


Can YOU use this

VARIABLE INDUCTOR

Culminating anumber of years of research, the UTC Variable inductor is an ideal tunable
device for peaked amplifiers, filters, etc. This sealed unit measures I's” x 176" x 1716".
Avdilable in inductance value from 10 Mhy. to 10 Hys.

NEW YORK 13, N, Y.
CABLES: “‘ARLAB’
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Time alone can prove how good capacitors are, The enviable reputation of

Tobe Capacitors for long life rests on an almost complete absence of “returns”.
Such things don’t “just happen”. Back of Tobe Capacitors are constant
research, specialized manufacturing experience and rigid inspections. Ratings
are always on the conservative side.

Whatever your condenser problems, we invite you to put them up to our

engincers. You will receive prompt service and close co-operation.

LONG LIFE ASSURED

erTSCHMA N N

A small part in Victory today . .. A BIG PART IN INDUSTRY TOMORROW

March 1944 — ELECTRONICS

2

wWww.americanradiohistorv.com



REG. U. 5. PAT, OFF,

TIRACING:
CILO'ICIT

7 for PENCIL and INK

KEUFFEL & ESSER CO.

EST, 1867

cHickco - NEW YORK - HOBOKEN, N. 1. . s1. iouis
SAN'ERANCISCO - LOS ANGELES - DETROIT -». MONTREAL

S Ry

TR4D I MARK . ]
ELECTRONICS — March 1944 . 3

WWW americanradiohistorv com



Electronic Tues AT WORK

Westinghouse
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TOMORROW is on the drawing boards
of today! :

Yes, it’s here in sketches, charts, plans—
proved and being proved by today’s en-
gineers and designers. It’s here in tried
and tested formulae. Here in the perform-
ance records of electronic tubes and
countless other devices which bring
‘Victory nearer!

Consider now the help that Westinghouse
and Westinghouse Electronic Tubes can
give you! Tubes, which “stop” and record
the flight of a bullet! Tubes waich make
wood strong as steel, weld metals, clean

voltage feg,

ELECTRONICS — March 1944

‘ng and ra

the air of every particle of dust in vast
rooms! Tubes which see, hear, feel, per-
form endless jobs with speed, accuracy
and dependability!

All this is yours to command in planning
products . . . electronic tubes built with
all the care and skill for which Westing-
house is famous . . . p/us the “know-how,”
the advanced technical assistance, West-
inghouse can offer to help pre-prove your
ideas for the post-war world of tomorrow.

For further information, address West-
inghouse Electric and Manufacturing
‘Company, Bloomfield, New Jersey.

dio,
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HERE have peen rumors 1o
Amateurs were

that the radio

denied their old frequency

frequency as to be

useless for medium and long distance commumcation.

“Remember

the last War?

We are

going 1O get the same treatment this time "

peyond the horizont—

«Hams” should be denied their

do not

our Government would want to see those privileges denied.

church and other personal freedoms which go t©

healthy, happY world?

1t is well-known

it was to build our great war-time communications

from the rank and file of amateurs cam
and thousands of engineers
nucleus of expenenced 1
much longer time

in the communications pranch of our fig

In every emergency Amateurs

would be sO unjust as to want to
in the radio spectrum?

that the Amateut

have proved their ability
and willingness t0 come tO the aid of their Country —

— who

we believe rather that
coming out of this war

The entire radio industry knows well, and appreciates the

many contributions «Hams’ have

of high frequency radio communicatmns,

can be counted on to assist
leges when the right time comes:

HAMMARLUND MANUFACTURING CcO., Inec.

460 West 344¢h Stre

WWW.al i i
mericanradiohistorv.com

et,

made for the advancement

and surely they to0

regaining his privt-

New York 1, N. Y.
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One of a serig ' ] Wibes in the making)

Checked and double checked. That's the all-the-way history of Amperex
tubes through every stage of construction. No chances are taken. Even
after tubes have been aged, seasoned and subjected to severe tests, each
day’s production must hurdle final examination in our x-ray rooms. Here,
an exhaustive analysis is made fo determine the presence of invisible
defects. When we pronounce the tubes “bottled to perfection’ — they
are! More than 100 different types of Amperex tubes are available for
broadcast, industrial and electro-medical applications. Eazh one with
“Amperextras” which assure operating efficiency and longer life.

AMPEREX ELECTRONIC PRODUCTS

79 WASHINGTON STREET - BROOKLYN 1, N. Y.

“BLOOD PLASMA MEANS LIVES SAVED . .. KEEP IT FLOWING TO THE FRONT"

www americanradiohistorv com
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TYPL PC. 2

m=—m==—==m____ DUE TO ITS
) CONSTRUCTION

Y Oil Impregnated- 0il Filled
Y 0il Sealed .Tltw'e IIEgy;:I:ian hPy;;:mids stand
. , majestically, throug e ages, as
* (eran{c or Bakelite Tubes mute witnesses to the skill and rugged
* Ba{{ebte (ement Ends craftsmanship of the thousands of
(0il Proof) - slaves who toiled to erect them . ..
Y Suitable for Operation TODAY ... not slaves... but creative
75 to 1000 engineering skill and willing hands
S Ideal for E Hi achieved the same result with the new
eal for Extreme High DUMONT TYPE PC2 Oil Paper
Altitude Duty Capacitor . . . an oil impregnated oil
Y No Danger of "Flash Over” sealecé capaciforf that gives assured

" oy 1 "LONGER LIFE" for continuous oper-

% No Metal for "Body Capacity” | ation . . .lts special features and
construction are exclusive with

% No Internal Corrosion
Dumont.

DUMONT

ELECTRIC CO. BUY

MFR'5 OF BONDS
CAPACITORS FOR EVERY REQUIREMENT NOW
34 HUBERT STREET NEW YORK, N. Y.
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Components that help you

For electronic accomplishments considered “‘impossible’” a few years
ago—but now a commonplace of war—major credit goes to you and
your design engineers. But the important part played by G-E clectronic
components is illustrated by a recent case:

Under newly encountered operating conditions in combat service,
it was found that radio communication failed. General Electric engineers
were called in. They developed a special pressure switch whose
automatic operation eliminated these failures. The new component,
simple and inexpensive, has proved to be extremely reliable under
combat conditions in all theaters of the War. :

- Many electronic components of equal importance, and even wider
application, are constantly being developed by General Electric. In
accordance with long-established practice, every one of these new
items is thoroughly engineered and precision-built of the finest materials
available, and each is subjected to stringent laboratory and field tests
before it goes into production.

The majority of these new G-E electronic components are available
only for military use or for war production. Though little can be pub-
lished about their design, and less about actual applications, full in-
formation can be furnished in confidence to manufacturers of electronic
equipment. For such data please get in touch with the nearest G-E
office. General Electric Company, Schenectady, N. Y.

NEW anp unusuaL
ITEMS CONSTANTLY
BEING ADDED TO THE
GENERAL ELECTRIC LINE
OFFER BROAD DESIGN
POSSIBILITIES

A few of thz thadzands of twpes and sizes of G-B cofiponents:

19 March 1944 — ELECTRONICS
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'ACHIEVE THE “IMPOSSIBLE”

Smooth Power Control

AT THE TURN OF A KNOB

VARIABLE-VOLTAGE AUTOTRANSFORMER used for
smooth control of uninterrupted voltage and small amounts
of power. Mechanically strong, compact, and light in weight,
designed for panel or bench mounting. Operates on low input
power and low exciting current, with. high -efficiency and
excellent regulation throughout entire range from zero to
full ioad. Made in three capacities. Bulletin GEA-3635A.

Constant Output Voltage...

FROM VARYING INPUT

AUTOMATIC VOLTAGE STABILIZER used in conjunc-
tion with equipment requiring closely regulated input voltage.
Provides practically instantaneous correction of voltage
changes caused by either a changing input voltage or varia-
tion in magnitude of the load. Has no moving parts, requires
no adjustments. Bulletin GEA-3634A.

BUY WAR BONDS

GENERAL &%) ELECTRIC

ELECTRONICS — March 1944
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“Brush-Up” Booklet.
you'll want for your

“THE TECHNICAL EDITOR SPEAKS" is a refresher booklet
that brings you up-to-date on the technical terms and testing
procedures used in measuring the properties of metals. It’s
a handy, useful guide for anyone who specifies, works or
uses metals.

» It tells you what you want to know about their mechanical
properties . . . how they are determined and how the infor-
mation is used to judge metals for practical applications.
Compiled from a series of articles written by THE DEVEL-
OPMENT and RESEARCH DIVISION of THE INTERNATIONAL
NICKEL COMPANY ... it includes discussions and descrip-
tions of the properties listed below. Send for a complimen-
tary copy today.

TENSILE PROPERTIES
Yield Strength, Proportional
Limit, Proof Stress, Rigidity,
Modulus of Elasticity, Ductil-
ity.

TORSIONAL PROPERTIES
Twist Resistance

SHEAR STRENGTH

HIGH TEMPERATURE PROPERTIES
67 Wall Street, New York 5, N. Y
THERMAL EXPANSION

LOW TEMPERATURE PROPERTIES

FATIGUE
Effect of Keyways on fatigue

I
|
|
Please send me copy of ‘“The Technical Editor Speaks.” :
I
| :
| of shafting.

e -

WWW.americanradiohistorv.com

e e

24 PAGES OF INFORMATION ABOUT METALS

HARDNESS
Brinell, Rockwell and Vickers
Tests. The Scleroscope.

TOUGHNESS
Impact Strength. Izod and
Charpy Tests. Tension and
Torsion impact.

METAL IDENTIFICATION TESTS

PHYSICAL CONSTANTS AND
MECHANICAL PROPERTIES OF
IMPORTANT METALS

CONVERSION TABLES
Measurements.

DEFINITION AND GLOSSARY
OF TERMS

INCO NICKEL ALLOYS

MONEL » “K” MONEL » S MONEL o “'R™ MONEL o “KR"”" MONEL o INCONEL o “Z" MICKEL o NICKEL
Sheet...Strip...Rod... Tubing... Wire... Castings

March 1944 — ELECTRONICS



1
HERE WAS A VICTORY that brought
cheer and encouragement to the home-{ront in the

days ot the Spanish-American War. Even then news
travelled fast—by means of telegraph cquipment
which Foote, Pierson & Cempany built at that time
for the Army Signal Corps.

Before the turn of the century, Foote, Pierson &
Company also was experienced in the manufacture
of telephone switchboards, fire alarm boxes and
recorders, X-ray equipment and delicate scientific
laboratory apparatus —ail of which required a high
degree of technical skill.

1
FOOTE ILRSNACO

Main line telegraph com-
bination sel as supplied to
the Signal Corps in 1898

72 705’%43

FooTEe, Pierson
INSTRUMENTS WERE
SERVING THE NATION

To this background of 48 years ol extensive experi-
ence and fine craftsmanship have been added the
type ol personnel and [acilities which have made
possible the wartime mass production of close toler-
ance electronic and mechanical apparatus—without
impairing our high standards of performance.

As tomorrow’s progress is rooted in achievements
long past, the history of Foote, Picrson & Company
is assurance that our participation will facilitate the
development and manufacture of your future elec-
tronic products.

F'ooTE FPIFErRSON & Co-INnNo

MANUFACTURERS OF PRECISION INSTRUMENTS SINCE 18946

75 Hudson Street

ELECTRONICS — March 1944
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Erie Resistor has made many contributions
to the progress of the Electronic Industry
through the development of accurate, de-
pendable components.In1933, Erie Resistor
introduced the first insulated 13 and 1 watt
carbon resistors. Three years later, Erie Ce-
ramicons, a new type of silvered ceramic
condenser, with definite reproducable tem-
perature characteristics, were made avail-
able for American radios. The continued
development of this basic principal of con-
struction has kept pace with industry's re-
quirements, with Ceramicon Trimmers and
high-voltage transmitting Ceramicons. For
V.HF. and UHF. applications, where low
series inductance is essential, Erie Resistor
developed Button Silver Mica Condensers
and Disc Ceramicons.

Behind these developments are the Erie
Resistor Engineers who have also designed
most of the automatic machinery and other
production equipment necessary for the eco-
nomical manufacture of Erie components.
These men have the theoretical knowledge
and practical experience necessary for the
design of new types of components for F M.
and Television. Electric equipment manu-
facturers are invited to consult with the Erie
Resistor engineering department on their
condenser and resistor design problems.

The facilities for producing Erie Resistors,
Suppressors, and Condensers have been
more than doubled to take care of wartime
needs. The Army-Navy “"E" Flag, which flies
over the four Erie Resistor plants in Erie, is
a tribute to Erie Resistor employees’ all-out
effort for war production.

Let's All Back The Attack
BUY WAR BONDS

ELECTRONICS — March 1944
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ToDAY’S FAMILY ALBUM is no longer a pic-
torial record, but rather that treasured col-
lection of the world’s favorite music and
musicians—*“Bix” Beiderbecke—Toscanini—
Tibbett and Sinatra— Beethoven’s Fifth and
Fats Waller.

So important have these albums become
that the first postwar demand of these record
devotees will be a perfected, simple to oper-
ate, precision-performance record changer.
We envision a device that not merely plays in
sequence, but acts as a magical, mechanical
master-of-ceremonies, performing for unin-
terrupted hours, selecting at the owner’s
whim, executing request numbers, rendering
encores, manipulating the records in any
arrangement,

We at G. L. are anticipating this demand.
In the postwar era a still greater portion of
our activities will be devoted to the mass pro-
duction of Automatic Record Changers with
innovations and improvements of great sig-
nificance.

ﬁumm@/ %m/@

829 NEWARK AVENUE, ELIZABETH 3, N. J.

PHONOGRAPH RECORD CHANGERS.- HOME PHONOGRAPH RECORDERS—VARI-
ABLE TUNING CONDENSERS — PUSH-BUTTON TUNING UNITS AND ACTUATORS

16 March 1944 — ELECTRONICS
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THIS BIG 28 PAGE BROCHURE IS ““MUST"’ READING FOR ENGINEERS

sulation, including many useful charts and graphs.
Here are results of tests, and the official ratings.

Don't fail to get your hands on a copy of this book
of data. It's the “last word™ on the subject of
glass-bonded mica, from the history of the prod-
uct to its almost-endiess applications. It shows
that MYKROY differs in formula from the earlier
glass-bonded mica materials, and states the case
for MYKROY as the perfect dielectric for the more
exacting needs of all high frequency circuits.

Here is a wealth of information about advanced in-

Name..... ...

Company. ..

This book will show you why we can solve your
insulating problems and help to improve the effi-
ciency of your product. it will show why our plant
and facilities have been increased more than
4000 %, and that there is NO SHORTAGE of MYKROY.

Use the coupon to order your copy. But please fill
in firm name and title clearly.

)
Nlc CHANlit' 70 Clifton Boulevard,
(ﬂ?o [ we
LE Clifton, New Jersey, U.S. A.

Gentlemen: Yesl | want the book of facts about the advanced

electrical and mechanical properties of MYKROY insulating material

Title.

Address.............

CHICAGO 47: 1917 NORTH SPRINGFIELD AVENUE

EXPORT OFFICE: 85 BROAD ST., NEW YORK 4, N. Y,
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One af the warld's masterpieces
in marble —*'The Kiss’’, by the cel-
ebrated French sculptor, Auguste
Radin (1840-1917), creatar of the
famed and familiar “The Thinker"’.

Mm-l‘- nes can do almost anything. . .. But 1t
takes more than machines to create an elec-
trenie tube \ tube may be hrilliantly engineered
for electromic and mechanical advancements. It may
coniain th> highest quality components. Yet it will
be ro bettar in performance than the skill and care
of the hands that assembled it. . . . Each tube that
leaves the UNITED testing line is an indnstrial mas-
terpiece. Into its manufacture has been wrought the
perfect hard workmanship which is the counterpart
of iis perfect design

| TNITED B

ELECTRONICS COMPANY
NEWARK, 2 ,—f_-i: "’_2',‘_-": New Jersey

Transmitting Tubes EXCLUSIVELY Since 1934




THE HALLICRAFTERS-BUILT SCR-299—

Another place where Belden wire goes to war

American ingenuity and ski_l have given
the Allied Forces another powerful war
waapon—the Hall:czafters-built SICR-2€9, a
sturdy, versatile mokile cemmunicaticns
anit. In this fast-moving wer, with speed
and coordina‘ioc. all importznt, dependable
commun:cation plays a vital part.

In the SCR-299 unit, and in many cther
types of Signal Corps equipment, there are
hundrads of feet of Belden wire.

Belden Manufacturing Company
4625 W. Van 3Buren Shee:
Cempac:, powerful equipment ir. the SCR299 Chicago 44, Illino:s

—permits two-way commuaication while szout
car is traveling at h:gh speeds.

Awarded the U. S, Treas- Merit for initicling the War ¢ ‘ 3 |
ury Speciat Citation of Band-or-Cash D'vid=nd P an ; |
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WWW.americanradiohistorv.com

WIRL.



s S5 = e

vl A3 P WY

{
‘|
t

AT

wooEL 1632

cw
R¥ INPUT HEY, DET
L'gg 4o yrac v,
off.r ¢ M Y ‘
e
PHONES X L‘ . . \,
! ouTPUT TS
1.:/gcTOR et
MODEL NO. 1632 K
3 m @ Triple shielding throughout, Steel
outes case, steel inner case, plus
CONTINUOUS COVERAGE — 100 KC. TO 120 MC. o ALC FREQUENGCIES FUNDAMENTALS copper plating.

A complete wide-rarige Signal Generator in keeping with the
broader requirements of today’s testing. Model 1632 offers accu-
racy and stability, beyond anything heretofore demanded in the
test field, plus the new high fréquencies for frequency modulated
and- television recejvers, required for post-war servicing. Top-
quality engineering and construction throughoutin keeping with
the pledge of satisfaction represented by the familiar Triplett
trademark. '

Of course today’s production of this and other models go for ® All coils permeabiliy tuned. Litz
war needs, but you will find the complete Triplett line the answer
to your problems when you add to your post-war equipment.

wire wound impregrated against
humidity with “high-Q” cement.

ELECTRICAL |

BLUFFTON

INSTRUMENT (0. ool

0 H | U A Kk K with pure copper. Entire uait en-
cased in aluminum shield.
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ONLY ONE-TENTH THE SIZE

Type GL-IL 36 and 38 — 7500v
(Size 3%"” x 158")

Type GL-IL 22 and 23 — 16,000v
(Size 42" x 158”)

SMALL HIGH-CAPACITANCE UNITS

internal voltage breakdown curves
for air and vacuum capacitors of
same rating. G-E vacuum capacitor
at left, constant at all altitudes.

ancther GE cloctionic FARSY/
I — ‘

Maintaining a long and constantly
growing record of electronic “firsts,”
General Electric has pioneered and
developed a new, unique line of vacuum
capacitors having high capacitance
heretofore considered impractical.

G-E vacuum capacitors are made
respectively for peak voltages of 7500
and 16,000 in capacitances of 12, 25, 50
and 100 mmfd.

The remarkably small size of these
G-E capacitors permits the compact-
ness of design which is so important in
circuits (especially high-frequency)
common in military, aireraft, and ama-
teur radio equipment.

G.E. HAS MADE MORE BASIC ELECTRONIC TUBE
DEVELOPMENTS THAN ANY OTHER MANUFACTURER

ELECTRONICS — March 1944

Other advantages: Since there is no
heating in the vacuum dielectric, and
the total capacitance is lumped into a
volume of about I.cu. in.,, G-E vacuum
capacitors are virtually Jloss-free. In-
ternal voltage breakdown is constant,
and is independent of altitude, tempera-
ture, humidity. Dust and other foreign
matter have no effect on them. Stem-
less, electronically welded construction
gives great rigidity. Savings in critical
materials are reflected in lower costs.

A G-E “first” in-industry, too! G-E
vacuum capacitors are ideal in elec-
tronic heating apparatus where high
voltages and heavy currents are pres-

WWW americanradiohistorv com

ent. No mica to deteriorate under heavy
stresses; no dielectric losses due to dirt,
moisture, and other factors! No large,
cumbersome capacitor device is neces-
sary —since these capacitors may be
used in parallel with each carrying its
share of the heavy current.

Write Today for Bulletin ET-2~''G-E Vacuum
Capacitors.”’ It includes nomographs to help
you select the right capacitor for the job. Address
Electrottics Department, General Electric, Sche-
nectady, N. Y.

¢ Tune in “The World Today” every evening P

except Sunday at 6:45 E.W.T. over CBS. On- %
Sunday listen to the G-E “All Girl Orchestra’™ ™ wi=’

at 10 P. M. E.W.T. over NBC. &y
24

&
b S

s

GENERAL @ ELECTRIC *

73

19
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COMPLETE G-E EQUIPMENT

for wide-range, high-fidelity
FM broadcasting

1. FM Broadcast Transmitier. G-E two-section
1000-watt transmitter, consisting of basic 250-
watt exciter and 1000-watt radio frequency
amplifier. Others from 250-watt to 50-kw
ratings.

2, EM Broadcast Antenna. Circular type—an
exclusive G-E development. Easy to tune and
adjust — increased power gain,

3. FM S-T Relay Transmitter (25 watts) for re-
laying, without wires, local studio programs to
remotely located broadcast transmitter station.

4. FM Station Monifor for checking center fre-
quency, percentage modulation, and fidelity.

5. FM S-T (studlo-to-#ransmitter) Directional
Relay Antenna that provides a 100-fold power
gain when used gt both the studio and station
transmitters.

6. FM Receiver. Full fidelity FM with noise
levels as low as the circuits themselves and
less than 2% distortion.

7. Transmiter Tubes. Developed from a long
list of G-E basic electronic-tube “firsts,” G-E
transmitter tubes carry the definite assurance
of maximum economy, efficiency and service life.




w}IEN you start planning your
post-war FM- station, make full
use of General Electric’s broad FM
experience and “know how.”

You can have the full benefit of

the background and knowledge of
the only manufacturer with expe-
rience in building the complete FM
system . .. from transmitter right
through to home receiver. You can
have the full benefit of exclusive G-E devel-
opments such as the FM circular antenna,
and the studio-to-transmitter relay system
which enables you to establish your studio
for maximum convenience and your trans-
mitter for maximum coverage. And, when
you install your G-E equipment, we will
put on an aggressive FM receiver sales
campaign in your area to help you es-
tablish your station and to broaden your
listening audience.
General Electric’s own FM broadcasting
experience, which includes more than 3
years of programming through its own
proving-ground station WGFM, will give
you valuable programming information.
General Electric equipment is installed
in more than a third of all the commercial
FM broadcast stations now in operation;
and six exclusive G-E S-T relays, with
thousands of hours of continuous broad-
cast operation, are now serving their

www.americanradiohistorv.com

stations. These provide examples where
practical operating and maintenance costs
are a matter of record.

Thus does widespread proof of perform-
ance supplement the years of development
and engineering that have made G.E.
unquestionably the leader in FM radio
equipment.

50 FM STATIONS ON THE AIR
80 APPLICATIONS PENDING

NOW IS THE TIME TO PLAN
YOUR POST-WAR FM STATION

Write for “How to Plan an FM Station.'” along
with other helpful booklets and bulletins ean how-
other broadcasters established themselves; on FM
transmitters, antennas, and associated equipment.

Reserve your post-war FM equipment now

General Electric offers you “The G E Equipment-

Reservation Plan.” This plan will help you securé
vour place in radio broadcasting post-war. It will
enable you to establish a post-war priority en a

broadcast transmitter and associated equipment. I
will enable us to plan definitely for quick post-war

deliveries, Write for *The G-E Equipment-Reser-

vation Plan"—address Electronics Depariment,

General Electric, Schenectady, N. Y.

® Tune in General Electric’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 Sunday evening listen to

the G-E “All Girl Orchestra™




No. 11 IN A SERIES EXPLAINING THE US

Here the G-E phototube is being used
in a photo-clectric relay control—to elim-
inate cumulative errors in label-cutting
register caused by slippage, shrinkage or
stretching of paper. It makes possible
the use of a continuous web of paper
(instead of individual precut sheets)
with complete accuracy.

As the web rolls through the process-
ing machine, the phototube scans the
margin for the register marks, and—in
co-operation with the thyratron tube —

G.E. HAS MADE MORE BASIC ELECTRONIC TUBE
DEVELOPMENTS THAN ANY OTHER MANUFACTURER

22
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ES OF ELECTRONIC TUBES IN

INDUSTRY

Electronic tube control makes
label cutters “hew to the line”

) The G-E phototube and G-E thyratron are
the electronic tubes wsed in synchronizing
the operation of this packaging machine.

gives the command to “CUT” at pre-
cisely the right instant. (Subsequent
operations of the mzchine wrap and
package the individual sticks of gum.)

The G-E phototube is exceptionally
versatile. Tt can operate with transmitted
or reflected light; on transparent, opaque,
dull, glossy. shiny, or colared material.
. .. Its applications in counting, sorting,
and inspection jobs are unlimited.

The phototube is only ene of a com-
plete line of G-E electronic tubes now

WWW.americanradiohistorv.com

working for industry on innumerable
jobs and many kinds of machinery. It
is the purpose of G-E electronic tube
engineers to aid any manufacturer of
electronic devices in the application of
tubes. Through its nation-wide distrib-
uting system, General Electric is also
prepared to supply users of electronic
devices with replacement tubes.

""HOW ELECTRONIC TUBES WORK*'

This booklet will be mailed to you without
charge. Its 24 pages are interestingly illustrated
and written in easily understood lunguage.
Shows typical electronic tubes and their ap-
plications, Address Electronics Depuartment,
tieneral Electric, Scheneciady, N. Y.

® 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 listen to the G-E “All
Girl Orchestra” at 10 P.M. E.-W.T. over NBC.

GENERAL@ELECTRIC

162-C3
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TUBULAR CERAMICS

Stupakoff Tubular Ceramics are made

of materials selected for your particular

applications in thousands of designs—

e single or multiple hole tubing and

} solid rods in a wide size range—only

| “forgreat a few designs are illustrated.
\\ achipvemsog Stupakoff products are backed
* by years of engincering and manu-
facturing experience. This experience
is available to you upon request.
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STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE PA.
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S0 THAT PLANES ;
FIGHT SOONER \1

ANSOME pavers built Ameri-
R can highways. Now they are
rushing airports along our battle
fronts.

Every hour of construction time
they can save gives that much
advantage to our fighting airmen.

Paving is a shattering job. And
it used to be accepted that fre-
quent take-ups and tightening
were part of paver maintenance.

But no more! Not since Ransome
began using Elastic Stop Nuts—
the nuts that stay put.

Now the paver keeps on the go
longer, and our planes fight
sooner.

The reason Elastic Stop Nuts

24
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hold tight in spite of wracking
vibration lies in the elastic
collar in their tops. This snuggles
close around the bolt threads,
grips them and prevents the nut
{rom turning and loosening.

Countless fastening problems lie
ahead in the coming days of peace.
Many of them will be solved suc-
cessfully with Elastic Stop Nuts.
Products will be safer, and longer-
lasting. Production equipment
will stay at work with less main-
tenance.

If vou are faced with a fastening
problem, feel free to call upon us.
Our engineers will gladly help you
solve it and suggest the proper
Elastic Stop Nut.

TRADE MARK OF
ELASTIC STOP NUT CORPORATION
OF AMERICA

ELASTIC STOP NUTS

Loeck fast to make things last

UNION, NEW JERSEY AND
LINCOLN, NFBRASKA

WWW americanradiohistorv com

ELASTIC STOP NUTS HELP
BIG, BUSY RANSOME PAVERS
DO MANY VITAL WAR JOBS

“Concrete road pavers are subjected to
tough, grueling work, especially on twenty-
four-hours-a-day service, for which muny
Ransome Pavers have been called upon in
the construction of airport runways since
the war started. All told, there are about
1,200 Elastic Stop Nuts used on every
Ransome Paver we build. By substituting
Elastic Stop Nuts for the ordinary kind.
we are helping the Ransome Paver owner
minimize his maintenance job because the
ruts are selflocking and vibrationproof.
No time out for tightening—no extra hours
of labor to take up slack. Elastic Stop Nuts
ulso simplify our shop assembly job. Thev
are a further contribution to the improve-
ment of our paver, which is our constant
goal.”

W 7 Chief Engineer

RANSOME MACHINERY CO., DUNELLEN, N. J.

Subsidiary of Worthington Pump and Machinery Co.

< gﬁ’@:&; T

R

LOCKED ON
THE BOLT BY
THE ACTION OF
THE GRIPPING
RED COLLAR.

THE COULAR

1S ELASTIC,
THE NUT CAN BF

il USED TIME AND
TIME AGAIN.

L& F_F B 1 ) — L ¢ 2 B2 B L L J

)
MADE IN ALl SIZES AND TYPES — WITH
THREADS TO FIT ANY STANDARD
TYPES OF BOLTS.
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Lepel Induction Heating performs the most intricate
soldering jobs-FASTER, BETTER, and at LOWER COST

el

Here is a set-up designed by Lepel engi-
neers, to cut the time and cost of silver-
soldering a %" tube 3%4” long inside a cup-
shaped stamping 3" diameter by 334" deep.

Jigs hold the parts in position for solder-
ing. After they are fluxed, pre-formed rings
of silver solder are placed in position and
heat is applied by the specially-designed
high frequency load coils.

As the heating cycle is automatically con-
trolled, six assemblies can be soldered at
one time, the operator placing the parts,
fluxing and positioning the solder rings on
six assemblies while another group of six
assemblies is being heated. Thus, almost
continuous production is at-
tained and costs minimized.

Since the heat is generated
within the metal itself, the
solder penetrates throughout
the seam. Accurate tempera-

ture control and concentration of the heat
in the seam minimize discoloration.

Lepel Induction Heating solders or brazes
all ferrous and non-ferrous metals, using al-
loys of any melting point. Manual or auto-
matic operation is possible and the work can
be synchronized with other operations to
provide continuous-flow production.

The same compact, portable Lepel Unit,
with simple changes of the load coils, can be
used for other soldering and brazing opera-
tions or for hardening, annealing, stress-
relieving or melting.

Lepel field engineers will gladly study
your soldering, brazing or hardening opera-
tions and offer suggestions for performing
them more efficiently by the Lepel method.

Lepel High Frequency Laboratories, Inc.
Pioneers in Induction Heating
39 West 60th Street New York 23, N. Y.

HIGH FREQUENCY INDUCTION HEATING UNITS

ELECTRONICS — March 1944
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PROVIDES THE BEST
OF ALL TRACING
REPRODUCTION METHODS

FASTEST. .. LOWEST COST... FINEST...

30 feet per minute actual production speed As low as a cent (and even less) per Blueprints — sharp white lines on deep blue
with Pease “22” Continuous Blueprinting square foot of finished Blueprints with backgrounds, virtually impervious to dirty
and TFinishing Machine (not shown) pro- Pease Continuous Blueprinting and Fin- finger marks. Blueline prints —sharp blue
vides quality Blueprints in staggering quan- ishing Machines . . . much higher with lines on clear white . . . Both easy to han-
tities . . . ON TIME . . . NO WAITING. other tracing reproduction methods. dle, lie flat, conserve filing space. Good

Blueprints can be made from old, soiled,

worn or torn tracings . . . impossible with
other tracing reproduction methods.

FB4, T BB,

e ' EXCLUSIVE PEASE FEATURES . . .
TuUS i @ Sliding “Vacuum-like” Contact smooths out tracings, prevents
— errors in printing.
® Three Speed Lamp Control provides operation at 10, 15, or 20
amperes, minimizes running speed and dryer heat changes.

® Actinic ‘‘No-Break’” Arc Lamps burn for 45 minutes without
breaking arc, resume instantaneously.

® Horizontal “Floating’”” Water Wash floats prints

free from tension and prevents wrinkles, stains,

bleeding. P
® Quick Change Chemical Applicator System / )
very economically allows change from Blueprints
to Negatives in 20 seconds.

PEASE “22-16" X
Continuous Blueprintiug

and Finishing Machine—Pro- ® Eight-inch Diameter Drying Drums, ther-

duction Speed, 20 feet per min- st
e Al y controlled, heated by gas or
lﬁtr%d(u%?orfls:ezéd 2?3%}'?::? ’pl::xl'sna:inute.) electricity, dry the prints “flat as hung wall-
paper.”

VERSATILITY. ..
Pease Continuous Blueprinting and Finishing Machines are not limited to making
Blueprints alone. They also produce excellent Blueline prints, Brownprints and
Brownline prints . . . together with a Wet Direct Process Developing Attachment they
provide a splendid method of making Black and White prints continuously. .. More-
over, when used in conjunction with a dry direct process developing machine they
afford a first rate system for making Whiteprints (dry direct process prints).

Ask for a Pease Tracing Reproduction Specialist to help you with your problems.
No obligation of course.

THE C. F. PEASE COMPANY

2639 WEST IRVING PARK ROAD + CHICAGO 18

K TYPE AND SIZE FOR EVERY. REQUIREMENT INCLUDING

DIRECT PROCESS "PRINTING AND DEVELOPING MACHINES

26 March 1944 — ELECTRONICS
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STRUTHERS-DUNN

[

I NC O R P O A T E

5,288
TYPES OF

RELAYS

Each available in

countless coil combinations

1321 ARCH STREET, PHILADELPHIA 7, PA.

DISTRICT .ENGINEERING. OFFICES: ATLANTA . BALTIMORE '« BOSTON . BUFFALO . CHICAGO. . CINCINNATI » CLEVELAND
DALLAS .« DENVER . DETROIT « HARTFORD . INDIANAPOLIS . LO5 ANGELES . MINNEAPOLIS « MONTREAL
NEW YORK . PITTSBURGH . ST. LOUIS « SAN FRANCISCO « SEATTLE « SYRACUSE « TORONTO . WASHINGTON
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MADE BY NATIONAL SCREW...

Phillips Screws and Bolts..with the engineered
recessed head...have been thoroughly tested and
approved in an endless variety of applications

TAPERED RECESS

EXACTLY FITS 5
~CRUCIFORM DRIVER /7~ Nl 7

L CANT SLIP | FiLLISTER

1. Self-centering on the driver

. Holds driver frpm slipping

. Four “wings” give greater driving power

AW N

Eliminates head breakage

W

. Frees operator’s hand to hold work

6. Makes better appearance—
prevents marring work

7. Simplifies hard-to-get-at
jobs

THE NATIONAL SCREW & MFG. CO., CLEVELAND 4, O.

28 March 1944 — ELECTRONICS
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NOT $O0 GOOD

Admit it. Like any enlightened gentle-
man, you too are a connoisseur when it
comes to women. You can pick ‘em; and
no fooling. Feminine desirability we
leave to you, but we do pride ourselves
upon fashioning tubes “just right” for
your electronic equipment.

As you know, ideal production would
yield only tubes with the exact character-
istics required. In practice, Hytron sets
close tolerances for all characteristics,
and then painstakingly controls produc-
tion to hit uniformly the centers of those
tolerances.

WE MANUFACTURER ©

oLpEST EXCLUS

S &Y

“0

Does it seem strange that Hytron rejects
not only tubes "not so good” but also
“too good”? Consider a simple example.
Mutual conductance is a figure of merit
normally desired high. Once your circuit
constants have been fixed for a standard
tube, however, too great transconductance
may give unstable performance,

Hytron strives, therefore, to produce for
you tubes which are standardized; uni-
form tubes which — as originals or spares
— will always be just right for the war-
time radio and electronic applications you
design.

TUBES

¢ RADIO RECEIVING

BUY
ANOTHER
WAR BOND

ELECTRONICS — March 1944
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Illustrated at right is a typical crystal
manufactured by Aircraft Accessories
Corporation and used in both ground and
plane radio installations by America’s com-
mercial airlines. Many other types of AAC
crystal units are being supplied various
branches of the armed service and other
government agencies.

Today, practically all AAC facilities are devoted
to war production. Tomorrow, advanced AAC
electronic developments will be available for the
post-war worl

. ST

iy LT

A IRCRAFT

Manvufacturers of PRECISION

Burbank, Calif. Kansas
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- proper maintenance of their communications facilifiés, Aircraft
Accessories Corporarion has set aside a special division ofts crystal lab-
oratories to provide rapid delivery to airlinesand asséciated communi-
cations services of a variety of standard efystals. "‘Deliveries in limited
quantities can be made within a few dgys after receipt of purchase order
with adequate priority. ra

In the manufacture of quargs Crystals, AAC development and pro-
duction engineers employthe experience gained as one of America’s
largest producers of tt:ar%mitters and other precision radio equipment.
AAC crystal units w1l meet the most exacting requirements under se-
vere operating,«Onditions. Address all crystal orders and inquiries to
Electronic‘s.,ﬁision, Kansas City, Kansas.

The sg#vices of our Engineering Department in designing special equip-
merit are available to you without obligation.

”~ Products of

ELECTRONICS DIVISION

TRANSMITTERS o AIRCRAFT AND TANK ANTENNAS
QUARTZ CRYSTALS o RADIO
TEST EQUIPMENT

'. Type AA9Crystal, 2.5 parts/million
temperature coefficient, accuracy
of carrier frequency .01%. Made
in three models—A, G and E,
covering total fundamental fre-
quency range of 200 to 10,000 kc.
Internal adjustment screw permits
small amount of frequency control
in the single crystal units, AA9A
and AA9G.

(

2 o <
'l;IEALlZlNG the extreme importance placed by the dilisics upon the %

i {
/L CCESSORIES | /ORPORATION

AIRCRAFT EQUIPMENT « HYDRAULICS « ELECTRONI
City, Kans. ' New York, N. Y. Cable Address: AACPRO

WWwW americanradiohistorv com
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IT PAYS TO SELECT A UNIT OF
CORRECT FREQUENCY AND POWER
FOR YOUR APPLICATIONS

Your hf heating unit may bear the name of the
most famous maker. But it’s a costly white
elephant if it can’t give you the right FREQUENCY AND POWER
combination to do your speeific heating jobs with maximum electrical
cfficicncy and economy.

For examplec: when a heating operation can best be done at 5 kw
and 22 megacycles, it doesn’t make sense to be using 20 kw and a
frequency of 500 ke. Why aecept a misfit, when you can get a unit
tailor-made to your specific needs?

Our designs offer wide ranges of power and [requency. We can give

o o] B o
you the unit you need, permitting your larger equipment to he released
for work more suited to it. Our installations usually pay for themselves
many times over during the first year.

L Kw
L e IPrite for detailed information
i 10 Kw
i cies
a selection of frequen e r.
h
up to 300 mec—and the - '
8 Kw
i ower range: 1
tollowing P e
with stepless control from A
100 Kw

zero 10 full fagt DIVISION OF “S” CORRUGATED QU 3
n S 4 QUENCIIED GAP COMPANY

119 Monroe Street Garfield, New Jersey

Designers and Builders of high frequeney comnverters sinee 1921
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The Time-Tested Standard of QUALIT
in Resistance Alloys is

W

Just as the jeweler’s yardstick of quality in
gold is “24 karat", the engineer’s criterion for
judging resistance alloys is “how does it com-
pare with NICHROME*?"

Although there are several excellent nickel
and chromium combinations, there is only
one NICHROME®. . . and it is made ONLY by
Driver-Harris Company.

NICHROME* contains more than a balanced
union of nickel and chromium. The extra

SPECIAL PURPOSE
ALLOYS SINCE 1899

BRANCHES :

LOS ANGELES + SAN FRANCISCO

WwWWwW americanradiohistorv com
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".. made ONLY by

.. A ;
D/’Zﬂff ~ rlﬂf'l’lf

ingredient is a composite of such quality com-
ponents as: exclusive agencies or additions to
basic formulas . .. expert and precise control
of highly technica! processes during all manu-
facturing operaticns . . . and, of course, our
45 years of specialized knowledge.

To insure dependable performance, long
service and the “stamp of quality” in your post-
war products, specify NICHROME* and other
D-H resistance alloys.

3 Trade Murk Reg. U. 8. Pu1. OF.

[ . @
Di’l&’ﬁ?’ 2l lﬂi‘?’ZJ‘
COMWPANVY
HARRISON, N. J.

CHICAGO » DETROIT » CLEVELAND
SEATTLE




TO SERVE YOU EFFICIENTLY

IN PEACE

Communiccﬁon equipment by TEMCC has long
been outstanding and widely used where utmost depznda-

bility is required. Underlying this preference is thz fac-
that TEMCO equipment is engineered and buill wi-h the
perfectionist’s grecter investment of time, materials anc
wiring skill.

TEMCO equipment is proving its better-built qualitizs in every
branch of military and governmental service . . . under
the most rigorous wartime conditions.

Fresh from these exacting tests will come new and acvanced
transmitting equipment by TEMCO, to serve your civilian

broadcesting needs with maximum efficiency.

B\ \WwW americanradiohistorv com
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-0 200 walts ostp.t,
Al, A2, A3 m(n.:?ri;fru_ vency range 2 "0
16 megacyclzs, on for 4 crystal
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mcster Os—cl"ﬂ

TEMCO: Model IBD"

RADIO COMMUNICATION
FQUIPMENT

TRANMSMITTER EQUIPMENT MFG. CO., INC. _
345 Hudson Street o New York 1‘4 N. Y.




SERVIGE MEN...
KEEP SENDING THOSE LETTERS!

“Bill Halligan says that all the contest
entries he’s received so far have been swell—
he wants more letters tellin’ about actual
experiences with all types of Radio Com-
munications equipment built by Hallicrafters

including the SCR-299!"

RULES FOR THE GONTEST

Hallicrafters will give $100.00 for the best letter
received during each of the five months of November,
December, January, February and March, {(Deadline:
Midnite, the last day of each month.)

For every serious letter received Hallicrafters will
send $1.00 so even if you do not win a big prize your
time will not be in vain.

Your letter will become the property of Hallicrafters
and they will have the right to reproduce it in a Halli-
crafters advertisement. Write as many letters as you
wish. V-Mail letters will do.

MILITARY REGULATIONS PROHIBIT THE PUBLICATION OF

WINNERS' NAMES AND PHOTOS AT PRESENT, .. MONTHLY
WINNERS WILL BE NOTIFIED IMMEDIATELY UPON JUDGING.

| BUY MORE BONDS! m
hallicrafters raoio

THE HALLICRAFTERS CO.. MANUFACTURERS OF RADIO AND ELECTRCNIC EQUIPMENT, CHICAGO 16, L. S, A.
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Engineered to achieve a known result

The great and rapid progress of radio is not due alone
to mass production ... nor to the tinkerings of experi-
menters. The real progress has come about through
the diligent efforts of practical engincers who possess
equal knowledge of production and experimentation.
The source of the completed, practical, new develop-
ments is the organization which melds the two talents
...experimentation and production.
Such an organization is Techrad.

The antenna loading network in the
well known Techrad TR-50XM Trans-
mitter (shown in the above photo) is the
result of advanced and original engineer-
ing in the Techrad laboratory. This vital
part...and it /s justa part...owes its being
to the experimenter within this organiza-

TECHRAD

tion. Its clean cut construction and general appearance
speak volumes to the experienced engineer who will
recognize that it was, nevertheless, mass produced.
Here then, is concrete evidence of the results that can
be obtained undecr well-rounded engineering guidance.

Techrad engineers have learned the knack of building
radio equipment of superior quality and of building ir
' in quantity. They have many expcrience-
packed years behind them. Thus you can
turn to Techrad for assistance ... whether
for original engineering or for mass pro-
duction to your specification .. . with full
confidence that anything they build for
you will be built well.

Renember: Master Engineering takes
nothing for granted.

Technical Radio Company

Over ten years of continuous experience
275 Ninth Street « San Francisco, California

34

Export Agents: FRAZAR & HANSEN, 301 Clay Street, Son Francisco, California, U. S. A,
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Excerpt trom o letter written by a tormer
Breeze worker, now in our armed forces.
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-what's In a M//Zo”

1t All Depends on Past Associations and Present Circumstances

There’s plenty in a name —
when it’s the familiar trademark
of an old employer, and a man
runs across it thousands of miles
from home,

It means a lot to him then, be-
cause he knows first-hand of the
skill and experience that went

into the manufacture of the pro-

duct, of the inspections that it
went through before it was judg-
ed worthy to wear that trademark.

90l

And then he realizes what that
name represents—the pride of a
manufacturer in a product, confi-
dence in the future of the enter-
prise. The trademark becomes a
symbol of opportunity for the
day when men will resume their
places once again in a peacetime
world.

That's what’s in a name—a re-
minder of the past and a promise
for tomorrow.

GBRPORATIONS INC.

N E W A R K ,

PRODUCTION FOR VICTORY

www americanradiohistorv com

N E W J ER S EY

. PRODUCTS FOR PEACE
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EVERY &o&‘w%we Microphone is

(LRI R
(ALAAE 348

DO-e outstanding Electro-Voice achievement is the Model 7-A, a desk
mour.ting type communication microphene. Designed for and approved by
the CAA, this microphone is extensively used for airport landing control in
addition to a number of other sound pick-up applications. The smooth fre-
quency curve, rising with frequency, gives extremely high intelligibility,
even under the most difficult conditions.

Another . . . the now-famous Model T-45 “Lip Mike". .. a noise-cancelling
Ditferential Microphone . . . was designed by Electro-Voice in closs col-
laboration with the Fort Monmouth Signal Corps.

Every Dynamic, Carbon and Velocity Microphone in our
complete line is DESIGNED by ELECTRO-VOICE.

We maintain a network of distributors throughout the country. If your limited quantity needs
car be filled by any of our Standard Model Microphones, with or without minor modifications,
we suggest that you contact your nearest radio parts distributar.

ELECTRO-VOICE MANUFACTURING €O., INC,
1239 South Bend Ave. * South Bend 24, Indiana
EXPORT DI¥ISION: 13 EAST 40th ST., NEW YDRK 16, . Y. — U.S.A. CABLES: ARLAB

{
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**H HOUR” ON "D DAY’ STRIKES -

HE attack is oc! Tke army's ears ar2 working
full blast! All the circaits are open! From the C.CO.
to the Ranger’s Walkie Talkies, to the plzne support,
-0 the tanks, to the artillery, tc all the conbat teams,
sack anc forth, a surge cf commmicatioas filks cthe
air. The very success cf :ke acvance depenis greatly
apon countless instrumreats of communications. Vital
in turn, © their flawless rerformancs, are plastics like
National Vulcanizec Fib-e aad Phenolize, lamijazed
Bakelite.
We sabute the electrenic engineers of Anerica who
have givan to cur fightimg men art the froat the very
best in communications.

NATIONAL VULCANIZED FIBRE €O.

WILMINGTON (f® DELAWARE
Offtces in Principal Giizs

n instruments of communiaations of every
description, parts o° Natioaal Vulcanized
Ffibre and Phenolite, lomiaated Bakelite,
have extensive and varied vse. These pos-
sess great dielectric streng®, lightness in
weight and exceptienal waaring qualities.

i

Signal Carps U.S.Army Phota,

MWW americanradiohisto om
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AIR CONDENSER—-PROVIDING

RADIO TUNING

As this tank — and others like it — push deep into enemy territory,
it is vital that radio communications be received — distinctly! Here
the variable air condenser of Radio Condenser Company plays a
role of paramount importance: that of providing accurate tuning,
so that every message will surely be received.

Not only tanks, but planes and all types of radio communication
sets use these variable air condensers. So, today, we are confined
to production for our armed forces. But, tomorrow — post-war — call
on us for any of our products — condensers or radio tuning devices.

RADIO CONDENSER CO.

CAMDEN, N.J.
RADIO CONDENSER CO. LTD., TORONTO, CAN.

WWW.americanradiohistorv.com
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in sheet metal construction are as wide as the elec-
tronics field itsell, Our facilities include hundreds of
dies which may be utilized to cut your own die costs
or, perhaps, eliminate them entirely.

An example of the Karp technique is this Juncticn Box
in which are connected cll wires operating an anti-
aircraft searchlight unit. Originally, this Junction Box
was made of cast aluminum. Material was scarce.
Experienced machine shep mechanics and machine
tools were difficult to obtain. It was our job to convert
from cast aluminum to sheet steel. These are the
results:

If it’'s in sheet metal . . .

BN

it’s in shéeet meln

—&,@%@

&‘gw‘as>:w»&¢&$

L

® The Earp-made sheet steel Junction Box is stronger.
lighter weight, better looking.

® Critical material is saved, costs reduced, deliveries
expedited.

® Since Karp technicians are trained to reduce the
solution of an assignment to the simplest, most effi-
cient and most economical form, man hours — and
man-power—are saved.

® A sheet melal product is being produced with
standard equipment without any special dies.

we can make it. The scope of our service can by no

.means be anticipated in printed literature. What we can do can only be told when

we know your individual problem.

ARTISANS **‘i“e‘ 3§
IN :
SHEET | —
METAL

124 30th STREET .

S

CABINETS
c[) \N{‘, CHASSIS
RACKS
BROOK[YN 31, N. Y. PANELS

ELECTRONICS — March 1944
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HELP SHORTEN THE WAR...............KEEP BUYING MORE WAR BONDS
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13 Miles above the ground ...
in a Philco Refrigeration Laboratory!

TLoerrE"

//// / / / / m \

Philco REFRIGERATION engineers solve a tough
problem in the production of military equipment . . .
another example of how Philco’s vast facilities for
research and production are serving our armed forces.

T Philco, airborne electronic equipment and air-
craft radios pass the stratosphere test— of thin
air and sub-zero temperatures—:n the laboratory.

This ingenious high altitude chamber faithfully
duplicates every condition of temperature and pres-
sure from sea level up to 70,000 feet! When aircraft
equipment can maintain absolute accuracy znd de-
pendability at 70° below zero, with air pressure 1/20
of normal—it’s right! And only when it’s right does it
leave the Philco plant. :

The stratosphere chamber is just oze of many
instances in which the skill and experience of Philco
refrigeration engineers have supplied the answer to
the most difficult war production problems. It’s an

40

example, too, of the precision and quality which, after
the war, will again make Philco refrigerators and air
conditioners first in engineering, first in convenience,
first in advanced design!

After Victory, Philco peacefime products will
ofter the highest advancements of modern
science for the homes and industries of America,

PHILCO

CORPORATION

March 1944 — ELECTRONICS
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The Chicago T=lephone Supply

Gompany aas spedalized in vaziable
resistors for more than 15 vears.
Today, all manufacturing facilities

are devoted to wianing -he war.

Tomorrow. Chicogo Telephone Sup-
Ely will continue to serse the elec-
tzonic industries with the qaality
workmanship anc the service they

tave known during the years.

Plugs, Jacks. Switches, Variatle Fesistos

Representatives
R. W, Farris
2600 Grand Avenue
Kansas City 8, Missouri
Phone: Victory 3070

Frank A. Emmet Co.
2837 West Pico Boulevard
Los Angeles 6, California

ELECTRONICS — March 1944
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CHICAGO TELEPHONE SUPPLY

ELKHART =

INDIANA

wwWw americanradiohistorv com

&

Mechaseical W Stice 1596

Te ephore Generators and Rirgers

Branch Offices
S. ]. Hutchinsen, Jr.
401 North Broad Street
Philadelphia &, Per:nsylvania
Phone: Walnut 5363

In Canada

C. C. Mer=dith & Co.
Streetsville, Cntar:o
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HERE'S HOW MICAMOLD

HELPS PROJECT-ENGINEERS
WITH CAPACITOR PROBLEMS

~ s
 ENGINEERS NEEDED
" W i SN N g T
A SMALLER COMPONENT
%QMMCT MILITARY RADIO.
s S o e g N R =

The Type 338 is a paper by-pass capacitor molded in bakelite. Specially
designed manufacturing equipment was built to produce it. The Type 338
is very small, measuring only 34" x 744" x 7432”. And it weighs but 2.5

grams. These units are used in large quantities in their special application.

BUY
MORE
IF YOU HAVE A CONDENSER DESIGN PROBLEM, MAY WE SUGGEST THAT  waR
BONDS
YOU CALL ON @IZ’@M@ ...NOW
~

The solution to this problem is but one of the innumerable instances in
which Micamold has successfully collaborated with project engineers. We
would like to work with you on present or postwar applications. If it is
electrically or mechanically possible, we can produce capacitors. . . any

type and size . .. to your specifications.

MICAMOLD RADIO CORPORATION

1087 FLUSHING AVENUE BROOKLYN 6, N. Y,

March 1944 — ELECTRONICS
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“WHOW DOE

Avutomatic tapering of bar ends prior to coiling

#0000 0caceonscaasosssossessrersosssssoeipaccssateciescsasenssnne

Precision grinding squares both spring ends at once

S MUEHLHAUSEN MAKE THOSE

SUPER-SIZE SPRINGS?"

Well—it’s this way. Those big babics must be coiled hot, to
extremely close tolerances...and produced in quantity at
P-38 speed. It's specialized work that demands very special-
ized equipment. So—Muchlhausen has one huge plant totally
devoted to hot forming. It is all conveyorized. Production
is governed by a central laboratory. The quenching tanks
are the size of swimming pools, and skyscraper-like shot

blasters give springs clean, lustrous finish and added life.

Precision hot-coiling springs on automatic equipment

D R N R T R TR R R ]

0000800880000 0000800 000000000000 000 000000 es0e000etessntoBLe

i

.000..0000...-00-00-o,--)'

Shipping finished springs in carload lots

To improve product performance, use

To really appreciate how your production schedule
and product can benechit by these extensive facili-
ties. call Muchlhausen in on your next spring job.
Write for new booklet on hot-coiling springs.
MUEHLHAUSEN SPRING CORPORATION
Division of Stundurd Steel Spring Company

760 Michigan Avenue, Logansport, Indiana

ELECTRONICS — March 1944

MUEHLHAUSEN
Designed
SPRINGS
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Mm something seems rotten in Denmark . . .

Tuers is a strange quality in us all—
even in fact-minded engineers. We
tend to suspect ourselves first when
we're face to face with failure. We
forget that human lkeings have no
corner on error.

Behind an apparent failure, for in-
stance, may be the innocent face of a
meter that failed to tell the truch

From there, calculations went hope-
less awry and ended in a wad of
paper held in an angry fist.

We do not suggest that you mis-
trust your tools. We do say —insist on
sustained accuracy® in your metering,
measuring, and testing instruments.
Use instruments that through their life-
time never waver from the truth.

* SUSTAINED ACCURACY is not an €asy
quality to achieve. It must take into account
all factors of use—must then employ the de-
sign, the alloys, the construction that infalli-
bly protect an instrument against all chreats
to its reliable performance. Such instruments,
obviously, must be built with performance—
not price—in mind. We invite the inquiries of
those who are interested in such standards.

3@% InStruments

for Measuring, Merering & Testing Equipment ¥c The W. W. Boes Co. Dayton, Obio

44
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Long ago National Union engineers had

g to strike out for themselves in search

W of new metals, alloys and coatings. The

extremely high temperatures employed

in tube making—brazing, for example, at 2 to 5

times the heat customarily used—ruled out the
use of metals common tc most industries.

So from the nation’s electronic tube labora-
tories there has come a whole new group of
metals and combinations of metals. Here are
special alloys for filaments, coils, grid wires,
getters, electron guns and many other uses. And

NATIONA

as these metals have provided characteristics not
previously available, they have literally pulled
wonders out of 1the magic hat of electronics.

In metallurgy, as in other sciences related to
tube making, National Union is helping to push
back the frontiers of electronic knowledge. And
in the war record of National Union tubes you
will see how well this scientific approach to tube
building is paying off. For beiter tubes, after
the war—Count on National Union.

NATIONAL UNION RADIO CORPORATEON, NEWARK, N. J.
Factories: Newark and Maplewood, N. J., Lansdale and Robesonia, Pa.

RADIO AND ELECTRONIC TUBES

Transmitting Cathode Ray, Receiving, Special Purpose Tubes » Condensers « Volume Controls « Phota Eleciric Cells » Panel Eamps o Flashlight Bulbs

ELECTRONICS — March 1944
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/ ~
/ This makes an Indent of

controlled depth, which as-

The stripped wire is merely The jaws of the Indenting ! sures a connection of high
inserted into the barrel of pliers are thenclosed around strength and high conduc-
the Indent type conmector. the connector barrel, £ fivity.

MECHANICAL INDENTING IS THE
SPEEDY MODERN METHOD FOR
MAKING ELECTRICAL CONNECTIONS

Inexperienced operators can make perfect Indent connections right from
the start, and from three to ten times faster than by the older soldering
methods. Absence of acid, which frequently causes finger burns, also
makes job cleaner and faster.

Hundreds of leads for electronic circuits are quickly Indent connected
without a reject. Burndy Indent connectors are made in one-piece from
pure copper; thus there can be no loosening of the connector, and there
dgre no extra surfaces to cause increased contast resistance.

Indent corimections are used on rotary switches of ail sizes; Burndy

indent comnectors being cwailable for ail wire sizes from #29 up
through the larger cable sizes.

This automatic Burndy HTPRESS indents cennectors as fast as the opera-

tor can press the trigger. Used extensively by dircraft and electrical HEADQUARTERS FOR CONNECTORS

manufacturers producing harnesses or leads in large quantities.

46 March 1944 — ELECTRONICS
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A cross secticnal view of
the Indent cornecfion under
the microscope 150ks like

Indent connections on
larger cable are made with
hydraulic ¢r pneumetic
HYPRESSES, either portable
or bench type.

Where leads or harnasses
are produced in quantfity,
speedy automatic bench

one continuous, solid con-
ductor.

All connections in this ponel on Diesel generating unit are made with
Burndy Indent connectcrs, both the straight barrel and the right angle
types being used.

Indent cannectars are widely used on resistors and other small electrical

compenents since they eliminote all troubles due to loose connections,

and provide better circuit performance.

ELECTRONICS — Moarch 1944

type HYPRESSES cre used
for Indenting.

©n this large rectifier unit all connections are of the permanent indent
type. View shows only terminals; bet Indent connectors are alse avail-
able for end-to-end as well as detashable connections.

Indent Connectors are used on battery jumpers, too, b e of their
permanencs, and their high condwcfivity . . . For complete informatian
on Burndy Indent Connectors write to Connactor Headquarters.

BURNDY Ergineering Co., Inc. "
107 EASTERN BOULEVARD, NEW YORK 54, N. Y.. |
- In Csnada: Canadian sine Materials Limited, Toronto 13

i o secman i SPE S E i il
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SAVE SPAGE

WITH LEXEL INSULATED WIRE

When designs call for extra compactness and light
weight of electrical installations, you’ll find real help
in LEXEL-insulated wire. LEXEL insulation tape pro-
vides maximum protection with minimum bulk and
weight. It’s especially useful for a wide variety of low-
tension applications, such as instruments, controls,
lead-in and hook-up wire and electronic circuits, where
space is scarce.

But small bulk and weight aren’t the only ad-
vantages offered by LEXEL insulating tape. 'The
conductor is always CENTER-SEALED. LEXEL forms
a continuous helieal tube in which the conductor is
automatically and permanecntly centered through every
inch or mile of its length. It’s heat sealed—and no
extra material is needed for this extra insurance against
off-centering.

The qualities of LEXEL (cellulose acetate butyrate)
have earned approval for a wide variety of military
installations. These same characteristics of high dielec-
tric strength, high insulation resistance and low
moisture absorption will make it equally valuable for
the improved new products of peace time.

On vour request. we'll gladly send test samples,
specifications and names of manufacturers supplying
LEXEL insulated wire and cable.

CUSTOM-MADE INSULATION

As a regular service, Dobeckmun engineers also develop lani-
nated insulation products, custom-made to special purpose
specifications, such as slot cell and phase insulation for motors,
insulation for shipboard cables and other uses. If your require-
ments are unusual, call on us.

“LEXEL® is a registered trade-mark of The Dobeclemun Compauy,

5 EGKMUN

INDUSTRIAL PRODUCTS DIVISION * CLEVELAND, OHIO
WESTERN SALES HEADQUARTERS - SAN FRANCISCO

48 March 1944 — ELECTRONICS
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UNDER 44’/ TRYING CONDITION

UP A MOUNTAIN IN A TANK

HURTLING THROUGH SPACE
IN A FORTRESS - - - - - -

SPECIAL 25 AND 50 WATT

WITHSTANDING THE GRUELLING PACE OF A WAR PLANT - - -

Delur wire-wound potentiometers, in any assignment,
fulfill their tasks capably and satisfactorily. The new
line of these potentiometers covers a wide range of
applications, for present and future use. Write for

your copy of our "Special Bulletin”, just off the press.

o8 De JurAmsco (orporation

WAR BONDS MANUFACTURERS OF -DeJUR METERS, RHEOSTATS, POTENTIOMETERS * AND "OTHER PRECISION ELECTRON)C::COMPONENTS
SHELTON, d - CONNECTICUT

NEW YORK PI.ANT: 99 Hudson Street, New York 13, N. Y, ® CANA D'AN SAI.ES OFHCE: 560 Kin ;freef West, Toronta
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GOOD GRIDS ASSURE
GOOD RECEPTION

ALSO MANUFACTURERS OF MINIATURE INCANDESCENT LAMPS, ALL-GLASS SEALED BEAM HEADLIGHT LAMPS

50

The engineers at TUNG-SOL arc skeptics. They
never accept anything as final in the manufacture
of electronic tubes. Research and development
are continuous in the TUNG-SOL laboratories.

The “flat grid” for beam type tubes was a Tung-
Sol refinement. “Flat” winding made possible the
perfect alignment of beam type grids, which was
difficult to achieve with the conventional circular
or oval winding. Another grid-making “bug”
eliminated by Tung-Sol was the tendency of grid
supports to “bow” in any direction. The supports

ADVANTAGES OF FLAT GRID WINDING

& (Left) The flat-wound grid
T in TUNG-SOL tubes is sized
01 a machine that “'sets” the

grid, thus holding perfect
pitch and alignment.

A (Right) In the circular-
5 wound grid, there is no
“'set”’ or rigidily established,
bence wires can sag and get
out of alignment,

i}

-

of all Tung-Sol grids remain true and parallel.

And so it has been with every detail of design and
construction of TUNG-SOL electronic tubes.
Long before Pearl Harbor they were “Vibration-
Tested.” That is one of the reasons why they have
stood up so well in war service. Manufacturers of
Electronic Controls and Devices, and users of
Electronic Equipment will find TUNG-SOL tubes
dependable and efficient. TUNG-SOL engincers
are at your service in the development and im-
provement of electronic products of all kinds.

otecon Tl
ELECTRONIC TUBES

TUNG-SOL LAMP WORKS INC., NEWARK 4, NEW JERSEY

March 1944 — ELECTRONICS
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This is a special-purpose electronic part. Itis a plug-
receptacle assembly for use with rack-panel type of
mounting. Twenty-four silver-plated phospher-
bronze contacts are provided, each male and female
contact full floating between steatite plates. Heavy
guide pins and matching holes in the frame assure
perfect alignment.

We don't know that your product has any need for
such a part as this. We do know, however, that this
part is most exactly suited to its special requirement,
just as are hundreds upon hundreds of other parts
which have been created through Lapp engineering
and Lapp production facilities directed to the solu-
tion of specific problems.

With a broad basic knowledge of ceramics—their
capabilities and their limitations—Lapp has been
able to simplify and to improve many types of elec-

MW ameri

%.i ENGINEERED TO A SPECIFIC NEED

tronic equipment through engineering and produc-
tion of sub-assemblies that make most efficient use of
porcelain or steatite and associated metal parts.
There may be a way you can improve performance,
cut costs and cut production time through use of
Lapp-designed and Lapp-built sub-assemblies. We’'d
like to discuss your specific requirements with you.
Lapp Insulator Co., Inc., LeRey, N. Y, &
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lolerance .001

We show you this cevamic transmitter switch with what we believe is justifiable
pride. The customer for whom we produced it calls this switeh a good job because
it does what it was designed to do and because we delivered the order on time, We

get additional satisfaction from having had a substantial part in its engineering and
development . . . besides its tooling and manufacturing .

. in which we were held to
a tolerance of a thousandth of an mch.

As radio and electronies specialists Ucinite makes everything from the simplest
pins to custom-built intricate assemblies like the above.

The UCINITE CO.

Specialists in RADIO & ELECTRONICS
LAMINATED BAKELITE ASSEMBLIES
Newtonville 60, Mass.

CERAMIC SOCKETS

BANANA PINS &
Division of United-Carr Fastener Corp.

JACKS -« PLUGS -

CONNECTORS -« ETC.
52
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Increases tube capabilities at
125-mc by more than 20 times!

The new coating of silver around the grid leads of
Gammatron tubes answers one of the most baffling
problems in high-frequency communication.

Until W. G.Wagener, chief engineer of Heintz and
Kaufman Ltd. hit upon this simple solution, the life of
all transmitting tubesat high frequencies was relatively
short. Even tubes such as the HK-254 lasted only a brief
50 t0 100 hours at 125 megacycles when very heavily
loaded. The trouble was always the same.. . . the glass
around the grid lead would crack, and the tube would
be ruined.

Heintz and Kaufman engineers found that the grid
bead crack was caused by a change in composition of
the glass adjacent to the tungsten. This change was
due to a minute current flow resulting in electrolysis.

The silver coating now intercepts this current far

ELECTRONICS — March 1944

enough away from the grid lead so that the glass im-
mediately surrounding the lead retains its normal
characteristics. Thus Heintz and Kaufman’s patented
coating enables such tubes as the HK-54, HK-254, and
HK-454 to operate at high frequencies at higher pow-
ers for as long as 2000 hours—one Gammatron now
outlasts 20 to 40 ordinary tubes without the silver dot!

HEINTZ ano KAUFMAN L7D.

SQUTH SAN FRANCISCO -« CALIFORNIA, U. S, A,

53

wWWw americanradiohistorv com



54

No components contribute more to the performance of radio or

other electronic equipment than coils ... whether they be radio, interme-

diate or audio frequency.

Years of experience have developed within our crganization
the ability and “know how’’ to combine micrometric accuracy with quan-

tity production methods and economies.

Whether your requirements are immediate, for wartime uses, or
projections for post-war civilian products, we suggest you consult us.

Our specialized knowledge and coil production facilities are unsurpassed.

KEEP BACKING
THE ATTACK!

UTOMATIE | 25385
WINDING £0., IVC.

COMPLETE ELECTRONIC ASSEMBLIES & COMPONENT PARTS
900 PASSAIC AVE. v EAST NEWARK, N. J.

i
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JENSEN RADIO MANUFACTURING COMPANY, 6601 S. LARAMIE AVE.,, CHICAGO 38, U, S. A,
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FACTS about

Molded - Formed - Laminated Plastics
FOR ELECTRONIC DEVICES

The developments and improvements in elec-
tronic and plastics applications, to meet war re-
quirements, are two outstanding contributions
of the engineering and research laboratories
of both industries. Secrecy, time limitations and
other restrictions have, thus far, prevented wide
distribution of much of the data which bas

The high dielectric qualities of Laminated INSUROK have led
to its use in a wide variety of electronic, radio and electrical
applications. In addition, Laminated INSUROK has won the
preference of engineers because of its light weight, strength,
resiliency, durability, electrical insulation, resistance to cor-
rosion, moisture and the destructive action of many chemicals,
acids, oils, reagents, solvents, etc. The assistance of Richardson
Plasticians in solving fabrication problems is available to users
of INSUROK.
¥ i R
| ™ . FABRICATED PARTS
4N The Richardson Company is well
.  equipped to supply your needs for
el completed fabricated parts. Laminated
; INSUROK may be drilled, sawed,
A sheared, tapped, turned, planed, shaped
4 or milled; or any combination of these
operations will be performed to meet your product requirements.
W
PUNCHED PARTS 8
The characteristics of Laminated 1
INSUROK-and Eihe unifol;'mity,as wi‘ll O
as economy, made possible by punch-
ing operations have resulted pin the / ‘ '
use of large quantities of punched ho o A
Laminated INSUROK parts by the (0%
Electronic industry. Finished punched parts, made to your speci-
fications, are available through The Richardson Company.
BEARINGS
Many concerns are utilizing the advantages
of Laminated INSUROK bearings where
wearability and low coefficient of friction
are necessary. For such uses, bearings ma
be used with water as a shaft coolant or wit
oil or grease as a lubricant. In some in-
E stances, INSUROK bearings may be used
with no lubrication or coolant. They are particularly adaptable
where electrolytic action, corrosion and the effects of acids cause
replacement or impair the efficiency of other types of bearings.
SHEETS —RODS and TUBES
The Richardson Company, in addition to supplying finished
fabricated and punched parts, is well equipped to supply your
needs with a wide variety of sheets, rods and tubes for fabrica-
tion in your own plant. Standard sizes of sheets are 36" x 42"
and 36" x 59", but some grades can be supplied in larger sizes.
Various colors are available. Rods and tubes are generally sup-
plied in random lengths of 24” to 36", unless length is specified.
FORMED INSUROK
A thermosetting, fabric type sheet material which, under proper
processing, permits simple and some compound bending—
with a limited drawing characteristic.

been obtained recently.

Richardson Plasticians will, however, be
glad to apply their years of experience and vast
Enowledge of recent developments in selecting
the grade of Laminated or Molded INSUROK
best suited for any Electronic application or
post-war development.

MOLDED INSUROK

Strong, light weight, Molded INSUROK, made from any of the
recognized plastic materials, requires no surface treatment or
finish. Metal inserts may be securely and accurately molded in
g place to eliminate assembly operations.

In addition to compression and transfer
molding, The Richardson Company pro-
» duces products of thermo-plastic materials
I by injection molding of cellulose acetate,
methyl methacylate, styrene and other com-
pounds.

The characteristics of Molded INSUROK
vary as to the individual requirements of
each product. Be sure to get the Richardson Plasticians’ rec-
ommendations before specifying.

ELECTRICAL PROPERTIES —INSUROK has superior insu-
lating qualities and may be used in most electrical equipment
even where high voltage conditions are encounteced. Special
grades of INSUROK are designed to give very low losses at
radio frequencies.

WEATHER RESISTING —Heat and cold, sudden change in
temperature have no adverse effects on INSUROK. It has a rela-
tively low coefficient of expansion and contraction—its physical
characteristics are permanent.

WORKABILITY — INSUROK can be handled like metal,
without special tools. This is an important advantage where
additional drilling or tapping might be required in assembly
work within your own plant.

NON-HYGROSCOPIC—NON-CORROSIVE—INSUROK is re-
sistant to moisture and the destructive action of most chemicals;
solvents, acids, reagents, oils and other liquids.

DURABILITY—Great struc-
tural strength is an outstand-
ing characteristic of Molded
INSUROK. It is being suc-
cessfullyused whereresistance
to surface abrasion, impact,
unusual strains and stresses is sl
required. L Y

RICHARDSON TECHNICAL SERVICE—The facilities of
Richardson Research, Design and Engineering Laboratories are
available without cost or obligation. Richardson engineers will
be glad to assist in the application of INSUROK and other
plastics to present or contemplated products, or production
machinery. Richardson plants are completely equipped for the
volume production of all generally used types of plastics! Liter-
ature and catalogs will gladly be sent upon request.

" %. RICHARDSON COMPANY

MELROSE PARK. ILL. NEW BRUNSWICK. N. Jg
DETROIT OFFICE: 6-257 G. M. BUILDING. DETROIT 2.- MICHIGAN

FOUNDED 1868

INDIANAPOLIS 1. IND:

LOCKLAND. CINCINNATI 15. OHIO
NEW YGORK OFFICE: .75 WEST STREET. NEW ‘'YORK 6./N. v,
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Today, amazing developments in electronic communications make pos-
sible new methods of aircraft control to aid our gallant Air Forces. Modern
communications equipment is helping to coordinate fighting forces in the
air...is helping to safeguard them on their vital missions. Air Communications
is proud to help supply many precision-built products used in America’s
march to victory.

Tomorrow —when victory is won—Air Communications war-tested or-
ganization will devote its skill and experience to designing, engineering and

building everything for the safety, economy and convenience of peace-time flying.

AR [OMMUNICATIONS, IVE

KANSAS CITY 8, MISSOURI

Designing, Engineering and Building for Victory...and the Future

ters up to 1 K.W., Interphone Equipment, Radio
Telephone Equipment, Adaptors for Radio Com-
passes. Out of their achievements for war, AirCom-
munications engineers will bring you new knowl-

Air Communications Products include: Radio
Range Receivers, Glide Path Receivers, Marker
Beacon Receivers, Aircraft Automatic Direction
-Finders, Aircraft Transmitters, Command Re-

ccivers,Command Transmitters, Small Transmit- edge and experience of valuein peacetime aviation.

WWW.americanradiohistorv.com

"

Air Communications engineers
anticipate the great post-war “air
age”...are busy now developing
new and improved devices to
smooth the path of flight for the
giant air liners, cargo carriers and
private planes that will fly the
skyways of tomorrow.

Cooperative Engineering Avail-
able —let us help you solve your
enginecring problems of the future.

For victory




... SUPERIORITY via SPECIALIZATION!

E-E engineering efforts have been channelized toward. optimum design in
power rectifier and transmitting tubes. Such specialization has culminated
in original tube structures of unusual ruggedness with highly desirable oper-
ating characteristics. The 575-A heavy duty vapor rectifier typifies these
advantages. Two of these tubes connected full wave are capable of
handling 5,300 volts (rms) per tube and delivering 3 amps. D. C. Peak
inverse voltage is 15,000 volts (rms). Despite its high power rating the
filament consumption of this rectifier is surprisingly low. Internal drop is but
10 volts.

Their long life and stability have been proven in combat service throughout
the world . . . attesting to the resourcefulness of E-E engineering.

For complete information write today—without obligation.

ELECTRONIC ENTERPRISES, INC.

GENERAL OFFICES: 65-67 SEVENTH AVENUE, NEWARK, 4, N. J.

EXPORT DIVISION: 25 WARREN STREET, NEW YORK, 7. NEW YORK
CABLE ADDRESS: SIMONTRICE NEWYORK

==
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tllustration of
Type 575-A

Half Wave Mercury-Vapar
Rectifier

Rated ot 50 Watts
Peck Inverse Valtage 15,000
Peak Plate Current 6.0 Amps.
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Elecironic engineers have been working
hard against time ever since Pearl Harbor.
As far as they are concerned it’s always
“five minutes to twelve” — for they must
nol only keep up with, but must anticipate
the vast requirements of modern warfare.

And they are coming through — with the

DEVOTED TO RESEARCH AND THE MANUFACTURE OF

TUBES AND E)'J PM

most of the best electronic equipment for
the Allies — on time!
Raytheon-designed equipment and
Raytheon-made tubes are serviug on all
battlefronts —with that “Plus-Extra® per-
formance quality that has always been

associated with the name Raytheon.

\ \ﬁm\%\%

ARMY-NAVY “E'" WITH STAR
Aworded All Four Divisions of Roytheon
for Continued Excellence in Production

FOR THE NEW ERA OF ELECTRONICS

March 1944 — ELECTRONICS
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KEEPING UP with DUCTILE ZIRCONIUM

N ow that extremely pure Ductile Zir- gen is not liberated even at temperatures
conium is a fact, and production 18 excecding 1500°C. A better yacuu 15 pro-
being stepped up; electronics enginecrs can duced thanis possible with the best pump=:

plan more confidently for 1ts wider use. PDuctile Zirconium is used to clean up

Ductile Zirconium, produced by the Foote practically all gases in vacuum tubes. Even

process (thermal decomposition of Zircon- when compounds form they diffuse with

um tetraiodide), can be readiy worked. amazing vclocity,renewing the surface and

Forms such as wire, sheets and rods are allowing the metal to fix more gas. Thus

available combining structural advantages

Duetile Zirconium 18 & continuous getter.
with the recognized properties of Zirconium. Neither the metal nor the compounds Ealie
Chief among these properties of interest tilize so that the walls of the tubes remain
to you 1s, of course, Zirconium's value as @ clear. Intcr-electrode leakage i$ less, and
gas getter. Zirconium is & highly reactive
metal and combines with all but the rare creased.

gases. However, large quantities of oxygen, Ductile 7irconium is used in transmitting

nitrogen and hydrogen can be sorbed with- tubes, rectifiers, and cathode ray tubes for

heat dissipation greater, tube life is -

out forming a new phase . . - Up to 40 atomic anodes, grids, of glowing flaments. Some
per cent of oxygen and 90 atomic per cent experimenters are welding pieces of Ductile
of nitrogen without X-Ray evidence of & Zirconium to the molyhdenum anode for
compound. Except with hydrogen, the proc- getter flags. More specific information will
ess is not reversible. Sorbed oxygen of nitro- be supplied promptly at your request.

S OUR oysygg

‘vla“
gcm Se “Ol” Cuba “”l nite “Ol” Ill RU’ “Ol” ’GZII
e ’ e dla Ile B
’ ’

Celesllie “Ol” NleXIco « .. OFEes G“d “”“elals “O‘” many G“O”lel
GOOd ‘Jelg“bo‘l from our / \“IeS G“d from “Ol”e ““d “,e” way to ”,e
'oo’e Nll“el GI Co‘”pa“y on ”)e heeIS Oi globe-il ottin ‘ oot E“gl'

g e
Ond pIOCe )4 )4 S
SSI“g, hudd’es WI”T man I“dus“les (IHCIudIng our
) )
n ”,e” deVEIop‘”e“’- I“ Gddl“o“ to pr sent de““”e uses oi ‘oo’e
P ’ g d .
rod”cfs fhere aqre probab’y "‘lally ()”)eIS now awaitin evelopmenf

We urge you to T 1 research.
Ief us wo k wi h yOU n your own
eseq h

Foote

MINERAL COMPANY

,’4 Srge Aeod
17 Ul Ores
and Chemials

PHILADELPH >
1A
Home Office: e ASBESTOS » EXTON, PENNSYLVA
7 NIA

1617
SUMMER STREET, PHILADELPHIA, PA

West Cocst Repr.: Griffin Chemical € n Francisco, Calif. » Engli<h Repr.: Ernest B. Westman, Ltd., Llondon, Engs
0., Sa. . o J ',
pr.: st B. stman g
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The PHOTELOMETER insures the accuracy of
its readings with built-in CONSTANT VOLTAGE

The “Photelometer” is a portable,
photo-electric device, used to deter-
mine the concentration of substances
in solution by the proporticnal trans-
mission of incident light of unvarying
intensity. For vital diagnoses and
routine commercial decisions, it has
supplanted the older systems of
analysis by visual comparison, in
many bio-chemical, industrial and
hospital laboratories, due to its speed
and accuracy.

The *““Photelometer,” so sensitive
as to require voltage which does not
vary more than 1%, takes no
chances with the uncertain voltages
of commercial power lines. Its label
specifies the voltage at which it

Constan

should be operated and a built-in
SorLa Constant Voltage Transformer
maintains the voltage at this level
by absorbing all sags and surges in
the incoming power.

This is only one of the many elec-
trically operated instruments and
other types of equipment that now
depend on built-in SoLa Constant
Voltage Transformers for consistently
accurate performance.

In designing any precision or elec-
tronic device, it is hazardous to as-
sume that the voltage required for
its successful operation will be avail-
able. Only where voltage control is
incorporated as an integral part of

the basic design can there be any
guarantee of unvarying power. With
this control, the performance of the
device is automatically and instan-
taneously protected from voltage
fluctuations.

SoLa Constant Voltage Trans-
formers instantly and automatically
absorb primary voltage variations
up to 30% and deliver an unchang-
ing, rated voltage. They require no
supervision or manual adjustments
and are self-protecting against short
circuit. Custom-made units can be
designed to exact specifications for
built-in protection. Standard units
areavailable in capacities from 10 VA
to 156 KVA.

To Manufacturers:
Built-in voltage control guaran-
tees the voltage called for on your
label. Consult our engineers on
details of design specifications.

Ask for Bulletin DCV-74

Transformers far: Constant Voltage » Cold Cathode Lighting « Mercury Lamps Series Lighting ¢ Fluorescent Lighting « X-Ray Equipment « Luminous Tube Signs
Oil Burner igrition « Radio « Power - Controls + Signal Systems « Door Bells and Chimes « etc. SOLA ELECTRIC CO., 2525 Clybourn Ave., Chicago 14, lil,

60
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HICH WAY HOME?

JLYING THROUGH FOG and storm, navigators must depend upon the compass. They

must know, beyond all doubt, that their compass readings are accurate.

Measuring compass dependability is the function of the Waugh Magnetometer.
With i, all magnetic fields, residual and induced, in the aircraft and in the cargo can

be plotted, to provide the navigator with an accurate deviation chart.

Rule-of-thumb magnetic inspection will no longer suffice. The utmost accuracy,
as assurced with the Waugh Magnetometer, now is mandatory. Booklets go and g1

describe the materials inspection and airframe analysis tvpes of magnetometers.

MAGNETOMETER /

WAUGH — MW TW&@@

OTLeL

acific Coast Branch: 180 East Califernia St., Pasadena 5, Califarnia 420 LEXINGTON AVE., NEW YORK 17, N.Y.

AMAVW ameri



ON these ships, over the wide oceans or in combat zones, Ferranti Transformers have
had their Quality tested and proven.

Now, thanks to increased production facilities, we can today take your orders for
Ferranti Transformers, Chokes, Filters and allied products...and make deliveries with-

out delay. We guarantee the most exacting Transformer performance for war or post-
war Cqulpment.

There is no “blue sky” about Ferranti Service and Quality. We will be pleased to
work with you and give you the benefit of our many years of practical experience to
help you solve your transformer problems.

Call or write us now

PLAN WITH

Mark of
PROGRESS and QUALITY

: { Yebn
FERRANTI ELECTRIC, INC.
RCA BUILDING
NEW YORK CITY 20, N.Y.
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FLEXIBLE VARNISHED OIL
TUBING:

This TURBO ‘insulation meets. the

EXTRUDED TUBING:

resistant to sub-zero femperatures

Where the effects of extreme low

VARNISHED ‘GLASS -TUBING:
resistant to extremely high heat

The extensive use of this TURBO

WIRE IDENTIFICATION
MARKERS:

diversity of requirements neces-
sary to stond up ogoinst general

moisture absorption, and the general

deteriorating influences caused by
ood-. alkalis, etc

MANUFACTURERS

temperatures are apt to induce
insulation embrittlement. TURBO Ex-
truded. Tubing is especially .svited
Sudden climatic chonges Wwide fluctu-
afions in temperature, or refrigerant
operating conditions will nat effeqt
the dependability

impairment ‘through

product is directiy attributable to
ifs excellent characteristics under high
heat canditians. Heavy duty aperot-
ing conditians, confined areas where
ventilation is* minimized and other
similar problems ‘are solved

TURBO

VARNISHED TUBING o SATURATED SLEEVING

New products, processes and equipment
have already made their appearance as
the result of the scientific advances induced
by the intensified war demands; the picture
is clear in requiring greater advances in
functional efficiency.

TURBO engineers and technicians are
abreast of the new developments, designs
and improvements. For example, the
“flash’’ point of TURBO Tubing, already
high, is being forted to ever higher levels.

1
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This means increased protection from com-
bustion hazards—more essential even than
“slow’” burning. It means the fire never
gets a chance to start. Conversely, em-
britttement temperatures—the antidote to
cracking—are being constantly lowered.
TURBO looks ahead.
* * *

Write for sample board and list of standard
sizes, It's a ready reference and handy
gavge—free without obligation.

WILLIAM BRAND and CO.

276 FOURTH AVE, N.Y. « 325 W. HURON ST., CHICAGO, ILL.

OF MICA PLATE, BLOCK MICA, VARNISHED TUBING & CAMBRIC

WWW.americanradiohistorv.com

The faclitating of production and
.ossgmbling operations, with cor-
responding increases in  functional
efficiency, are effected with this
‘TURBO insulation product. Available
in any size, length or calor. these
TURBO markers are strictly in cecord
with Army. Naovy and Air Corps
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E. A. Laboratories, Brooklyn, N. Y., having “ques-
tioned every fastening” on peacetime assemblies, were
ready with the answer when heavy war orders made it
necessary to pare production time and costs to the bone.

By designing their aircraft lighting specialties for
assembly with P-K Self-tapping Screws, they elimi-
nated tapping and tap maintenance, and the need for
metal inserts in the plastic lamp. The P-K Type “F”
Screws, cutting their own clean threads as they are
driven, add to the strength and security so necessary in
these products, and can be easily removed and replaced
when required.

Take full advantage of Parker-Kalon’s Assembly
Engineering Service. Experience proves, in 7 out of

10 cases, P-K Self-tapping Screws will simplify plastic

o PEED PLASTIC ASSEMBLIES

SPEED METAl ASSEMBLIES

e e e s

A e s i kil

Inter-Aircraft Control Light

3 P-K Type "“F" Screws
used as locating pins for
lamp unit.

4 P-K Type "F” Screws
hold switch contactor and
terminal lug in position.

5 P-K Type “F” Screws
fasten Bakelite handle cov-
er plate to Bakelite handle.

Retractable Landing Lights

3 P-K Type "F"” Screws
driven through bakelite in-
sulator, fasten electrical
connector to lamp housing,
both of die cast aluminum.

8 P-K Type "“F'* Screws
fasten gear housing to lamp
housing, both of die cast
aluminum.

5 P-K Type “F” Screws
fasten aluminum housing
plate to die cast aluminum
housing. Inside the lamp,
P-K Type "“F” Screws are
used to fasten motor field
to motor housing, and mo-
tor housing o gear housing.

. . save vital man-hours . . .
cut costs.

or metal fastening jobs .
speed production . . .

Question every fastening job . .. on the drafting
board...in production. First see if it can be done with
simple P-K Self-tapping Screws before putting up with
slow, difficult fastening methods. Your request will

bring a P-K Assembly Engineer to help you uncover
opportunities to save time and money. Or, send details
of your assembly for recommendations. Parker-Kalon
192-194 Varick Street, New York 14, N. Y.

Corp.,

March 1944 — BLECTRONICS
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The meaning of the C-D insignia on a capacitor is
strikingly illustrated in the performance of inverted
filter Type TLA. This little wonder packs the high-
est insulation resistance, lowest power factor, longest
life in the smallest space of any similar filter capa-
citor. Write for full description of TLA. Cornell-
Dubilier Electric Corporation, South Plainfield, N.]J.

In an independent inquiry just completed, 2,000 radio and
electrical engineers were asked their first, second and third
choice ol capacitor make. When all the returns were in,
Cornell-Dubilier was far in the lead — receiving almost four

times us many “‘firsts” as its nearest competitor.

wbilier

more in use today than any other make

ory

S,

a,
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SHERRON TUBE TEST UNITS

...a practical roblem of “‘Shrinkage!"
... helping to Assize Electron Tubes at their Working Best.

Miracles are expected from electronics, and miracles are being performed—
where the electron tube is at its working best. In short, the ideal must
be the standard. Toward this end, Sherron test units are honored as indis-
pensable equipment by many of the nation's most important makers of tubes
... In its diversified electronic applications, Sherron test equipment is safe-
guarding production standards and maintaining positive quality controls. All

equipment designed to meet specific manufacturing problems.

Sherron Tube Test Units Measure:

Inter Electrode, Capacitance. Gas Cur-
rent. Power Output. Trans-conductance.
Ameplification Factor. Oscillation and
Frequency Cut-off. Power Rectifier.
Peak Emission. Pulse Tests. Mechanical
Impact or Sound Impact. Vibration,

MANUFACTURING PROCESSES:
Aging—Life—Pre-Heat.

CATHODE RAY:
Life Racks—Persistency—Intensity.

Sherron

Electronics

1201 FLUSHING AVENUE

.1

www americanradiohistorv com

SHERRON METALLIC CORPORATION

BROOKLYN 6, N. Y.
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TIME NOW, FOIR THE PLANTING

“C-Day”’is on the way...conversion to peace-time manufacture.
Steel, copper, aluminum . .. many metals &re becoming less criti-
cal...time now for the planting of your new product.

But with conversion will cofhe Cost consciousness instead of
“‘cost-plus”.

Manufacturers seeking cost-sensitive experience among war-
born sub-contractors may have quite a search. Cost conscious-
ness has become dulled during lush“cost‘-lggs”years. It is a lost
art to many. ..some never acquired it§ gets ““drilled in” only
through long years of peace-time practice.

Lewyt is not a war baby. Lewyt is a“manufacturer’s manu-
facturer” with 56 years of cost-conscious‘‘know-how”. It returns
to peace-time contract manufagffiring with long experience in
meeting the needs of production engineers who will have only
costs and efliciency in mind.

LEWYT CORPORATION -+ 62 BROADWAY, BROOKLYN 11, N.Y.

LET LEWYT DO IT

ELECTRONICS — March 1944

WWW.americanradiohistorv.com

MANUFACTURING EXECUTIVES

AND PRODUCT ENGINEERS
.. . dee whal Lewyl does

Lewyt’s business is Contract Manufactur-
ing. We specialize in electric and electronic
instruments, chassis and housings: mechan-
ical and electrical assemblies; highest pre-
cision machine work; sheet metal fabrica-
tions; all types of welding, product finish-
ing, ete.

We also provide advanced engineering
facilities as service assistance to our clients
in connection with the design and re-design
of products under development.

Why not get acquainted with our manu-
facturing experience, production and
service facilities with our
48-pagebook," Let Lewyt
Do It”. .. the story of a
unique organization told
in pictures.

Write for it now as an
aid to *‘iransplanting”
your product from draw-
ing board to production.

67
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When she drops her nickel in the juke box,
she never thinks about the motor that turns
the table or changes the records. All she

wants is her money’s worth, in music.

How dependably she gets it rests largely
on the small motors that furnish the power.
If they’re “Smootl Power”, neither she nor

the maker of the juke box need worry.

ENERAL
' NDUSTRIES

COMPANY

“Smooth Power  motors start instantly, at-

tain speed quickly and run as smooth as silk.

We’ve been making these powerful, com-
pact motors for years. They’re driving such
varied devices as record changers, tape re-
corders and intricate control systems. What-
ever type of service they’re doing, you can
be sure they answer promptly to every order.

Right now, War demands take all of our
manufacturing capacity. But our engineers
have time available to study your present or
future needs, and make suggestions for the
right “Smooth Power” motor for your par-

ticular job. Let’s talk it over.

THE GENERAL INDUSTRIES COMPANY
Elyria Ohio

March 1944 — ELECTRONICS
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THE IMPORTANCE
OF CRYSTALS IN

MHodernn Wandare

Successin mocern warfare depends greatly
upon azcurate and derendable coordina-

tion-.between all combat units. Precision

crystals by Crvstal Products Company are

providing sharp selectivity on planes, tanks,
ships, i1 every climate and under the most

rigorous battle conditions.

Croystat

PRODUCTS COMPANY
1519 McGEE ST, KANSAS CITY 8, MO.
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War Standard Instruments

i

3Y%,” ROUND
Aush mounting,
bakelite case.

2%," ROUND
flush mounting,
bakelite case,

Types MR35-MR34, in Weston Models
301-425-476, in all listed combinations in
American War Standard C 39.2 — 1944

Types MR25-MR24, in Weston Models
506-507-517, in all listed combinations in
American War Standard C 39.2 — 1944

THERMOCOUPLE

A. W. S. instruments by Weston are the
CONVERTERS standard Weston instruments, with the re- y
per AWSC39.4-1943.. quired additional scale markings, and studs -
0 Bl "apRlicatle] mnges as specified. The instrument movements '.5;.:':;

. .. therefore their long term dependability
. .. remains unchanged. Further, these

RESISTORS

el

5= Types MFA—MFB—MFC.... ' panel meters still provide the thin move- I
. per AWS C 75.5 — 1943 tg& ment and case . . . the original Weston de- '

%ﬁ - in cll listed ranges.  Jg sign which, together with their enduring [
s SHUNTS u‘@ characteristics, always has distinguished |
" ?@g instruments bearing this name. Inquiries &
o Types MSA—MSB—MSC.... 17,:‘ invited. Approvals can be quofed. Weston 1 2
33 Ber g S ?9'5 — 1943 I Electrical Instrument Corporation, 618 Fre- al)
5 . . in all listed ranges. | : ) B
% £ 1 linghuysen Avenue, Newark §, New Jersey. ? ¥
] .

LaboratoryStandards . . Precision

DCand AC Portabies . . Instrument
Transformers . . Sensitive Relays
- - . DC, AC, and Tharmo Switch-
board and Panel Instruments.

g Lo Specialized Test Equipment . . Light
Measurement and Controf Devices
.« . Exnosure Meters . . . Aircraft
Instruments. .. Electric Tacho-

meters. .. Dial Thermometers.

70 March 1944 — ELECTRONICS
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leoa Library

Sound
- Pictures
Motion Pic

Visual fids

ELECTRCNICS — March 1944

:"_L:I-'“'l" HERE'S HELF FOR WAR WCRKERS IN ALUMINUM

Eleven sound motion pistures, wall charts, instruction cards, many
booxs of 2ngineericg and metallurgical data; all designed to help sp==d
the war effort. “his material is deseribed in Alcoa’s 194< -atalog <f
tow-te-do-it helps. A detziled description of each item is iacluded aloag
with inst=nctions for Larrowing the films. Write for yous -opy today.
AruMinuM COMEANY CF AMERICA, 2136 Gulf Building, Pi:sburgh, Fa.




COIL FORMS OF
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Official U. 5. Marine Corps Photo

Radiotone is giving outstand-
ing performance in hundreds of
industrial plants, arsenals, ship-
yards and on far-flung battle
fronts. Because it is versatile,
compact and rugged, it serves

workers and fighters equally well.

Radiotone is a complete broad-
casting system. |t assures the
finest radio reception . . . re-
cords voice, orchestra or radio

programs ready for instant re-

ELECTRONICS — March 1944

At diotone,

production permanently
records management messages
and directors’ meetings . . .
and can be equipped with any
number of loud speakers or used
in conjunction with your pres-
ent P. A, system,

Radiotone is o convenient,
portable instrument which re-
quires no studio facilities. Any-
one caon operate it. Anyone
engaged in essential war work

can buy Radiotone TODAY.

WWW.americanradiohistorv.com

Radiotone installation at Consolidated Steel
Company's Wilmington Shipyards

DEALERS CAN

PARTICIPATE NOW!
Write for cotalog No. T-100 and
complete details covering Radio-
tone models, microphones, speakers,
needles and discs.
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VC 250 Hits

The new VC 250 Capacitor is a JEN-
NINGS Radio innovation. It gives five
times greater electrical capacity than
the VC 50 with a 20,000 volt peak
rating.

Actual operation of this JENNINGS
VC 250 proves an unmistakable step
forward in Capacitor performance.

Fennmin
- RADIO

JENNINGS VACUUM CAPACITORS RANGE FROM 6 MMFD TO 250 MMFD

The physical di-
mensions of these
two capacitors
are identical...but

VC-250

has

5 Times Greater
Electrical Capacity

250 mmfd

"New High"

The name JENNINGS is reflected in
the exact, uniform construction and
absolute dependability of the Vacuum
Capacitors and Transmitting Tubes
bearing this name.

We welcome an opportunity to dis-
cuss your postwar needs where our
products can be used effectively and
economically.

Write today for our 1944 Catalog

JENNINGS RADIO MANUFACTURING COMPANY
SAN JOSE, CALIFORNIA

M EMBER WEGST C OAST ELECTRONIC I NDUSTRIES
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//é tube components

»exs0s20a0€lements of stamina | imeertant to your production:

To keep the fight in high frequency
transmitters, Ken-Rad chose CALLITE
components for their Type 829B Tubes
now meeting the gruelling tests of
battle on every front. From plane-to-
ground, plane-to-plane, plane-to-ship,
these transmitting tubes are proving
their quality is unfailing in great crises.

Callite’s experience in producing a
multitude of special-purpose electronic
parts is available to you for quick,

ELECTRONICS — March 1944

CHECK ALL FOUR Factors

¢ Precision-engineered tube compo-

efficient assistance in war production nents; /l"racti‘cal help on metallurgical
now, equally valuable in the postwar g C Lo G I
battles ahead. Check Callite’s important :i',,e:: T::;?e:f;ﬁ:e:;w ;I}ozsqfﬁ,’::
four factors in seeking your source of ity at a fair price. ‘

supply. Callite Tungsten Corporation,
544 Thirty-ninth St., Union City, N.J.

AL
JUNOSTEN

Specialists in the manufacture of welds, hard
glass leads, tungsten and molybhdenum wire, rod

, 9 and sheet, formed parts and other components
for electronic tubes and i descent [

]
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837 Orleans Street, Chicago 10, lllinois
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140° cooler inside

There is a piece of the stratosphere just
beyond that glass door. The air pres-
sure is less than one-fourth of normal
air pressure. And the temperature is 70
degrees below zero.

The Utah parts being tested are
proving that their performance will be
“as specitied,”” whether they are to-oper-
ate on the ground or high in the air.

Radio Products Company,

www americanradiohistorv. com

This and other tests which parts
undergo in the complere Utah laboratory
are particularly important in adapting
the new electronic and radio develop-

ments—in making them militarily and

commercially usable—now, and to-
!
morrow! * % *

Every Product Made for the Trade, by
Utah, Is Thoroughly Tested and Approved

demq"ds:

vib ra ?ors,

SPeakers,

" w:rewound Contrgls
smalj electric :

Mmotors,
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for prompt shipment...

Now

-

SR-4 STRAIN GAGES AND ACCESSORIES

ELECTRONICS — March 1944

STRAIN GAGES:
Type Gage tength Width O o
Inches tnches Approx. Set
A1 136 Y 120 12 & 50
A-5 Ya Va2 120 10
A-7 Va Y6 120 10
A-8 Ye Va 120 10
A-9 6- 46 300 5
A-11 1-6 Va 120 50
A-12 1- Ye 120 10
A-13 Ye %6 350 10
A-14 % e 500 10
AB-1 1346 Y% 350 5
AB-5 Y2 e 75 10
c-1 1-%s Y42 500 10
C-5 e %6 350 10
c-7 Ya e 500 10
C-10 % She 1000 10
CB-1 1346 % 1000 5
CB-5 Y e 200 5
CB-7 Ya 36 500 5
CB-8 Ve Ya 200 5
R-1 1346 Rosette 120 each 5
leg of three
R-2 1-Yis Rosette 500 each 5
leg of three
R-3 136 Rosette 120 each 5
leg of four
R-4 1-%6 Rosette 120 each 5
y leg of three ) B 4A|

SOUTHWARK
TESTING EQUIPMENT

wWwWw americanradiohistorv com

23 TYPES—MANY NEW!
AMPLE STOCKS!

SR-4 Strain Gages revolutionize
field determination of static and
dynamic stresses in structures and
machines. Some types are as small
as your little fingernail. Install any
place you can reach, on planc or
moderately curved surfaces, measure
static strains to 1 partin 2,000,000
statically — nearly as small dynami-
cally. No loss in linearity from O to
30,000 cycles/sec.

The Baldwin Locomotive Works,
Baldwin Southwark Division, Phila-
delphia, Pa., U. S. A, Pacific Coast
Representative, The Pelton Water
Wheel Co., San Francisco, Calif. In
Canada: Peacock Brothers, Limited,
Montreal.

SR-4 STRAIN GAGE

Type A-1—one of 24 ldeal for all static strain
measurements and recording problems, Ask for
Bulletin 175.

SR-4 TORQUEMETER' For determinimg

torque in rotating shafts. Accurate, compuct, Ask
for Bulletin 165,

SR-4 PORTABLE
STRAIN
INDICATOR

Sturvdy, portable, self-con-
tained. For production testy
ing or laboratory work, Ask
for Bulletin 169.

SR-4 STRAIN
RECORDERS

Continunonsly records straims,
Ask for Bulletin 170. (Also
available: Scanning Recorder, serially records strain
from 48 stations. Ask for Bulletin 172.)
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Exhaustive DuMonr guality control and P
life tests take all the guesswork out of

CATHODE-RAY TUB

DuMont Quality-Control Checkup
Percentage sampl
ple tests —some 100% —
made on production runs for the lollc:wi:;e:

Br 1llxance nd 1 =
a; Screen cond tion—co, Or, spots,
1 T, .

Examina.tion.ol cathode by using tube as an
electrc?mc microscope. The few thousandths

Deflection sensitivity i

ity is testéd to det i
amplitude of signal required to  boam
by given amount, ¥ electlooem

Ma::iimum electrode current. Check for excess
anode current (to avoid overloading power
supply of equipment using tube.)
Determining grid cutoff (

Deter when too low, t
ixjs ;s ls!mrten.ed: too high, might :xczgg
mbg)‘ ot intensity control of equipment using

Leakage current of various electrodes,

And other critical and vital factors entering

nio s nslactory lon -
s ]
nt a g, economical tube per.

’ DuMont never gambles. Thus each batch of
fluorescent material is thoroughly lested in sam-
ple tubes. All new metals and other materials are
likewise tested. New designs are thoroughly
checked with sample production runs. The same
with new processes—even to supposedly minor
details such as washing and drying of glass
envelopes.

DuMont life-test racks eliminate the greatest.
gamble of all—-probable life, Percentage samples
are operated in these life racks for 500 hours. A
time totalizer keeps score. Tubes are tested
weekly for brightness and cathode condition.
And at the end of 500 hours the tubes are checked
for all characteristics that might be affected by
such intensive operation.

So again we repeat: there is no guesswork
regarding performance and life with DulNont
cathode-ray tubes,

' Write for literature ...

March 1944 — ELECTRONICS
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THIS ORANGE BOX
CONTAINS GOAT ELECTRONIC
TUBE PARTS...

Yypical electronic tube pars you'll
find in GOAT boxes that hawve been
ssamped, drawn anc formed on

STAMPING GROUNDS
Por Smaoll Tough Jobs

GOAT machines, dies ond aresses,

W herever electronic tubes are made, you will probably see this
orange GOAT box. For GOAT serves almost every electronic tube
manufacturer with a tremendous variety of stock and special parts,
made of any metal to any specified degree of accuracy. Because
of experience gained since the days of radio infancy, GOAT has

e been able to meet the demands of this industry for greater quality,
‘ durability and quantity production. GOAT’S recognition, today, is
I] based on this consistent ability to handle tough jobs requiring skill,

precision and efficiency.

METAL STAMPINGS, INC.

A DIVISION OF THE FRED GOAT CO. INL., EST. 1893
314 DEAN STREET ® BROOKLYN, 17, N. Y.

ELECTRONICS — March 1944 79
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Production Executives agree:

__ “No Reconversion from
. American Phillips Screw-Driving

4
L 4

"

...from now on we’ll need
that Speed and Cost-Control
more than ever before”’

" |
sy .
4

There’s one sure thing in the plans of modern war plant executives .
they’ll never go back to the slow, slip-and-slash, high cost method of
assembly with old-fashioned slotted head screws. They'll hold the gains
they’ve made with American Phillips Screws which average better than
509, in assembly time, plus the elimination of rejected work and spoiled
materials, thanks to the automatic alignment of the 4-winged Phillips
Driver that stays with the tapered recess until the screw has been set up
straight and tight.

A comparison of the cost of driving Phillips and Slotted Head Screws will
show that it actually costs less to have theadvantages of the Phillips Recess.

American brand of Phillips Recessed Head Screws are made under rigid
laboratory check, and a unique system of piece inspection. Delivery
service is maintained by high speed production. And engineering service
is at your service on any special fastening problem.

AMERICAN SCREW COMPANY
PROVIDENCE, RHODE ISLAND
Chicago: 589 E. Illinois Street Detrois: 502 Stephenson Building

3. Better Fastenings—Screws

1.Fast Starting-—Driver point 2. Faster Driving—S$piral and 1 T
auctomatically centers in the power driving are made prac- are set up uniformly tighe,
recess . . . fits snugly. Screw tical. Driver won't slip out without burring or breaking
and driver “become one of recess to injure workers or heads. A stronger, neatet job
unit.” Fumbling, wobbly spoil marerial. {Average time results and there are no
starts ate eliminated. saving 1s 50%.} gouges on work surface.

) Put the Screws on the Axis * BUY WAR BONDS

80 March 1944 — ELECTRONICS
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15-KW OF HicH-SPeeD
ELECTRONIC HEAT

WITH THE NEW RCA 15-B

IN nearly every case where electronic power has been applied
for heating, important savings in time have resulted. The
high-frequency power generated by the new RCA 15-B is suited
to heating a wide variety of non-melallic substances because of
the wide choice of frequencies it offers — from 2 million to
10 million cycles per sccond.

Why Electronic Heating? When high-frequency electricity is
applied to non-metallic materials, it heats them —all the way
through. For example, a block of wood can be heated uniformly
by high-frequency power while with ordinary heating methods,
the heat would have to “‘seep” in from the outside.

The uniformity of electronic heating makes it possible 1o

introduce heat at a high rate. Processes that once took hours

can now be completed in minutes.

The uniform heating often means better uniformity in the
finished vroduct. and little or no internal stresses to cause warping.

What Materials Can Be Heated? Wood, plastics, paper, glass,
rubber, foods, chemicals, tobacco, ceramics—and many other
industrial materials can be heated electronically,

How Much Heat Will the 15-B Give? The new RCA 15-B
electronic generator is rated at 15 kilowatts output. It will deliver
up to about 50,000 B.T.U. per hour, depending on the load
conditions.

Easy to Operate. The 15-B is push-button controlled. Once

RADIO CORPORATION
OF AMERICA

ELECTRONICS — March 1944

the correct processing procedure is established, any intelligent
operator can use it with ease. RCA field engineers are available
to help with your application problems.

Get the Full Story. A comprehensive 12-page descriptive cata-
log on the RCA 15-B generator is yours for the asking. Use the
convenient coupon below. If you have a specific application for
electronic heat in mind, write, stating particulars, to RCA,
Electronic Apparatus Section, Camden, New Jersey.

BUY
WAR
BONDS

RCA, Electronic Apparatus Section, Camden, N. J. I

Please send me details on the new RCA 15-B electronic l

generator,

NAIME. ..o e
Company.............. Tl Y 0o T S ool i s I
AGQGTESS. ...t et es et I

8i
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Designed for urgent

LTTON SUREDOIES

i

Is is the new ARHCO plant. Incorporating

more than 60,000 square feet of space, it was planned and
designed for today’s urgent production schedules. Marking
another milestone in our successful 21.year growth, it pro-
vides even better facilities for research, engineering, manu-
facturing and delivery.

Out of this new ARHCO plant come over two thousand
individual components . . . each one doing a big job in
radionic and industrial applications. Moreover, we are
equipped to produce special parts from your blueprints.
Quotations and advice furnished upon request.

Put more dollars to work . . . tell the Boys
you mean it by buying more War Bonds today

evican Radie Hadware Co., Inc.

152 MACQUESTEN PARKWAY SOUTH . MT. VERNON, NEW YORK

MANUFACTURERS OF SHORT WAVE « TELEVISION RADIO « SOUND EQUIPMENT

82 March 1944 — ELECTRONICS
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" PORTAL to PRECISION

ELECTRONICS — Morch 1944

for War and Peace

Shown here is the proposed new doorway to Detrola’s offices
and laboratories. It will soon be a part of the building—
to serve not only as a practical and functionally beautiful
entrance-way, but to stand as an outward symbol of the
many changes that have brought the NEW DETROLA into
being. Today this great radio-electronic plant is stream-
lined throughout—with new research and engineering
talent, new production facilities and hundreds of highly
trained workers. All of these are dedicated, now, to the
manufacture of highest quality war equipment. After Vic-
tory, in combination with the experience gained in war,
they will be dedicated to the production of highest quality
electronic products for civilian use. Help Secure Victory
and Make Victory Secure—Buy War Bonds.

UETROLA RADIO

DIYISION OF INTERNATIONAL DETROLA CORPORATION » BEARD AT CHATFIELD, DETROIT 9, MICH.

C. RUSSELL FELDMANN %[v PRESIDENT

WWW.americanradiohistorv.com
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Western Brass formerly used for pencils and
dozens of other peacetime products is now going
- into vital prope ler parts anc numerous other
A wartime items. Tomorrow, when the full
capadty of our mills at East Alton, lll., and New

Haven, Conn., is no longer needed for today's

long list of military requirements, we will be
ready to serve you. May we help you now with
your post-war p ans?

€93 7zt
v i » BRASS MILLS

Division of WESTERN CARTRIDGE COMPANY, East Alten, Ill,

BRASS « BRONZE «» PHOSPHOR BRONZE « NICKEL SILVER « COPPER

84 March 1944 — ELECTRONICS
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—
THE TYPE 26-B

Type 26-B Lloudspeoker
equipped with two Jensen
U-20 Drive Units. When
so equipped will hondle
safely power input of 40
watts. Weight 23 Ibs,

Type 26-B Loudspeoker
equipped with-single Jen-
sen U-20 Drive Unit. When
so equipped will handie
i e = P » P ; 3 , sofely power input of 20
. e AR | S wotts. Weight 221 ibs.

o

itself. It is also excellent as the high frequeacy component of a wide range loud-

speaking system. One Type 26-B Loudspenker provides uniform sound distribu-
tion both as to frequency and power over a herizontal angle of 120° and a
vertical angle of 40°. Made of one piece cast aluminum. 22" wide, 14%2” deep,
and 20" high, including Drive Unit and Adopter. Supplied with heavy universal

mounting bracket. Complete specifications upon request.

The Larngevir Compariy

INCORPORATED
SOUND REINFORCEMENT AND REPRODUCTION' ENGINEERING
NEW YORK SAN FRANCISCC 1OS ANGELES
37 W. 65 St., 23 1050 Howard $t, 3 1000 N. Seward St., 31

WWW.americanradiohistorv.com



Remler craftsman heat treats welding
and cutting dies and tools for automatic
screw machines.

ELECTRONIC TOOLS OF WAR . .

time! There are no delays because Remler has the facilities

. in quantity and on

and experience to do the job from design to finished product
—plus the know-how to cut production time which frequently
permits quotations at lower prices. This organization of skilled
specialists manufactures components and complete electronic
equipment for our armed forces and components for your

application. Inquiries invited.

Wire or telephone if we can be of assistance

REMLER COMPANY, LTD. « 2101 Bryant St. « San Francisco, 10, Calif.

REMLER

SINCE 1918
-gnnou,nciny & Communication Zﬁai/ament

86
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PLUGS &
CONNECTORS

Signal Corps - Navy Specifications

Types: PL | NAF
50-A 61 74 114 150
54 62 76 119 159 |
55 63 77 120 160 1136-1
56 64 104 124  291-A :
58 65 108 125 354 No.
59 67 109 127 212938-1
60 68 112 149 |

PLP PLQ , PLS

56 65 56 65 | 56 64
59 67 59 67 59 65
60 74 60 74 60 74
61 76 61 76 61 76
62 77 62 77 62 77
63 104 63 104 63 104
64 64

OTHER DESIGNS TO ORDER I

March 1944 — ELECTRONICS



"GUTHMAN . .. Leader in INDUCTRONICS"

EDWIN |. GUTHMAN & €0~

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

ELECTRONICS — March 1944
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For Operating

110-Yolt A.C.

Equipment
from

110-Volt D.C.

Power Source

TYPICAL APPLICATIONS OF MODEL 262

The operation of — Radio Receivers * Radio Transmitters « Public Address
Systems ¢ Radio-Phonographs ¢ Inter-Office Communication Systems ¢

Sewing Machines ¢ Electric Fans « Office Equipment ¢ Electric Trains

This unit was designed for, and has met, the severe demands of war-
time service for the operation of 110-volt A.C. radios, on land and
sea, with complete success. It is engineered to eliminate R.F. noise
over a frequency band from 550 kilocycles to 20 megacycles, and will
operate satisfactorily under wide extremes of temperature and humidity.
Further information on this and other E-L Vibrator Power Supplies
will be gladly supplied on request.

[ 4

ot

ILABORATORIES, INC.

INDIANA?OLES

E-L ELECTRICAL PRODUCTS — Vibrator Power e Ol 1

Supplies for C ications . . . Lighting . . . Electric i 4
Motar Operation . . . Electric, Electronic and other = '

Equipment . . . on Lond, Sea or in the Air. L g

WWW.americanradiohistorv.com

E-L MODEL 262 SPECIFICATIONS
AND PERFORMANCE DATA

Loap Power Factor: 859, to 1009,

InroT: 110 volis D.C.

Ovurput: 110 vols A.C.

Ovutrutr PowER: 250 volt-amperes

FrREQUENCY: 60 cycles

Erricie~Ncy: 859, at rated load

REecuLaTION: 159, approximately

TreMPERATURE Risk: 50 degrees F.

Humiiry: Will operate under any degree
of humidity up to 95%,

Visration: Unit is built to withstand
severe shock and sudden jar

S1ze: Length, 1034”; width, 975" ; height,
834" ; weight, 2814 pounds

OTHER E-L 110-VOLT MODELS

Watt Load
Model Rating Power Factor

267 .. ... .. 2-5 Watts .High
261 aaa .2 5-75 Watts. High
204 ... ... 50-150 Watts. ... .. .High
262. . a. 250 Watts. .. ... ... High
260... ... 250 Watts. .. ...... Llow
263. ... .. 400 Watts. .. .. Low
264 ... 500 Watts. .. .. . High
268. . 750 Watts. ... .. Low
269 ... .. 1500 Watts. J Low

March 1944 — ELECTRONICS



Disposal of Government [nventories

How to dispose of government surpluses when the
war ends need not be an insuperable problem — if we
face it promptly and intelligently. But if we do not,
peacetime markets may be disrupted, government funds
wasted, production discouraged, and reconversion of the
whole economy to peace seriously hampered.

What we need most in order to attack the problem
is estimates of how much surplus there will be, in what
types of goods, and where.

At the war’s end, government inventory of war goods
is likely to total around 60 billion dollars. Most of this
will consist of aircraft, ships, and other ordnance. Only
some 15 billion dollars or less will be in food, clothing,
trucks, tools, chemicals, medical supplies, transportation,
engincering and communication equipment, and other
goods for which there is a civilian market.

In addition, war contractors will have about 10 billion
dollars of inventories, the bulk in specialized raw mate-
rials, goods in process, and finished products. Only about
one-fifth of the total, or some 2 billion dollars, will be
marketable or usable for civilian purposes. While the
government takes over the usable inventory, the ecx-
war-contractors will have to build up their stocks for
peacetime production, so that on balance, they will
not be disposing of usable inventorics in large volume.

Not even all of the usable war-end inventory will be
“surplus” for sale to civilians in competition with new
production. Some of it will be needed by the sizable
peacetime Army and Navy we are likely to maintain,
and such additional items as can be stored without seri-
ous deterioration or obsolescence will be held against
possible future war emergencies. Some of it will be
disposed of abroad. And up to half of it will be abroad
and may be sold there or used for relicf.

After allowing for these factors, the war supplies to
be disposed of in our own markets probably will be less
than 10 billion dollars (cost basis). While the total
is not overwhelming —the equivalent of two months’
retail sales—in certain lines the surplus will be several
years’, instcad of a few months’, normal supply. In
particular, the volume of scrap metals available from

_*._ . - _—

otherwise unusable munitions will present a problem.

A great deal can be done now to reduce the size of
the postwar surpluses by achieving a better balance be-
tween military needs and supplies and avoiding exces-
sive inventories of particular raw materials or finished
goods. This work needs to be pressed, not only to sim-
plify our transition to peace but also to prevent wasting
productive energies during the war. Furthermore, when
the war ends on one front, inventories of war materiel
should be worked down to the reduced scale of remain-
ing military activity.

We cannot develop programs of action until we know
approximately how much of cach type of item is to be
sold, and where and when it will be available. Wide
margins of error are inevitable as long as large-scale pro-
curement and large-scale consumption are still taking
place; vet such information is essential and must be de-
veloped. Indeed, improved inventory records and esti-
mates are badly needed for the conduct of the war as
well as for managing the surpluses after hostilities cease.

In decisions on the disposal of war-goods inventories,
the public interest must be the prime consideration.
Proposals that none of thesc goods should be sold do-
mestically because of competition with new production
obviously are untenable. Everything that is not needed
by the Armed Services or for other special purposes
should be disposed of ultimately. The real problem is
not whether surpluses should be sold, but rather to
whom, at what price, and at what time the sale should
be effected.

In the distribution of such large quantities of goods,
we believe that established trade channels should be
used wherever possible. Otherwise, we shall witness wide-
spread speculation in war goods and the mushroom
growth of inefficient and disruptive fly-by-night distrib-
utors. This will benefit onlv a few speculators and will
discourage legitimatc producers and distributors from
making their normal commitments.

All war contractors should have the privilege of re-
taining those inventories for which thev are willing to
pay actual cost or a fair price negotiated with the gov-

www americanradiohistorv. com



ernment procurement agency. The balance of the in-
ventories in the hands of war producers should be
assembled by the government and sold in an organized
manner. It is of great importance that the plants be
cleared of these inventories at once so that the process
of conversion to peacetime operation can procced with-
out further delay. To accomplish this, preparations must
be made before the end of the war for speedy deter-
mination of the inventories to be moved and for a huge
volume of storage space to accommodate them.

The price which can be realized and the timing of
sale are closcly related. Certainly the best prices will
not be secured if the government attempts to dispose of
large supplics of material and products suddenly without
regard to market conditions. Most businessmen rightly
favor an early transfer of surplus inventories from gov-
ernment to private ownership. But, they also realize
that if all the surpluses are dumped indiscriminately as
they become available, many markets will be badly de-
pressed, and the resulting low prices will bring lower
production. If this depression effect becomes general,
as it easily can, it will be costly to the nation in terms
of jobs, income, and goods.

In industries in which production is inadequate to
meet postwar demands, an immediate sale of govern-
ment inventories can prevent inflated prices and preserve
balanced market conditions. In cases in which the sur-
pluses are large in relation to annual production, the
disposition can be scheduled over a period of years.
Generally, however, it will be best to clear the surpluses
as quickly as orderly sale can be accomplished rather
than to leave them as a continuing threat overhanging
the market. Most industries can, and should, take the
disposal process in their stride without special dispensa-
tions from the government. In this connection, it should
be noted that the tax provisions for carry-back of losses
and excess profit credits after the war greatly increasc
the possibilities for speedy disposal of surpluses without
serious injury to producers.

There will be some industries, however, in which the
postwar surplus is so large that it would practically
saturate the market for vears to come. The problem of
these industries is further complicated by their wartime
expansion of capacity many fold in excess of peacetime
requircments. These lines of production are, morcover,
crucial for our national defense. Aircraft and shipbuild-

ing are cascs in point. Each of these situations calls for
carcful study and discussion by all concerned to devise
mcans to keep alive the neccessary production organiza-
tions, the research effort, and the spirit of enterprise.
Insofar as possible, the individual manufacturers should
work out their own salvation in the conversion to peace-
time markets. They can do this by taking on new lines,
by increasing their production efhiciency, and by de-
veloping technical improvements which make the ex-
isting inventorics obsolete. But they still will need some
kind of government protection or assistance while the
huge surpluses are being worked off. It is most im-
portant, however, that such protection or subsidy be
limited to a period of three to five vears. It must not
become permanent unless it is really essential for our
national security.

The disposal of surplus inventories is part of the
whole process of demobilization of the war effort and
conversion to peace. If this process is to be accomplished
with minimum dislocation and injury to our economy,
it will have to be directed by a central agency which
has developed adequate information service and is in
position to coordinate the policies of the Armed Serv-
ices and the other interested executive branches of the
government. This agency should draw freely on the
knowledge of businessmen in the specialized problems
of marketing surpluses in each industry. It should for-
mulate definite programs of inventory disposal for all
industries in which the problem is acute; and it should
make these programs public as soon as possible, so that
business can plan for the future with confidence. In large
measure, the success with which we make the economic
transition to peace will depend on the quality of gov-
ernment administration in the process of industrial de-
mobilization. We shall need better organization for the
transition to peace than we had in mobilization for war
if we are to avoid ncedless unemplovment, loss of pro-
duction, and frustration of business enterprise.

President, McGraw-Hill Publishing Company, Inc.
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¢ of new manufacturing techniques has effacted

vhich Eimac is passing along 0 users. The new

slow are now in effect.

0Id Price New Price
304-TH $ 6500 $ 50.00
304-TL . . ; £5:00 50.00
450-TH . : . AR in 60.00
450-TL . . 1506 €0.00
750-TL . . . . . 17560 135.00
1000-T . . . . 17500 100.00
1500-T v - . 22500 185.00
d 2000-T . . . . . . 36000 225.00
\AC 4507
.
'\ B : Write today for new price sheer which covers these changes
% ' and provides essential data on all Eimac tubes. Remember
Eimac tubes are first choice of leading engineers throughout

the world . .. first in the new developments in elecrronics.

- EITEL-McCULLOUGH, INC., 801 San Mateo Ave., SAN BRUNO, CALIF.

Plan‘s lozated at San Bruno, California and Salt Lake City, Utah

.

ﬁ!‘ A

Fallew the leaders ¢

Export Agents: FRAZAR & HANSEN
30t Clay Street « San Francisco, California, U. S. A. aai
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. Convenient!

A Word That Applies to Switch and Catalog Alike

LECTRONIC designers and engineers are
fast learning the multiple advantages of

g the Mallory catalog handy at all times.

keepin
Mallory stock switches are just one ol these
reasons. From the complete Mallory line, selec-
tor switches are available to provide from one
to 36 complete circuits. All are ruggedly con-
structed and have silver-plated terminals and
contactors for high conductivity and excellent

insulation.

By checking the Mallory Catalog while plans
are still on the drawing board, you’ll find many
stock parts that will help you to avoid unneces-

sary tooling costs and long production delays.

Mallory precision parts are serving the electrical
and electronic fields throughout the world in
essential civilian and military service. Send to-
day for your catalog of Mallory parts available
throughout the United States and Canada at

conveniently located Mallory distributors.

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA

Approved Precision Products

r

There Are Bonds That Tie You to Your
Fighting Man—Government War Bonds!
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CROSS

» SYMBOLS . .. Meeting in New York on January
22 under the auspices of the American Standards
Association, representatives from industry and from
the armed forces prepared a compromise set of
symbols covering component parts commonly found
in most electronic circuits, regardless of their na-
ture. Minutes of the meeting together with drawings
showing the proposed standards, and ballots with
which to indicate approval or recommend reconsider-
ation, were mailed February 2 to men who attended
and others who have an interest in the subject.

The symbols involved included capacitors, con-
_ tactors, resistors, inductors, transformers, and oper-
ating coils. The first recommendation voted by the
meeting eliminated as a symbol for a capacitor the
parallel straight lines conventionally used in com-
munications diagrams, substituting one straight line
and one curved line. It was suggested that parallel
straight lines hereafter represent a contactor, as in
power diagram practice, with the proviso that the
lines be short and that the space between the lines
roughly equal the length of the lines. Indication of

TALK

sequence contacts by means of a more elaborate sym-
bol, shown in the accompanying illustration, was
approved. It was recommended that a zig-zag line
or simple rectangle, rather than a crenelated line,
be used to indicate a resistor. Inductors, and the
windings of transformers, are to be drawn as a series
of closed loops, with the use of parallel straight lines
to indicate metallic cores left optional. Three types
of symbols for operating coils, shown in the ac-
companying illustration, were tentatively approved.

The spirit of cooperation shown at the meeting
was most encouraging. Communications men and
power men whose symbols have long been used in
their respective branches of the art appeared willing
to give and take a little for the good of the industry
in general and the war-effort in particular. Men
representing services which classify strictly at
neither one extreme nor the other appeared willing
to string along. It is hoped that when letter ballots
are returned by all concerned some very old and
confusing differences in symbols will be finally
reconciled.

Compromise Symbols Recommended by Representatives of Industry and the Armed Forces

INDUCTOR RESISTOR S
- ——
Air-core _:’— or AN\~ Simple/\/ or O
Magnetic-core —JH—
Detailed @
CAPACITOR
Fixed =l CONTACT
TRANSFORMER /'[\ Sim
ple ' l
lopen)
Air-core Variable * (closed) -d/f/—
[
Magnetic-core gllg Adjustable # Sequence —
—_—F
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W aRrRTIME ELECTRONIC

How government and industry, British and American, are exchanging patented and

unpatented technical information in furtherance of war production, with minimum

delay and with the goal of avoiding infringement suits and other post-war legal tangles

T the beginning of the War,
two fundamental problems,
both based on patents, faced the
Armed Forces and American in-
dustry. The first was the difficulty
in transferring research and de-
velopment information between
laboratories, on both sides of the
Atlantic, that were working on
parallel or closely related develop-
ments.

In the early summer of 1941,
when the program was first con-
ceived, many of the “secret weap-
ons” which have since made history
were in their earlier stages. FEach
organization was inclined to be-
lieve that it was far ahead of its
competitors in the commercial field,
and most of them were reluctant to
give information to the others lest
“hedging” patents might be granted
that would deprive them of the
benefit of their own original work.
Military security regulations
tended to foster this view. Further,
many officers, to whom patents were
a mystery, were more hesitant
about asking one company to give
information to another than the
companies would have been to give
it if asked.

The '"Save Harmless" Clause

The second problem had to do
with responsibility for infringe-
ment in the manufacture of equip-
ment for the government. By
statute this responsibility rests on
the government, but because in
time of peace the contractor had
better facilities than the Armed
Services for determining what
patents were involved in a piece of
equipment, and in order to prevent
wholesale piracy of patents, nearly
all government contracts carried
the so-called “Save Harmless”
clause, whereunder the contractor
indemnified the government against
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liability for unauthorized use of
inventions.

Some twenty-five years use of
such clauses had endowed them, in
the minds of most contracting offi-
cers, with almost the sanctity of
Holy Writ. Procurement instruc-
tions practically made their use
mandatory. But in time of rearm-
ament and approaching war, they
were a constant source of irritation
and delay. Contractors resented
receiving orders to build new and
unfamiliar equipment, utilizing
scores or even hundreds of patented
inventions, and being required to
assume the unknown patent liabil-
ity. Smaller companies simply
signed and took their chances. The
largest stalled the actual signing
of the contracts while they made
patent searches, and then tried to
obtain necessary licenses, if any.
Many contractors, of intermediate
size, set up reserves to pay esti-
mated royalties or damages. But
one and all they argued with the
contracting officers, who could do
nothing but follow instructions.

Open Patent Pool Was First Proposed

It appeared to certain officers in
both the Army and Navy that both
of these problems would be much
simplified by the formation of an
open patent pool in the radio in-
dustry. If membership in such a
pool were so general as to be prac-
tically universal no member would
need fear being blocked off from
the use of his primary inventions
by the improvement patents of an-
other—he would be automatically
licensed. And with the vast major-
ity of radio and electronic patents
in a pool, the liability of infringe-
ment would be much reduced, and
it might be possible to delete the
“Save Harmless” clause from pro-
curement instructions.
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The major factors in the indus-
try were sounded out on this plan,
with varying results. Finally the
Under Secretary of War called a
general meeting of the industry to
discuss it. The date of the meeting
may have had much to do with the
result—the industry representa-
tives met in the new War Depart-
ment Building on December 9—two
days after Pearl Harbor, under the
chairmanship of Lt. Col. (now Col.)
Conrad E. Snow.

Formation of Patent Committee

The Open Pool plan was not
adopted. Some members were defi-
nitely opposed to it, some felt that
while desirable it presented diffi-
culties which would delay its ef-
fectiveness indefinitely, some were
heartily in favor. All appeared to
recognize the problems, and agreed
that some action was desirable, and
the meeting, before adjourning,
recommended that a committee of
the industry be appointed by Army
representatives, to formulate
recommendations to the Services
for meeting the problems involved.

The appointment of the commit-
tee was delegated to Major (now
Lt. Col.) Donald K. Lippincott,
who was chairman without vote.

Three meetings were held, on
Decembed 12, 19 and 30, 1941, and
on the 30th, after three days of
sometimes heated debate, in which,
it must be admitted, Army and
Navy “observers” joined on occa-
sion, the following recommenda-
tions were unanimously adopted:

1. That all manufacturers and
developers in the Radio Industry
in the United States of apparatus
useful to the Government for com-
munication, signaling, remote con-
trol, navigation, and direction and
position indication, undertake, sub-
ject to payment of reasonable com-
pensation 1in these instances in
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which compensation is deemed equit-
able, to supply all pertinent tech-
nical information relating to such
apparatus to, and to confer with,
any party designated by the Gov-
ernment after consultation with the

manufacturer or developer con-
cerned.
2. That, in its discretion and

where feasible, the Government en-
deavor to obtain licenses, or other
rights, from owners of rights un-
der inventions, patents, and patent
applications to make or to have
made, to use, or to sell or otherwise
dispose of pursuant to law, appa-
ratus for communication, signaling,

remote control, navigation, and di-

rection and position indication.

8. That the “Save Harmless" pro-
vision, sometimes included in gov-
ernment contracts, be eliminated
from all future government con-
tracts pertaining to apparatus for
communication, signaling, remote
control, mavigation, and direction
and position indication.

The recommendations were cir-
culated among the members of the
industry, and a second general
meeting was called, under Col.
Snow’s chairmanship, on Jan. 20,
1942, at the Hotel Roosevelt in New
York. The debate here was short;
the committee made its report,
stated the reasons for the phrase-
ology, gave its interpretation on
some points, and the recommenda-
tions were unanimously adopted as
those of the industry to the War
and Navy Departments.

Approval of Services Secured

The Departments acted more
slowly. The recommendations called
for major changes in policy, and
many approvals were necessary.
By the middle of March, however,
these approvals had been obtained,
and the recommendations were
adopted as policy by both Services,
with the reservation that the in-
clusion of the “Save Harmless”
clause was not forbidden, but was
made discretionary. This, however,
was a vast change of emphasis
from the former practice which
made its omission require discre-
tionary action by higher authority.
The Services immediately began to
solicit licenses.
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To secure them was not as simple
as might appear from their unani-
mous recommendation by the indus-
try. No terms were specified in the
recommendations, and ideas as to
what such terms should be were
diverse, both in industry and the
Services. Some thought licenses
should all be royalty free, some that
they should be paid for. Some
thought an unvarying form should
be insisted on, others that flexibil-
ity of form was essential. The early

Procurement of Patent Licenses

By the end of June, however, the
problems had been largely resolved
by virtue of cooperation by all par-
ties and their spirit of compromise
to achieve the end desired. Thirty-
two licenses had been accepted, and
the terms of others had been set-
tled, so that they required only for-
malization. The program was defi-
nitely a success.

License-Negotiating Principles

Broadly, the principles adopted
in negotiating the licenses were
these: Where royalties had been
the main source of revenue, license
fees were paid for the Government
licenses, particularly where there
were research or development labor-
atories to be supported by such pay-
ments. Where patents had been
used primarily in their own prod-
ucts or for their trading value by
concerns which obtained their
revenue from manufacture, the li-
censes were royalty free.

In all cases except one, the li-
cense agreements contained a cove-
nant by the Under Secretaries of
War and Navy to omit or waive
“Save Harmless” clauses in supply
contracts with the licensors. The
one exception refused such a cove-
nant, maintaining that the in-
demnity clause should be omitted
as a matter of common justice, and
refusing to make it an element of
a bargain. (It may be added that
both Signal Corps and Navy omit
the clause in supply contracts with
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this company and its subsidiaries.)
No extent-of-use royalties are paid;
wherever payments are called for
by the licenses, they are on a flat
fee basis, either for the duration
and six months or at a rate of so
much per year.

Results

The number of licenses so far ac-
cepted by the Government now ex-
ceeds 140. The program is not com-
plete, and the Signal Corps says it
doesn’t expect it ever will be.
Patents, they point out, issue every
Tuesday. But an overwhelming
majority of existing patents are in-
cluded in the program, and the more
difficult problems continue to be
settled by patient negotiation, and
new licenses continue to be granted.

The Government proponents of
the program are happy about the
way it has worked. The Signal
Corps estimates that the average
time for the negotiation of con-
tracts has been cut by two weeks
through the elimination of all ar-
guments on patent liability.

The Government’s payments in
license fees for all licenses accepted
to date are somewhere betwen five
and six million dollars per year.
Computation of royalties is ex-
tremely complex; there are deduc-
tions to be made, sliding scales to
be considered; even the figures on
which such computations are based
are military secrets.

The Signal Corps expects almost
complete freedom from post-war
patent litigation. Some litigation
there certainly will be, for claim-
ants whose very existence is now
unknown to the Government will al-
most certainly arise, maintaining
that they are the true inventors of
the spectacular developments that
come out of the war. But in spite
of the enormous use of radio and
electronic technique by all branches
of the Services, it is not believed
that any litigation comparable to
that which followed the last war
(some of it still unsettled) will fol-
low this one.
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Captured AXIS

A detailed description of the German FUG-10 panel used in bomber and reconnaisance air-

craft. Included in the installation are two separate transmitters and receivers, a direction-

finder, blind-landing gear and an intercom system

MERICAN MANUFACTURERS have
exhibited considerable inter-
est in captured Axis equipment,
wherever it has been shown. The
following detailed description of
the German FUG-10 panel used in
bomber and reconnaisance aircraft
should, therefore, prove useful.
The German FUG-10 panel, or
rack, contains two transmitters
and two receivers. One transmit-
ter and its companion receiver op-
erate in the 300-600 kc band. The
other transmitter and its associated
receiver operate in the 3000-6000
ke band. Both units employ cw and
mcw operation. No voice communi-
cation is used. In addition, the fol-

lowing units are mounted on the
panel: A remote-controlled direc-
tion-finder operating in the 100-
1100 k¢ band, a blind-landing de-
vice operating in the 28-32 Mec
band, and an interphone system
which serves to supply communica-
tion to the aircraft crew as well as
to interrupt the cw transmission
for purposes of ground homing.
Equipment is non-crystal con-
trolled and relies on capacitance
compensation for frequency sta-
bility. Facilities are available for
tuning a predetermined spot on a
dial to a master-signal station
which is undoubtedly maintained
on frequency by crystal control.

This corrects the calibration of the
two receivers. The transmitters are
then operated at low power and
tuned to zero beat with the re-
ceivers. This can be done during
flight to compensate manually for
changes in temperature and humid-
ity.

Mounting

The two transmitter units and
the two receiver units, as well as
the associated dynamotor power
supplies, are mounted on the large
bulkhead-shaped rack by means of
strong metal hooks and each is se-
cured in place by two locking
screws. A mounting of the various

FIG. 1—The FUG-10 panel with all units in place
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FIG. 2—Panel with the plug-in units removed
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By R. A. GORDON

Chief of Aircraft Section
Naval Research Laboratory
Anacostia Station
Washington, D. C.
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units is shown in Fig. 1. From the
shape of the bulkhead rack, it is
evident that this equipment is
mounted in the forward starboard
side of the airplane.

Plugs

Each transmitter and receiver
unit is provided with a test plug
receptacle, mounted on the front.
A set of indicating meters can be
readily plugged into this receptacle,
and the various circuits in either
the transmitters or receivers can
be instantly checked. If the trou-
ble is due to vacuum-tube failure,
an entire unit is removed and an-
other unit is put in its place. The
inoperative unit is probably taken
to a central repair base for repair.
If trouble is experienced in the wir-
ing of the bulkhead rack, the whole
rack can be readily swung out on
its hinges and removed entirely
from the airplane.

Cables

From Fig. 2, it can be seen that
the Germans use a multiple spring-
contact system for making inter-
connections between the various
units, the control boxes and the
power supplies, 90 such plug con-
nections being used on the master-
control unit. It will be noticed that
r-f cables are run promiscuously
through the rack from each trans-
mitter to the master-control unit
(which is located at the upper
right-hand corner), back to the
master unit, and from there to the
antenna tuning units. These r-f
cables consist of flexible coaxial
lines using synthetic insulation and
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The
two sections bolt together, forming one unit

FIG. 3—One of the two transmitters.

are of approximately 52 ohms im-
pedance.

Channel Selection

Each transmitter and receiver
unit is constructed so that four
channels may be quickly selected.
This is done manually by rotating
the tuning dial until a series of
clicker points engage preset me-
chanical stops determining the po-
sition of the tuning capacitor and
variometer. These settings can be
changed at will by loosening set-
screws, turning the dials to the de-
sired frequencies and relocking the
mechanism.

Operating Procedure

The radio operator has complete
control of the receivers and trans-
mitters, The navigator has con-
trol of the blind-landing and d-f
navigational equipment. The radio
operator, in addition to having
control of the equipment’s func-
tions for communication, can select
“either the crew and the pilot or
each separately for communication
information. The pilot simply has
a pair of earphones and a throat
microphone with which to direct
information to the radioman or the
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crew. There is no indication of any
attempt to obtain dual operation of
this equipment.

The operation of the complete
equipment, from the radio oper-
ator’s standpoint, is very simple.
If he desires to operate on the
medium-frequency band, he simply
sets the medium-frequency trans-
mitter and receiver to the selected
spot frequency, turns the master-
control knob to the medium-fre-
quency position and tunes the re-
mote-control antenna unit until a
meter located on the master-control
box indicates maximum antenna
current. The operator may select
either a fixed or a trailing-wire
antenna.

There is a novel feature con-
nected with the tuning of the trail-
ing antenna, in that when it is used
for either medium or high-fre-
quency operation, an electrically-
operated reel automatically runs
out or in, as the case may be, the
correct length of antenna. For in-
stance, if the operator selects oper-
ation at 400 ke, the antenna reel
automatically runs out approxi-
mately 325 ft. If he suddenly re-
quires operation in the high-fre-
quency band at 4000 ke, the reel
automatically runs in the antenna
to approximately 85 ft. Thus, max-
imum antenna efficiency 1is ob-
tained. The antenna is normally
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set at or near the quarter-wave
length.

Mechanical Construction, Parts

The construction of the trans-
mitter and receiver units is con-
sidered a marvel of mechanical de-
sign and assembly. The chassis of
both receiver and transmitter are
die-cast. There is no evidence of
any appreciable machine work
other than the tapping of screw
holes. The component part mount-
ings are either molded, die-cast, or
stamped, and where screws are used
for securing, a paste is used under
the screwhead in place of the usual
lock washers. This construction is
indicative of a well-planned pro-
gram of standardization, and it
should be noted that other German
equipment uses the same type chas-
sis, the same type construction and
often the same component parts as
the FUG-10.

Component parts are interesting
in detail. The fixed resistors used
in both transmitters and receivers
number but seven different values.
Where 10,000 ohms is desired, two
5,000-ohm resistors are connected
in series, and where 2500 ohms, is
required, two 5,000 ohm resistors
are connected in parallel. Thus,
great standardization in resistors
is accomplished.

Vacuum tubes consist of one
transmitting tube type which is
equivalent to an American 50-watt
tube, and one receiving tube type
which is the equivalent to the 9001
series American tubes. By a stand-
. ardization of receiving tube types
particularly, enormous saving in
manufacture is accomplished, and
the tests made on this equipment
indicate that the Germans have
probably sacrificed receiver per-
formance and transmitter perform-
ance in order to gain this stand-
ardization. The one type of re-
ceiving tube employed functions as
an r-f amplifier, detector and audio
amplifier, for both pentode and
triode operation. It may be stated
here that types of tubes used for
transmitting and receiving per-
form well over a frequency range
of 200 kc to 40,000 kec.

The transmitter tubes can be
seen in Fig. 3. The receiver tubes
are always mounted in what could
be termed upside-down position.
This is clearly shown in Fig. 4,
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which shows the interphone ampli-
fier, from which tubes have been
removed but in which their sockets
are visible. This eliminates the use
of sub-panels and allows wiring to
the tube sockets and other compon-
ents in this unit to be on the same
level without vrunning through
shields or panel holes.

The Germans use as little strat-
egic material as possible. The wir-
ing in the transmitter and re-
ceiver units employs small solid

12 pounds. German iron is excel-
lent and, in general, appears to
have an effective permeability of
approximately 10.

Iron-Core D-F Loop

The iron-core direction-finder
loop is used both for aural-null di-
rection finding and left-right op-
eration. However, as this is a loop
antenna and is of course, affected
by horizontal polarization such as
is encountered in night operation,

FIG. 4—Intercom amplifier, shown with tubes removed

wire conductors with synthetic in-
sulation. In general, these con-
ductors are No. 24 tinned copper
wire. This, of course, means a
great saving in copper, and also a
saving in space within the units.
Further considering the matter of
using a minimum of copper, the
Germans make great use of pow-
dered-iron cores. The variometers
used for tuning the master-oscil-
lator and power-amplifier circuits
of the transmitters have such cores.
The variable loading-coils in the
antenna remote-control unit shown
in Fig. 5 also contain large pow-
dered iron cores. The actual weight
of copper used in the direction-
finder loop antenna is one-half
pound, while the amount of pow-
dered iron core used in this coil is
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the Germans also use the airplane’s
transmitter for homing. A signal
is transmitted to a ground d-f sta-
tion. This signal is interrupted or
pulsed. When operating over fairly
short distances, of the order of
30 to 40 miles, the ground station
synchronizes on the ground wave,
excluding the sky wave, and thus
homes the airplane without adverse
night errors.

The overall sensitivity of the di-
rection finder for a 5:1 signal-plus-
noise to noise ratio with 15 milli-
watts output is approximately 55
v per meter over the 100-1100 ke
range. This is not considered very
advantageous in view of the tre-
mendous weight of the equipment,
its low power output and somewhat
low overall sensitivity. Sacrifices
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apparently have been made pri-
marily for great reduction in the
use of copper.

The Germans make great use of
ceramic insulation, even to the ex-
tent of using ceramic shafts on the
ganged variable capacitors in the
receiver units. Ceramic forms are
used for all variometer tuning at
frequencies above 600 kc. Below
600 kc, a high-grade plastic form
i1s used. Wherever a meter is to be
used for r-f measurements, d-c in-

FIG. 5—Remote-controlled antenna tuner

struments with copper-oxide recti-
flers are used and these are usually
calibrated in terms of r-f current.
The meter used on the FUG-10
equipment is very small and has a
full-scale reading of approximately
200 microamperes.

Materials, Shock Mounts

No provision is made for indi-
cating failures in flight due to low
voltage in any of the circuits; the
only meter being supplied is that
which indicates transmitting an-
tenna resonance.

The complete equipment operates
from a 24-volt d-¢ supply. This sup-
ply operates two dynamotors. One
of these supplies power to the
transmitters and one supplies
power to the receivers, blind-land-
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ing equipment, direction-finding
equipment, and intercom.

Considering the standardization
of parts, it might be well to note
that the antenna insulator used on
this equipment 1is considerably
larger and heavier than is required.
This insulator is capable of with-
standing 30,000 volts at high alti-
tudes but is used in a circuit which,
under the highest voltage condi-
tions, is subjected to not more than
3500 volts. It is apparent from this
that the antenna insulator is-a
standard unit, probably used on
tanks, mobile equipment, and even
on shipboard.

Synthetic rubber shock mounts
are provided for each individual
unit.

Performance Characteristics

The operating characteristics of
the equipment are as follows:

For the medium-frequency trans-
mitter, the optimum antenna load
is found to be 200 pufd and 30 ohms
resistance for an output of 55
watts. For the high-frequency unit
the optimum antenna load was
found to be 8 ohms and 250 pufd,
the output varying from 39 to 62
watts over the range 3000-6000 kc.
Frequency deviation on both the
medium and high-frequency trans-
mitters was found to average 0.001
percent, or 10 parts per million
per degree Centigrade. These tests
were made over a temperature
range of 450 to —30 deg C. This is
considered very good stability.

The frequency stability due to
conditions of humidity, however,
is considered inadequate for normal
service conditions, the deviation
being 0.09 percent at a temperature
of 50 deg C, with humidity ranging
from 27 percent to 98 percent on the
medium - frequency transmitter,
and 0.7 percent on the high-fre-
quency transmitter. Thus we ean
see that engineering effort was
made to stabilize the master-oscil-
lator for temperature changes but
no particular provision was made
for stabilization under conditions
of wvarying humidity conditions.
This is borne out by the fact that
no effort has been made to protect
the fixed tank capacitors in master-
oscillator power-amplifier circuits,
choke coils, or loading coils, by
either impregnation, shielding or
sealing. It is evident that this

wWwWw americanradiohistorv com

equipment was never intended for
use under tropical conditions.

The overall transmitter efficiency
is 9.7 percent, which is considered
low. The calibration accuracy of
the mechanical reset mechanisms
is within 300 cps for the medium-
frequency unit and 700 cps for the
high-frequency units. This is con-
sidered adequate for cw operation.
The receivers have a low noise out-
put content, this being from 0.72
to 1.3 milliwatts over the entire fre-
quency range, with the receivers
operating at full gain. The effec-
tive sensitivity of both receivers
is approximately 4 microvolts for
a 10-mw signal output, measured
with a signal-to-noise ratio of 5:1.
The selectivity of the medium-fre-
quency receiver was 3.3 kc at 6 db
down and 10 ke at 60 db down. Se-
lectivity of the high-frequency re-
ceiver is 9 ke at 6 db down, 28 ke at
60 db down. This appears to be
normal receiver design. The audio
fidelity varies == 6 db relative to
zero db at 1000 ¢ps. The total har-
monic distortion is approximately
5 percent. The receivers are sup-
plied with some noise-limiter action
but no substantial ave action is in
evidence.

Both transmitter and receiver
units operate entirely satisfactorily
under conditions of vibration. The
control knobs and dials on the fron.
of the transmitter-receiver units
are hinged, so that when not in
use they may be recessed back flush
with the front panel. This elimin-
ates the nuisance of the operator or
crew catching their clothes on these
controls when passing, detuning the
equipment.

The complete equipment as de-
scribed above weighs 358 1b. While
no definite information can be given
on the performance of equivalent
American equipment, it can be
stated that, for the same size and
weight, comparable American
equipment will furnish a much
greater frequency range, possess
much better operating features un-
der high temperature and humidity
conditions, and provide voice opera-
tion. However, from an over-all
production standpoint American
equipment could not at present
compete with the German construc-
tion due to the standardization of
chassis and parts.
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D-C AMPLIFIER

Design equations with practical examples, stabilization of negative feedback amplifiers,

cathode follower and phase inverter considerations, tube drift problems in high-gain

d-c amplifiers, and operation of multistage amplifiers from common power supplies

METHOD of directly coupling
A successive stages of a vac-
uum-tube amplifier without using
a common B-supply has been de-
scribed by W. M. Brubaker.! Ex-
cept for the verbal description in
this note, the circuit does not seem
to have appeared in print in spite
of its usefulness and simplicity. In
the simplified version of this cir-
cuit given in Fig. 1la, a battery is
shown tapped near the middle, with
a resistor connected across the en-
tire battery. It is obvious that re-
gardless of the position of the tap
on the battery, there is always a
point on the resistance which is ex-
actly at the same potential as the
tap on the battery. Thus, it is pos-
sible to tap a source of voltage
(F. + E.) and, regardless of the
load placed upon the source of volt-
age, find a point on the load which

By
EDWARD L. GINZTON

Nperry Gyroscape Coo fue
Garden City. L. 1. N Y

will be at the same potential as the
tap.

In Fig. 1b, this tap has been ap-
plied to the amplifier coupling. A
source of voltage (E, + E.) is
tapped, and this point is connected
to the cathodes of the two tubes.
Then resistances R, R., R;, and the
(d-c) plate resistance R, of the tube
are so chosen that the junction be-
tween resistors R, and R, is at the
same potential as the tap on the
source of voltage (E, + FE.). Any
number of tubes may be cascaded
in this manner, all using the same
power supply.

This method makes it possible
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to eliminate the zero-signal d-c
component from any similar cir-
cuit. Several other modifications
are illustrated in later sections of
this article, with circuit data.

Design Equations

The equivalent diagram of Fig.
1b, together with the symbols
which are used below, is shown in
Fig. 2. It should be noted that
R, is the d-c plate resistance of the
tube, equal to the d-c voltage E,
at the plate of tube divided by d-c
plate current I,. The analysis of
this circuit should show how the
voltage E. depends upon the various
constants shown in Fig. 2, and how
this voltage can be adjusted to any
desired value. Applying Kirchhoff’s
Law to Fig. 2, one has:

(R + R) +0(B) = F Ly

$,(B) + % (Ri+ R+ Ry) = E; By
But i, = g-:andiq = 12;3 E;

Bv combining these equations and

rearranging their terms,

-p_ EA+E
=B E, — E, (1 + Ri/Ry) 2
and B3 = R B — B, (3)

E = E (I + B/Ry)

Equations 2 and 3 are the design
equations. If one designs an ampli-
fier for given supply voltages E,
and E, and a given plate voltage
E,, and if one knows R,, then R, and
R, may be computed to produce the
required E;. Sometimes, however,
one knows all voltages; i.e., E.. E,,
E,, and E,, but R, must not exceed
a certain value. Then Eq. (3) can
be inverted:

E, — E.
= e ———— 4
& R E. — Es+ Eo (Rs/R)) (
Now, from Eq. (2) and (3),
E, + Es
Ry = R
2 3 E') __ E;i (5
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DesiecN TECHNIQUES

forming an alternate set of design
equations.

If a resistance-capacitance cou-
pled amplifier is designed to pro-
duce a certain amplification 4,, and
is converted into a d-c amplifier by
means of the circuit deseribed
above, the amplification A4 of the
d-c amplifier will be less than A, due
to the voltage drop across R,. “Ef-
ficiency” of amplification may then
be defined as = A/A,. While an
exact expression for the efficiency
can be derived, it is more signifi-
cant to use an expression based
upon a few assumptions. If the re-
sistance-capacitance coupled ampli-
fier is a pentode tube with an in-
finite dynamic plate resistance, load
resistance R,, and grid leak resis-
tance R, and a trans-conductance
Jm, its amplification is:

RiRy
R+ R;
If a d-c amplifier is now designed
using the same load resistance R,
and the same grid leak resistance
R, then the amplification of the
d-c¢ amplifier will be:

Ri(Re +R) R
I"Ri+ Rs + Ry Ry + R
—_ Rl R3
Il T Ay

4. =gn (6)

A
™

Efficiency of Amplification

The efficiency of amplification =
can be computed by combining
Equations (8), (5), (6), and (7),
giving

1
Ey 4 Ey
Ey — Es+ Ey — By (1 + Ri/R,)
®

The significance of this relation
can be seen more clearly when
&, = 0 and the supply voltage E, =
(E, + E))>>FE, (1 + R./R,), all of
which is accurate enough for quali-
tative discussion, remembering that
R, can be considered infinite.
Then

9=

1+

1
TS 1 ¥ EJE

This means that for best efficiency,
E, should be as small as possible
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Fig. 3—A two-stage d-c amplifier using pentode tubes

Relative Gain

Ra,

Freguency in cps

025meg. g¢ 7

Fig. 4—A two-stage direct-coupied amplifier employing negative feedback.
Curve A shows the frequency response with feedback; B, without feedback

in comparison to the supply volt-
age. As an example, a 6SJ7 may be
operated under the following con-
ditions:

Es =400 v, Ey = E; = 200 v,

Ey =100 v, Es =0 v, R/R, = 0.5.
Using Eq. (8), the comparative
amplification is found to be 71.4
percent. By means of more careful
design, efiiciencies in the neigh-

wwWw americanradiohistorv com

borhood of 80 percent can be real-
ized.

An lHustration

As an example, Fig. 3 shows a
two-stage amplifier using two 6J7
tubes. Suppose a 400-v power sup-
ply i3 available. From a tube man-
ual, one finds the recommended op-
erating conditions for such a tube

9
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Fig. 5—The conventional R-C coupled cathode follower (a) and the Brubaker
equivalent of the conventional cathode follower (b)

(older manuals, such as RCA-RC-
12 give more complete information
than the later ones). For 6J7:

Plate supply voltage........... 180 v
Screen voltage .......icvcenenn 30 v
Grid voltage ....... XTI T ¢ ¢ 155 v
Plate voltage (Eg)......-.cv.n. 60 v
Plate current (4,).......... 0.24 ma
Screen current ............. 0.08 ma
Plate load (B,)) ............ 0.5 meg
Grid leak (R,) ... vvnveen.. 0.5 meg
Cathode resistor ......... 4850 ohms
Voltage amplification ............ 93
Transconductance g,, ..... 375 » mhos

The d-c amplifier operating under
similar conditions will have the fol-
lowing modifications in its design
formulas, obtained from the above
data and the notation previously
given:

Ry = 5 = gag x 105 — 0-20mee
Ey=60v E, = 150 v
R1=0.5meg E1=250V E3=0V

E, may be any practical value, zero
being the most convenient. From
Eq. (2) and (3), R, = 1.07 meg and
R, = 0.428 meg. The amplification
per stage can be computed from
Eq. (7), and is found to be 100.
This is higher than the correspond-
ing resistance-capacitance coupled
stage because of the higher grid
leak resistance. If the resistance-
capacitance coupled amplifier were
to use the same grid-leak resis-
tance, its amplification would be
about 125 for the same value of
plate current.

It should be noticed that in
single-ended amplifiers with cath-
ode resistors, there is a loss in am-
plification due to negative feed-
back introduced by the cathode re-
sistors, so that the effective ampli-
fication per stage is A,,.. = Ao/ (1 +
R. g.), where R, is the cathode re-
sistance. In the example shown in

100

Fig. 3, this reduction in amplifica-
tion is from 100 to 37. If the
sereen voltage is obtained by means
of a series dropping resistor, even
a further reduction of gain could
be expected.’

The decrease in amplification due
to negative feedback introduced by
the cathode and screen resistors can
be eliminated either by using push-
pull amplifiers, in which case there
is no degeneration, or by using
fixed grid bias and screen supplies.

The amplifier shown in Fig. 3

should have an overall amplifica-
tion of about 1400, a uniform fre-
quency response from zero to 20,-
000 cps, and should be able to de-
liver about 50 v peak without ap-
preciable distortion.

Stabilization of Negative Feedback
Amplifiers

Since the output of the Brubaker
amplifier can be adjusted to have a
zero d-¢ component, conventional
negative feedback circuits can be
used to stabilize the amplifier. The
principles involved in applying neg-
ative feedback are now so well
known that it is not necessary to
say very much about either the
method or the final results. A few
remarks, however, might be help-
ful in realizing the best perform-
ance.

In applying negative feedback in
a multi-stage amplifier of the Bru-
baker type, the same oscillation
criterion applies as in the case of
the ordinary resistance-capacitance
coupled amplifiers: unlimited feed-
back can be applied in one or two
stages without any oscillation trou-
bles, and over a larger number of

"Uan/anc
input

()

o

Unbalanced
input

(b) .

Fig. 6—Two types of d-c phase inverters. The tubes can be either triodes or
pentodes in the circuit at {a)

WWW.americanradiohistorv.com
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stages if proper care is taken.? In
general, application of feedback to
one stage does not produce great
benefits, and more than two stages
require a compromise design be-
tween frequency response and the
degree of stabilization. It is the
two-stage amplifier that is easiest
to handle if audio frequencies as
well as d.c. have to be amplified.

If negative feedback is applied
to a two-stage amplifier, (or any
even number of stages), such as
shown in Fig. 4 the feedback re-
sistor R, has to be connected from
the plate circuit of the last stage to
the cathode resistor of the first
stage. As a result of this, there is
an undesirable loss of amplification
due to two effects: (1) the un-by-
passed cathode resistor R, in the
first stage, and (2) the loss in gain
of the second stage due to the
shunting of the plate load by
(R, + R.).

As was shown in the preceding
section, the first of these could be
appreciable, while the effect of the
second depends upon the magnitude
of the feedback desired. These two
effects are inter-related in such a
way that the greater one attempts
to make B (the fraction of output
that is introduced into the input),
the lower is the amplification of the
two stages. This just means that
in order to obtain a high degree of
the stability, and at the same time
the highest possible amplification,
these two effects must be mini-
mized.

In practice, this can be done by
(1) designing the output stage to
operate with the lowest possible
impedance so that the shunting ef-
fect of a given (R, +R.) is as small
as possible, (2) designing the in-
put stage with the highest possible
impedances so that for a given B,
R, becomes as high as possible, (3)
adjusting the operation of the first
stage so that its gain is obtained
for the lowest possible value of g,,
to reduce the degenerative effects
of R., the un-bypassed cathode re-
sistance of the first stage; (4) ob-
taining the bias for the second
stage either with a bias cell, or
merely by choosing the proper value
of E..

If properly designed, it is pos-
sible to obtain both a stabilization
factor of 100 and an amplification
of approximately 100 with a two-
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sl s
ment Line Voltage.

FIG. 7—OQutput voltage variation of the
amplifier shown in Fig, 4 due to filament
voltage changes

FIG. 8—The basic Miller circuit which
improves the drift problem of the input

stage of the d-c amplifier. If g. is the
transconductance of T. ..en R, is nearly
equal 1o 1 g.

tube pentode amphtier. Figure 4
shows the circuit and frequency
response of an amplifier similar to
one of Fig. 3, but stabilized by
means of negative feedback. It
will be observed that in order to
connect resistance R, without dis-
turbing the potentials of the cir-
cuit, a tap on resistance R. had to
be used which had the same poten-
tial with respect to ground as the
upper terminal of R, of the first
stage.

Cathode Follower Considerations

Cathode followers of the type
shown in Fig. 5a find application
in circuits where a high impedance
has to be converted into a low one
without the use of transformers.
In most such cases, in addition to
the bias resistor R, a resistance
R, is added which allows greater
output voltages and at the same
time develops degehérative feed-
back which tends to stabilize the
action of the tube against voltage
and tube characteristic changes.

In couventional cathode follow-
ers, the proper bias voltage de-
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veloped across R, is introduced to
the grid through the resistance R,.
The voltage across R, is kept from
altering the situation by a blocking
capacitor C, on the input side. Ca-
pacitor C, prevents the direct volt-
age across (R, + R,) from appear-
ing at the output terminals.

Figure 5b shows the d-c equiva-
lent of Fig. 5a. Here the capacitors
are omitted and the undesired di-
rect voltage across R, is eliminated
by connecting R, to E, which may
be the same voltage as is used in
the amplifier proper. The proper
value of resistance R, is chosen so
that the current supplied from E,
through R, and R: just equals the
total cathode current of the tube;
that is,

iP=R‘—E-|-2_R;0rR7=%_R‘ (9)
Phase Inverter Considerations
Push-pull arrangements have
even greater advantages in d-c
amplifiers than in resistance-ca-
pacitance coupled ones. Single-

ended input voltages can be con-
verted to push-pull ones by means
of phase inverters, which are shown
in Fig. 6. It will be seen that these
are again merely modifications of
the well known a-c¢ circuits.

Figure 6a shows a push-pull am-
plifier in which one grid is driven
by the unbalanced input and the
second grid from the output cir-
cuit of the first one. The circuit to
the left of the line a-a is designed
in the obvious manner, using form-
ulas previously given. If this is
done, then the d-c potential from
point b to ground will be zero, and
point ¢ can be chosen so that the
ratio (R, + R.)/R. equals the
voltage amplification of the driven
stage. If properly designed and
adjusted, the input to both tubes
will be balanced, there will be no
degeneration due to cathode re-
sistance R., and the gain will be
the highest possible with the tubes
used.

The phase -inverter shown in
Fig. 6b is perhaps the more useful
of the two. If one were to bisect
the circuit by a horizontal line into
two symmetrical parts, then each
one would again be designed along
the general principles outlined be-
fore. Each half of the circuit could
possess a high degree of stability
due to degenerative feedback de-
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FIG. 9—A two-stage d-c amplifier using a Miller compensated stage, a cathode
follower, and stabilized negative feedback

veloped by the resistor R, In the
form shown in Fig. 6b the lower
tube is driven by the signal voltage
developed across R. due to the
driver tube. If

R Rs

R F+ R
then the output of the device will
be balanced to the same degree as
the above inequality. The bal-
ance, of course, can be made per-
fect by adjusting the tap b to the
proper point.

It should be pointed out that re-
sistors R,, and R, provide the
-proper bias voltages for the two
tubes, whereas R. and R, are so
adjusted as to give the highest
possible value of R. Ey/(R. + Rs)
and still maintain the potential
from poin‘g: a to ground zero, to
provide for the condition that R.
Ry/(R. + R:) >> R, or R.. Other
types of phase inverters often used
in a-c circuits can be easily con-
verted for d-c applications.

> 1,

Tube Drift Problems in High-Gain
Amplifiers

The most difficult problem in a
high-gain d-c amplifier is the change
in the plate current of the first tube
due to random changes in the work
function of the cathode surface.
These current changes are usually
small, but are always present.
Negative feedback cannot eliminate
these changes because they act as
if they were input signal variations
and as such cannot be distinguished
from the signal itself.

The most serious immediate
cause of these current changes is
the filament voltage, although am-
bient temperature affects the cur-
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rent also. (In addition, there seem
to be other causes which are not
yet understood.) To illustrate the
magnitude of these changes, Fig.
7 shows the variation of the output
voltage due to changes in filament
voltage. The ordinate is an equiva-
lent input voltage; i.e., change in
output voltage amplification.

A great improvement can be real-
ized by means of a circuit described
by Miller.! Miller uses a double
triode with a common cathode, and
the circuit is so arranged that if
one triode behaves in the same
manner as the other, cancellation
of the variation takes place. The
basic circuit is shown in Fig. 8. If
R, = 1/g9,, then A e = A i, R, —
(9. A 1, R)) R.=0; and changes in
emitter characteristics that are
common to both sections will
produce no net change in the plate
current of the active amplifier T..
An amplifier built with the first
stage modified in this manner is

FIG. 10—The efifect of Miller compensation
on the stability of the amplifier shown in

in respect to filament wvoltage

changes

Fig. 9.
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shown in Fig. 9. Figure 10 shows
the variation of the output voltage
(again referred to input) as a
function of the filament voltage of
the first tube. It is seen that for a
proper value of the resistance R,,
a marked improvement is produced.

Operation of Multi-Stage Amplifiers

from Common Power Supplies

If many stages are used in an
amplifier, currents flowing through
the source of voltage (E. and E,)
from the last stages can introduce
voltages into the earlier stages.
This causes regeneration which can
express itself either in oscillation
or other undesirable effects. There
are two ways to avoid the trouble:
(1) use of low-impedance power
supplies, (2) separately filtered
lines to groups of stages. The
former can be accomplished by
means of either batteries or prop-
erly designed electronic voltage
regulators, and the second by volt-
age regulator tubes such as VR-105.

The general method described is
useful in extending practically all
known techniques now used in a-c
amplifiers to zero frequency. These
methods are not restricted to am-
plification alone.

One of the objectionable features
of this method is the necessity of
two voltages, positive and negative
with respect to ground. Miller* at-
tempts to get around this difficulty
by using cold-cathode regulating
tubes as circuit elements. The use
of these tubes in this manner
brings up other problems; however.
The VR-tubes need a fairly high
voltage to start them and draw
heavy currents. This causes
troubles in design, adjustment and
operation. The VR-tubes also tend
to be noisy, so that their use is
usually restricted in amplifiers, at
least as circuit elements. The two
required voltages can be obtained
from one power supply and do not
require additional parts.
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N. Y. Winter Meetings

Highlights of winter meetings held in New York City during the week of January 23
by the Institute of Radio Engineers, FM Broadcasters Inc. and American Institute of

Electrical Engineers. Captured enemy radio equipment was displayed by Signal Corps

TTENDANCE figures attested to
the popularity of the plan
adopted this year by IRE and
AIEE winter convention commit-
tees for scheduling their programs
in the same week, with one big joint
get-together on an overlapping day.
Over 1200 registered at the En-
gineering Societies Building in
New York for the AIEE meetings
and approximately 1700 were is-
sued IRE identification cards at
the Hotel Commodore. In addition,
some 600 radio engineers, program
managers and station owners at-
tended the FMBI convention run-
ing concurrently with AIEE ses-
sions at the Commodore on January
26 and 27.

IRE Technical Sessions

In Group A, on Friday morning
January 28, “Joint Army and Navy

Tube Standardization” was covered
in a paper by Lt. C. W. Martel.
Tube specifications, preferred lists,

special selection, and type approv-

als were among the subjects dis-
cussed.

Another paper was “A New
Studio Antenna”, in which M. W.
Scheldorf of the General Electric
Company presented a procedure for
obtaining the highly directional
radiation pattern needed for uhf
studio-transmitter links. Reflector
arrangements were discussed, with
special attention to the energized
reflectors used for the 333.4-333.6
Mc antennas used in linking a
Schenectady GE studio to a trans-
mitter in the [Helderberg moun-
tains.

The session for Group A was
closed with a discussion of *“Orthi-
con Cameras in Television Studio

Major General Roger B. Colton, who talked about enemy communications equip-

ment at the joint IRE-AIEE dinner meeting Jan. 27, is shown here with a captured

German FUG 10 aircraft radio set exhibited aj the conventions. This particular
enemy set is described in detail elsewhere in this issue
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Work”. vy H. R. Lubcke of the Don
Lee Broadcasting System. The
RCA pickup tube discussed, ordi-
narily used only for outdoor pro-
grams, was found highly satisfac-
tory for studio work. It gave a
realness, roundness and natural-
ness considered highly desirable in
comparison with images produced
by the iconoscope camera, with no
shading difficulties. It was possible
to get dramatic effects against
dark backgrounds, due to mainte-
nance of the black level in the
orthicon, though admittedly this
tube requires more care and ad-
justment than the iconoscope.

The following three papers were
presented to Group B Friday morn-
ng:

“The Limitations Imposed by the
Quantum Theory on Resonator Con-
trol of Electrons”, by L. P. Smith
of Cornell University, dealt with
the considerations of the energy
exchange-rate Dbetween electrons
passing through a resonant cavity
above 300 Mc, where the controling
electromagnetic field would be of

the order of 100 micro-electron-
volts. In such cases, the cus-
tomary concept of the energy

exchange relationship as a continu-
ous effect is contrary to what we
know about the quantum theory.
Accordingly, the relationship is de-
fined as taking place in definite
steps, or jumps, of one quantum at
a time. The probability of an ex-
change of two quanta taking place
at a single instant is negligibly
small. . . . “In these days, when
the frequency is going higher and
higher, we should expect to run
into (these) dilficulties; where the
results are far different from those
expected from classical theory.”
“The Piston Attenuator”, by
Harold Wheeler of the Hazeltine
Electronies Corp., illustrated the
(Continued on puge 312)
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A 337-Mc

By PAUL DILLON

Acting Chief Engineer, Station WAMIT
Winston-Salem, N. C.

Square-corner antenna originally used at Clingman’s Peak to
receive 337-Mc signals from the 25-watt Winston-Salem relay
transmitter W4XGG

N NOVEMBER 1941 Gordon

Gray began construction of an
f-m broadcast station at Clingman’s
Peak, N. C., a 6,571-ft. site within
three miles of Mt. Mitchell, the
highest point east of the Missis-
sippi. The nearest town of any
size, Marion, was 35 miles away.
Seven miles of intervening road
was of the unimproved variety and
it was necessary to construct one
mile of new road over mountain-
ous terrain at a time when temper-
atures frequently dropped below
zero and wind velocities ranged up
to 50 miles: per hour.

Despite these difficulties and
largely through the effort of chief
engineer C. M. Smith, Jr. (now on
leave and an Ensign, USNR), work
which included the construction of
water-supply and sewage systems
and the necessary buildings had
progressed sufficiently by June 1942
to permit W41MM to begin trans-
mitting test programs. The con-
struction permit called for 50,000
watts on 44.1 Me to serve 70,000
square miles. Wartime restrictions
made it necessary to begin opera-
tion with 3,000 watts and this
power is still used at WMIT (the
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new call-letters of the Clingman’s
Peak station). Original plans for
higher power were, however, kept
in mind during design and con-
struction and an additional ampli-
fier is eyentually to be added.

Studio at Winston-Salem

Studio facilities were provided at
Winston-Salem, N. C. The use of
an f-m radio relay transmitter as
a means of piping program service

Directivity
-

Rhombic receiving antenna.

from this point to the distant Cling-
man’s Peak station was decided
upon for two reasons: The audio-
frequency range and fidelity char-
acteristics of such a system were
known to be better than those of
available telephone lines, and it
was not possible to obtain a land
line in the mountains without pro-
hibitive construction and mainte-
nance expense.

The air-line distance of 116 miles
between the relay transmitter
(W4XGG) at Winston-Salem and
the receiver at Clingman’s Peak
involved a gradually rising terrain
interspersed with numerous hills
and low mountain ranges. Even
with the relay transmitter antenna
on the roof of the Reynolds Build-
ing, 21 stories above Winston-
Salem’s streets and the highest
structure in the city, the path to be
covered was slightly beyond the
optical line-of-sight, at just about
the maximum distance a ‘“space
wave” can be received without be-
ing intercepted by the earth.

STL Transmitter
The relay equipment consists of

70 support.
Slider.

Copper ™,
oipe

Irsulo fors

;
Coricerntric - 1
line

To receiver -~

Theoretical signal gain is 11.5 db, theoretical

directivity gain 15.8 db

www americanradiohistorv com
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FM STUDIO-STATION LINK

A report on the performance of a 25-watt frequency-modulated transmitter used to relay
broadcast programs from the Winston-Salem studios of WMIT to the 3,000-watt, 44.1-M¢

f-m station on Clingman’s Peak, 116 airline-miles distant

a 25-watt transmitter and a com-
panion receiver, both units having
been especially designed for broad-
cast STL (Studio Transmitter
Link) service.

The transmitter is of the “direct
f-m” type, using a 6J5 master oscil-
lator tube and a type 1853 reactance
modulator. The master oscillator
operates on 4,640 ke. Oscillator out-
put is multiplied and amplified by
frequency triplers and a converter
tube. The frequency-modulated sig-
nal from one of the tripler stages
is added in the plate circuit of the
converter tube to the amplified har-

-

Close-up of the receiving rhombic, showing
the feed-line end at which the quarter-
wave transformer section encased in a
copper pipe and the concentric line dis-
cussed in the text are used

The 337-Mc receiving rhombic antenna

now used at Clingman’s Peak. The old

square-corner antenna, visible in the far

corner of the roof, is retained for emer-

gency use. The background of this photo

gives a good idea of the terrain at the
WMIT transmitter site

ELECTRONICS — March 1944

monic output of a crystal-con-
trolled oscillator utilized to main-
tain center-frequency stability of
the master oscillator. The result-
ing signal at the output of the con-
verter is tripled to the final oper-
ating frequency of 337 Mec. The
output of the final triplev excites
the final power amplifier. The tubes
used in the final tripler stage and
in the power amplifier are 8010-
AR’s, especially designed for high-
frequency use.

The antenna for the Winston-
Salem STL transmitter is a two-
wire horizontal rhombic with a leg-
length of 4.2 wavelengths, and has
a theoretical signal gain of 11.0 db
relative to a half-wave dipole. The
transmitter is coupled to the an-
tenna through a I-in. concentric
line by means of a half-wavelength
matching section made from copper
tubing. Adjustment for optimum
operating conditions is obtained by
moving sliders on the matching
transformer until maximum signal
strength is reported by Clingman’s
Peak. A ‘“‘square-corner” reflector
tvpe antenna was originally tried
for transmitting, but its use was

discontinued when the rhombic was
constructed and found to be con-
sistently better.

Clingman's Peak Receiver

The 16-tube receiver in use at
Clingman’s Peak is a double inter-
mediate frequency superhetero-
dyne having two separate audio
output channels. Frequency sta-
bility is assured by a temperature-
controlled crystal oscillator incor-
porated within the set.

Another precaution taken to
maintain stability is the use of a
power-supply voltage regulator.
The advantages of the voltage regu-
lator are particularly apparent
while making ecritical tuning ad-
justments, which “are necessary
from time to time to keep the sensi-
tivity and bandwidth characteris-
ties of the receiver at their best.

A convenient feature of the re-
ceiver is the built-in noise-suppres-
sor or squelch circuit, which si-
lences the audio output of the set
when the incoming carrier falls be-
low usable strength. Front-of-panel
controls make it easy to adjust the
diseriminator transformer second-
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ary trimmer to correct for any fre-
quency drift which might occur
during the warming-up period, and
to make rapid changes in the audio
output level of the program chan-
nel.

Receiving Antenna

The original antenna used for re-
ceiving the W4XGG signal at Cling-
man’s Peak was a half-wavelength
dipole, with a square-corner reflec-
tor spaced with its vertex 3-wave-
length behind it. Thisantenna
worked surprisingly well consider-
ing its small physical size, and is
still in place for use in emergencies.
Normal signal at the receiver input.
using this antenna, was of the or-
der of 100 microvolts.

During the early part of 1943 a
rhombic receiving antenna was con-

Generating plant af WMIT transmitter site, Clingman’s Peak. Three diesel-
electiic sets generating 75 kw apiece are used

Power-control switchboard at the wransmitter site.

It permits

remote control of the station’s generators

structed on the roof of the WMIT
transmitter building and this new
antenna is now in regular use. It
has been giving us an average sig-
nal input to the receiver of from
150 to 250 microvolts, together with
a background-noise reduction of 6
to 10 db compared to the older an-
tenna. The receiving rhombic is of
the single-wire type and embodies
one or two constructional details
which we feel are worthy of men-
tion.

The legs of the antenna are six
wavelengths long, which at 337 Mc
approximates 164 feet. The angle
of tilt in our case is 68 degrees, and
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the height above the roof is eight
feet or about 3% wavelengths. A
quarter-wavelength transformer
section, made up as a two-wire line
suspended inside a piece of one-inch
copper pipe, is used instead of the
conventional insulater at the open
end of the rthombic. The position of
the shorting-bar on the line can be
varied by removing a cover which
is normally placed over 2 slot in the
side of the pipe. This adjustment
is made by using the STL receiver
as a field-strength indicating de-
vice, setting the shorting-bar for
maximum signal from W4XGG.
At the feed-line end of the an-
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tenna another quarter-wave sectiorn
similar to the one just described is
used, with the center conductor of
a %-inch concentric line being con-
nected to one side of the quarter-
wave line at the end of the antenna,
and the outer conductor connected
to the copper-pipe sheath surround-
ing the line. The reasoning back
of this idea is that because of the
ratio of the impedances of the an-
tenna and the coupling line, (ap-
proximately 800 ohms and 75 ohms

The 25-watt Gemeral Electric 337-Mc’ fm

relay {transmitter. Equipmemt extending

from the right side includes frequency and

modulation monitors and remote control
apparatus
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respectively) a theoretically per-
fect match is readily obtained.
Looking at the quarter-wavelength
section as a transformer with mid-
points grounded, it can be seen that
a connection made to one side of
the line and ground would have an
impedance equal to one fourth of
the total impedance, or in this case
75 ohms, the impedance of the coup-
ling line.

In addition to simplifying the
problem of connecting the antenna
to the receiver, this method of
coupling permits the entire antenna
system to be maintained at d-c
ground potential, which is a de-
cided advantage, considering pro-
tection from minor lightning dis-
charges adjacent to the antenna as
well as the reduction of interfer-
ence from rain-static.

The transmission line from the
antenna is connected to the input
stage of the receiver through a
glider on the r-f stage grid induec-
tance.

Power, Emergency Gear

As we must necessarily generate
all of the power used at Clingman’s
Peak, one of the most important
items of equipment at that point is
a generating plant. This power
plant consists of three 110-hp Cat-
erpillar diesel-electric sets with
220-v, three-phase generating ca-
pacity of 75-kw each. A power-con-
trol switchboard especially de-
signed for the purpose provides
means of starting and controlling
the generators from the transmit-
ter room and includes a synchro-
scope which makes it possible to
adjust the machines accurately to
proper speed before connection is
made to the main bus.

An emergency studio is main-
tained at Clingman’s Peak so that
transcriptions may be played from
the mountain station itself in the
event that the STL fails. This
studio is also used for communi-
cations between Clingman’s Peak
and Winston-Salem for purposes of
equipment adjustment.

STL Performonce

We have kept complete hourly
records of signal strength at the
receiving point for more than a
year. The signal has been surpris-
ingly consistent.

The one phenomenon which gives
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Graphs showing signal received at Clingman’s Peak from the 25-watt, 337-Mc

f-m relay transmitter W4XGG at the Winston.-Salem studios.

Readings were

all taken in 1943. Limiter-grid current of 0.5 ma indicates 100 uv input

trouble occasionally is very rapid
and severe tropospheric fading.
These fades are infrequent, but are
generally so severe when they do
occur that use of the STL must be
discontinued for a short time. As
a matter of record, we have had
six sharp fades of this type during
the past seven months, causing a
loss of air time of approximately
three hours in that period.

We have been unable to notice
any characteristic of weather con-
ditions that occurs coincidentally
with the fading, other than the ef-
fect of layers of billowy clouds in
the path of the signal. The effect of
such clouds is not necessarily di-
rect, from what information we
have gathered. Fading is appar-
ently due to some condition of
humidity or temperature in the air
surrounding or immediately adja-

cent to the cloud layer. With cloud
banks low and in the transmission

path, the signal may fade. With
clouds at a higher level, an ex-
ceptionally strong signal rather

than a fade is often noticed.

It has been noted that when the
path between Winston-Salem and
Clingman’s Peak contains rain or
dense clouds over most of its length
the signal received is unusually
strong, but dense fog or clouds at
one end of the circuit only, causes
no apparent change in signal.

The STIL equipment described
has been operating very nicely as
far as freedom from failure is con-
cerned. Both the transmitter and
receiver have been giving consist-
ent service with no more than the
usual care and maintenance which
would be given to conventional
broadcast apparatus.
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Graphs showing effect of tropospheric fading on two occasions during 1943.
Eastern War Time is indicated. Dotted lines indicate limiter-grid no-signal
current
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R-F Heating for Fabricating
WOOD AIRCRAFT

Discussion of future possibilities in application of electronic heating to manufacture of

curved or molded wood parts for aircraft and for the furniture and cabinet-making

industries, and description of r-f heating setup used in making wood fuselage rings

ADIO-FREQUENCY heating can
be used to speed the produc-
tion—and may eventually be used
to reduce the cost—of many kinds
of wood aireraft parts. Such parts,
whether of the laminated or the
plywood type, consist essentially of
a multiplicity of wood layers joined
by an adhesive. The best adhesives
are of the resin type. The time re-
quired for curing or setting these
adhesives depends on the temper-
ature. The better adhesives usually
require eight hours or more to set
at room temperature (80 deg F),
whereas they will set in a few min-
utes at higher temperatures (180
deg F to 280 deg F, depending on
the type). Some of the phenol-resin
adhesives which are particularly
desirable because of their moisture-
proof qualities can be set only at
elevated temperatures. Radio-fre-
quency heating has been found to
be one of the most satisfactory
means of producing these temper-
atures.
At the present time r-f heating

By JOHN P. TAYLOR

RCA Victor Division
Radio Corporation of America
Camden, N. J.

is being used quite extensively in
the production of flat laminated
stock from which certain aircraft
parts such as spars are made. This
application was described in detail
in the January issue of ELECTRON-
ics.t It is also being used to some
extent in the production of thick
plywood from which other parts
such as nose rings are carved, as
shown in Fig. 1. By comparison,

Nose rinng
sawed to shape

25 layers
Jao-in verieer

FIG. 1—Curved wood aircraft parts such

as nose rings are formed by sawing the

recuired shapes from a thick slab of ply-
wood as shown.

r-f heating is presently being used
only to a very limited extent in the
production of curved or formed
parts. This is not because the ex-
ploratory work has not been done—
nor because equal advantages are
not obtainable. A very considerable
amount of experimental work in
the application of r-f heating to
curved forms has been done-—and
the results have been such as to
justify the prediction of eventual
widespread use. Why, then, the ap-
parent reluctance in the adoption
of the process? The answer is to
be found in the relatively difficult
application problems met with and
the relation of these problems to
the quantities of parts involved.

Quantities Needed Are Limited

The application of r-f heating to
the production of flat laminated
stock such as spars is relatively
easy. Generally the available presses
or clamps can be used as is. The
electrodes can be flat sheets of
metal, sometimes the press plates

BN
, e N7
‘ 3 plies ya~in. Veneer‘_\\_“ /
<Pl _tumber \\\‘\t\Z\
=i _ core Q [/
A”H N N\
" NPR
—iny V6 -1 /
Reinforcing vereers FIG. 3—Curved plywood section which
block o could be used in place of the corner piece
“~~Saw slots shown in Fig. 2. Such a section would be
,// stronger, lighter, and, if made with r-f
heating, cheaper than the solid piece
]
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FIG. 2—Corner of a table model radio set
made by the process of slotting, steaming |4 VOIS
and bending as now used )N a
L ATt s L.
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The Fairchild AT-21 Gunnery Crew Trainer, a “plastic plywood” plane of the type referred to in this article. The only metal
used in its construction is in the engines. the engine supports, instruments and certain other equipment, supports and controls

themselves. Moreover, the same
press setup can be used for a wide
variety of sizes and types of parts.
Thus, in making flat stock we have
a situation where (a) the applica-
tion problems are simple and (b)
the quantities to be manufactured
are considerable.

On the other hand, consider the
problem with relation to curved or
formed parts. Except in the simp-
lest cases, the application work
may involve quite unusual prob-
lems—problems which at the pres-
ent time must be solved mostly
by experimental methods. Such
work might easily be justified if
the quantities to be produced were
considerable. At present they are
not. Each different curved form,
as a rule, requires a separate fix-
ture or jig, so that there is an ap-
plication problem for each part.
And, of course, the quantity of
that part to be manufactured is
only as great as the number of
planes of that type to be produced.

The largest program for all-
wood planes envisaged a peak pro-
duction of the order of a dozen
planes a day. The total production
of any one model probably will not
exceed a few thousand. That may
sound like a large number of air-
planes—and it is. But a few
thousand parts of a relatively in-
expensive item obviously do not
justify a large expenditure of time
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or money in devising fixtures for
quantity production.

Future of Wood Aircraft

The above is the situation at
present. It probably is not repre-
sentative of the conditions to be
met in the future. At the present
time laminated wood parts are be-
ing used not only in all-wood planes
of the trainer and transport types
but also in particularly chosen
places in planes which are other-
wise of all-metal or metal-and-
fabric construction.

The all-wood plane—at least in
its present resurgence—is dis-
tinctly a war phenomenon, a
stratagem employed to circumvent
not only the metal shortage but also
the bottleneck in metal fabricating
plants. As such, its post-war status
is decidedly uncertain.

Most design engineers feel that
planes of the future will not be all-
metal, all-wood, or all-plastic;
rather, that they will employ each
material where it is best suited.
In such a competition wood will
have the advantage of low first
cost. (Plastics are more expensive
than most people realize.) It will
also have certain other advantages,
such as a stiffness-to-weight ratio
which is unapproached by any of
the metals and a tensile strength-
to-weight ratio unequalled by any
of the present plastics.

wWwWw americanradiohistorv com

‘At the same time, wood will have
several disadvantages. One of these
is the lack of uniform characteris-
tics—a big drawback where struc-
tural parts are concerned. This can
be overcome to a very considerable
degree by the intelligent use of
laminated and plywood construc-
tions. It is obvious, for instance,
that any multi-element construc-
tion tends to average out small in-
consistencies. Similarly, the differ-
ence between tensile strength with
the grain and tensile strength
across the grain may be compen-
sated for by a plywood construe-
tionr in which alternate layers have
the grain direction at right angles.

It is possible and not unusual to
go a step further and obtain spe-
cial characteristics. Thus, where a
given part must have the most
strength in one direction, an ad-
vantage can be gained by the use
of a laminated construction in
which the grain is parallel in all
layers. This is done in the fuse-
lage ring described below. The ul-
timate step in this material “tailor-
ing” is, of course, the selection of
species in order to obtain various
qualities of hardness, stiffness and
tensile strength as required. The
framework of PT boats is a lamin-
ated member in which three differ-
ent woods are used to obtain spe-
cific qualities.

The biggest disadvantage in the
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use of wood, however, is the fact
that the centuries-old wood indus-
try has never adopted or developed
the quantity-production methods of
the relatively newer metal indus-
try, and it even suffers by compari-
son with the infant plastics indus-
try. Furniture is still made to a
considerable degree in the way
Hepplewhite made it. Such archaic
devices as hand-clamps and glue
wheels are still found in practically
avery plant.

If the wood industry is to com-
pete with metals and plastics in the
border zone where one or more of
these materials might serve equally
well, it must obviously adopt quan-
tity-production methods. Radio-
frequency heating is one of the
most promising adjuncts of such
methods.

Furniture and Cabinet Making

If the manufacture of aircraft
parts represented the only reason
for the adoption of r-f heating and
other production methods by the
wood industry, the future would
not be encouraging. Fortunately,
aircraft manufacture is not the
only likely outlet for formed wood
components. It is, in fact, one of
the smallest. Curved parts play an

FIG. 4—Some aircraft parts made by the use of r-f heating. Left to right:
curved-laminated stock for fuselage reinforcing: wing rib web; bomber door:
sections of fuselage ring

important part in the construction
of all kinds of furniture. In some
of these they are, in themselves, a
small part, and vet thev represent
the bottleneck in manufacture.

A typical example is the ;1esent-
day radio cabinet. Most cabinets,
table as well

esthetic. In many of these, par-
ticularly table models, the corner
pieces are formed by slotting one
side, then steaming and bending,
as shown in Fig. 2, after which the
piece may be strengthened by rein-
forcing blocks in back. Such a con-

as console, have struction is time-consuming and
rounded front corners—the rea- expensive.
sons being practical as well as A curved-laminated member made

7

Al /
~Five j&-ir. plies

Five 15" plies

FIG. 5 (lelt)—Skeich showing makeup of the fuselage ring secticn
shown in Fig. 4. A wide piece of curved-laminated board (a)
is formed, and sections (b) are then sawed 1o required width

FIG. 6 (below)—Four sections as shown in Fig. 5 are scarf-
jointed to form a complete fuselage ring. In this illustration the
thickness of sections is exaggerated to show method of joining
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as shown in Fig. 3 would have
greater strength, would be lighter
and, once the fixtures were devel-
oped, would be cheaper to make.
Since these parts are made in tens
or even hundreds of thousands, the
work necessary to develop a pro-
duction setup would be amply justi-
fied: Several radio cabinet manu-
facturers have already investigated
this field.

Similar problems, even more im-
portant from a cost standpoint, are
met with in piano manufacture (for
example, the manufacture of rims
for grand pianos). At the present
time at least four large piano com-
panies are using r-f heating in
the production of wood aircraft
parts. Two of these companies ex-
perimented with r-f before the war.
That they will be actively using r-f
after the war seems certain.

Thus, although the present use
of r-f heating in the manufacture
of curved-laminated parts for wood
aircraft is not in itself a very big
or important application, it is,
nevertheless, of considerable inter-
est for the light it throws on the
future of r-f heating in the wood
field. Moreover, while the quanti-
ties involved in aircraft production
are not comparable with what may
be expected in the post-war period,
the other problems met with are,
in general, similar. For this reason
the work done to date, although
very limited in scope, should be of
interest.

"Laminated” and "'Molded” Consiruc-
tions
The aireraft parts normally

made of multiple wood layers di-
vide roughly into two tvpes. One
of these includes the curved-lami-
nated members which form struc-
tural parts such as bulkhead rings,
nose rings, wing tip bows, gas tank
supports and wing rib caps. Usually
these members require greatest
strength in one direction and for
that reason they are made up of a
number of layers of wood with the
grain in all layers running in the
same direction.

The other type includes the vari-
ous kinds of ‘“‘skins” or coverings
which form the surfaces of fuse-
lages, wings, empennages and ail-
erons. In these members uniform
strength in all directions is desir-
able, particularly in monocoque or
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semi-monocoque constructions, and
for that reason these are usually
made of from three to nine layers
of thin veneer, with alternate lay-
ers of veneer having the grain at
right angles. From the manner in
which these are formed they are
usually called “molded” parts.

Present Laminating Process

Of the afore-mentioned two types

Since the fuselage tapers some-
what, the rings are of different size
and shape at each station. Thus a
different set of forms is required
for each piece.

A set of forms of the type used
in making these rings is shown in
Fig. 7. Although each ring is only

3 inches wide, it is usual to make
use of forms which allow a lamin-
ated piece about 20 inches wide to

of parts, the curved-laminated be made. From this wide piece in-
members are the simplest to manu- dividual pieces of the required
Five Y8" plies
Soliad wood form '\
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FIG. 7—Arrangement of male and female forms for making the laminated
section shown in Fig. 5. Pressure is applied by means of a large number of

hand-clamps.

Radio-frequency heating is applied by utilizing the steel face

plates of the forms as electrodes

facture and the equipment pres-
ently used is the most readily adap-
ted to the use of r-f heating. The
fuselage ring, of which two sec-
tions are shown in Fig. 4, will serve
as an illustration of the way in
which parts of this type are pres-
ently made and the several means
by which r-f heating has been ex-
perimentally adapted to the proc-
ess. This ring section is made up of
five layers of #-inch veneer, as
shown in Fig. 5. After these sec-
tions have been formed as de-
scribed below, they are scarf-jointed
together as shown in Fig. 6, to
make up a complete ring. In a
wood transport plane such rings
are placed every two feet or so
along the length of the fuselage.
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width are sawed. The male and fe-
male forms used for this purpose
are made of wood built up to the
necessary dimensions and care-
fully finished to shape. The inner
faces of the forms, that is, those
next to the veneer, are covered with
ts-inch steel sheet.

With the present cold-gluing
method the veneers on which the
glue has been previously spread are
placed between these forms, a series
of hand-clamps applied as indicated
in Fig. 7, and the whole assembly
allowed to stand at room temper-
ature for eight to ten hours. By
this lengthy process the relatively
small quantity of these sections
presently required can be made
without too much difficulty. It is
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FIG. 8—Photograph of the male and female forms used to
make fuselage ring section. with rf connections in place

obvious, however, that if produec-
tion in the hundreds per day were
required, the number of forms ani
the floor space required would be
prohibitive.

Applying R-F Heating to Laminating

Process

In order to determine the pos-
sibilities, r-f heating was experi-
mentally applied to the setup de-
scribed above by the simple expedi-
ent of utilizing the steel faces of
the forms as electrodes. In order
to insure even current distribution
a copper strip was run the full
length of the side of each face
sheet. The forms so equipped are
shown in the open position in Fig.
8 and, in Fig. 9, with the load in
place. The electrodes were fed by
a short transmission line which
may be seen in the foreground.

The selection of a suitable fre-
quency for r-f heating involves con-
sideration of a number of factors,
as has Deen previously pointed
out.”* In the setup described here
the spacing between electrodes was
small (& inch). Moreover, glue
which was squeezed out when pres-
sure was applied tended to run
down over the laminations. Under
such conditions the likelihood of
voltage flagshover was considerable
and for this reason the use of a
relatively high {requency seemed
desirable. On the other hand, the
capacitance formed by the load
placed between the closely spaced
plates was such that an upper limit
of frequency was set by the neces-
sity of having some means of tun-
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ing the lond. As a practical com-
promise a frequency of 8 Mc was
determined upon.

The method of feeding power to
the load is shown in Fig. 10. Paral-
lel tuning of the load was required
since the shortest oscillator-to-load
leads which could have been ar-
ranged would still have had too
much inductance to tune the load at
8 Mc—or at any frequency at
which flashover would not occur.

The parallel inductarce used con-
sisted of a stub formed by 6-foot
lengths of 1% inch copper pipe
spaced about 8 inches apart and
provided with a heavy copper short-
ing bar. The near end of this tun-
ing stub can be seen at the right
in Fig. 8. Originally the shorting
bar was moved by hand; later a
rmotor-driven bar, ccentrolled by
pushbuttons, was bujlt up. With an
arrangement of this kind a consid-
eriable range of loads can be tuned
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ro oscillator
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N\ along side edges /
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FIG. 9—The forms shown in Fig. 8 with the load in place.
Eight sets of hand-clamps are used to obtain pressure

without any change in the tuning
or coupling circuits of the oscil-
lator.

Results Obtained

With the arrangement as de-
scribed above, very quick and satis-
factory heating of the laminated
piece was obtained. A temperature
of 235 deg—enough to set the glue
almost instantaneously—could be
attained in about 23 minutes, using
a power of 8 kw (oscillator output).

When the forms were accurately
shaped, and providing they were
carefully centered so that adequate
and uniform pressure was secured
over the whole area, the glue joints
made by this method had very good
strength characteristics. However,
considerable difficulty was en-
countered in obtaining consistent
results because of nonuniform pres-
sure. Wood-workers do not or-
dinavily work to the close toler-
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Fig. 10—Schematic illustration of the r-f connections used to feed the forms
shown in Fig. 8 and Fig. 9. A tuning stub is used to parallel tune the load
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ances followed in making metal
dies. It was found that forms of
the type described here were sel-
dom accurate to closer than =75
inch and that tolerances of 3% inch
were not unusual.

It is obvious that if the differ-
ences were in such direction as to
make the space between the forms
vary from, say, & inch at some
points to % inch at other points,
then the corresponding differences
in pressure would be very large—
in some instances such that there
would be no pressure at some points
and actual voids would occur.

In cold-gluing, some difference
of pressure can be tolerated since
cold-setting glues—for instance, the
casein types—act something like
a cement and tend to fill up spaces.
Hot-setting resin adhesives, how-
ever, contract somewhat on setting,
which means that good adhesion
will not be obtained unless the sur-
faces are held in intimate contact
by application of sufficient pres-
sure.

A series of further tests which

Bag valve

have been made indicates that this
method—i.e., using rigid male and
female forms—is satisfactory pro-
vided the size of the piece is not
large and the curvature not too
great. The actual limits will de-
pend on the accuracy of the forms
and the means provided to insure
that they close correctly. With re-
spect to the latter, it can probably
be assumed that in a quantity pro-
duction set-up a hydraulic press
would be used and that by rigidly
attaching the male and female
forms to the press platens accurate
closure could be insured. Where
the quantity justifies, it would be
worthwhile to consider metal dies,
one of which, of course, would have
to be insulated.

Use of a Flexible Electrode

A means of getting around the
biggest difficulty with the above
method is to make use of only one
fixed form, either male or female,
and to apply the pressure to the
other side of the piece by some ar-
rangement intended to give a flex-

\\ .
N .--Stee/ plate
V}} 73 72 720n
%

LS
\ N
\ Ny
ANV
N N

N 722" deep

N Recessed cavity

Rubber bag
A

Top electroole-_ _

Connections to
R-F equipment

(thin copper)

Five 46" plies”

Bottom Electrode
(Steel Plate)-~—-- -

.
“<Copper strip
length of form

Section Through A-A

Fig. 11—Sketch of the arrangement used to obtain “flexible” pressure on one
side of the laminated assembly. A rubber bag which occupies a cavity in the
upper form is inflated to 75 psi after the clamps are applied. Using a thin
copper sheet for the upper electrode gives an approximation of “fluid” pressure
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ible pressure somewhat akin to the
“fluid pressure” attained in bag
molding. One way of doing this is
illustrated in Fig. 11. The male
form as described above was hol-
lowed out as shown and a heavy
rubber bag made up to fit the cav-
ity. With this in place (and in-
flated at low pressure) the load was
inserted and the clamps placed on
the forms as before. The bag was
then inflated to a pressure of 75
pounds. Since the top electrode
used in this case was a copper sheet
thin enough to flex easily, the re-
sult was to provide a very nearly
uniform pressure over the whole
piece regardless of the curvature.
With this setup the results were
more uniform from the pressure
standpoint. The arrangement, how-
ever, is more complicated to design
and can be expected to give trouble
with bursting bags unless the latter
are designed and made exactly.

Other Means of Obtaining “Flexible”
Pressure

Another means of applying a
more or less flexible pressure to one
side of the laminated piece has re-
cently been described by Bilhuber
and Godfrey. The arrangement
they have successfully employed en-
tails the use of a single rigid form
—in this instance, the male form.
The veneers to make up the lamin-
ated piece are pressed tightly
against this form by means of a
large number of clamping devices.
These are spaced along the form at
close intervals so that the stiffness
of the veneers themselves suffices
to provide a reasonably uniform
distribution of pressure.

In general, it has been the ex-
perience of the wood industry that
some method of flexible pressure is
required when hot-setting glue is
used in making curved parts for
critical uses such as aircraft parts.
There are a number of ways of ob-
taining flexible pressure in addi-
tion to the two mentioned above.
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M. B, p. 201, April, 1943.

(3) Bierwirth, R. A. and Hoyler, C. N.,

Radio-Frequency Heating Applied to
Wood Gluing, Proc. I. R. E., p. 529,
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VHF Behavior of

Measurements of power factor and apparent capacitance for several makes of capacitors,

sockets, tubes, and concentric cables over a frequency range of 27.5 to 200 Me, using a

high-frequency Q-meter.

Apparent capacitance increases greatly as leads are lengthened

SE of higher and higher radio

frequencies in military and
scientific applications has vastly in-
creased the field in which a knowl-
edge of the electrical characteris-
tics of the component parts is of
prime importance and of consider-
able interest. It is well known, for
example, that a component, such as
a capacitor with necessary con-
necting leads, may be considered
at one megacycle as a capacitance

uisite was to get results quickly.
The enormous demand for all types
and grades of components has com-
pelled the designer or engineer to
accept such parts as were finally
made available to him. After long
delays in obtaining parts he was
not inclined to question whether
the components provided would
best meet requirements for the
particular frequencies involved.
A technician might be assigned

TABLE I. DOUBLE PLUGS

Double Power Factor in Percent at Freq. in Mc
Plug
No. Description 21.5 50 75 100 125 150 180 220
1 Exposed terminals, black 4,51 2.92 2.98 2.98 2.54 2.85 3.07 3.02
molded phenolic resin
2 Lnclosed terminals, black 5.00 4.15 4,16 3.86 4.71 490 5.18 4.8
molded phenolic resin
3 Enclosed terminals, orange 0.94 0.84 0.82 0.76 0.91 1.2t 1.25 1.16
molded low-loss
4 Enclosed terminals, choco- 0.11 0.12 0.19 0.27 0.12 0.45 0.49 0.50
late motded polystyrene
5 Enclosed terminals, yellow 1.38 1.00 1.12 1.1 0.64 1.30 1.43 188
molded phenolie resin
6 Exposed terminals, trans- 1.00 0.66 0.44 1.13 0.47 0.59 0.90 0.96
purent methaerylate resin

only. At frequencies 50 to 200 times
higher, the capacitance appears to
increase because of the inductance
of the capacitor’ and leads. Power
losses also may become excessive.
Therefore, it becomes impossible to
predict results accurately in an
ultrahigh-frequency  circuit in
which this device is used. Compo-
nents for use at very high radio
frequencies are therefore made
with as small dimensions as possi-
ble. The best insulation should be
employed at these frequencies.

It is likely that considerable ex-
perimental and development work
of the past few years has been ac-
complished without much thought
as to whether the given radio com-
ponents yielded the maximum per-
formance possible. The chief reg-
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a specific project involving the de-
sign of apparatus to operate at 150
Mec, for example. The design would
involve some tubes, sockets, capaci-
tors, coils, etc. Use of the first com-
ponents at hand might result in
very poor operation of the device
and consequent delay of an impor-
tant project, because components
unsuitable for this frequency were
used. The technician constructing
the device saw only tubes, sockets,
and capacitors, but the radio fre-
quencies within the circuits found
tubes, sockets, and capacitors all
with relatively low-impedance paths
across them, wherein much of the
r-f energy was wasted, before a
small amount arrived at the output
terminals for useful work. If a
much lower frequency had been se-
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lected, with appropriate changes in
L and C values, the device probably
would have operated satisfactorily
with those components.

VHF Measuring Technique Used

It was with some such ideas as
given above that a number of meas-
urements were made on several
types of components to determine
their comparative suitability for
use at frequencies from 27.5 to 200
Mc. These measurements were
made with a type 170-A Boonton
Q-meter.” This instrument gives a
measurement of voltage at reso-
nance across a variable ecapacitor
before the unknown component is
connected and again after it is con-
nected in the cireuit. Readings of
Q-meter voltage and tuning capaci-
tance are taken for both conditions,
from which other characteristics
can be calculated. The power faec-
tor in percent was calculated from
the following:

100 G (@ — @)
(=AY X}

Percent power factor =
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FIG. 1—Curves showing how power factor

and apparent capacitance change with fre-

quency for four of the small capacitors for
which VHF data is given in Table II
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omponents

where C. and @, are capacitance
and Q readings at resonance before
adding the capacitor to be tested,
and C, and Q. are capacitance and
Q readings at resonance after add-
ing the capacitor to be tested. The
values of C were read directly in
micromicrofarads, and the values
of @ were read from two vacuum-
tube voltmeters.

While the results presented be-
low were usually made on only one
of a make of component, the varia-
tion in results among the various
units is such as to emphasize the
need for knowledge of the electrical
characteristics of components to
be used at very high frequencies.
These measurements were all made
at room temperature. Change of
characteristics of components with
temperature and humidity and for
frequencies above 200 Mc were not
determined. That such information

has been available to some design-

ers of communications equipment
for our own armed forces and those

Q-meter used in VHF investigations of radio components covered in this article

of the enemy is not doubted. Such
knowledge permits the selection of
components suited to the particu-
lar conditions of service, and thus
insures satisfactory operation, or
reveals limitations to be expected.

The type 170-A Q-meter is par-
ticularly useful in measurements
involving small capacitances up to
25 ppf, although not limited to this
range. It therefore lends itself to
measurements wherein the capaci-
tance is small.

To determine relative losses in
several kinds of insulating mate-
rials, measurements were made on
a number of double plugs of the
kind supplied by General Radio Co.
for connecting circuits and appa-
ratus. The power factor was caleu-
lated and is given in Table 1.

Twelve 10-uuf Capacitors

Power factor measurements were
made at six frequencies upon
twelve varieties of 10-upuf capaci-

TABLE II. 10-#u4f CAPACITORS
Capacitor ' Power Factor in Percent at Freq. in Mc l Apparent Capacitance in ,,,f at Freq. in Mc
No. Description [ —_— e —
) 27.5 45 50 75 100 150 200 27.5 45 50 75 100 150 200
1A*  Mica midget capacitor molded in brown| 1,64 1.61 1.65 1.77 212 4.09 ‘ 8.6 8.6 8.5 8.8 9.1 9.0
Bakelite |
2B Mica midget capacitor molded in brown| 0.50 .48 0.47 0.56 0.69 0.98 1.0 10.8 1.0 1.2 12.0 11.6
Bakelite L
3B Silver mica midget capacitor molded in| ¢.07 0.10 0.17 0.24 0.61 1.13 | 8.8 9.8 10.1 10.6 1.7 14.1
low-loss red Bakelite
4C  Silver mica midget capacitor molded in| 0,06 005 012 0,14 025 0.45 9.9 9.3 9.4 9.5 100 9.7
low-loss red Bakelite | i
5D  Mica midget capacitor molded in brown| 1 09 .13 103 1.15 140 1.92 9.0 8.5 9.0 8.9 9.7 9.8
Bakelite
BE  Mica midget capacitor molded in yellow| 0,57  0.71 1.08 140 2.79 9.2 9.0 9.3 9.7 10,2 ...
Bakelite
F Zero temperature coefficient tubular| (.04 0.05 0.06 0.07 0.11 0.10 9.7 9.6 9.8 9.7 8,7 9.1
ceramic capacitor
8F Negative temperature coefficient tubular| 0.00 0.00 0.01 0.01 0.03 0.00 b 9.2 9.5 9.6 9.3 9.4 8.6
ceramic capacitor
9 Trimmer capacitor, mica on bakelite] 0.86 086 0.8 0.8 098 1.16 9.8 9.5 9.5 9.7 9.9 9.1
base (old design)
10 Trimmer capacitor, mica on ceramic| 0.04 5 004 008 009 015 021 9.0 9.0 9.1 9.5 9.5 9.1
base
1IF Trimmer capacitor, ceramic............| 0.54 0.9 . .. 0.85 1.3 214  3.56 10.0 9.4 9.8 10,0 10.8 1.9
12G Variable air capacitor, ceramic insulation| 0.02 0.02 0.07 0.09 0.23 0.40 10.4 10.5 10.9 1.1 12.4 13.9

*Letters represent manufacturers. Capacitors 1A, 2B, 3B, 5D and 4E are of same physical dimensions and 4C is '/ inch longer than these.
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TABLE III. 25-zu4f MICA

CAPACITORS
Small Capacitor Large Capacitor

Freq. Cin  9,change Cin % change
in Mc uuf inC wul inC
27.5 24.9 0 24.8 0

50 25.0 0.4 25.6 3.2
75 25.7 3.2 27.7 1.7
90 32.8 32.2
103 2.4 8.0
15 45.5 83.5
126 30.5 2.5 50
180 45.5 82.7

tors. Considerable change was

noted in apparent capacitance. Ta-
bles of power factor and apparent
capacitance values are given in Ta-
ble II, and corresponding curves
for four of the capacitors are shown
in Fig. 1. It will be noted from the
table of power factors that the
curve for the No. 4 silver-mica
midget capacitor, if shown, would
be similar to the curve for No. 12,
the variable air capacitor with ce-
ramic insulation; also that the No.
4 silver-mica capacitor has about
half the loss of No. 3, a silver-mica
capacitor of another make.

25-p4f Mica Capacitors

The importance of keeping all
components for use at ultrahigh
frequencies physically as small as
possible and keeping connecting
wires as short as possible will be
shown in the following data. Two
25-uuf mica capacitors were se-

TABLE 1V. 25-uut CAPACITOR WITH VARIOUS LEAD LENGTHS

Percent Change in Capacitance for Various Lead Lengths
Test Freq.
in Mc 0.8cm 1em 2cm 3cm 5cm 8cm 11.6cm
27.5 0 0 1.2 3.2 6.8 12.8 18.9
50 0.4 1.2 4.8 9.6 19.6 41.0 81.1
58 22.5 53.0 91.6
75 3.2 5.2 12.0 25.6 69.0 1004 100+
103 6.0 14.0 40.5 93.2 .
125 22.5 4.6
180 82.7 ..
Plotted (Fig. 2) in Curve A B c D E F G

lected. One was a midget type about
£ inch long not counting leads and
the other was 1% inches long., The
Q-meter was used in the measure-
ments, with leads on the capacitors
as short as possible. The apparent
capacitance was measured at fre-
quencies from 27.5 Mc to as high a
frequency as could readily be ob-
tained. The larger capacitor re-
quired longer leads than the smaller
in order to fasten on to the binding
posts of the Q-meter. Taking the
capacitance at 27.5 Mc as a basis,
the percent change in capacitance
was calculated for the different fre-
quencies for the two capacitors, and
the results are given in Table III.
Curves A and H in Fig. 2 are
plotted from this data, and show
that the apparent capacitance of

the small capacitor was about 6 .

percent larger at 100 Mc, while the
large capacitor was 50 percent
higher in apparent capacitance.

00— - — 1
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+ /¥ / [ terge 2
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FIG. 2—Percent changes in apparent capacitance with frequency for a midget
25-uuf capacitor (A) and a 25-#4f unit with physical dimensions twice as large
(B). These curves are based on data in Table IIl. Curves A to G show per-
cent changes in apparent caricitance with frequency for a 25-4xf midge
capacitor used with leads from 0.6 to 11.6 cm long. as given in Table IV
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In the following tests the small
25-uuf mica capacitor of the prev-
ious test was provided with two
leads 11.6 cm long. These leads were
much longer than would probably
ever be employed at the frequencies
used in the test, but it was desired
to exaggerate the effect produced.
The apparent capacitance was
measured for several frequencies
for a number of leads of different

lengths, down to the minimum
: &]'ZE % e 5,
8
“Bi00
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FIG. 3—Curves for four frequencies of

Table IV, showing percent change in ap-

parent capacitance for different capacitdr
length leads

length required to connect to the
terminals of the Q-meter. The per-
cent change in apparent capaci-
tance, based on the capacitance
with minimum-length leads at 27.5
Me, is given for the different leads
in Table IV and in curves A to G
in Fig. 2.

The measured values of Table IV
are plotted in Fig. 3 to show the
percent change in apparent capaci-
tance with leads of different lengths
at four frequencies from 27.5 to
103 Mec. It will be evident from
Fig. 2 and 3 that if the apparent
or effective capacitance of a capac-
itor is to remain within, say, 10
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TABLE V. TUBE SOCKETS

Socket . Percent Power Factor at Freq. in Mc Capacitance in ,,,f at Freq. in Mc

No. Description of Socket -

| 27.5 35 50 76 100 150 200 | 27.5 35 50 75 100 150 200
1 Black molded miniature............... b 3.4 3.2 3.1 3.1 3.7 4.0 3.0 3.0 3.0 3.0 2.9 2.7 2.8
2 Miniature wafer; mica-filled insulation...| 0.25 0.26 0.24 0.22 0.22 0.15 0.22 1.9 1.9 1.9 1.9 1.8 1.7 1.8
3 Miniature molded; clear polystyrens....| .... 2.7 2.6 2.2 2.2 2.4 2.3 2.4
4 Five-prong ceramic. .o..........co.oeen 0.67 0.84 0.72 0.74 1.8 1.2 1.3 1.4 v
5 Five-prong ceramic................... 0.29 0.70 0.55 0.76 1.0 0.9 0.7 0.7

percent of its low-frequency value,
connecting leads must be short or
the capacitor must be used at lower
frequencies. These curves explain
why calculations involving induc-
tance and capacitance at ultrahigh
frequencies often fail to check ex-
perimental data.

Tubes and Sockets

Power-factor measurements were
made on three miniature sockets at
seven frequencies and on two ceram-
ic sockets at four frequencies, us-
ing the Q-meter. The measurements
on a polystyrene socket gave an
apparent zero power factor because
this material was used in the con-
struction of the Q-meter capacitor.
The results on the other sockets are
given in Table V. For sockets 1, 2
and 3 the seven contacts were con-
nected together to form one ter-
minal of the test capacitor, and the
center metal sleeve formed the
other terminal. For sockets 4 and
5, the grid terminal and the adja-
cent heater terminals were used.

Since considerable variation was
found in the losses in small capaci-
tors and sockets of different types,

it was decided to make similar
measurements on several types of
vacuum tubes. Black phenolic com-
pound has been long known to have
higher losses than some other ma-
terials, yet it has been employed
for the base of many types of vac-
uum tubes. It has been custom-
ary to remove the base of tubes
used in some high-frequency appli-
cations, or bring out the r-f ter-
minals through the glass away from
the phenolic base, but nevertheless
some tubes are employed at fairly
high frequencies where such ex-
pedients are neglected.

Table VI gives power factor and
capacitance for a number of types
of tubes, measured between grid
and cathode with the Q-meter. Fig-
ure 4 gives curves of power factor
and apparent capacitance for six
of the tubes listed in Table VI. All
tubes but the type 9003 and 3Ab
were measured without a socket.
The polystyrene socket previously
mentioned was used in the tests on
these two tubes.

The first five tubes in Table VI
presumably have a base made of the
same black molded material. There

TABLE VI. VACUUM TUBES

may, however, be a difference in
the glass used in the seal, or in the
coating or deposit within the tube,
which would account for the rather
large differences in the results on
these tubes.

Tube 807(M) wused a yellow
molded material called ‘“Micanol”
for the base. Tube 807(C) had a
ceramic base. The glass of the 954
tube was the only solid dielectric
involved in the measurements on
this tube as it had no phenolic base
and connections were made directly
to the tube terminals. Comparing
the results on the 954 tube with
those on the 9003 tube and socket,
it appears that the former used
glass having a higher loss than that
in the 9003 tube, or some coating
within the tube increased the loss.
Two 3A5 tubes were tested, and
are designated A and B. The num-
bers 3-4 and 4-5 indicate the base
pins to which connections were
made.

Concentric Cables

Power-factor measurements were
made with the Q-meter on three
6-inch lengths of concentric cable

Tube Percent Power Factor at Freq. In Mc Apparent Capacitance in ,,f
Type No.

28 60 75 100 150 200 28 60 75 100 150 200
6L6G 0.68 0.89 1.36 - too large 10.9 1.4 13.2
1852 0.46 0.54 0.78 0.94 2.04 7.6 7.5 7.8 7.7 8.8
6SK7 1.00 0.97 0.94 0.89 1.33 1.80 4.5 4.2 4.0 4.5 4.5 5.0
76 - 1.08 1.24 1.84 3.38 too large 7.5 1.7 8.3 9.2
6C5 0.82 0.78 0.73 0.83 1.29 1.88 3.8 3.6 3.8 3.8 3.9 4.3
807 (M) 1.30 1.60 1.96 too large 13.7 13.6 14.9
807 (C) 1.09 L4 1.85 too large 13.2 13.9 16.1
954 0.92 1.05 0.99 0.94 1.13 1.51 2.7 2.3 2.3 2.5 2.7 2.8
9003 0.20 0.19 0.18 0.19 0.30 0.50 3.2 3.4 3.6 3.7 3.8 3.7
3A5 (A3-4) 0.25 0.36 0.50 0.69 1.14 2.31 4.2 43 4.2 4.5 4.8 4.7
3A5 (B34) 0.18 0.28 0.42 0.60 1.08 214 4.3 4.4 4.5 4.6 4.9 4.7
3A5 (A4-6) 0.14 0.20 0.28 0.40 0.74 1.64 3.2 3.2 3.2 3.2 3.4 3.2
3A5 (B4-5) 0.62 0.51 0.50 0.55 0.88 1.90 2.8 3.1 3.4 3.2 3.4 3.1
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FIG. 4—Curves showing power factor in
percent and apparent capacitance for six
types of vacuum tubes in Table VI

having solid insulation, a six-inch
length of line consisting of a §-inch
copper tube with a No. 12 AWG
copper wire supported by six ce-
ramic spacers, and a length of
shielded twisted pair with rubber
and cotton insulation. The capaci-
tances of the samples tested ranged
between 10 and 16 upf at 27.5 Mec.
The percent change in apparent ca-
pacitance from the value at 27.5
Mec was calculated. Table VII gives
the data taken, and Fig. 5 gives
curves of power factor and percent
change in apparent capacitance.
Considerable change in apparent
capacitance is not surprising since
the capacitance is distributed along
six-inch conductors.
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FIG. 5—Curves showing power factor

and percent change in apparent capaci-
tance for conceniric cables in Table VII

The data presented on several
tvpes of components are compara-
tive and show that there is a wide
range in the power factor or losses
in many of these parts at fre-
quencies up to 200 Mec. If the most
efficient equipment is to be con-
structed, the best parts must be
used. Knowledge of the best parts
can only be obtained by measure-
ment of the characteristics of the
parts as available from various
manufacturers. Such information
should be available to builders of
radio-frequency equipment.

A given component may be un-
suited for use at ultrahigh fre-
quencies and vet be entirely
satisfactory ~at low frequencies.

Likewise, it would usually be ex-
travagant to use a ceramic or poly-
styrene socket in an audio-fre-
quency application, when a cheaper
socket would suffice and the high-
frequency types are so scarce. In
further work® of this kind, similar
information taken at other temper-
atures and humidities would be of
value.

No limiting value of power faec-
tor can be stated for radio compo-
nents intended for use at very high
frequencies. This is because other
factors such as frequencv, power
considerations, position of use in
the circuit, physical and mechan-
ical considerations, and availablity
of desired types of components
must be considered.

The data presented above cover a
fair range of values of power fac-
tor and indicate that there is a
choice possible. If very high-fre-
quency applications are in mind,
use components having the lowest
losses consistent with other re-
quirements of the problem. Do not
use low-loss components in audio
and low-frequency applications,
when materials having higher
losses will be equally satistactory.
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TABLE VII. SAMPLES OF CONCENTRIC CONDUCTORS AND A TWISTED PAIR

Power Factor in Percent at Freq. in Mc¢

Percent Change in Apparent Capacitance (from Value at

27.5 Mc) at Freq. in Mc

75 100 140 150 190 195 200

tinned copper insulated with rubber :mr”
cotton; copper shield over pair but not|
grounded |

Sample Bescription of Conductors
No. = —
27.5 50 75 100 150 20 | 275

A *," diam. bare copper hraid over 7 No. 22/ 0.07 0.08 0.12 0.09 0.42 0
AWG copper with dark, stiff insulation

B % insul. copper braid over 7 No. 20 AWG| 0.18 0.23 0.30 0.47 2T Sud ! 0
copper with white, flexible insulation

C 14" iusul. copper braid over 1 No. 15 AWG  0.79 0.76 0.78 0.90 1.31 0
copper with black, flexible rubber insula-
tion

D 5" copper tube over 1 No. 12 AWG copper|  0.03 0.04 0.08 0.09 0.20 0.66 ©
wire with 17" diam. loose fit ceramic
spacers

E Twisted pair, each with 10 No. 30 »\V\G' 3,52 3.56 4.52

53 10.6 4.0 1.5

1.1 23.4 73

7.4 149 b 23.0 110

4.8 7.7 A s 25.0 . ... 807

118

www americanradiohistorv com

March 1944 — ELECTRONICS



Resonance 1n
MICA CAPACITORS

By A. P. GREEN
and
C. T. McCOMB

Washingion, D. C.

N numerous high-frequency elec-

tronic applications the require-
ment exists that several physically
separated points in a circuit be es-
tablished at a common potential.
To satisfy this condition most effi-
ciently it is necessary to operate
by-pass capacitors in a series reso-
nant condition.

The simple capacitor element is
composed of an effective capaci-
tance in series with an inductance;
this inductance is composed not
only of the inductance of the asso-
ciated leads but also the inherent
inductance of the foil or plates of
the capacitor itself. From this it
is seen that for any particular ca-
pacitor size or shape there will be
associated with the capacitance an
absolute minimum of effective ser-
ies inductance. At low frequencies
the magnitude of the inductive
component of reactance is so small
that it is negligible in comparison
to the capacitive component. As
the frequency is increased the ca-
pacitor element behaves as an or-
dinary series resonant circuit.

For the most efficient application
of a by-pass capacitor to function
at a given frequency or band of
frequencies, the best unit will be
the largest practical capacitance
that will meet both the physical
and resonance requirements, The
physical requirement will be fixed
by the space available and the
necessary lead length. With the
lead length factor being determined
by circuit requirements, the size of
capacitor for resonance is then
fixed by. the frequency.

. ‘,g:h;e;a})‘ove consideration has been
appi}edf:fo. the case of the common
postage-stamp mica capacitor. An
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The chart gives lead lengths and capacitance values

for series resonance at any frequency from 5 to 800

Me, for postage-stamp mica by-pass capacitors with
No. 20 tinned copper leads

experimental determination of the
resonant frequency variation as a
function of lead length has been
carried out using mica capacitors
with leads of No. 20 tinned copper
wire. The accompanying chart
gives the results of measurements
conducted over the practical range
of lead lengths for numerous sizes
of mica capacitors. The character-
istic shape of the curves demon-
strates the existence of the above-
discussed inherent inductance of
the capacitor element. Since the
functional wvariation of resonant
frequency is plotted with respect
to actual lead length, the residual
inductance of the unit manifests
itself as an asymptotic maximum
resonant frequency for any par-
ticular capacitor.

Example of Use of Chart

A by-pass capacitor is desired for
100 Mc. Reference to the chart
shows that there are four capacitor

WWW americanradiohistorv com

sizes that exhibit a usable reson-
ance at this point, these being
represented by the four curves that
intersect the vertical 100-Mc line.
The largest capacitance is most de-
sirable as discussed above, but the
choice of unit will be determined
partially by the lead length require-
ment. It is seen from the chart
that the range of available capaci-
tances varies from 250 p . f with a
total lead length of 0.31 inches to
25 pupf with a lead length of 4.0
inches. Assuming that a lead length
of 1.0 inch would be most desirable
for the cireuit, a 100-upf capacitor
would be chosen.

An examination of the chart re-
veals an interesting yet expected
relationship. It is seen that for a
constant lead length the resonant
frequency varies inversely as the
square root of the capacitance.
Thus for a 1.0-inch lead length, 500
puf is resonant at 43.5 Mc, and 5
pupf is resonant at 435 Me.
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in Use

1

Interior view of radio and pilot com-

partments in a Martin PBM “Ma-

riner” twin-engine Navy patrol
bomber

2

Signal Corps radio set installed in
half-track—General Electric photo

3

Aviation Radioman Second Class

Hobart Singleton listens for SOS sig-

nals at his post in a giant PBY
“Catalina” Navy patrol bomber

4

Radio operator’s position in a Naval

Air Transport cargo plane. Sound-

proofing material insulates the com-

partment from the roar of twin
Cyclone engines

S

Radio operator at transmitting key
aboard a Nayy bomber

Official U. S. Navy Photographs
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SUPERSONIC

Current interest in applications for acoustic waves above 20,000 cps gives timeliness to

this survey of basic methods for generating supersonic waves. Related facts on energy

transfer through wave motion and effects of supersonic wave power are also covered

SUPERSONIC
APPLICATIONS

By V. J. YOUNG

Sperry Gyroscupe Co., Inc.
Garden City, N. Y.

Precipitation of smoke
Homogenization of milk
Emulsification, giving smoother ice
cream, mayonnaise and other
food products

Acceleration of aging of wines
and spirits

Acceleration of chemical reactions
Transformation of chemical com-
pounds

Stimulation or destruction of bac-
teria in food products
Underwater signalling

Echo depth sounding

Treating seeds fo stimulate plant
growth

Flocculation of suspended particles
or gas bubbles in liquids
Transformation of crystal
t