permits speedy analy-
sis of the gases used to form buta-
diene has been developed by Dr. John
A. Hipple, physicist at Westinghouse
Research Laboratories.

The heart of the new spectrometer
is a glass tube a yard long that is

Control panel of the electronic mass spec-
trometer used for analyzing gases formed
in making butadiene. principal ingredient

of several synthetic rubbers. The instru-
ment analyzes a complex gas molecule
in fifteen minutes

142

Gas molecules. traveling at high speed

through the tube shown above, are sorted

by electromagnets and their charges meas-
ured for chemical analysis

lined with metal and shaped in a
quarter-circle. Gas molecules are
given an electrical charge at one end
of the tube and forced by high po-
tentials toward the other end at a
speed of a million feet per second.
An electromagnetic field is arranged
to pull at the speeding molecules so
that only those having a certain mass
or weight travel down the center of
the tube and around the curved por-
tion to pass through a slot in a metal
target at the end.

Molecules of less weight are at-
tracted to the metal lining of the
tube before they reach the bend,
while heavier molecules, that offer
more resistance to the pull of the

electromagnet, strike the walls of the
tube when they try to negotiate the
bend.

The molecules that get through the
target are collected by a metal plate
and give up their charges. The
charges are amplified and counted by
meters that indicate how many mole-
cules of a certain weight comprise
the gas mixture.

At the present time certain analy-
ses of this type require from fifteen
hours to three days of laboratory
work by from five to ten chemists.
The mass spectrometer can analyze
a complex gas molecule in fifteen
minutes and is said to be more accur-
ate than other methods.

Welding Monitor

ONE OF THE REQUIREMENTS of arc
welding is that the length of the arc
be maintained at a definite value. Ad-
justment of the proper arc length
can be made by measuring the volt-
age developed across the arc. In this
respect the amount of voltage is not
as important to a good weld as the
deviation from a predetermined
value. This deviation can be indi-
cated by electronic means by the cir-
cuit shown in Fig. 1.

For training welding students in
judging the correct arc length, two
small bulbs are mounted at the side
of the window in the student’s shield
and connected by cable to the moni-
tor. When the arc is too long, the
voltage increases across the arc and
the bulb at the right of the window
begins to glow. Its brilliance in-
creases with the length of the arc.
When the arc is short the voltage is
low and causes the bulb at the left
of the window to glow. The correct
arc length is obtained when both
bulbs remain dark. A duplicate set
of bulbs on the panel of the monitor
permits the instructors to follow the
student’s work, as shown in the
photograph.

For convenience the circuit is re-
duced to essential components in
Fig. 2. The secondary winding of
the output transformer forms a
bridge circuit with winding 7. of
the power transformer and the bulbs
in the welder’s helmet. The current
from winding 7. is adjusted by re-
sistor R. to a value just below that
necessary for the indicator bulbs to

September 1943 — ELECTRONICS
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MEASURING STRESS

TGO MPH

CALLS FOR IRC RESISTORS

A locomotive driving-rod packs plenty of power
as it hurrles its heavy load over the rails. To
detect and accurately measure stress changes
in driving rods, under actual running condi-
tions, presented an exciting challenge to engi-
neering ingenuity. Heretofore such data was
approximated through polaroid means or em-
pirical formulas, based on scale models.

aNoTHER I (R)C DEVELOPMENT

Research on the intricate device finally evolved,
indicated the need for a very thin resistance ele-

403 N.

ELECTRONICS — September 1943

ment of uniform characteristics . . . sensitive
enough to accept every stress modification yet
sufficiently stable so that readings made from
time to time would be comparable. I R C engi-
neers solved the problem by a unique applicarion
of I R C's exclusive Merallized coating to a

non-conductive plastic strip.

If you are confronted with a question involving
resistances, why not consult I R C, the company
that makes resistors of more types, in more shapes,
for more uses than any other manufacturer in

the world?

STREET . PHILADELPHIA

www.americanradiohistorv.com

N
8
*

INTERNATIONAL RESISTANCE COMPANY

BROAD
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No Shortage * Ample Capacit
Custom - Made to Your

Requirements

Division of GLOBE-UNION INC., Milwaukee
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“Steatite Insulators + Ceramic Trimmers
High Frequeacy Circuit Switzhes
Sound Projaction Controls
Wire Wound Controls

Ceramic Capacitors

Division of GLOBE-UNION INC., Milwaukee
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240V

VR-150-30

TO HELMET

Ry

ELECTRODE

GROUND

HELMET WIRING

Fig. 1—Complete circuit of the welding monitor manufactured by the A. O. Smith

Corporation, Milwaukee, Wisc. Low and high arc conditions are indicated by in-

candescent lamps in a bridge circuit arrangement that controls current flow through
the lamps

zlow. Voltage from the output trans-
former secondary will then increase
the current in one lamp and decrease
it in the other depending on the
phase of the voltage produced by
the vacuum tube amplifier with re-
spect to the voltage across 7..

Alternating voltage is applied to
the output transformer by a two-
tube amplifier consisting of a 6J7G
and a 6F6G power amplifier tube.
Alternating voltage is applied to the
grid of the 6J7G by winding 7, on
the power transformer through a
voltage divider formed by capaci-
tors C, and C..

B+ _l: T I[
- ' g
g//5m
A

6F6G  gutput #r ¢ A

l G !—-*‘w:ra@sv —
] -] |
v 3 |
| ol = S AL
(S S G
: S * o voltage
{ ;{gﬁw regulo for
” e — L ——

Are

Fig. 2—Essential portions of the welding

monitor circuit, showing how the arc volt-

age is used to control the grid bias on a
vacuum tube
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The full voltage from winding T,
is applied in series with the d-c
plate supply to the. 6J7G, where it is
180 degrees out of phase with the a-c
plate voltage produced by the 6J7G.
The algebraic sum of these alternat-
ing voltages will therefore be either

in phase or 180 degrees out of phase
with the voltage across 7, depending
upon which voltage in the plate cir-
cuit is the larger.

The alternating voltage obtained
from the tube can be varied in am-
plitude by changing the bias applied
to the grid of the tube. Deviation

of the arc voltage above and below
the normal value provides this change
in bias for the tube.

When ready for use the welding helmet

is attached to the monitor by cable. The

indicator lamps are mounted at the sides
of the viewing window

The arc voltage is applied to a re-
sistor network, where it opposes the
direct voltage drop produced by the
main power supply across resistor R.
The balancing voltage is maintained
as constant as possible by the
VR-150-30 voltage regulator tube.
The differential voltage that results
is fed through a smoothing filter com-
posed of R, and C,, so that the mean
value of the difference voltage be-
comes the grid bias for the 6J7G tube

A welding monitor permits the instructor to check the student's

adjustment of the arc length.
and in student's helmet when arc is

Small lamps flash on panel
improperly drawn

September 1943 — ELECTRONICS
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Beneath their many inches of armor-plate, Uncle Sam’s

battlewagons are as finely co-ordinated as champion
boxers . . . instantly responsive to commands. A network
of nerves ... the lines of electric communication . .. runs
through the ship. The command, “"Battle Stations!” is
electric . . . literally.

To keep these nerves alive with energy is one of the
war jobs now being done by Stancor Transformers. When
peace is won, American industry will enter a new age of
electronics . . . the transformation of electric power to
build and serve a happier world. Stancor engineers are
preparing, by foresighted research, to serve the needs

of peace after victory.

S TANGCGOR,

STANDARD TRANSFORMER CORPORATION - 1500 NORTH HALSTED STREET-CHICAGO

ELECTRONICS — September 1943 147
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Rear view showing chassis of welding

monitor. Arrows indicate screwdriver ad-
justments of potentiometers

and controls the degree of amplifica-
tion of the tube.

The monitor includes a switching
circuit, detailed in Fig. 1, that per-
mits reversing the polarity of the
terminals without changing the leads
to the electrodes. One position on
this switch permits the instrument
to be used on a-c welding circuits by
connecting the primary of a trans-
former to the arc electrodes. The
transformer secondary winding feeds
a 6ZY5G connected as a full-wave
rectifier, to obtain the d-c voltage re-
quired by the bucking circuit.

Temperature-Compensated
Wavemeter Coil

By E. 0. THOMPSON
Fngineering Dept.

Phileo Radio & Television Corp.
I'hiladelphia, Pa.

WAVEMETERS used by the Army and
Navy to adjust transmitters are
required to maintain their accuracy
in spite of temperature and humid-
ity changes. This is accomplished in
the device to be described by em-
ploying a thermostatic control to
compensate for changes of induct-
tance in the coil of the resonant
circuit of the wavemeter.

The device comprises a conduct-
ing ring which is placed in the
magnetic field of an inductance coil.
The ring is thermostatically con-
trolled to change its angular rela-
tion with respect to the axis of the
coil in response to temperature
changes. Such changes in angular-
ity vary the degree of couplinig be-

Editer’'s Note: Mr. Thompson and David
Sunstein of the Philco faetory, his eollabo-
rator in developing this device, were oflicially
cited for their work by the Board for Indi-
vidual Awards of the War Production Board.
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tween the ring and the coil, and
thereby effect variation in the in-
ductance of the coil as a whole.

The assembly essentially com-
prises a tuning coil unit 7 and a
closed conductor 2 supported at
one end of the coil unit for rotation
on a shaft 3, but held at an angle
of about 45° with respect to the
axis of the coil unit at normal tem-
perature by means of a bimetallic
thermosensitive spiral 4 having its
inner end connected to the shaft 3
and its outer end affixed to the
closed conductor 2.

The ring, bimetallic spiral and
shaft assembly are carried in &
bracket 5 which straddles the edge
6 of the coil unit and is connected
to the coil form. This bracket is ad-
Justable in relation to the edge 6
and thus provides for readv adjust-
ment of the ring 2 axially in rela-
tion to the coil, to vary the amount
of compensation required as the
temperature changes. -

The compensated coil assembly utilizes a

thermosfatic spiral to rotate a metal ring

and vary inductance. Numbers indicate
the parts described in the text

Once the device is adjusted to
obtain the desired effective induc-
tance of the coil at normal ambient
temperature, a rise in the normal
temperature, tending to increase
the coil inductance, affects the bime-
tallic spiral which, in turn, rotates
the conducting ring 2 toward a po-
sition more nearly parallel with the
turns of the winding. This increases
the coupling between the ring and

the coil and maintains the effective

coil inductance constant. On the
other hand, a decrease in the not-
mal temperature acts on the bime-
tallic spiral to rotate the conduct-
ing ring in the opposite direction
and decreases the degree of coup-
ling. In this manner the effective
inductance may be caused to remain

substantially constant over a wide
variation of temperature. By proper
design of the unit, it may also be
used to effect controlled variation
of the effective coil inductance in
response to increments of tempera-
ture change.

Sending Train Orders by
Facsimile Telegraphy

“The bulk of overhead wires criss-
crossing the continent are destined
to come down and be replaced by
radio and light beams,” in the opin-
ion of F. D. D’Humy, Western Un-
ion vice president, at a recent hear-
ing before the FCC. He referred to
the possible postwar use of radio and
light beams for telegraphy and Tele-
fax, the automatic transmitter and
recorder system recently placed in
operation by Western Union to han-
dle train orders for American rail-
roads.

The facsimile transmitter of the
new system is described in a recent
issue of FElectrical Communication,
and is pictured in the accompanying
illustration. The transmitter oper-

i

Automatic transmitter for facsimile tele-

graphy. The square, black block on the

message blank synchronizes the scanning
drums

September 1943 — ELECTRONICS
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STYRON SIMPLIFIES MOLDING
OF TRANSPARENT CASE

Ease of fabrication ranks high on the
list of outstanding Styron character-
istics. By using this thermoplastic inize-
tion molding material, one cavity for
each part is sufficient for producing
the housing illustrated above. Faster
molding cycles are also possible. Thus,
through Stvron, the cost of fabricating
equipment is reduced, and production

volume increased.

STYRON

PLASTYI ¢S

SARAN

7290w

ETHOCEL -

Precision in Plastics

Limit switches, specifically designed for modern machine
tools, call for complete precision in both design and fabrica-
tion. To the limit switch manufacturers, the Square D Com-
pany, and to the molders, the Kampa Manufacturing Company
of Milwaukee, this demand for accuracy pointed to Styron—
Dow's transparent plastic used for the molded case.

Styron was selected because it possesses the electrical prop-
erties, heat resistance and dimensional stability required for
precision performance. Its outstanding insulating qualities
eliminate any tendency toward carbonization or carbon
tracking from the small arc produced at the contacts. In addi-
tion, Styron’s complete transparency permits visual inspection
of the mechanism and, at the same time, permanently seals
the unit against tampering.

THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN

New York « St lovis « Chicogo +« Houston San Francisco Los Angeles <« Seattle
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“listening

posts”
on the
home

A SONOTONE

ACHIEVEMENT
TO WHICH CALLITE
CONTRIBUTED

Designed tor the 3-tube amplificr of the Sonotone hearing aid, these mini-
ature tubes enable thousands of handicapped people to serve the nation’s
war effort. Not much bigger than thumb-nail size, these tubes have a man-
sized job to perform. That's why Sonotone specifies C-T molybdenum wire
for the grids of these tiny tubes.

The uniformly excellent working properties and complete freedom from
oxidation makes C-T fine molybdenum wire a "must” in such critical ap-
plications as the Sonotone miniature tubes. Molybdenum wire is but one
of a large family of specialized Callite products for electronic tubes and
incandescent lamps. Other Callite products — all the result of years of spe-
cialization and incessant research — are listed below. Our engineers will be
glad to cooperate with you on your specific requirements.

Specialists in the manufacture of Hard Glass Leads, Tungsten

and Molybdenum Wire, Rod and Sheet, Formed Parts, and
other components for electronic tubes and incandescent lamps.

CALLITE TUNG

TUNGSTEN

544 39th STREET

CABLE: “CALLITES” » BRANCH QFFICES: CHICAGD « CLEVELAND

UNIOR CITY, N.J,
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STEN CORPORATION

l ates on a carrier frequency of 2500
cycles and uses a drum speed of 180
rpm and a line advance of 1/100 inch

, per revolution, adopted as standard

| constants for facsimile equipment

I by Western Union to permit scan-

ning the entire message blank in two

minutes. It requires for operation a

two-wire line, a ground connection,

and a 50 to 60 cycle, 115-volt supply.

The associated recorder requires, in

addition to the line pair and ground

connection, a similar power source
whose frequency is synchronous with
that of the transmitter.

Over the line circuit flows the
facsimile tone signal as well as the
d-c control currents. The ground
| return also functions for the control
circuits. The facsimile tone signals
are applied to and taken from the
line pair through capacitors to sep-
arate the a-c and d-c¢ circuits.

To line &
recorder

| Essential components of transmitter for
railroad facsimile telegraphy

The circuit of the transmitter is

{ shown in simplified form in the dia-
gram. A relay in one connecting line

| wire permits certain functions of the
| transmitter to be controlled by the
receiving recorder. A similar relay
in the other line wire permits certain
functions of the recorder to be con-
ltrolled by the transmitter. These
line relays are three-position polar
| relays, the position being determined
l by the polarity of the d-c potential
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db

Response,

——— -

"Frequency, C.P.S.

lt writes by ear...

ELECTRONICS — September 1943

For years, Shure Engineers have relied upon accurate and
scientific measurement in determining microphone perform-
ance. They do not rely, alone, upon listening or point by
peint measurement.

Shure Engineers designed this Automatic Curve Recorder
to plot the operating characteristics of our microphones. It
writes by ear.

This and other advanced testing techniques have enabled
Shure to meet and often exceed the rigid requirements of
microphone design demanded by the Army and Navy. You
will have every right to expect new standards in microphone
performance after the war is won.

www_americanradiohistorv com

SHURE BROTHERS, 225 West Huron Street, Chicago

Designers and. Manufacturers of Microphones and Acoustic Devices
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{0 RF Circuits
plenty of output

in this stable, accurate

audio frequency oscillator

Here's an A.F. oscillator that gets down
to fundamentals: sound in electrical and
mechanical design—convenient to use—
reliable in service. Entirely different from
beat frequency oscillators, it develops out-
put voltage directly at the desired funda-
mental frequency, free of any spurious
signals or beats. There’s no zero adjust-
ment. Original calibration is permanently
“locked.”

Range: from 20 to 20,000 cycles. Wave-
form: excellent through entire frequency
range, even with large changes in line

All Jackson employees—
a full 100%—are buying
War Bonds on a payroll
deduction plan, Let’s ALL
go all-out for Victory.
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voltage. Accuracy: within 3% or 1 cycle.
Output impedance: five convenient values
—10,250,500,5000 ohms and high (con-
trolled by selector switch). Output con-
/rol: continuously variable from zero to
maximum. Quiput power: approximately
.5 watts, ample for all ordinary purposes.
This truly fine instrument may be the
answer to many of your problems in audio
frequency measurements, It, and many
others from the Jackson line, are "in the
service’” now. They'll again be widely
available when victory has been won.

www americanradiohistorv com

applied at the other end of the line.
If the potential is removed from the
line the relay armature stands in the
center position, touching neither
contact. The line circuit should be a
reasonably quiet pair with a loss not
exceeding 25 db at the carrier fre-
quency.

Sequence of Operations

When the starting button is de-
pressed, power is applied to the trans-
mitter and a tone is sent over the
line to the recorder. This tone ener-
gizes a relay in the output of the re-
corder amplifier and connects the
power line to other units in the re-
corder. When these circuits are com-
pleted at the recorder a d-c potential
is applied to one line of the pair, op-
erating the line relay at the trans-
mitter. This in turn illuminates a
panel reading ‘“deposit telegram” and
opens a chute into which the message
blank may be dropped. The possibil-
ity of lost messages due to line or

' equipment failure is practically elim-

inated by this return impulse from
the recorder to the transmitter.
When the message is dropped into
the chute at the transmitter it is
guided between an idler roller and a
dvum. The idler roller “spikes” the
blank on a row of projections on the
drum. In passing to the drum the
blank operates contacts that actuate

the scanning mechanism and also

apply a d-c potential to one wire of
the line to operate a relay at the
recorder. This relay sets up a cir-
cuit which acts to place a recording
blank on the receiving drum.

Synchronizing the Blanks

Above the writing space on the

| special transmitting blank is printed

Jackson

Siene Elecliccal ?/T%lmg Instrenends

THE JACKSON ELECTRICAL INSTRUMENT COMPANY, DAYTON, OHIO

a solid black ‘“‘phasing” square, and
this is the only mark scanned during
the first few revolutions of the blank.
When the phasing square is scanned
the tone interruption causes a relay
at the recorder to lock up and ener-
gize a solenoid that moves an idler
roller against the recorder drum. The
idler roller spikes the receiving
blank to the drum in much the same
manner as was done at the trans-
mitter.

In passing onto tbke drum the
blank operates contarts that start the
scanning drum r<volving and posi-
tion the recording stylus on the
blank. After the blank is phased on
the drum, and while the message is
being recorded, a light bulb and pho-
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time saved

DI-MET QUARTZ CUTTING MACHINES

I NCREASE Q U ART Z

#
quartz saved
increased production

CUTTING

DI-MET Model 80 Basic Unit.

ARE TWO variations of the
ersatile DI-MET Model 80
ot just adapted to quartx cut-
especially designed for quartx
cutting and its attendant problems! Both
models incorporate the Felker hydraulic
retardant, which provides many operat-
ing benefits of more importance today
than ever before because of limited quartx
supplies.

DI-MET Model 80 with HYCT—12 Rotary
Table for accurate orientation of mother quartz in two axes.

Tests prove that diamond abrasive wheels cut more
efficiently and accurately when only sufficient pres-
sure is employed to maintain a light, firm centact
with the work. Excessive pressure does not increase
rate of cut but causes buckling, deviation from a
true cut, wafer breakage and shortened blade life.

The Felker hydraulic retardant overcomes
these difficulties. It controls down-feed to
any desirable rate, maintains a UNIFORM
cutting speed from start to finish, limits
cutting pressure, and prevents
crowding and buckling of blades
with their accompanying faults.
Furthermore, by using the retard-

ELECTRONICS — September 1943
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ant, blades slide smoothly into and out of
the quartz, eliminating frequent wafer
breakage upon completion of the cut and
greatly increase the cutting life of blade!

If you want smoother cutting, minimized vibration,
MORE PRODUCTION, MORE ECONOMY, get com-
plete information on the DI-MET Model 80* quartz
cutting machine! Fully described and illustrated in
our catalog—write for your copy!

*Model 120 is comparable to Model 80 in design and charocteristics
but has increased capacity for extremely large quartz and for
special work. Both Models 80 and 120 are available
(1) as basic units, {2) with Rolling Tables for fast

through-feed operations, (3) with Rolling Tables ond
HVC-12 Rotary Tables, (4) with HYCT-12 Rotary Tables.

FELKER MANUFACTURING CO.

1116 BORDER AVENUE TORRANCE, CALIF.

www.americanradiohistorv. com

EFFICIENCY!
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A typical Logan
Conveyor table

on the rolls keeps

seratches off the sheets

Stainless steel and aluminum sheets,
which are today almost worth their
weight in gold, start their trip to
fabricators over roller conveyors like
this. Protecting the sheets from mars
orscratchesaresections of INSUROK
affixed to the rolls. This is but one of
the many ways in which Laminated
INSUROK was used to solve prob-
lems before the war—is helping to

solve them now.

In addition to the many spectacular
wartime uses to which INSUROK,
molded and laminated, has been put
by the armed forces, it is widely used
for many commonplace articles—
things that you see and use every day.
For scores of products for the home,
the office, the factory, INSUROK can

7k RICHARDSO
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effect numerous manufacturing econ-
omies, can do things which could not
heretofore be done, can solve many
a postwar problem effectively and
economically.

Richardson Plasticians can help
you select the grade of Molded or
Laminated INSUROK best suited for
any mechanical, electrical or chem-
ical applications. They will be glad
to suggest the commercial or special
grade to meet all the conditions
under which your present or post-
war product will perform. Write for

complete information.

N

(=

totube act to cause a motor to draw
another blank from a roll and into
position for the next message.

Recording of the message proceeds
until the writing space is scanned,
at which time a contact is made by
movement of the transmitter car-
riage which removes the d-¢ poten-
tial from the line and releases the
line relay at the recorder. Releasing
this relay energizes a magnet that
has a projection attached to its
armature. This projection slips un-
der the leading edge of the receiving
blank and peels it from the spikes
holding it to the drum. As the blank
leaves the recording drum and drops
into a receptacle, it opens contacts
that permit the recorder carriage to
return to the starting position and
also reverse the polarity of the line
potential. This reversal of the line
potential at the recorder causes the
line relay at the transmitter to op-
erate a similar peeling mechanism
at the transmitter to remove its
blank, after which the transmitter
shuts down. Since the tone is re-
moved from the line, after two or
| three seconds the recorder also shuts
off.

Handling Train Ordcrs
{
| In the distribution of train orders

a transmitter and several recorders
| are connected by a single line pair.
The desired recorder is selected by
| operating a telephone-type dial at
the transmitter. A selector circuit
in each recorder unit then turns on
the line amplifier. When the tubes
{are heated sufficiently the recording
mechanism is turned on by the tone
signal. A motor-driven code wheel
is also actuated by the selector cir-
cuit, to operate a buzzer in the trans-
mitter and assure the operator that
| the desired recorder is selected. This
answer-back to the transmitter will
'not be given unless there is a blank
|in the phase position of the recorder
and provides assurance not only of
having selected the proper recorder,
but also that the recorder is ready
|to operate.
|

A MILES-PER-WATT record of
[0.82 is claimed by FM station
| W?5C of Chicago as a long-distance
record for FM thousand-watters,
based upon a report of fairly regu-
lar reception by a listener in Green-
ville, R. I.

September 1943 — EL ECTRONICS
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HERE'S ANOTHER EXAMPLE
OF SCOVILL COLD-FORGING
SKILL THAT MAY SOLVE

YOUR PROBLEM

3 TIMES ACTUAL SIZE

— The contact point illustrated is one of many important
“Know how” proof #13 war jobs here at Scovill. Like all war work (and post-

...more each month war, as well) savings in materials—money—motions are
. vitally important. Scovill's cold-forging “know how"”

delivers them.

These contact points are made with but two cold-forg-
ing operations, plus threading. The product shows the
ingenuity required. This contact point itself will not solve
your problem—but it proves a cold-forging “know how"
that probably can do so.

We are going to continue to keep Scovill standards of
production on the same high level after the present
war crisis. However, if your needs for “special” or
“standard” fastenings are immediate, consult our near-
est office listed below. Even if our current war com-
mitments should not permit us to meet your immediate
requirements, our Fastenings Expert may still be able
to assist you with your problems—he will also welcome
the opportunity to serve you on your post-war needs.

®

74[40—.’ It may be of service to others in

your organization if you route this on. Thank you.

SCOVILL MANUFACTURING COMPANY
WATERVILLE .sonyers DIVISION

WATERVILLE 48, CONN. . TEL. WATERBURY 3-3151"

NEW YORK, Chrysler Building . DETROIT, 6432 Cass Avenue - CHICAGO, 1229 W. Washington Boulevard - PHILADELPHIA, 18 W. Chelten Avenue Building
PITTSBURGH, 2882 W. Liberty Ave. - SYRACUSE, Syracuse - Kemper Insurance Bldg. < LOS ANGELES, 2627 S. Soto St. . SAN FRANCISCO, 434 Brannan St.
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F ___:‘-1 £ --"".—i : ?##l"" “Photo U. S.
" - k._, , Army Signal
Corps ™

JEFFERSON TRANSFORMERS

@ In the manufacture and assembly of your equipment, you save time with Jefferson
Eiectric Transformers—because correct basic engineering insures your getting
exactly the transformers to fit the job—and skilled experienced craftsmanship
assures uniformity, whether you need one hundred or one hundred thousand.

Of still greater importance, time is saved on the job,—and on the battle fronts,
where reliability and performance of Jefferson Electric Transformers have resulted
in a clean record with time saved again because of reduced amount of servicing or
replacing. :

To the men in the fighting forces, Jefferson Electric’s production of Transformers
means better communication system and radio equipment. To those manufacturers
whom our modern facilities make it possible to serve,—the suggestions and co-
operation of our specialized transformer engineers will aid in arriving at appro-
priate designs to accomplish desired results reliably. JEFFERSON ELECTRIC COM-
PANY, Bellwood (Suburb of Chicago), MWMinois. Canadian Factory: 60-64 Osler
Ave., W. Toronto, Ont.
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| Improvised Memorizing
| Machine

REPLACEMENT OF ARMATURE WIND-
INGS in a d-c motor with paper ca-
pacitors connected to the commutator
bars gave Westinghouse engineers
a memorizing machine capable of
remembering electrical details of
arc backs in ignitrons long enough
for an oscillograph to get up to
operating speed.

There is as yet no way to forecast
the exact time when an ignitron
will arc back (pass current in the
reverse direction, so electrons flow
from anode to cathode and there is
no rectifying action). It is imprac-
tical to keep the oscillograph run-
ning and expose hundreds or even
thousands of feet of film while
waiting for the trouble to occur, and
it is impossible to utilize the arc
back itself to start the oscillograph
since the action lasts for only one-
sixtieth of a second and film cannot
be brought up to operating speed
fast enough to catech even a portion
of the desired picture.

A memorizing time of one-thirti-
eth of a second is long enough for
the oscillograph to get up to speed
after receiving a “go-ahead” signal.
This time was obtained by driving
the memorizing machine at 1800

rpm or 30 rps with an electric motor.
‘ Two graphite brushes rub against

Battery of memorizing machines driven
by a single electric motor, used to store

[ electrical records of voltages existing in
| various parts of an ignitron tube during

an arc back. Capacitors replace conduc-
the armature slots of these

tors in

machines
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The Hytron 807—peacetime all-purpose favorite—is now a veteran. Before it joins
its battle-scarred brothers, however, like all Hytron tubes it must pass Hytron factory
specifications which weed out the 4-F's as efficiently as Army doctors at an induction

ci,ition, it never leaves the factory.
Let's look at a few of the many test hurdles it must surmount.

center. Unless 2 Hytron 807 is in top fighting con

BUMP TEST

Ever stop to think of what a leaping, bouncing jeep or peep can
do to a tube’s ““innards’'? One answer to the question of a tube’s
ability to withstand such punishment, is the Bump Test.
Several resounding smacks by a heavy, swinging hammet
loosens up the weak sisters pronto!

A PT" boat leaning back on its stern, and plowing a foaming
furrow through steaming tropical waters would spell disaster
to poorly-cemented bases and top caps. That is why Hytron
807's aré thoroughly soaked in a hot bath, before they are
O0.K.'d.

Day and night, Hytron 807's on life-testracks are proving that
they can give long, dependable service. Soaring skyward in our
big bombers, these tubes have a big investment in men and
matériel to protect. Long after the big fellows have been
patched for the last time, these tubes are still doing their jobs.

Link-trainer for 807's aspiring to tank service is a motor-
driven eccentric arm which shakes the tube like an angry terrier
while a v.t. voltmeter in the plate circuit records the ability of
the elements to take it like the iron men who ride those clank-
ing, thundering monsters.

HYTRON TOLERANCES tighter than

No manufacturer makes all tubes of a given type exactly alike.
Hytron does manufacture its tubes to tight specifications which
insure against slight inaccuracies due to meters and the human
element. Engineered to these narrower limits, Hytron tubes
fit exactly the circuit constants with which they must operate.

CUSTOMER TOLERANCES

SALEM

ELECTRONICS — September 1943
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If You've Been Thinking Abovt

D. C.
Power Supply-

Sulphide

IN looking ahead for better ways to do an ald job —or
proper ways to do a new job — Engineers are finding
more and more important uses for Metallic Rectifiers.
Applications once thought impractical or impassible have
been proved completely suitable of Rectifier use.

B-L Engineers are eager to help you develop modern
applications which combine simplicity,
economy, and efficiency. Tell us your
problems involving Metallic Rectifiers,
D. C. power supplies, and conversion
assemblies. We shall be glad to help
you solve them,

THE BENWOOD LINZE CO. Wisous:

Designers ond monufacturers of Coppor Sulphida
and Selenivm Rectifers, Battery Chargors ond D, C,
Power Supplies for proctically every requirement.

S

. www americanradiohistorv com

the commutator; one receives volt-
age from the ignitron agd feeds it
to each of the armature capacitors
in turn, and the other discharges
these capacitors through the oscil-
lograph after their respective com-
mutator bars have completed one
revolution. The oscillograph is set
in motion by an electronic switch
which is closed by the arc back, so
that the film is in motion whenever
the capacitors on the rotating arma-
ture have an interesting voltage pat-
tern to feed to the oscillograph.

The faster the armature is rotated,
the shorter becomes the memorizing
time and the more details there are
of the surges existing in various
parts of the ignitron tube during
arc back. Any number of ca-
pacitor-filled armatures can be
driven by a single motor and used
to feed stored-up voltage patterns
to several oscillographs or to differ-
ent galvanometers of a multi-element
oscillograph.

Remote Adjustment of
Synchronous Clocks

By ALVIN LEEMAN
Clief Engineer, Station WKBH

La ('rosse, Wisconsin
WHERE FREQUENT ADJUSTMENT of
self-starting synchronous clocks is
necessary to keep them in close step
with a standard, the process can be
simplified without affecting accu-
racy by use of the circuit shown.

A standard automobile radio vi-
brator is used to develop 140 volts
at 115 cycles from a 6-volt d-c¢ sup-
ply having good regulation.

If the clock is fast, pressing the
pushbutton halfway in will remove

X
! los ]
140V Y\ o efec,
rh o s c/ocks
luf -
A
Auvto 6.3V
radio Frlament L_q
vebrator transformer | 15 v
AC
all
g 2%
J. 0C

Push-button

WKBH uses this circuit with car radio
vibrator to supply high trequency for
remote adjustment of synchronous clocks
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Worthington For President!

Favorite Son Worthington’s name has just been introduced. Around and
around the convention floor go the delegates, a'whooping and a’hollering,
hell-bent for putting Worthington across.

O BRING the dramatics and color of America’s biggest show—a presidential conven-

tion—to the folks back home will be another peacetime assignment for Electro-Voice
Microphones. Announcers’ broadcasts will be heard clearly and distinctly above an
adjustable volume of background noise that may be retained, if desired.

Fitting easily into the hand or attached snugly to the face, weighing barely more
than a whisper. these new Electro-Voice Microphones are incomparable from the stand-
point of stability, articulaion and reduction of background noise. We'd like to tell you
more about this radically different microphone design . . . show it to you. Manufacturers
of war equipment may receive full particulars.

Make your present equipment last. Submit your Electro-Voice Microphone to
your local distributor for TEST and REPAIR at the factory.

BACK THE ATTACK — SUPPORT THE THIRD WAR LOAN DRIVE

&am%we MICROPHONES

ELECTRO-VOICE MANUFACTURING CO., INC. - 1239 SOUTH BEND AVENUE - SOUTH BEND, INDIANA
Export Division: 13 East 40th Street, New York 16, N. Y. — U.S. A Cables: ARLAB
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How to0

yet give your Pro

Use pouste-Locking PALNUTS!

Look over your designs! Where-
evér you now use a jam nut—
lockwasher and nut—or plain
washer, lockwasher and nut . . .
more than likely you can replace
with a single Self-Locking PAL-
NUT. This saves from 60 to
809, in weight, reduces space.
cuts assembly time and labor up
to 50‘70 S
product unfailing, double-locked
security under vibration. stresses
and shrinkage of parts.

IMMEDIATE DELIVERY

can be made on PALNUTS. in a wide
range of sizes, finishes and materials.
Send details of your assembly for specific
suggestions and samples of PALNUTS.

SEND FOR PALNUT MANUAL NO. 2
giving full details of Self-Locking
PALNUT principle, advamages. applica-
tion, types, sizes and materials.

THE PALNUT COMPANY

77 Cordier St. Irvington, N. J.
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SAVE STEEL, BRASS, T||\g1 LABOR /|

duct ?/

_single thread, spring tempered

. while giving vour’
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Self-Locking PALNUTS - are

locknuts, accurately formed to
fit standard screw threads. PAL.
NUTS are light in weight, re-
quire small space, apply easily
and speedily with hand or power
drivers, withstand high tempera-
tures and are very low in cost.
They have been used for over 15
vears on all types of radio, elec-
trical assem-

blies.

and mechanical

ZANG AL

DOUBLE LOCKING ACTION .

When the PALNUT is tightened. its
arched slotted jaws grip the bolt like
a chuck (B-B), while spring tension is
exerted npward on the bolt thread and
downward on the part (A-\), securely
loeking both.

T———

-the regular 115-volt, 60-cycle power

from the clock, causing it to stop.
The button should be released after ‘
a lapse of time equal to the amount
the clock is fast. i ’

If the clock is slow the pushbutton '
is depressed completely. This" re- '
moves the regular 115-volt, 60-cycle
power from the clock and-applies 6
volts to the vibrator power pack '
which supplies 140 volts at-115 cycles
to the clock. The higher frequency
causes the clock to run almost twice
as fast as at 60 cycles. The button
should be depressed slightly more
than twice the time the clock was
slow. For instance, if the clock is
3 seconds slow the button should be:
pressed until the clock’s second hand
has moved 7 seconds.

Although 120 cycles would be more
desirable for this purpose and can
be obtained through adjustment of
the reed, the usual factory adjust-
ment is 115 cycles and operation at
this frequency 1is sufficiently ac-
curate. ’

If a ruggéd vibrator and a 6-volt
d-c power supply having good regu-
lation is used, several identical self-
starting synchronous clocks can be
corrected at once. This is of par-
ticular advantage in radio stations
that use this type of clock in studios
and control rooms. All clocks are
then wired to operate from one a-c
outlet,

An advantage of this device over
an oscillator is that it requires no
warm-up period and consumes no
power until needed.

Voltage-Stabilized Bias
Supply for Power Tubes

WHEN  VOLTAGE-STABILIZED power
supplies are employed for bias on
power tubes the flow of grid current
of the power tube is in the reverse
direction to current flow in the
bleeder resistor of the bias supply
and tends to remove the load from
the supply. The diagram shows the
circuit of a degenerative, shunt-type,.
voltage-stabilized bias supply that
maintains a 65-volt output within
very close limits on reverse current
swings up to 200 milliamperes. This
circuit was developed by George I.
Pihl, and is described by him in
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Modern Measurements ..

without mechanical movement or its limitations

Perhaps no single type better illustrates
the indispensable nature of the Electronic
Vacuum Tube throughout science and iao-
dustry than RCA Cathode-Ray Tubes.

Used in Oscillographs, these tubes are
pacing the way to new, higher standards of
measuring anything or any phenomena that
can be transformed into electrical impulses
—and doing it without mechanical movement
and the limitations inherent in such move-
ment. Every day, RCA Cathode-Ray Tubes
are proving unexcelled in the development
and production of war materiel. They are
being used in such widely diverse fields as
acoustics and vibration studies . . . studies of
magnetic phenomena . . . water-leak tests
... geological and geophysical investigations
. .. manufacturing operation tests . . . ignition
timing and adjustment work . . . medical and

biological research . . . engine-pressure in-
dications . . . power plant maintenance . . .
aeronautical engine synchromnization . . . and
a host of others, including their-better-known
applications in communications, radio and
servicing.

Other RCA Tube types, from Phototubes
to Power Tubes, are doing equally important
jobs contributing to the war effort along
entirely different lines—and doing them so
well that today™s “De It the Electronic Way™
Lecomes far noce thzn a slogan. It standg’as.
achallenge to every civilian amd war 1ndustry
to> handle ceoumtless tasks faster, more ac-
curately, or more economically than they
have ever been aandled before!

RADIO CORPORATION OF AMERICA
RCA Vicsor Division, Camder, N. J..

STR

Lo Things Fas*er,
More Accuratzly,
More Economically

THE ELECTRONIC WAY!

Communicating » Mecsuring * Checking

Analyzing » Actuating * Protecting
Testing » Detecting < Matching » Sorting
Controlling Magnif-y‘ing ¢« Heating
Rectifying « Counting ¢ Transforming
“'Seeing'’ ¢ ""Feellng"

The following RCA Tube publications are avail-
able from Radio Corporation of Americq,
Commerciul Engine&ring Saction,Harrison,N. J.

RCA PHOTOTUBES {bookiet on request}

RCA POWER AND SPECIAL PURPOSE
TUBES (entalog on request]

RCA TRANSMITTING TUBE GUIDE
(Guide 35c net) '
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.. . the Heritage of

Permoflux
DYNAMIC HEADPHONES

5 When the need came for a better performing headphone,
Permoflux applied advanced sound reproduction principles it had
I developed years before.

f The same efficient designs which had established Permoflux
§ Acoustical Products as leaders in many fields, provided in Permo-
flux Dynamic Headphones an increased measure of sensitivity
and improved signzl audibility under every operating condition.

While Permoflux Dynpamic Headphones are today completely in
l the service of our f_iglLtL!fg forces, the coming of Victory will make
trem available to & —

4916-22 W. Grand Ave., Chicago, lll.

 PIONEER MAWUFACTURERS OF PERMANENT MAGNET DYNAMIC TRANSDUCERS J

Bulletin No. 10 published by the
College of Engineering, Northeast-
ern University, Boston.

In the conventional shunt type of
voltage stabilizer circuit, two 2A3
tubes can produce an output of about
60 volts when handling a grid cur-
rent swing of 100 milliamperes. With
such a current swing an output volt-
age deviation of about 8 volts takes
place. Using the same tubes in the
amplified shunt stabilizer ecircuit
shown in the diagram the change in
output voltage becomes 0.2 volt with
the same current swing,

Operation of the Circuit

When the circuit is used to supply
bias to a modulator or other power
tube the periodic inerease of grid
current causes a small change in the
output voltage of the stabilized sup-
ply. This change in output voltage
in turn is applied through the voltage
regulator tubes, VR-150 and VR-105,
in series with resistor P, to produce
increased bias on the grid of T,, a
6J7 tube. This action decreases the
plate current of the tube, the plate
becoming more positive, The positive
voltage change is applied to the grid
of T. and effectively lowers the plate-

| to-cathode resistance of the tube. The

lowered resistance permits additional
grid current of the power tube to
flow through 7. and stabilize the cir-
cuit.

4250 4'000‘1,-R' — |

| 3 —— 17—
Wma +— S SR T |
’ N ) i 80 O 1
] YR150( ) S0 — 2-485 ['9
palk? 6J7 Oin para- &,
48 3 G
|| 2504 20ma [ a2
/r)/_)u/‘ 10 o0t ¢ §§ § JE oufput |4
| a < SRS Y
R; 81 @3y ¥
| ¥ Qe 2B
I R JNR-105 05 ||
L - |

Changes in bias voltage caused by re-

verse grid current flow of the conirolled

tube are minimized by the voltage sta-
bilizer shown here

To minimize the deviation of out-
put voltage necessary for operation
of the system the change of resist-
ance of T, is made large for a small
change of grid voltage of T.. Tube
T. must be capable of a total current
variation of from 10 to 210 ma at a
plate voltage of 65 volts without hav-
ing its grid go positive. A pair of type
48 tubes operated in parallel as tri-
odes can pass 210 milliamperes at 65

162 September 1943 — ELECTRONICS

www.americanradiohistorv.com


www.americanradiohistory.com

MICRO SWITCH
the “Heart of
Cook Bellows Switch

Micro Switch precision and rugged depend-
ability has never shown to better advantage than
in the uses to which it has been put in the Cook
Bellows Switch, manufactured by the Cook Electric
Company of Chicago. This bellows switch has
been found valuable in such applications as in-
dustrial processing, water and oil pumping sys-
tems, gas filled cable alarms, etc. Operated with
air, gases or fluids, the Cook Bellows Switch 1s a
custom engineered unit of rugged dependability
for operation on pressure differentials ranging from
as low as an ounce to over 100 pounds.

Micro Switch with its small size, precise action and
absolute dependability is a “natural’ for dithcule
switching problems, operating at the same point
through millions of operations . . . actuated by

minute changes of movement or energy. Micro
Switch is helping to solve hundreds of other difh
cule design problems.

Micro Switch is thumb size—measures only
11/16" x 27/32" x 1 15/16", weighs only an ounce,
operates on force as low as 1% ounces and move- SEND FOR THESE CATALOGS
ments as low as .0002”. Listed by Underwriters’ :
Laboratories with ratings of 1200 V.A. loads, from
125 to 600 volts A.C.

The two catalogs illustrated here will
give you the complete details—
Number 60 which covers Micro Switch

Supplied in a wide range of types and housings, in general and Number 70 which

Micro Switch can be adapted to meet a variety of deals with Micro Switches for aircraft.

aperating conditions and requirements. The ex-

perience and skill of Micro Switch engineers is

available to help you find the best possible answer Micro Switch Corporation, Freeport, Illinois
.. . . Branches: 43 E.Ohio St., Chicago * 11 Park Place, NewYork City
t your prCCISlon SWltChmg })Foblems . Sales and Engineering Offices: Boston * Hartford * Los Angeles

The trademark MICRO SWITCH is our property and identifies switches made by Micro Switch Corporation

© 1943

ICRO SWITCH

lvfade Only By Micro Switch Corporation...Freeport, Illinois
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Forthedevelopmentand
production of Radio
Communications
Equipment for our
armed forces, the Mo-
torola organization was
awarded the Army-
Navy “E” with added
Star for continued ex-
cellence of performance.
Motorola is proud of
the part it has been privi-
leged to play in the
speeding of Victory.

164

To dream and plan realistically for the future is both good and necessary.
However, to indulge in Star-Gazing through the wrong end of the telescope is
an extravagance which no industry can afford. RADIO can point with pride
to its achievements and its miraculous progress made under the impetus and
emergency of war. But to promise that the miracles of Radar and other Elec-
tronic development will be ready for delivery on V-Day . . . is to damage an

otherwise glorious record.

THE FUTURE 1S BRIGHT ...
BUT LET'S KEEP OUR EYE ON THE BALL!

Our number one job right now is the production of Radio Communications
Equipment and Radar for the armed services. These are weapons which will
help win the war. The application of new Electronic knowledge to peacetime
radio production will, of necessity, be a gradual and evolutionary process.

We know too that Electronic research and development now entirely serv-
ing our war effort can and will elevate every phase of human living.

You May Expect Big Things from Motorola. We can’t say
when but we can say . . . no one will be ready sooner!

RADIO

FOR CAR & HOME

GALVIN 58 e s
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volts and zero bias, and were there-
fore used.

Operating potentials at various
points in the circuit are indicated in
the diagram and are referred to the
negative side of the input voltage
gource. An initial current of 10 ma
through the 48 tubes is permitted to
stabilize the VR-105 tube. To main-
tain this current, a negative bias of
95 volts is necessary on the grids of
the 48 tubes. Another 10 ma is al-
lowed to flow through the VR-150 for
stabilization.

E; =250V =20 ma Eq-65.0V
LR s T e ]
08 ] ] o 1
506 | "
> 04 =
Goz T
< 1
0 20 40 60 80 100 120 140 60 180 200
Ig Milliamperes

Curve of deviation in output voltage vs.
grid current, plotted under operating con-
ditions

The graph shows the change of
output voltage plotted against grid
current of the power tube. The rate
of change of output voltage is ap-
proximately 0.002 volts per ma of
current flow, according to the slope
of this curve. This is the same re-
sult that a perfectly regulated source
of voltage in series with two ohms
would produce.

An unstabilized power supply
would require a two-ohm bleeder re-
sistor to obtain this result and the
bleeder would be obliged to dissipate
more than two kw of power.

. Avrecently developed type of base for drawn steel cas

Hearing Aid Circuits " transformers has greatly improved sealing and shleldmg
Two METHODS OF connecting a Brush F- . e The new drawn steel base has a deep lip that is stamped
bimorph Rochelle salt earphone unit = to close tolerance with the case interior and press fitted
to the output stage of a hearing aid 3 to position.

amplifier are shown in the diagram. . The results are a deeper internal seal, strcnger and more

One circuit contains a choke as the
plate load on the vacuum tube and is
preferable unless a transformer with

high-inductance windings is avail- ‘ . .
able. A choke inductance of 100 hen- |f.your problem is one of finding transformers that will
withstand unusual conditions— Write Today.

uniform, due to solder seepage into th= fi-ted seams,

and better shielding because true metal to metal—case
to base contact has been established.

rys is advisable but values as low
as 50 henrys may be employed. Only
one blocking capacitor is usually

necessary, but an additional 0.02 uf : % n :
capacitor is shown in the diagram c H I c A Gyo T R A N S F 0 R M E R
and may be incorporated when it is

desirable to isolate the receiver from CORP o RATION
the high side of the plate battery. 3501 WEST ADDISON STREET » CHICAGO

In the transformer coupling cir-
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cuit the secondary of the output
transformer must have high induc-
tance (50 to 100 henrys) to match
the crystal earphone unit. Unless
the coupling impedance is high, con-
siderable bass response will be lost.
The transformer primary input im-
pedance should match the tube im-
pedance at 1,000 cycles.

Plate current and plate voltage of
the amplifier should be adjusted by
varying the grid bias until the neces-

HERRAREN (AN

} Brush model DJ Rochelle salt crystal re-

‘ ceiver attached to plastic insert that fits

into ear. The unit has a diameter of %
inch and weighs 0.08 oz.

Chake Ouipuf

ANDREW 5
ceoe equlpped with Coaxiul Cables | ’( '“@ é ) )
‘ 50-100 4 3'0meg. nee |l
The SCR-299 high-powered mobile transmitter, built by the | |

‘ -1h|r[nlt

Hallicrafter Co. and equipped with ANDREW coaxial cables, received high eof-a5v™ 002 uf
praise from Generals Montgomery and Eisenhower and their men as they Sorat
drove Rommel out of North Africa. Designed to meet specific high standards | | fube Transformer Output
of the U, S. Signal Corps, the performance of the SCR-299 has surpassed | (x)
the greatest expectations of military radio men. It is highly significant that %,,‘ ff'f;
ANDREW coaxial cables wera chosen as a component of this superb unit: | T —
one more proof that the.name ANDREW is synonymous with quality in the . 2i sy
field of antenna equipment. g%
1:&% The ANDREW Company is a pioneer in | &
the manufacture of coaxial cables and ac- Tg_%’
cessorics. The entire facilities of the Engi- [ -
neering Department are at the service of ‘ I ;?Lg
x * * 2 users of radio transmission equipment. | co R ——— P 50.010 L
x . Catalog of complete linc free on request. Frequeny - Cycles ¥ !

" COA XIA L CA BLES Two circuits for coupling a vacuum-tube
A N TE N NA E Q U I PM E N T hearing aid amplifier to a crystal re-

ceiver unit. A typical response curve

» ¥ for a Brush model DJ crystal hearing aid

* * * receiver, obtained with a molded ear-piece

fitting into a Brush artificial ear with

363 EAST 75th STREET - CHICAGO 19, ILLINOIS constant voltage applied to the unit, is

| shown below
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Every tube has its mission

No single tube can serve the many and diversified applications of electronics

in war and industry. Because their purposes vary widely, so must size, shape and

power. Every tube has its mission . . . every purpose its specially designed

and engineered tube. RAULAND engineers have dedicated their time and combined
skill to the development of electronic tubes for the unending uses of this new
science . . . with an impressive record of achievements ranging from the large
cathode ray television tube which made possible televised projection on
15 foot x 20 foot screens . . . to the tiny tube with power out of all ratio to
its size. Forward looking research is ceaselessly going on in RAULAND

laboratories today to help clear the way for industrial progress tomorrow.

=,

RADIO...SOUND... {..COMMUNICATIONS

Electroneering 7s our business

THE RAULAND CORPORATION ... CHICAGO, ILLINOIS
Buy War Bonds and Stamps! Rauland employees are still investing 10% of their salaries in War Bonds

ELECTRONICS — September 1943 167
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sary value of 15 volts rms undis-
torted output is obtained. When this
amount of signal is maintained dur-
ing operation of the hearing aid,
the drop of output with temperature
changes can be compensated by ad-
justment of the amplifier sensitivity
control.

The response characteristic of the
Brush DJ earphone, shown in the
diagram, represents a pass band of
about 200 to 5,000 cycles, entirely
adequate for hearing aids, hence
amplifier components need not han-
dle anything beyond this band. The
positions of the peaks are of im-
portance because human response
curves vary greatly. Over most of
the useful frequency range the re-
ceiver may bLe considered as purely
voltage operated. Another Brush
unit, the model DK, has a peak ex-
tending up to 3,500 cycles, for use
where hearing drops off rapidly
above 3,000 cycles.

Program Quality Analyzer

BY DETERMINING the listener’s re-
action to each moment of a broadcast
program, CBS has been testing pro-
gram quality. Ten tvpical listeners,
selected from the broadcast audience
of WABC, are placed in a small stu-
dio to listen to a recorded program.
Each person is given two pushbut-
tons and instructed to press the green
button when the program seems
good, and the red button when poor.
If indifferent to any portion of the
program, no buttons are pressed dut-
| ing that portion.

| Individual reactions are recorded
on a tape marked with vertical lines
indicating seconds of program time.
The tape moves while the recorded
program is played, and red and green
styli record the various reactions of
listeners on the tape. During the test

a trained psychologist watches the
PAPER, OIL AND ELECTROLYTIC CAPACITORS so that he may question the listeners
I N D u s T R I : l in a discussion period held after the
T P K later discussion is made.
Each program is tested by six or
CORPORATION action curves that result are analvzed
1725 W.NORTH AVE., CHICAGO 22, U.S. A. by three psychologists. A complete
compile, and is submitted to program
DISTRICT OFFICES IN PRINCIPAL CITIES e R wrikens asgeuides tor

tape and makes notes of the reactions.
test. A stenographic record of this
c o N D E N s E R more groups and the sixty odd re-
report requires about a month to
QUICK DELIVERY -FROM DISTRIBUTOR'S STOCKS planning future programs.
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THE DAWN OF A NEY ERA

E‘\WITH electrons . . .

re\'olving around

their nuclei . . . has come the dawn of a new era. In this deve[opment ... a broad

experience in the specialized I(now]edge and l‘)ui]di'ng of vacuum tubes was o natural

forerunner ol Slater's electron tube progress. And Slater research continues in cap

turing and contro”ing the minute electronic currents to do their miraculous tasks

in the war effort . and for the peace-lime applicalions when victory is won

l‘q?\ ICTORY

: BROOKLYN, NEW YORK

SLATER Erecrric & Mre. Co.

MANUFACTURERS OF PRECISION ELECTRONIC TUBES AND INCANDESCENT STREET LIGHTING LAMPS

ELECTRONICS — September 1943
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HAIRLINE PRECISION
for Air-Line Duty!

* Though they occupy only a fraction of airplane space, WiLco Contacts and
Thermometals mean much to precision flight.

* Either paired with the correct WiLco THERMOMETAL, or used alone, WiLco
Aeralloy Aircraft [lag:cto Contacts are doing their part to assure smooth
airplane performance through their own unfaltering performance under gruel-
ling conditions in aircraft magnetos.

* WiLco THERMOMETALS (thermostatic bimetals) are used for engine oil
controls, compensation in voltage regulators, and dependable action in other
precision instruments.

* Wirco THERMOMETALS are also used in various instruments for the Army
and Navy—and WiLco Electrical Conlacts in tank, gun and ship applications.

* A SINGLE SOURCE OF SUPPLY—WiLco facilities permit manufac-
turing customers to secure both electrical contacts and thermostatic bimetal
from a single source. This is important, for materials from these two groups
are frequently used in conjunction, as parts in the same device. The most
effective use of one necessitates a knowledge of the other.

WiLco Propucts ARE: Contacts—Silver, Platinum, Tungsten, Alloys, Powder
Metal. Thermostatic Metal—High and Low Temperature with Elecirical Re-
sistance from 24 to 530 ohms per sq. mil,-ft. Precious Metal Collector Rings
for rotating controls. Jacketed Wire—Silver on Steel, Copper, Invar, or other
combinations requested.

* WiLco sales and engineering representa-
tives are familiar with bhoth Electrical
Contact and THERMOMETAL application.
Send us your problems for analysis.

Tae H. A. WiLson COMPANY
105 Chestnut St., Newark, N. J.

Branches: Chicago * Detroit

Diving Amplifier

By D. W. GELLERUP

Technical Supervisor, Station WITMJ,
Milwaukee

THE DIVING AMPLIFIER EQUIPMENT to
be described provides two-way com-
munication between a diver’s tender
station on the surface and one to
two divers. The equipment was de-
signed and built by members of the
staff of WTMJ-W55M, the Milwau-
kee Journal stations,. at the request
of the local Navy diving school.
Most of the construction work was
done in the basement workshop of
Herman Lasche, an operater at the
station. Twenty-seven portable
units have been accepted by the
Navy at a price of $200 each.

Loudspeakers serve both in their
normal capacity and as micro-
phones. The system is normally set
up for transmission of speech from
all connected divers to the tender.
Switching facilities are provided
on the control panel to select and
talk to any one diver from the sur-
face station. Volume control is also
provided to make more intelligible
the speech as picked up under vary-
ing pressure conditions.

Tender

A

Diver 2

170

www americanradiohistorv com

Circuit of the amplifier and speaker
switching arrangement for communicating
with divers

The amplifier is housed in a
heavy formed steel case plated and
painted to resist corrosion. Connec-
tion to the two divers’ cables is
made through two receptacles at
the rear of the amplifier cabinet.
These receptacles are of special de-
sign to accommodate the standard
Navy diving equipment plug. The
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Slearn 7% g | i
MOUNTINGS

Photogrcpss proviag strength
of Lord Shecr Type Mountings

The above tests were made using a Lord
Tube Form Mounting 5%4” O. D. x 444",
Figure one shows mounting under no load.
Figure two shows mounting stressed in
shear under ms rated load of 2,200 lbs.
Center sleeve is depressed 1{{'. Figure
three shows same moumnting under 50,000
Ibs. load (press capacity). Center sleeve
is depressed H¥{{ and shows no faiture
of rubber-to-metal bond, even with more
than 2000% cverload.

025 050 075 .00 .25 .150 .175 .200 .225 .250

The curves in above chart indicate deflections obtained from
test specimen in teasion, compression, and shear, under identical
loading. Note the much greater deflection of the shear stressed
system, resulting in a softer ion and co higher

egree of vibration isolation eﬂ’xrciency.

¥
| oueh

l—]—l_[r_,_ ll

DEFLECTION IN INCHES

9

O obtain the highest degree of vibration

control or isolarion efficiency, a flexible sus-
pension must be employed which is soft in the
direction ar directions of the disturbing forces,
thereby providing adequate axial deflection, and
maintaining ample stability in directions normal
to the major thrusts

The only mounting design which incorporates

these featurcs is one in which the rubber is stressed
/12 shear. Rubber in shear is much softer, yields
more readily than in tension or compression, and
consequently grearer deflections can be obtained
from a given size rubber clement. (See chare
Lord, by developing and perfecting a process
for forming a strong and uniform bond herween
rubber and metal, has been able to apply this princi-
ple of shear stressed rubber to rwo basic designs
of vibration isolation mountings, plate form and
tube form, and other honded rubber products
including flexible couplings, torsion bushirgs,
radius rod joints, turnbuckles, and diaphragms.

This process, which produces a bond as strong

or stronger than the rubber:

1. Facilitates the manufacture of a simple,
rugged, compact, lightweight mounting,
allowing tull shear freedom to the
rubber elemenc.

2. Will bond firmly and directly to various
metals—Low and High Carbon Steels
Alloy Steels, Brass, Aluminum, and

Monel Metal.

3. Produces a high ratio of bond strength
to working stress providing an ample
factor of safety under all loading
conditions.

Lord Mountings, in plate form and tube form,
with snubbing or non-snubbing features are made
in various shapes and many sizes, with load ratings
ranging from a few ounces to several thousaad
pounds. Millions of Lord Mountings and other
Bonded Rubber Products are being used in almost
every type of military and naval equipment, as
well as in practically every field of industry,
providing protection against the harmful effects
of shock, vibration, and noise translation. Investi-
gate the possibility of including them in your new
equipment designs.

Complete information covering all Lord
Mountings, as well as an engineering discussion
on vibration control, is contained in Bulietins
103 and 104. Lord Vibration Engineers are avail-
able for consultation on your design problems.
Write today. There is no obligation.

INVEST TODAY IN BONDS FOR VICTORY

IT TAKES RUBBER P Shear 10 ABSORB VIBRATION

LORD MANUFACTURING COMPANY

ERIE, PENNSYLVANIA

www-americanradiohistorv.com
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plugs are so polarized and con-
nected as to prevent the insertion
»f any plug in the wrong receptacle.
The tender’s speaker unit, of the
lirect radiator type, is mounted on
‘he front panel.

The divers’ reproducers, which
mount in the diving helmets, con-
sist of small permanent magnet
driver units with a suitable mount-
ing bracket and protective grille.
These speakers have an impreg-
nated fibre cone.

Amplifier Circuit

The amplifier is essentially a re-
sistance-capacitance coupled cir-
cuit using a 6J7 vacuum tube func-
tioning as a voltage amplifier. This
stage is coupled to a 6F6 vacuum
tube in the output stage. The input
is coupled to the voice circuits
through an input transformer. The
output is coupled to the voice cir-
cuits by means of a suitable output
transformer.

[V, EQUPMENTRSALGE CORP

e -
v ge o @mBEE

One of the completed amplifiers, with
which continuous monitoring of all divers
is possible from the diving tender

The power supply from which the
amplifier is designed to operate is
a 6-volt d-c source. For this condi-
tion, a vibrator-type voltage con-
verter is used to secure the neces-
sary plate voltage. This converter
is supplied as a unit mounted on the
chassis. Incorporated in this unit is

| a self-driven vibrator, one 0Z4 or

6X5 rectifier, a transformer, and

' the necessary filter chokes and ca-

pacitors to remove the high tran-
sient voltages developed by the
rapid switching of battery current
by the vibrator.

Control Circuits

Manually adjusted controls for
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BOMBERS and
FIGHTERS. .

are on their way with NEW

Every day bombers and fighters are assembled
with more and more SPEED NUTS. The increased
use of SPEED NUTS rolls them off the line
faster and lightens them far added useful load.
These approved self-locking aircraft nuts grip
the screws with a DOUBLE SPRING-TENSION
LOCK that resists vibration for the life of the
plane.

The tons of metal conserved with the use of

/

SPEED NUTS is almost impossible to calculate.
And the man-hours assembly time saved runs
into millions. Over 1500 shapes and sizes includ-
ing many new ones just released. Approved for
most all non-structural attachments by U. S. Army
Air Forces and Navy Department Bureau of Aero-
nautics. Also used on irucks, jeeps and tanks.
Write for our new book No. 185, illustrating some
of our very latest developments.

TINNERMAN PRODUCTS INC., 2106 Fulton Road, Cleveland, Ohio

IN CANADA: Wallace Barnes Co., Ltd., Hamilton, Ontario

IN ENGLAND: Simmonds Aerocessories, Ltd., London

I'N FASTENINGS
- - _f:::.‘. !

B
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® It Does the Job of Several Mikes ® You Can Hold It
® You Can Hang It ® You Can Mount It on Standard Stands

A truly multi-purpose microphone, which can do the job of two or more
units. It fits the hand snugly; is equipped with a suspension hook for
hanging mike applications, stage work and call systems; it can be mounted
on any standard floor or desk stand. Especially engineered for maximum
voice response and smooth, natural response to music pick-ups. Gunmetal
or chrome type finish.
The Turner Han-D is equipped with a contact slide switch, for easy on-off
operation.

9X Crystal has level of —48 DB, range of 60-7,000 cycles.

9D Dynamic, especially recommended for use under bad climatic condi-
tions, intense heat and rough handling. Level —50 DB Range 60-7,000
cycles. With 7 ft. removable cable set, available in 200-250 ohms, 500 ohms
or hi-impedance.

i s e R B e S B e T
g‘ &\"&URNER& eT“'RDW\ HAN“DQ ‘“‘W'T’Hrk
';s.» .. AN EN e S =8
\ ‘ £ Rl R e n

ESE it e ain

Leaves Both Hands Free for Other Jobs

For every spot where both hands are nceded on the job, Turner
3-H-L40 1s the hghtweight unit to use. Defense plants use 1t for
call systems. Police cars need 1t for better communications. The
""Third Hand™" holds the mike close to the mouth, giving tremen-~
dous volume without feedback.

Equipped with Turner L-40 microphone which has exception-
ally high signal level. Gives more intelligible speech reproduction
and minimizes feedback. Chest sounds are damped out. Gunmetal
or chrome type finish. Level —48 DB,

The Turner Third Hand, 3-H, slips over the neck in a nffy.
Goose neck adjusts mike to any position Can be used with long
lines as traveling mike. Window demonstrators find 3 H
indispensable. Can be ordered with mike switch at extra cost.

All Crystals Licensed Under Patents of the Brush Development Co.
Free New Turner Microphone Catalog, showing #
all available models. Write for yours today. j
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L-40 MIKE -

7

2

this system are located on the con-
trol panel. These consist of one
volume control, two switches SW1
and SW2 for controlling the direc-
tion of transmission, and power
switch SW3. The volume control is
provided so as to obtain the correct
level at either the tender’s or the
divers’ reproducers. The two two-
position switches, one for each
diver, provide means for transfer-
ing the divers’ reproducers from in-
put to output and the tender’s re-
producer from output to input.
These switches are so connected
that the normal, or unoperated, po-
sition provides speech transmission
from all connected divers to the
tender’s reproducer. The power
switch provides means for turning
on or off the power supply to the
amplifier while it is still connected
ready for use. This must be turned
to the “ON” position in -order to
apply the proper operating voltages
to the amplifier components.

SUB-ZERO EQUIPMENT

Lt. Col. John H. Talbott. commanding of-
ficer of the Army Climatic Lab, is shown
checking the thermo-coupled harness worn
by Pvt. Donald W, Peterson. This harness
has eighteen thermo-coupled junctions re-
cording skin temperatures of the soldier
from finger-tips to toes, plus another har-
ness between his clothing, all connected
to recording machines by multi-wired
cables
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INSULATED IRON CORES
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Stackpole Insulated Iron Cores mean

MOLDED IRON new standards of efficiency for applications such as antenna

TRANSFORMER CORES or oscillator coils; I-F transformers of either top and bottom-

. another Stackpole development tuned or top-tuned types; permeability tuning (either audio
in powder metallurgy. Designed for modulation or frequency modulation): transmitting tuning
transformers and chokes where con- J d i
stant inductance is required over a and others. The insulation is bonded to the core to form
given frefll:ienCy ranLlZF-jalcsiO “;hel:e an integral unit, and may be any length from 4" up to 1",
constant inductance, limited only by . 7 7 "
S A N e e Core diameters of .198"..250", and .365" are produced
needed for various currents. This as “standard”, although other diameters are available.
saturation point can be predetermined
to meet specific conditions STACKPOLE CARBON COMPANY, ST. MARYS, PENNA.

EVERYTHING IN CARBON BUT DIAMONDS — BRUSHES (aff types far all rotating machines) — CONTACTS (all carbon,
graphite and composition types — alse molded rare metal ‘contacts) — ANODES — ELECTRODES — BRAZING BLOCKS — BEARINGS — WELDING
RODS, ELECTRODES AND PLATES — PIPE — PACKING, PISTON AND SEAL RINGS — RHEOSTAT PLATES AND DiISCS — BRAKE LINING, etc.
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“MAGIC!”

is their word for it

We damn well know it won't win the war . . . b#¢ if your boy is in
there pitching it’s encouraging to know the Hits of Broadway and
Main Street are delivered right to his foxhole.

How? With Presto Recordings and Playbacks. Whether he’s with
MacArthur, Eisenhower, Spaatz, or training on home grounds,
Presto Equipment is bringing him the latest from Home—music,
news, songs, entertainment . . . recorded while “live’’ and rebroad-
cast to him between battles. That goes for the Navy, too!

And when Presto Recordings and Playbacks are not dishing out
the “jive” they’re drilling in the facts of fighting—training troops,
broadcasting orders, recording operational data, and a lot of other
things we won’t talk about.

“Magic!” is the word the boys have for it. But to you it’s just plain
Presto!. .. trade name of all that’s finest and best in Sound Recording.

=
In Other Cities, Phone . . . ATLANTA, Jack. 4372 » BOSTON, Bel. 4510
CHICAGO, Har. 4240 « CLEVELAND, Me. 1565 « DALLAS, 37093 « DENVER,

Ch. 4277 « DETROIT, Univ. 1-0180 » HOLLYWOOD, Hif. 9133 » KANSAS
CITY, Vic. 4631 « MINNEAPOLIS, Atlantic 4216 « MONTREAL, Mar. 6368
RECORDING CORP. TORONTO, Hud. 0333 » PHILADELPHIA, Penny. 0542 » ROCHESTER,
Cul. 5548+ SAN FRANCISCO, Su. 8854 s+ SEATTLE, Son. 2560

242 WEST 55“‘ ST. N.Y. WASHINGTON, D. C, Shep. 4003—D0ist. 1640

World's Largest Manufacturers of Instantancous Sound Recording Equipment and Discs
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Electronic Dehydration
Removes 99 Percent of
Moisture in Food

REMOVAL OF 99 PERCENT of the mois-
ture content from vegetables has
been made possible for the first time
by - a high-frequency dehydrating
process developed by Federal Tele-
phone and Radio Corp. in coopera-
tion with the Office of the Quarter-
master General of the U. S. Army.
Evidence indicates that vegetables
dehydrated to this extent will not
deteriorate over a period of one to
two years even in hot, humid cli-
mates. Soaking in water restores the
original color and consistency, after
which the vegetables may be cooked
and served the same as fresh vege-
tables, with normal taste and aroma.

The new process involves remov-
ing about 80 percent of the moisture
initially by conventional forced hot
air drying, leaving the vegetables
pliable but without formation of a
tough, blackened skin known as case
hardening. The vegetables are then
compressed into bricks and remain-
ing moisture is removed electronic-
ally down to 1 percent, after which
the bricks are wrapped in paper, wax
coated, packed and shipped. Labora-
tory results show that one pound of
water may be removed electronically
with less than one kwh of energy.

Dried whole milk has had its mois-
ture content reduced electronically
from 2 percent to 1 percent, making
it possible to ship this product with-
out danger of its butter fat content
becoming rancid. When recondi-
tioned by addition of water, this
product becomes as palatable and
nutritious as fresh milk.

ELECTRON GUNS FOR WAR

Checking electron gun assemblies for ca-
thode ray tubes in an air.conditioned room
at a Canadian plant
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FLEXIBLE VARNISHED OIL
TUBING:

resistart to- deteriorating influences

This TURBO insulotion meels the
diversity of requirements neces-
sory to stand up againsf general
breok-dawns, impairment through
isture absorption, ond.the general
deterioratiag ‘influences coused by
wcds, akalis, efc.

EXTRUDED TUBING:
resistant to sub-zero temperatures

Where the effects of extrerre low

femperatures are apt to duce
insulation embrittlemen-, TURBD Ex-
truded Tubing Is espezially suited.
Sudden climatic chonges. wide Suctu-
ations in-temperature, er refrigeront
operating conditions will not effec!
the dependability

ELECTRONICS — September 1943

VARNISHED GLASS TUBING:
,resistant to extremely high -heat

4 The extensive use of this TURBO
#¥ product is directly attributable to
its excellent characteristics ynder high
heat conditions. Heavy duty operot-
ing conditions, confined-areas where*
ventilotion is minimized ond -other
similor problems are satved

www.americanradiohistorv.com

WIRE IDENTIFICATION
MARKERS:

to meet rigid- ordnance specifications

The focititating of production’and

assembling operations, with car-
responding increases in functiorul
efficiency, ore effected with this
TURBO insulation product. Available
in any size, fength or color, these.
TURBO markers are strictly in ecco-d
with Army, Navy and Air Corps
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IVhen the Signal Corps moves its equipment up to advanced
posts both men and equipment take terrific punishment. Signal Corps
communications equipment rides in the rumbling tanks . . . crouches in
foxholes and behind shell-blasted tree-trunks . . . marches into the thick
of battle with the infantry. It’s got to be good!

CONSOLIDATED RADIO headphones are withstanding all the
unprecedented rigors of modern warfare. CONSOLIDATED RADIO is proud
to be manufacturing headphones that are fighting side by side with
the invincible infantry.

Consolidated Radio’s Modern Mass
Production Methods Can Supply
Signal Corps and Other Headphone
Units in Quantities to Contractors

SProdeects Comprary

350 W. ERIE ST., CHICAGO, II.-I..

V-H-F Systems

(Continued: from page 101)

be constructed to withstand the
severe atmospheric conditions in
some locations. In all locations light-
ning is an ever-present problem.
Lightning gaps are included on the
antennas and each tower is well
grounded at the base. The antenna
leads are of &-inch coaxial cable
filled with dry nitrogen which is
kept above atmospheric pressure to
exclude moisture.

At certain locations the transmit-
ters and receivers were installed in
existing buildings while in the ma-
jority of the locations, a 12-ft x 8-ft
x7-ft high concrete-block building
was constructed. A small room was
built within the building to house a
gasoline-driven power generator.

These buildings were waterproofed
satisfactorily with a preparation
that is “painted” on the surface and
allowed to soak into the pores of the
block. To prevent condensation under
the moist air conditions experienced
in New England, circulating ventila-
tion is provided through the build-
ings. Air enters through louvres in
the door, passes into the generator
room through an appropriate open-
ing in the partition and leaves the
building through a rotating-vane
ventilator which encourages air flow
over this path. When the generator
is running, an electric fan greatly
increases the air flow to adequately
cool the unit.

The operation of the 3-kw gaso-
line-driven generator is controlled by
an under-voltage relay which starts
the unit when the line voltage drops
below a pre-determined value. When
the unit starts, it automatically
takes over the load and continues to
run until the normal power supply is
again restored. All power and tele-
phone circuits are led to the station
houses through underground ecables.

The remotely-located stations are
controlled from the Troop Headquar-
ters over telephone circuits leased
from the New England Telephone
Company. A second control circuit is
provided from one of the stations to
the General Headquarters in Boston.
Some difficulty has been experienced
maintaining these lines through the
severe winter weather and radio con-
trol circuits are being considered as

178 September 1943 — ELECTRONICS
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ACTUAL-SIZE
ILLUSTRATIONS

INDENTS
FACILITATE
TAPPING
OF ANY
TURN

AN \
\ \\\\\\\\ )

Single winding with in-
,dents. Weight complete,
only 214 ounces. Coil
12 diam. x 4 long.
314" averall height.
= :

Double winding {tapped
outer coil with inner wind-
ing for coupling to a low-
impedance load). Weight
complete, 234 ounces. Coil
2" diem. x 3" long. 314"
overall height,

MADE “'SPECIAL’—MADE FAST-
and MADE RIGHT!?

These two Air-Wound units, designed for
ship-to-shore radio telephone transmitters,
are typical of B & W small coils now being

likely to be put out of commission by dropping
or rough handling); adaptability to design or
engineering changes in laboratory or field use;

and the ease with which ANY of the closely-
wound turns may be tapped, thanks to the
special indent feature.

B & W Air Inductors of this
general type are available for

produced to meet exacting specifications by
modern production methods a# the rate of
1200 a day!

Many outstanding advantages accrue to
these coils as a result of the famous B & W
Air-Wound construction: Exceptionally light all
weight; mechanical ruggedness (they are not Literature on request.

normal frequency ranges.

BIG COILS, TOO ! snummmm—)p

Here you see the small No. 1591 Air Inductor
shown in comparison to a B & W high-power
unit for 10 KW. service. Details an any type
gladly sent.

AIR INDUCTORS

Air-Wound and Ceramic and Phenolic Form Types

BARKER & WILLIAMSON, 235 Fulrﬁelg( Ave., Upper Dgrby, Pq. é
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Ancther exclusive Milien "Designed fur

| Application™ product. Combination high
voltage tarminal and thru-bushing. Tapered
contact pin fits firmly into conical sockat
providing large area, low resistance con-
nection. Pin is swivel mounted in cap jo
prevent iwisting of lead wire. Easy to usa.
Y4'" o.d. insulatiom high voltage cable fis
into opening in cap. Bared conductor passas
thru pin for easy soldering fo pre-tinned tip
of contact plug.
®

Standard 37001 availablein either black or
red bakelite. No. 37501 is low loss mica
filled yellow bakelite for R.F, applications.

JAMES MILLEN
MFG. CO., INC.

MAIN OFFICE AND FACTORY
MALDEN
MASSACHUSETTS

)

supplements to the wire circuits in
certain locations.

Control functions provide for op-
erating the transmitter by a push-
to-talk button on the handset at the
control point. In addition, when the
handset is lifted from its hanger, a
relay mutes the station-frequency re-

| ceiver and opens wide the *“‘squelech”

control on the ecar-frequency re-
ceiver. This allows discrimination in
favor of a car signal if another main
station in the system should be
transmitting at the same time.

At the control point, the operation
of the transmitter is supervised by
a small receiver whose output is con-
nected to a carrier-indicating meter
located on the control hox. A second
meter indicates the speech levels on
the control line coming from the re-
ceivers or the level of the operator’s
voice when transmitting. An inter-
mittent audio signal is imposed on
the line when the gasoline-driven

| generator is in operation to give an

indication of power line failure.
Tower light control is also possible
if required during a blackout. All
these control funections are carried
out over a single-pair telephone line.

The transmitter modulator em-
ploys E. H. Armstrong’s original cir-
cuit. The oscillator employs a low-
drift crystal operated at 1/32 of the
transmitting frequency. The output
of the oscillator is phase-modulated,
quadrupled twice, doubled, and then
amplified in a stage having an output
of 50 watts. This drives a 250-watt
final amplifier using the 250TH tube
and is coupled to the coaxial line by

| @ simple two-condenser tank circuit
| which permits ready variation of the

load on the transmitter.

The receivers are double super-
heterodynes in which both loecal os-
cillators are crystal controlled. Am-
plification is sufficient to permit
satisfactory results from signals as
low as 0.1 microvolt. Audio amplifi-
cation provides a level of approxi-
mately 4 6 db which is satisfactory
for feeding to the telephone line.

A most important feature of both
transmitting and receiving equip-
ment is that provision is made for
tuning all cireuits using a simple in-
dicating milliammeter. This makes it
easy to check alignment frequently
and keep the units at peak perform-
ance,

One hundred mobile units are
equipped with 25-watt transmitters
and associated receivers. The mobile

transmitter is fundamentally the
same as the main station unit but
has only one amplifier after the
doubler stage. Plate power is ob-
tained from a generator mounted
directly on the chassis. The mobile
receiver is exactly like the fixed-
station receiver but obtains its
power from a small vibropack. The
mobile station requires 23 amps
from the 6-volt car battery when
transmitting and 8.5 amps when re-
ceiving.

Rear-mounted whip antennas with
springs are used on most cars. How-
ever, in the western areas where
valleys are deep and narrow, im-
proved operation has been accom-
plished by the use of roof-top an-
tennas because of the added height
and decreased directivity.

Two or three radio maintenance
men are employed in each of the
four troops. A completely equipped
repair depot is located at each Troop
Headquarters where all repairs are
made. Spare parts include three
spare mobile transmitters and re-
ceivers for each troop and a complete
set of spare tubes for all equipment
in service. The radio men arrange
to inspect each mobile unit at inter-
vals not longer than four weeks to
ensure peak performance. The con-
venient tuning indicating meter
makes this procedure quite simple.
Careful records are kept of these
inspections and of any work done on
the units. Fixed stations are in-
spected weekly to test the emergency
generators and make adjustments.

Installation of the system began
September 1942 and proceded slowly
during the winter months due to the
weather conditions and the difficul-
ties in obtaining certain materials
needed for wire lines and building
construction. The last of the fixed
stations is now being installed. The
service area of each station has
proved to be considerably greater
than that indicated on the map and
except in the extreme western areas,
there is no area that is not served by
at least two stations. If a station
loses its control line, secondary com-
muiication can be accomplished us-
ing a mobile unit at the remote loca-
tion which is in constant contact with
another unit at the control point.
The officer in the remote car can
re-transmit the messages on his own
transmitter or operate the main sta-
tion with a local control in the sta-
tion building.
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VARNISHED
TUBING PRODUCTS
AND IGNITION MARKERS

including . . .

vl W
=
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Dieflex Varnished Tubing products offer
you these advantages:

SPEED PRODUCTION

Smooth inside treated bore. Prevents snag-
ging or interference. Facilitates telescoping.
Complete roundness — uniformity of size —
extreme flexibility — non-fraying — resumes
complete roundness immediately after cut-
ting — will not pinch.

SAVE SPACE

Excellent bending qualities. Good work-
ability. Due to complete varnish impregna-
tion throughout—maximum results with space
saving wall—maximum protection in a mini-
mum space. The Fiberglas grades provide
permanent protection with a thinner wall.

INSURE PROTECTION

High dielectric strength. Excellent aging
qualities. Meets or surpasses the V.T. A,,
A. S. T. M., and similar specifications. Com-
plete varnish impregnation protects against
moisture, oils, and chemicals. Long life with-
out stiffening or cracking.

SPECIFY “‘DIEFLEX"

Specify “DIEFLEX.” Be sure that the
name “Dieflex” is written in your specifica-
tions and on your shop requisitions.

SERVICE FOR MANUFACTURERS
IN THIS MIDWEST TERRITORY

INSULATION MANUFACTURERS CORPORATION

% CHICAGO 6 ¢ 565 West Washington Blvd.
* CLEVELAND 14 e 1005 Leader Building
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Representatives in '

MILWAUKEE 2—312 East Wisconsin Ave,
DETROIT 2—11341 Woodward Ave.
MINNEAPOLIS—316 Fourth Ave. So.
PEORIA—101 Heinz Court
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Bibliography of Dropping Mercury Electrode. ............... ... . 188
AVersatile Q Meter.............................. ... 190
Machine for Calculating Polar Diagrams.................... .. .. 196
Protective Metal Finishes.................. ... ... 201
New Mathematical Tables.......................... .. 202
Emissive Plates for Pentodes..................... ... . 202

Enemy-Owned Patents

The following foreign-owned elec-
tronic patents, available to American
industry on a licensing basis of $15
per patent, are representative ex-
amples of nearly 50,000 patents now
controlled by the Alien Property Cus-
todian, Washington, D. C.

Land Mine Locator

To detect underground mines or
unexploded shells, the apparatus
shown in the diagram is suggested
by Henri Chireix of Paris, France in
a patent application having Serial
No. 419,545. A search coil or loop
is employed to induce eddy currents
in the metallic object, and the result-
ing counter-field modifies the charac-
teristics of an oscillator circuit.
These changes cause a variation of
phase of the current in the circuit
with reference to the oscillator volt-
age. A phasemeter circuit controls
a lamp for a visual signal or a buzzer
and earphone for aural indication.

In order to reduce electrostatic ef-
fects the search coil has one low-
resistance winding. For the same
reason the inventor suggests that the
frequency of the oscillator be chosen
in the range from 210 ke to 2.1 Me.
Within these limits the effects of
currents induced in the ground itself
are negligible.

As indicated in the diagram, the
light metal loop is mounted at the
end of an insulating rod. Main tun-
ing of the loop is accomplished by the
0.02 .f mica capacitor. Vernier ad-
justment is provided by a small vari-
able capacitor mounted at the nor-
mal position for the operator’s hand.
To permit simultaneous observation
of the indicator lamp and the loca-
tion of the search coil, the lamp may

182

be mounted at the end of the rod.
Tubes and batteries are contained
in a separate carrying case slung
from the operator’s shoulder.

The output of the oscillator tube
is coupled by transformer M to two
dry-disc rectifiers whose loads are
200,000-ohm resistors. This portion
of the circuit appears to form a
Wheatstone bridge with one diagonal
fed by the search circuit and the
cther by the secondary of trans-
former M. Capacitor C permits the
voltage between terminals A and B
to be adjusted so that it equals the
voltage developed across one half

of the secondary of transformer M.
At resonance the dry-disc rectifiers
receive equal voltage. Because of the
series connection of the rectifier load
resistors, the voltage from the grid
of the indicator tube to ground is
Zero.

lnancator
Tubs=

C Dry-disc

70 buzzer
and phone

Search corf /nsu/gz‘ea’ rod

Circuit of portable metal locator for detec-
tion of land mines and unexploded shells

When a metallic body is present it
reduces the apparent self-induction
of the search coil, and the voltage be-
tween terminals A and B begins to
lead the transformer secondary volt-
age by a definite amount. Since the
two voltages are no longer in exact
quadrature the voltage produced by
the upper rectifier in the diagram
becomes less than the voltage pro-

RADIO MEN ARE TRAINED IN PLANE MOCK-UPS

Semi-mock-ups constructed of plywood., with one side open to facilitate study
and classroom demonstration, are equipped with all the radio equipment the
corresponding plane would carry, and are used in the Army Air Forces radio
school at Scott Field to give the men actual on-location experience with aircraft
communication equipment without tying up planes for training purposes

September 1943 — ELECTRONICS

www americanradiohistorv. com


www.americanradiohistory.com

Lug Type Fixed Résistors
Dividohm Adjustable Resistors
Wire Lead Resistors
Flexible Lead Resistors
"Corrib" Resistors
Ferrule Resistors

Edison Base Resistors
Precision Resistors
Bracket Resistors
Non-inductive Resistors
Tapped Resistors
Cartridge Type Resistors
Strip Type Resistors

WHATEVER your resistance problems may be...you are
sure to find the right answer at Ohmite. Our extensive range of
types and sizes makes possible an almost endless variety of reg-
ular or special resistors to meet every requirement. Core sizes
range from 214" diameter by 20" long to 3" diameter by 1”
fong . .. and are produced with standard or special windings,
terminals and other features. Many are stock units.

Because of their extra dependability under the most crirical
operating conditions, Ohmite Resistors are used today in all Cut-away view of Ohmite
types of electronic and electrical applications. . . in planes, tanks, Vitreous Enameled Resistor
ships, in laboratory research and development, in scientific
instruments and in the production tools of war.

The resistance wire is evenly wonnd on
porcelain core, rigidly held in place, in-
sulated and protected by Obmite vitreous
enamel. Dissipates heat rapidly— pre-

Send for Catalog and Engineering Manual 40 vents hot spots and failures. Core sizes

Write on company letterbead for complete
helpful 96-page guide in the selection
and application of resistors, rheostats,

tap switches, chokes and attenuators.
OHMITE MANUFACTURING COMPANY
4818 Flournoy Street ¢ Chicago 44, US.A.
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range from 2% diameter by 20" long
to g’ diameter by 1" long.
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duced by the other rectifier. A nega-
tive voltage then results at the grid
of the indicator tube, and plate cur-
rent of the tube decreases. A relay
in the plate circuit permits contacts
to close the battery line to an indi-
cator lamp. A buzzer and earphone in
this battery circuit may be actuated
at the same time.

VHF Coupling Device

Radio direction finders that oper-
ate on ultra-short waves usually con-
tain one-turn stators and a one-turn
rotor. At lower frequencies suitable
distribution of the turns permits the
current induced in the rotor to be
proportional to the sine of the angle
formed by the mean plane of the
rotor with a reference plane. To ob-
tain a similar purpose with a single-
turn rotor is the object of patent ap-
plication having Serial No. 440,417,
by Rene Hardy and Pierre de Maer-
telaere of Lyon, France.

Special rotor employed in VHF direction
finder to give a sinusoidal butput current

From the illustration it would ap-
pear that there are two stators, 37
and 38, each consisting of a single
turn. The rotor consists of two hem-
ispherical shells (30 and 81 in the
illustration). In each of these the
two opposite half-domes are cut away
perpendicular to the plane of their
base. The half-shells are mounted
with their segments staggered by 90
deg, and a metallic connection be-
tween them is made at the point
marked 84. Wire leads at 35 and 86
are soldered to the shells diamet-
rically opposite this connection.

The inventors claim that a rotor
of this type is traversed during its
rotation by an induced current hav-
ing substantially a sinusoidal shape.
The device is not limited to direction
finders, but may also be used for in-
put and output current attenuators
for oscillators and amplifiers.

Secret Communication System

A method of arranging a transmit-
ter and a receiving system to provide
secrecy is suggested by Berko Tenen-
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baum of Lyons, France, in « patent
application having Serial No. 417,-
800. He suggests that the transmit-
ter contain a number of quartz crys-
tals of different frequencies, and that
they be connected in sequence in the
transmitter by a special switch. Con-
tinuous variation of the switch con-
tacts permits only a small fraction
of the message to be transmitted on
any one frequency.

For receiving and combining the
signals a receiver is required for each
frequency transmitted. Each re-
ceiver is stabilized at one frequency
by quartz crystal control in the local
oscillator. The audio outputs of each
receiver are combined in one pair of
earphones to obtain the composite
signal and form the complete mes-
sage.

The applicant also proposes a
method of tuning superheterodyne
receivers in which the local oscillator
is tuned to one frequency at all times
by quartz crystal control. For sta-
tion selection the intermediate fre-
quency stages are tuned by ganged
capacitors that replace the con-
ventional trimmer capacitors. Auxil-
iary tuning of the mixer stage to the
signal frequency is also provided.

The inventor claims the scheme is
particularly suitable for wavelengths
less than one meter. The application
includes descriptions of mechanical
arrangements of a double Lecher
system used with the circuit. In
these, one of the conductors of the
Lecher circuit from the oscillator
branches into two conductors. These
two conductors form a second Lecher
circuit for the incoming signal.
Methods of forming the Lecher ele-
ments concentrically are also de-
scribed by the inventor.

Preventing Radiation from Super-
heterodynes

A method of coupling the oscil-
lator to the mixer tube in a super-
heterodyne receiver to minimize
radiation from the antenna is de-
scribed in patent application Serial
No. 380,368 filed by Walter Dallen-
bach, Alfred Allerding and Erich
Huttmann of Berlin, Germany. The
schematic diagram of the proposed
circuit is shown in the illustration.

A two-wire line, marked 5 and 5’
in the diagram, conducts energy from
the antenna to the resonant circuit
formed at point 6. From the reso-
nant circuit the conductors lead
through blocking capacitors 7 and 7’

From aerwa/
!
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Balanced circuit of superhe.erodyne mixer
for wavelengihs less than one meter

to the plates, marked 8 and &, of a
duo-diode employed as the mixer. To
the common cathode (9 in the dia-
gram) of the diodes and to the center
of the tuned inductance are con-
nected wires of a Lecher system com-
ing from the oscillator, 10 -and 10"

The plate circuits of the diodes
contain the primary winding of a
push-pull intermediate frequency
transformer. This is composed of
two windings, 11 and 11/, that are
wound opposing one another. To
prevent high-frequency current from
flowing in the transformer primary
resonant circuits at 12 and 12’ are
connected between the diode plates
and the windings 11 and 11’

The bridge circuit formed by the
diodes receives energy from the os-
cillator and permits both diode plates
to be fed in phase. Current to each
plate flows from the center connec-
tion through the opposed windings
of the transformer and the effective
cancellation produces no potential
difference at the secondary windings.

High-frequency voltage from the
antenna line, 5 and 5’, is conducted
to the diode plates in a push-pull ar-
rangement. Because of the opposed
primary windings the two currents
are in the same direction and pro-
duce voltage in the secondary wind-
ings.

Methods of Projecting Television
Images
Optical storage of picture ele-

ments, to create large screen tele-
vision images from a small cathode
ray tube, is described in the patent
application having Serial No. 358,-
511 by Heinrich Strubig of Teltow,
Germany. A drawing of the appa-
ratus is shown.

The alkaline earth halides have
the property of changing their color
under the influence of an electron
beam. This colering can be com-
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FELAYSev GUARDIAN. ..

% The smooth operation of rail and airlines depends largely upon efficient traffic
control systems. Split-second response, unfailing operation, and a minimum of
maintenance are characteristics of these systems.

The Series 5 D.C. and the Series 10 A.C. relays are adaptable to numerous
signal system applications. Both A.C. and D.C. types are sensitive and require
but a minimum of power. Contacts are adjustable; switch capacity ranges up to
double pole double throw. Series 5 D.C. relay consumes a minimum of .f)l wclf.fs, Series 10 A.C. Relay
maximum 5.5 watts. Delayed attract or release is available on this unit. Series Epecid] Beser (Roumcs base [s

10 A.C. requires an average of 5 VA; minimum .3 VA with single pole single standard.}) Dimensions: Length
3.9/32"; Width: 2-3/8"; Height
2-7/32". Weight: Approx. 11
Write for Series 10 bulletin for A.C., or Series 5 bulletin for D.C. applications. ounces with cover,

GUARDIANWELECTRIC

1625-K WEST WALNUT STREET CHICAGO, I1LLINOIS

throw contacts of 1.5 amp. capacity.

|

A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR INDUSTRY
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pletely removed by heating the mate-
rial for a short time or by exposing
| to infra-red light. Examples of such
materials are the chlorides, bromides
and iododes of sodium and potassium.
The material may be a single flat
crystal, although a layer of small
crystals is usually preferable.

In the proposed projector a thin
layer of finely divided crystals of
potassium bromide is deposited on
film and held in position by trans-
| parent lacquer. To activate the chem-
| ical layer a cathode ray tube is
mounted so that its rays strike the
film as it passes beneath the tube.

CR tube _’-l[
F o~ L
‘"' ﬁ"}' 4 '—% ,’
0
=41
| -

Frojection l
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| Apparatus for producing a large television

picture from a small cathode ray tube.
Image is first created on film, then pro-
alfter a motor or dynamotor has been properly designed,

jected to screen
built, and inspected — what then? At E/cor it is installed
on one of these run-in lines for a series of tests extending

The cathode ray tube contains a
over many hours, to subject the unit to conditions more

| Lenard window having the form of a

severe than those encountered in its operating life. slot covered with aluminum foil or

Each unit is individually connected and fused, and then other similar material. When a

supplied with input voltage considerably higher than that sprocket assembly moves the film
specified. Output, too, is increased markedly to provide

with uniform speed past the Lenard
an overloaded condition for observing the electrical and window the potassium bromide
1 A, . . . layer changes color line by line in
mechanical characteristics before final inspection is made. : . :
1lv the detail dd . fth accordance with the intensity of the
Na.tura y the ”etal San u.ratlono t, ese electron stream. Images formed on
“proving ground” tests vary with the design and the film are framed in the optical
duty of each motor or dynamotor. But ev<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>