'___ e A wq L s e T m—— —— A n S ——— = e e e et

'-—id"*{"“

4

electronics

.-‘_‘_,
’ -

1
L
v

T Ra—

PEE LEY el s e T


www.americanradiohistory.com

For a full measure of service

Not only are men being tried on battlefronts, the equip-
ment that they employ is being subjected to equally
critical tests . . .with the lives of the men as the stakes.
We at home, entrusted with war contracts, are overcom-
ing serious raw material shortages through laboratory
and production developments, making each individual
tube that we produce do more than its planned job
. . and do it better.

Through a series of design refinements, Amperex engi-
neers have developed transmitting and rectifying tubes
that are being operated for longer periods of time than
hitherto had been practical. These new Amperex radio
and radar tubes present a dual economy . . . many more
hours of uninterrupted service . . . and priceless savings
of scarce materials.

AMPEREX ELECTRGNIC PRODUCTS

79 WASHINGTON STREET BROOKLYN, NEW YORK
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RADIO AND ELECTRONICS IN THE NAVY, by S. P. Sashoft. ..............................

Brief history of Naval uses of radio plus an outline of how the Navy radio is organized under the
Bureau of Ships

RECORDING UNIT FOR STRAIN AND TIMING FUNCTIONS, by J. H. Meier.................

Two strain and twelve timing functions can be permanently recorded to indicate the performance
of heavy machinery under conditions actually encountered in the field

GRAPHICAL SYMBOLS, by B. Dudley. ... ... ... ...

Compilation of graphical symbols most commonly encountered in electronic circuits is presented
for ready reference

HIGH-CAPACITANCE, LOW-IMPEDANCE ROCHELLE SALT DEVICES, by R. W. Tibbetts......

By bonding = thin gold foil to the surfaces of a Rochelle salt crystal, & low-impedance unit is
provided for oscilloscope, microphone or pick-up use.. A single crystal is employed

ADJUSTMENT OF DIRECTIONAL ANTENNAS, by W. S. Duttera. ...........................

How impedance measurements can be made at radio frequencies under full load with only a
cathode-ray oscilloscope and a ruler, as required for matching an antenna to its transmission line

FULL-WAVE RECTIFIER WITH CHOKE INPUT, by L. C. Tillotson and C. M. Wallis. . . ..
Analysis of the behavior of full wave rectifier for both condition in which current flows continu
ously, and for intermittent current flow

WALKIE-TALKIE AT WoAR . . e e e e e e e
Photos showing some of the practical uses for extremely portable radio transmitter-receiver units
in military operations .

PERFORMANCE OF SELF BIASED MODULATED AMPLIFIERS, by R. I. Sarbacher.... ..
Graphical analysis of high efficiency amplifiers with plate modulation. Results show improved
operation with grid bias

ELECTRONIC BEGULATORS FOR A-C GENERATORS, by A. Benson.......................

Two simple electronic control circuits requiring only one thyratron each are described in detail
and advantages over earlier circuits are pointed out

HIGH FREQUENCY HEATING . .. ..ottt ittt a e ee it s

Four typical examples of ways in which electronic equipment can speed up industrial processes.

CHART\FOR EQUIVALENT SERIES AND PARALLEL CIRCUITS, by R. Toombs. ..........

Loc3tion of single point on graph enables conversion from series impedance to parallel imped-
- ance values
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FILTERS —

Designed for war

Unique characteristics of many UTC filters are
the result of years of research on core materials
and filter structures. We are proud of our part in
the development of filters for wartime elecironics.
Here are a few typical elements, based on UTC
design, which have led to UTC leadership in this
field.

May we design a “Victory”
unit to your application?

This UTC development
is a tunable inductance,
cdjusted in the same’
manner as an LF. trim-

mer.

. » « For medium fre-
quencies, the Q of this
coil is 210 at 1,000 cycles.

INMATRRE

150 VARICK STREET
EXPORTY DIVISION; 100 YARICK STREET

Wi

The now well known radio

range filter weighed 36 poun(;:
when it originally was su

mitted to us.
Continuous refinement pyUTC

a—
has resulted in the modern :ﬂ
dio rcnge filter weighing © Y
1.6 pounds—a weight reduc-

tion of g5 /o-

N e

Designed for high fre-
quencies, the Q of this
coil is 300 at 20,000 cxcles. - -

o
£

A,

‘
B 7 DY I Sy

. « « For low frequencies,
the Q of this coil is 80
at 100 cycles.

l’ﬂ DN l‘ Cm
/]

NEW YORK N.

uew YORK, N. Y. CABLES: "ARLAB:«'
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This new tracing cloth
defies moisture stains
and erasure scars

This new tracing cloth won't show perspiration stains or
water marks— halds pencil smndges and erasmve scais at a Mini-
mum. Now you can have clean tracings, in pencil or ink, free
from these untidy “ghosts” that reproduce on blueprints!

For PHOENIX is ghost-prootfed by a remarkable new proc-
ess that defies moisture and gives you an unusually durable
working surface. You can use harder pencils with this im-
proved cloth and get sharper lines with less tendency to
smudge. Even 6H lines show clearly, and reproduce sharply!
Erasing does not mar the drawing surface; crased areas
take pencil smoothly—and ink withourt feathering. Its new
white color and increased transparency give you excellent
drawing contrast and produce strong blucprints.

Put PHOENIX through your own drawing board test.
Sce your K&E dealer, or write for a gencrous working
sample and an illustrated brochure.

EST. 1867

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

CHICAGO - ST. LOUIS: - SAN FRANCISCO LOS ANGELES
DETROIT - MONTREAL

K&E

REG. U.S. PAT. OFF.

TRACING CLOTH

for pencil and ink

PHOENIX DEFIES
MOISTURE GHOSTS . . .

Perspiration and water
splashes on ordinary tracing
cloth create "ghosts’ which
reproduce on blueprints.
PHOENIX Tracing Cloth
withstands actual immersion
in water for fully 10 minutes
at a time! Perspiration and
water marks will not stain it!

PHOENIX LESSENS
SMUDGE GHOSTS . . .

The new improved surface
of PHOENIX Tracing Cloth
permits you to use harder
pencils (SH and 6H) and to
get sharper lines with less
tendency to smudge.

Result: Cleaner tracings
and blueprints.

\\

PHOENIX REDUCES
ERASURE GHOSTS . . .

Ordinary tracing cloths be-
come scarred when erased
..erased spots produce
ghosts on blueprints.
PHOENIX has a durable
drawing surface thatreduces
working scars toa minimum.
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The Pinhole Detector automatically spots, classi-
fies and marks minute holes smaller than 1/64
of an inch in tinplate racing through a shearing
line at 1,000 ft. per minute. This application
shows one of the many ways the photo-electric
cell is being applied to heavy industrial processes
—to save time and improve products.
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Exciting as the future of Electronics may be, it is far more than a “science of
tomorrow. Electronic devices arc at work foday in practically cvery war industry—
speeding production, improving products, cutting costs. Here arc typical examples

of Westinghouse “Electronics at Work."”
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Saving Tons of Tin ~Through the use of high- Safe Night Landings for giant clipper planes are
frequency electronic tubes, induction heating at made possible by scadrome lights controlled by
200,000 cycles per second is used to “flow™ tin electronics. An entire landing lane can be turned
clectrolytically deposited on steel strip. By this on by shore radio to meet the arriving plane’s
means, a coating of tin 1/30,000,000 of an inch requirements and guide it to a safe, sure landing,
thick becomes smooth and corrosion-resistant. even in pitch darkness.
L) EET 2T
— e f S 11— -:“\'———— T
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Removing Oil Mist created by gear-grinding Heat-treating at 2000° C. can now be controlled
and thread-cutting operations 1s a highly im- more precisely than ever before possible. Thyra-
portant application of PRECIPITRON-—the West- tron tubes, actuated by the temperature recorder,
inghouse clectric air cleaner. Electronic tubes in react to minute variations in temperature. They
the Precipitron’s power pack create a 12,000-volt control a sarurable reactor, by which curtent
electrostatic field, which draws oil and dust entering the furnace is increased or decreased to
particles irresistibly to charged collector plates. maintain a nearly constant temperature.

J-91013-A

For further information on practical applications of Westinghouse Electronic devices, write or phone your
nearest Westinghouse office, Weszinghons: Electric & Manufacturing Company, East Pittsburgh, Pa.

——Westin house crLecTroNICS—

PLANTS IN 25 CITIES . .. OFFICES EVERYWHERE

ELECTRONICS — April 1943 5

www americanradiohistorv com


www.americanradiohistory.com

Long life is the outstanding quality you re-
quire in a capacitor. And greatest guarantee
of long life is the record of the past.

This record in the case of Tobe Capacitors
warrants the fullest confidence . .. a record
that is almost completely free of condensers
that “couldn’t take it".

Tobe's exacting standards mean persis-
tent research and the constant ‘‘raising of

LONG LIFE

sights” in excellence of production.

Typical example is the Tobe Oilmite
Capacitor shown below. This capacitor, im-
pregnated and filled with mineral oil, is
made with meticulous care and rated with
conservatism. 1t is doing yeoman service
as a filter condenser in secret war equip-
ment. We welcome inquiries arising from
your condenser problems.

 ASSURED

CHARACTERISTICS OF TOBE OIL-MITE CAPACITORS
STANDARD CAPACITY TOLERANCE = 109, RATINGS: .05 mfd. to 2.0 mfd. - 600 V.D.C. - .05 mfd. to 1.0 mfd. - 1,000 V.D.C.

TEST VOLTAGE ... Twice D. C. rating  GROUND TEST. .. 2,500 Volts D. C.

POWER FACTOR ... At 1,000 cycles—.002 to .005

SHUNT RESISTANCE ....05t0 0.1 mfd.- 20,000 megohms +.25t0 0.5 mfd. .- 12,000 megohms - 1.0to 2.0 mfd. - 4,000 megohms

Special units can be held to 12,000 megohms per microfad depending solely on terminal construction.

A SMALL PART IN VICTORY TODAY

A BIG PART IN INDUSTRY TOMORROW

April 1943 — ELECTRONICS
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THE PREPARATION OF PRECISION

QUARTZ -
CRrysTALS FOR RADIO FRE:
MOTHER g &
' QUENCY CONTROL .. ..
[}
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FREQUENCIES IN
MILITARY COM-
MUNICATIONS
ARE ACCURATELY
CONTROLLED BY
CRYSTALS

PROD§CTS COMPANY

1519 McGEE ST, KANSAS CITY, MISSOURI

eyédﬂfllll%%é 0/ e///l/l%d’l!?// %/;céjian (gﬂy‘}t(l/[f /2% c%ﬂ(l’iﬂ ~%e¢uelzcy %mﬂ‘/

ELECTRONICS — April 1943
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Electronic Tube Checkers

In the field of electronics, too, the measurement
tools bear the name most familiar to you. For
just as WESTON pioneered fundamental elec-
trical measurement, as well as the special
measurement needs of radio, so WESTON has
provided simple, precise instruments and de-
vices for the problems encountered in electron-

Laboratory Standards
AC Portables

... Precision DC and
. . . Instrument Transformers
. . . Sensitive Relays . . . DC, AC, and

Thermo Switchboard and Panel Instruments.

Sensitive Relays

ics research, production and control. Wgﬁon
Electrical Instrument Corporation, 597 Fre-
linghyysen Avenue, Newark, New Jersey.

*PHOTRONIC — A registered trademark designating
the photoelectric cells and photoelectric devices manu-
factured exclusively by the Weston Electrical Instru-
ment Corporation.

FOR OVER 54 YEARS LEADERS IN ELECTRICAL MEASURING INSTRUMENTS

April 1943

www-americanradiohistorv.com

Specialized Test Equipment ... Light
Measurement and Control Devices . . .
Exposure Meters...Aircraft Instruments. ..

Electric Tachometers...Dial Thermometers.

ELECTRONICS
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TRE VIBRATOR

IS THE HEART
OF THE POWER SUPPLY

is the Only Vibrator Converter

That Can Produce This Result

All elecirical engineers know thal the Sine-Wave current form is more efficient
than any other, particularly in the operation of motors and of test equipment.

—

UPPLIES
POWER S

.7, VIBRATOR

only E-L

—But, not all electrical engineers know that it is

< ot limitations:
and weigh
be des'\gned to spoce
ply may
power sUP

possible, with an Electronie Vibrator Power Sup-
ply, to convert DC current of almost any voltage to
tages: AC current of desired voltage and Sine-Wave form.
Advan ) x |y o .
offer All These GHAPE. SIZE ‘ This is but one of an infinite nunber of advances which
coc T FLEX\B\E;EH‘TN The componen! have been made by Electronic Laboratories througli intensive
to AL El - | . . . m
1 coNVERS\ON’Ag(—;O :C AND V:IG Jibrator POWE s\:pp;f‘ ] development of the principle and technique of vibrator type
. _ : J , )
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tensive research on power supply circuits. For instance: capac-
ities up to 1,000 Watts—tremendous savings in weight—new
\
HIGHEST F_FF\ClF_NCY:E‘;“; output efliciency —close voltage regulation, 1o name a {2w.
8. i ovide o .
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,orac h § effic ~ 5
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LABORATORIES, INC.

I+ L ELECTRICAL PRODUCTS~Vibrator Power Supplies for

INDIANAFOLLS
Communications . . . Lighting . . . Electric Motor Operation . .. .
Electric and Electronic Equipment on Land, Sea, or in the air.

> 4
lyy
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PERMANENCE

High-stability variable condenser.

MILITARY equipmen!t must perform con-

tinuously with a minimum of attention. Perma-
nence of electrical aund mechanical characteristies

has won a high place for Hammarlund con-

densers.

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

www americanradiohistorv com
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'ﬂwm IT_ HELP THE WAR EFFORT_;__
...WILL IT SPEED VICTORY?

(' The application of this inflexible test to

 every management or production action and
problem is bearing us fruit in the form of an
unprecedented output of specicl alloys used in
their entirety for vital war applications .

‘ speclul alloys that are helping the war effort
‘and speeding VICTORY!

WILBUR B. DRIVER C
NEWARK « NEW JERS
ELECTRONICS — April 1943
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HERE is that high-powered rig you have always wanted to own. . . one that

you can depend upon for peak operating efficiency. Hallicrafters have built
into the HT-4B the resultant experience from years of engineering research.

Model HT-4B delivers a carrier output of 325 watts on phone and 450 watts
on CW. The preamplifier supplied with the transmitter can be mounted con-
veniently at the operating position, controlling volume, keying and standby
.. . once adjusted to any wond the rig may be operated remotely.

When, once again, we are permitted to sell communications equipment for
civilian use — your HT-4B will be waiting for you.

hallicrafters

CHICAGO. U. §. A.
World's largest exclusive manufacturer of short wave radio
communications equipment.

12 April 1943 — ELECTRONICS
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HESE publications make it easy for you to
select Pyranol™ capacitors for applications
such as electronic devices, communications
equipment, control, motors, and transformers.

This technical information is up to the
minute, easy to use. Covers all the standard
types and sizes generally required—all those
that have been found most desirable with re-
spect to ratings and dimensions.

You’ll find it’s easy to design with G-E
capacitors, because: (1) Pyranol, the treating
material, makes these units small and compact
—often you can reduce the size of your
equipment and save critical material; (2) many
of the ratings are available in cylindrical, oval,
or rectangular cases; and (3) they can be
operated in any position.

Get your copies of these comprehensive, time-
saving publications.

l‘]’y(‘(iznol isthe G-E trade name for askarel—a synthetic. noninflammable
iqui

on Small Pyranol Capacitors

for Built-in Applications

VALUABLE FOR ENGINEERING, DRAFTING,
OR PURCHASING DEPARTMENTS

* More than 350 standard ratings to choose from
* Easy-to-read, easy-to-use tables and diagrams

* large photographs of representative types

* Handy thumb index for quick reference

General Electric Company, Section C 407-49
Schenectady, N. Y.

Pleasc send me complete information on small Pyranol
capacitors for built-in applications.

D For D-c Applications (GEA-2621A)
D For A-c Applications (GEA-2027B)

Name.
Company
GENERAL @@ ELECTRIC '~
1ty ate =
ELECTRONICS — April 1943 13
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THE FORMICA
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HE wartime radios that are now coming through are

much better than any similar instruments that have
ever been mass-produced. These better devices require
better insulation—and wartime developments have enabled
Formica to provide it. The new MF grades — glass mat
base—are so good that they will do most of the things
it was once thought necessary to use ceramics for. Yet they
may be machined and worked with ordinary tools providing
an adaptability that is impossible in molded forms.

For the television, radar and radio development after the
war these new materials—born of new synthetic varnishes
and new fibre bases—will be available for the big com-
mercial development which is sure to follow.

INSULATION COMPANY, 4661 SPRING GROVE AVE., CINCINNATI, OHIO

April 1943 — ELECTRONICS
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ILEPOSTS IN THE
PROGRESS OF RESEARCH!

RAYTHLEON tubes for the peacetime electronic era will incorporate all of the engi-
neering skill gained through scientific accomplishments in wartime.

Your new RAYTHEON tubes will be adaptable to a wide scope of newly developed uses . . .
with performance characteristics that have been time-tested through service in stringent
military campaigns.

You can look to RAYTHEON leadership when you again purchase tubes . . . no matter
what type of function your requirements may be . . . vou will find a RAYTIIEON tube de-
signed and engineered to faithfully perform its task.

For military reasons tubes illustrated are not a new development.

Raytheon Manufacturing Company

WALTHAM AND NEWTON, MASSACHUSETTS

DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES AND EQUIPMENT FOR THE NEW ERA OF ELECTRONICS

ELECTRONICS — April 1943 15
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THE MARVELOUS LANP

from Genie”

® The fantasy of Aladdin’s marvelous
genie-commanding lamp — first con-
ceived by the unknown author of “The
Arabian Nights’ Entertainments’ -
comes true in the cathode ray tube of
today. And there are practical advan-
tages in electrons over genii in modern
life and work —in television, for e¢x
ample.

We go back to Aladdin’s lamp, because
Sylvania has specialized as a maker of

MAKER OF ELECTRONIC

marvetous lamps — and electronic tubes.
First it was the incandescent lamp.

Then, in the early days of radio, we
put the incandescent “Edison Effect”
to work in electronic tubes.

Having attained an electronic reputa-
tion in radio research and tube manu-
facture, Sylvania applied this expert:
ence to the making of better artificial
light as a fluorescent lamp pioneer.

TUBES FOR INDUSTRY

i6

www americanradiohistorv com

to Electron

In our forty years of experience, it has
been a far cry from the original in-
candescent lamp to today’s many elec-
tronic devices, which have far more
possibilities than cver atter a year ot
global war.

Today Sylvania aspires to serve the
radio and electronic industries, whose
wider destiny is being written tn Amer-
ican laboratories, as a supplier of
electronic tubes with hundreds of en-
visioned uses. Ours will be in the
role of maker of these marvelous tubes
—yours, their application to new prod-
ucts for better life and work in the
peace to come.

SYLVANIA

ELECTRIC PRODUCTS INC.

Emporium, Pa.

Incandescent Lamps, Fluorescent
Lamps and Fixtures, Radio Tubes,
Electronic Devices

April 1943 — ELECTRONICS
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A. Milled, drilled, and turned
variometer stator mounting.
B. Turned high-tension in-
sulator. €. Milled and drilted
spacing strip.

ECONDS after the U. S. landing in
Africa, orders to troops were winging
their way by portable radio. There are
dozens of applications for Synthane as
insulation in radio equipment of this kind.
Most important use is to prevent undue
loss of minute high-frequency currents.
Long before Synthane entered the armed
services it was valued for its many com-
bined properties—resistance to corrosion

from solvents, acids, salts and water .
structural strength . . . light weight (half
that of aluminum) . . . hardness, excellent
insulating characteristics, and ease of
machining. Some day it will return again
to civilian ways, with more uses, it now
seems certain, than ever before. Mean-
while, keep posted on Synthane with
information such as you will find on the
back of this page.

SYNTHANE CORPORATION, OAKS, PENNSYLVANIA

Plan your present and future products with Synthane Technical Plastics

Bakelite —

laminated

SHEETS ~RODS TUBES « FABRICATED PARTS FSYN‘% ANE I SILENT STABILIZED GEAR MATERIAL
w—
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Corrosion-Resisting SYNTHANE

SYNTHANE, a laminated phenolic plas-
tic, may be more familiar to you for
its physical, mechanical and electrical
properties. More recently, through
research and development, grades
of SYNTHANE have been found of
great volue as corrosion-resisting
materials. Parts made from SYNTHANE
have successfully resisted the effects
of corrosive waters and atmospheres,
chemical salts and solutions, solvents,
gasolines, oils, greases, and other
petroleum products. The corrosion-
resisting possibilities of SYNTHANE for
your application may be well worth
examining. Only by examination can
they be accurately determined.
SYNTHANE is available in sheets, rods,
and tubes, fabricated parts, and in
parts made by molding the impreg-
nated base materials.

Corrosion-Resistance
Factors

The corrosion resistance of any ma-
terial is usually relative. The degree
of corrosion resistance depends gen-
erally upon a combination of factors
—the nature, concentration, and tem-
perature of the chemical or corrosive
agent, time of exposure, degree of
agitation, and moisture absorption
and chemical reactivity of the ma-
terial itself.

For example, 109 solutions of either
sulphuric acid or potassium dichro-
mate have little effect on SYNTHANE.
But if the two are mixed in the pres-
ence of organic matter, a vigorous
oxidizing action occurs which will
destroy any synthetic resin.

Corrosion-Resistance
Economiecs

SYNTHANE is not immune to all corro-
sion conditions. Nor is any material.

Multiple-type plating rack assembled
from SYNTHANE tubing

&

Corrosion-resisting piping and coup-
lings made from SYNTHANE

Yet it need not be 100% corrosion-
proof to be economically practical.

In many instances SYNTHANE is used—
not because it is completely corrosion-
proof—but because it retains its size,
shape ond strength and has a longer
life per dollar invested than other
materials, taking into consideration
labor and material for the originat in-
stallation and the cost of replacements.

Base Materials

Selection of the base material must be
made with care since in nearly every
case it is the base rather than the
resin that is first affected.

Cotton cloth base is satisfactory for
weak acids, weak bases and low
concentrations of salts, or neutral salts
in any concentration. Asbestos base
is used for strong alkaline conditions
or highly concentrated salt solutions
which tend to hydrolyze or split into
alkaline radicals. Asbestos is not
recommended for acids or acid salts
even in low concentrations. Glass
cloth base is recommended for strong

When to Use Synthane
We prefer to examine each applica-
tion individually. If a previous ex-
perience does not approximate yours,
laboratory and commercial tests will
be made to reach a solution profit-
able and practical in your case.

The Effect of
Chemicals

In general, any concentration and
temperature up to 180" Fahr. of the
salts of the following metais will not
affect SYNTHANE except to produce
a slight change in its color:

Aluminum Copper Mercury
Barium fron Nickel
Bismuth Lead Silver
Cadmium Magnesium Tin
Cobalt Manganese Zinc

Calcium (except hypochlorite)

Potassium (except hydroxide)

Sodium (except hydroxide and hypo-
chlorite}

Svnthane Also Resists
the Following Solvents:

concentrations of acids or acid salts, Aliphatic Ketones at room
and is excellent for those conditions. hydrocarbons temperature
Special corrosion-resisting resins are Aromatic Alcohols, esters
used for corrosion-resisting SYNTHANE. hydrocarbons and ethers
Standards of Quality Corrosion-Resisting
Synthane Sheets
T
C-Cr L-Cr AA-CR A-CR GLF
Coarse Fine
GRADE Weave Weave Asbestos Asbestos Glass
Fabric Fabric Cloth Paper Cloth
Base Bose Bose Base Base
L - GOl o
TENSILE STRENGTH {1) {
Lbs./Sq. In. 9,500 9,000 10,000 8,000 16,000
— 1 u i - -
TRANSVERSE STRENGTH (1) 20,000 20,000 20,000 16,000 20,000
Lbs./Sq. in.
COMPRESSIVE STRENGTH (1) 38,000 [ 35,000 38,000 36,000 40,000
Lbs./Sq. In. |
I | = | 1
DIELECTRIC STRENGTH {2) [ ’
Volts per mil {.001")
Short-Time Test 200 200 50 225 350
Step-by-Step Test 120 120 30 135 250
- — — ———— — — — —— — A
POWER FACTOR (3) r—
at 1,000,000 Cycies 10 10 15 | 10 .026
DIELECTRIC CONSTANT (3} | f
L at 1,000,000 Cycles- A 7.0 7.0 7.5_ “7.0_ ] _51 ]
DIELECTRIC LOSS FACTOR (3) _I |
ot 1,000,000 Cycles .70 \{ 70 1.12 | .70 | 10-.25
% W ATER ABSORPTION (4) —‘ 1.7 1.4 .85 _‘J .85 1.2
ROCKWELL HARDNESS | MI105 | MI105 MI110 | MI10 | MI115
! " Il

The values above represent average for standard grades.

Methods Used in Testing Synthane

(1) Tests were made on 14" thick-
ness at room temperature, approxi-
mately 25 deg. C. following the
American Society for Testing Ma-
terials Method D-229-42.

(2) Tests were made under oil on
15" thickness, according to American
Society for Testing Materials Method
D-149-40T. (For grade AA-CR, lg”
thickness was vsed.)

(3) Tests were made on " thick-

ness at a frequency of 1,000,000
cycles, according to American
Society for Testing Materials Method
D-150-42T.

{4) Tests were made on pieces
3” x 1”7 x 18" thick, according to
the American Society for Testing

Materials Method D-229-42 after
immersion in water for 24 hours at
approximately 25 deg. C plus or
minus 2 deg. C.

Chlorinated hydrocarbons  {except
those which have hydrolyzed; for ex-
ample, carbon tetrachloride in the
presence of moisture)

Synthane Will Not
Resist:

Chlorine gas, wet or dry
Sodium hypochlorite

Chlorine water

Sodium hydroxide over 2%
Potassium hydroxide over 2%
Caicium hypochlorite

Bromine and bromine water
Pyridine

SYNTHANE will resist the following
acids at the concentrations noted at
room temperature:

Acetic 50% Formic conc.
Benzoic conc. Hydrochloric 10%
Boric conc. Hydrofluoric 20%
Phenol 10% Lactic conc.
Chromic 45% Nitric 2%

{special resin  Oleic 5%

required; inter- Oxalic conc.

mittent expos- Phosphoric 10%

ure as in plat-  Sulphuric 15%

ing) Sulphurous 6%
Citric conc.

Note: The addition of salts such as
20% sodium sulphate to 10% sul-
phuric acid is known to inhibit the
effect of the acid for a long period
of time.

A mixture of sodium hydroxide 10%
and sodium cyanide 10% also shows
this phenomenon. This concentrotion
of sodium hydroxide alone would
rapidly aftack SYNTHANE.

SYNTHANE molded-macerated valve
ball for oil well equipment

Washers  and molded-macerated
gears for rayon machinery

PLAN YDUR PRESENT AND FUTURE PRODUCTS WITH SYNTHANE TECHNICAL PLASTICS SYNmANE ! SHEETS:RDDS-TUBES-FABRICATED PARTS-SILENT STABILIZED GEAR MATERIAL

Bakelite —

B laminated

SYNTHANE CORPORATION., OAKS., PENNA.

REPRESENTATIVES IN ALL PRINCIPAL CITIES
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For cleaning up
the enemy now...

...0r cleaning up the
home tomorrow

Coils are one of the tremendous trifles of this war, Many
of them, in various designs for all kirids of military pur-
poses, are either manufactured by Anaconda or wound
with Anaconda magnet wire. With victory, these important
trifies will be eager to fill your urgent peacetime needs.’

Perhaps we can talk about a coil problem ... When we both can keep it you can again take

how thoroughly we're organized to help you
on such a problem only military censorship
forbids telling now. Or it may be that you

advantage of Anaconda service and the bene-
fits derived from the single product control
‘from mine to consumer’ backed by years of

manufacture your own coils and will be in-
terested in discussing magnet wire—any shape
—any insulation.

As a matter of fact, perhaps we can get to-
gether now, but if it happens we can’t, re-
member we have a date in and for the future.

continuous metallurgical expe-

rience. 43230

ANACONDA WIRE & CABLE COMPANY
General Offices: 25 Broadway, New York
Chicago Otflice: 20 North Wacker Drive
Subsidiary of Anaconda Copper Minirg Co.
Sales Offices in Principal Cities

This familiar trade-mark

symbolizes the best ef-

forts of modern research
and production.

ANACONDA WIRE & CABLE COMPANY
ELECTRONICS — April 1943 19
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. . . when they drive
AMERICAN Phillips Screws

Inspectors hand out no rejection slips on work assembled
with American Phillips Screws. These are the screw fast-
enings that drive straight, keep their heads, and keep the
driver from skidding out to spoil work and slash hands.
The firm fit between screw and bit permits the use of elec-
tric and pneumatic drivers, yet only one hand is needed to
drive, so the other can brace the work. Screw sets up uni-
formly tighter, holds better. Head is unmarred, plumb-
level on work surface. This unmatched speed and ease of
driving keeps production at maximum levels to the end of
the shift . . . enables women to do better work, and far
more of it, than men could do with slorted-head screws.

American’s engineering service, production control, and
piece-inspection is so effectively co-ordinared that today
scores of plants in every war industry are using millions
of standard and special American Phillips Screws.

fAMERICAN SCREW COMPANY

PROVIDENCE, RHODE ISLAND
Chicago: 589 E. lllinois Street Detroit: 5-267 General Mortors Bldg.

1 | - .
A 3 The American Phillips Recess Was Fast Starting—Driver point automat- Faster Driving—Spiral and power Better Fastenings—Screws afe set
Scientifically Engineered . . . The ically centers in the recess . . . fits driving are made practical. Driver up uniformly tight, without bur-
Modern Key To Highest Fastening snugly. Screw and driver ""become won't slip out of recess to injure ring or breaking heads. A strong-
Speed And Greatest Economy in one unit.” Fumbling, wobbly strts workers or spoil material. (Aver- ¢r, neater job results and chere
War-Production Assemblies. are eliminated. age ume saving s 50%.) are no gouges on work -surface.

20 April 1943 — ELECTRONICS
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Towee

/ QUICKER DELIVERY

FOR

STEATITE INSULATORS

",._“

=

P CENERAL

CLAAMICS sue STEATITE CORPRRATIAN

AND STEATITE CORP.
KEASBEY

NEW JERSEY

ELECTRONICS — April 1943
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OISTINCTIVE

%ﬂ/ymrfe/'s 1or connectns B “ R “ nY

BURNDY ENGINEERING CO. IN 0/ EAS.ERN BOWLE  .ARD, NEW YORK CITY

April 1943 — ELECTRONICS
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' Some Evening. Spring This on Yourself

\[/,/II\E brain-twisters? Some evening, of the load shared by cach spring? The

then, when you’re in the mood, take  practical equivalent of the problem is found,

a crack at this onc: Imagine a square plane  for example, in the design of springs for ap-
supported at the corners by equal springs.  plieations requiring vibration or shock iso-
Place your finger at any point on the board  lation. The answer looks deceplively easy,
and press downward. 'or the sake of arga-  but it will challenge you, may even plaguc
ment, assume you push with a force of ten  you. From a spring maker’sviewpoint itis a

ACH, SCHPRINGTIME ! pounds, that the springs are centered, a foot  problem of springs working in combination,
r -

We don't make the type of spring
required above, but we do design
and make many another needed
for war equipment to catch the
Japanazis. Many important
curves, charts, and formulas for
developing essential springs are
contained inour booklet,* Science
in Springs.”” If you do not aiready
have a copy, please write for one
on your business letterhead.

apart and 1he spot you have pressed upon a worthy example of our experienced knowl-
is 3" one way and 27 the other way from  edge that there is only oNE right spring
the center. Can vou fligure the proportion  for your job. We can produce it for you.

WHAT DO YOU NEED ? ... A spring manufacturer with adequate capacity to do your job now? Help
in designing springs as well as manufacture ¢ If it’s essentiol for the war, get in touch with us.

HUNTER

-

ELECTRONICS — April 1943 23
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“Cruiser and transport ahead ... LET,S TAI(E EM ! )

.

Messages like these “must go through,” and
to make certain they do, the communication
systems in our Army and Navy aircraft are as
sensitive, as rugged, and as trouble-defying
as advanced design and precision manufac-
turing methods can make them.

Producing transformers, headsets and other
communications equipment for the Army and
Navy Air Forces is ROLA’s present responsi-
bility to the war program. To keep abreast .. . .
and ahead . . . of demands, new machines have
been designed, new methods devised, new tests
and inspections applied. Facilities have heen

expanded, and production vastly increased.

All this is important to peacetime users of
ROLA equipment, for it is only logical to
believe that the research and the skill and the
equipment inspired by wartime necessity will
find important application in the Electronic
World of Tomorrow.

14 14 -f

The “know how,” gained through twenty years of leadership
in the radio field, has enabled ROLA to meet . . . and exceed
... every wardemand made upon it, both as prime and as sub-
contractor. We have facilities available for additional con-
tracts. If you are intevested, we suggest you write us . . . or ask
our representative to call. THE ROLA COMPANY, Inc.,
2530 Superinr Avenne, Cleveland, Obio.

MAKERS OF THE FINEST IN SOUND REPRODUCING AND ELECTRONIC EQUIPMEN]

24 April 1943 — ELECTRONICS
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“that darned walkie-talkie

S-S-STUTTERED”

Stutterers don’t give commands in the Signal
Corps. In the stzess of battle you can’t have
a man who stammers. Neither can you have
will fail ac the critical moment. Not when seconds
between success or failure in battle.

equipment that
mean the difference

With men’s lives at stake, you can’t afford to use anything less than
the best. When a design calis for Capacitors, specify C-Ds. Thirty-three
years devoted to the exclusive manufacture of capacitors is your assur-
ance of absolute reliability. Our Engineering department will be glad
to cooperate with you. Cornell-Dubilier Electric Corporation, South
Plainfield, New Jersey.

Cornell-Dubilier

.f
mpdcz 0‘/ ‘s' MICA s DYKANOL * PAPER * WET AND DRY ELECTROLYTICS

FLECTRONICS — April 1943
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DYKANOL FILTER CAPACITORS

Type TQ
The Type TQ Dykanol Filter Capacitors have
been designed for low power transmitters, high
pcwer public address systems and portable
power amplifiers. Several of the more important
features ace listed below:

Impregnated and filled with Dykanol— a non-
inflammable, high dielectric impregnant of stable
characteristics.

Dried, impregnated and filled under continuous
vacuum,

Hermetically sealed— these Capacitors are not
affected by moisture, time or temperature up to
approximately 200° F.

Conservatively rated——can be safely operated
continuously at 10% above rated voltage.

For further details write for Catalog No. 160T.

« use TOPA =
oTHER MAKE:

25
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IMPACT
- STRENGTH

FLEXURAL
STRENGTH

TENSILE
STRENGTH .

DIMENSIONAL
STABILITY

ABRASION
RESISTANCE

(Y

PHYSICAL PROPERTIES OF “BAKELITE” PLASTICS

et e iy g

THE SEVERE SERVICE under which equipment must
operate today puts heavy demands on plastic mate-
rials. In many instances, plastic parts must possess
not only high tensile strength, but impact resistance
and hardness as well. Other parts may require high
flexural strength combined with dimensional stabil-
ity and wear and abrasion resistance. Thus the
designer and engineer, in selecting plastics, must
constantly keep in mind the correct balance of all
these physical properties.

The problem may be the selection of a BAKELITE
Plastic material possessing high impact resistance,
with tensile or flexural strength requirements run-
ning a very close second. On the basis of impact
resistance alone, it might scem advisable to choose
a high-impact BAKELITE Phenolic Molding Ma-
terial. But such a material might not meet tensile
strength requirements! On the other hand. a cen-
eral-purpose BAKELITE Phenolic that possesses
the required tensile strength can have as little as
1/18 the shock rvesistance of the high-impact mate-
rial! In such a case, final choice of material may
lie between the two extremes.

The design of the part has a lot to do with its
ultimate strength characteristics. Frequently,
BAKELITE Molding Boards and Blanks are used
in conjunction with general-purpose phenolic plas-
tics to provide reinforcement around inscrts, and
at corners, shoulders, and other points that are

www americanradiohist

subjected to severe service. Mechanical strength
may also be improved by increasing wall thickness,
or by making adjustmentsin fabricating techniques.

Apart from these physical properties, mechanical
strength can also be interpreted in terms of towgh-
ness, particularly with flexible plasties that are
not usually tested for impact resistance. Mechanical
fatigue may also become a major problem where
plasties are placed under load, or are subjected to
repeated blows, or to continued flexing.

On the facing page are presented the outstanding
physical properties of those BAKELITE Plastics
of primary importance to war production. Later
messages will deal with the chemical, electrical,
and thermal properties. For more detailed informa-
tion write for a copv of Booklet 7 _“A Simplified
Guide to BAKELITE Plastics.”

BAKELITE CORPORATION, 30 . 42nd St., New York
Unit of Union Carbide and Carbon Corpeoration
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Physical Properties of “Bakelite” MOLDING MATERIALS

Thermosetting General-Purpose Phenolics

These materials provide well-balanced combina-
tions of dimensional stability and other physical
properties suitable for everyday requirements.

Impacet strengih: 0.26 to 0.40 foot-pounds per

inch of notch (Izod). Tensile strength: 6,500 to
8,500 pounds per square inch. Flerural strengih:
8,800 to 13,000 pounds per square inch.

Thermosetting Shock-Resistant Phenolics

Four types, offering a wide range of physical
properties. All tvpes are dimensionally stable,
and resistant to wear and abrasion. Depending
upon type. impact strength: from (.46 to 5.4
foot-pounds per inch of noteh (lzod) ; tensile
strength: from 5,300 to 8.500 pounds per square
inch; flexural strenuth: from 6.300 to 11,000
pounds per square inch.

Thermosetting Phenolic Molding Boards and
Blanks

These are medium-high, impaet materials that
may be used in molds built for general-purpose
phenolics. Can be used alone, or with other

plasties to provide reinforcement at vita! points.
Supplied as board stock or as blanks approxi-
mating shape of finished part. Also sold in diced
form suitable for automatie preforming. De-
pending upon type, impact streng:h: from 1.6
to 2.0 (with grain) and 0.6 to 0.9 (against
grain) foot-pounds per inch of notech (lzod) ;
tensile strenygth: from 3.000 to 11.000 pounds
per square inch; flexural strength: from 8,400
to 25,000 pounds per square inch.

Special Phenolics

This group comprises a variely of dimensionally
siable, thermosetting materials, for special re-
quirements of heat resistance. low power factor,
chemical and water resistance. low friction co-
eflicient, opacity to X-rayvs, and transparency.

Thermosetting Ureas

Most color stable and hardest of all thermoset-
ting plasties. fmpact strength: from 0.30 to 0.36
foot-pounds per inch of noteh (lzod) ; tensile
gtrenyth : from 9.500 to 12,000 pounds per square
inch: flerural stremgth: from 10,000 to 14,000
pounds per square inch.

Thermoplastic Ceilulose Acetates

Two types—Class I, general purpose, for com-
pression and injection molding. and Class 11,
heat- and water-resistant, for injection molding
only. Both types noted for high impact strenith,
toughness., and wide color range. Impact
strength: from 1.4 to 4.0 foot-pounds per inch
of noteh (lzod) : tensile sirength : from 2,500 to
9.500 pounds per square inch : Hexural strength:
from 5,000 to 15,000 pounds per square inch,

Thermoplastic Polystyrenes

Qutstanding in dimensional stability. chemical
resistance, and dielectric qualities. For com-
pression as well as injection molding. Supplied
us erystal-clear matervial, and in transparent and
iranslucent colors. /fmpact stremgth: from 0.40
10 0.70 (compression-molded), 0.8 to 1.2 (injec-
tion-molded) foot-pounds per inech of notch
(Izod) : tensile strength: 5500 to 6,500 (com-
pression), 6,500 to 7,000 (injection) pounds per
square inch; fHexural strength: 6,500 to 7,500
(compression). 14,000 to 19,000 (injection)
pounds per squate inch.

Physical Properties of Laminated Plastics
made with “Bakelite” LAMINATING VARNISHES

BAKELITE Laminating Varnishes are used in
the production of paper-hase and fabric-base
laminated sheets. tubes. and rods. Laminated
plastiecs made from these varnishes possess excel-
lent dimensional stability. high impuect, tensile,
and flexural strength, and are extremely resis-
tant to wear and abrasion. In addition. they
offer an unusual combination of other properties
such as high diclectrie strength, resistance to
corrosion, and immunity to water. brine. oil,
ordinary solvents, most acids, and weak alkalies.

Physical Values

Tensile strength of standard paper-hase grades
ranges from 7.000 to 12.500 pounds per square
ineh; flexural strength (transverse), from 15,000

Physical Properties of “Bakelite” BONDING

Phenolic and Urea Resin Wood Glues

For bonding plywood and other wood products.
Glue line is dimensionally stable under extreme
conditions of heat, eold. moisture, and impact
shocks. DBonded woods are resistant to mould
growth.

Resin Cements for Lamp Basing

Because of their dimensional stahility when
subjected to heat. BAKELITI Resin Cements
are used widely to set electric light bulbs and
radio tubes in their metal or plastic bases. Me-
chanical shock or vibration does not impair the
bond.

to 21.000 pounds per square inch: and compres-
sive strength, from 22,000 to 36,000 pounds per
square inch. For standard fabric-buse grades.
tensile strength runges from 8.000 to 10.000
pounds per square inch ; flexural strength (trans-
verse), from 17,000 to 20.000 pounds per square
inch; and compressive strength, from 35,000 to
38,000 pounds per square inch.

Sheets, Rods, Tubes, Special Shapes

Laminated shect stoek nnd gear stock is supplied
by luminatms and fabricators in various thiek-
nesses and sizes. Tubing can be obtained in
lengths from 36 inches. with 1.D. from 3/16 of
an inch to 72 inches. Larger tubing can be made
for speeial requirements. Rods come in standard

Resin Cements for Bristle Setting

A tough. tenacious hond for bristles used in
brushes of all types is provided with BAKELITE
Resin Cements. The bond obtuined is unaffected
by constant use. or by frequent cleaning in
water or solvents.

Bonding Resins for Glass and Mineral Wool

To form glass, rock., and mineral wool into
easily handied. dimensionally stable insulation
batis. the fibers are honded together with
BAKELITE Resins. Heat cold, and moisture
do not affect bonding strength.

Physical Properties of SURFACE COATINGS made

BAKELITE Synthetic Resins. when formulated
into protective coatings. provide such properties
as durability. faster drying speed. toughness,
hardness or flexibility. resistance to wear and
abrasion, and resistance to water and chemicals.

Phenolic Resins

For fortifying paints. primers. varnishes. and
enamels of all types. Qutstanding are the para-
phenyl-phenol tvpe of resins BR-17000 and
BR-264, whieh have established new standards
of durability for government and industrial speci-
fication coatings. Numerous other BAKELITE
Phenolic Resins are serving widely diversified
coating requirements. Certain types are used to
fortify non-phenolic coatings to improve
performance.

Calendering Resins for Cloth

Cloth calendered with BAKELITE Resins gains
added toughness with little or no sacrifice in
flexibility. The resins impart a high order of
resistance to water, chemicals, and heat.

Resins for Wood Densifying and Stabilizing

The many important advaniages of wood are
supplemented by high mechanical strength and
excellent resistance properties when impreg-
nated with BAKELITE Resins. In particular.
the moisture content of wood veneers can be
stabilized by such treatment. Impregnated ve-

Dispersion Resins

These resins provide coatings with an unusual
combination of properties—extremely fast dry-
ing time and maximum resistance to moisture,
Such coatings dry as fast as one minute. entirely
by solvent evaporation. without need of haking
treatment. Becuause they are non-oxidizing. they
do not become brittle after long yvears of service.
They are especially useful as primers for fer-
rous and non-ferrous metals, particularly alumi-
num and magnesium alloys.

Baking Resins

Tor hard. abrasion-resistant coatings for lining
cuns, drums, and tanks. Baked on immediately
after application, they provide high resistance

lengths up to 48 inches. and in diameters from
1/8 of an inch to 4 inches. Special shapes are
made to order.

Special Types

In addition. special laminated plastics have been
developed for specific mechanieal requirements.
Molded-laminuated plasties permit the manufae-
ture of such unusunally tough and wear-resistunt
products as heavy-duty bearings. Rubber-lami-
nated plasties combine the rigidity and mechan-
ical strength of laminated blastics with the
vibration-absorbing gualities of the rubber inter-
layer. Tough. densified-laminated woods also are
made vossible by impregnating wood veneers
with a laminating varnish and subsequently
applying heat and pressure.

MATERIALS

Bonding Resins for Abrasive Products

Abrasive grit used to form high-speed grinding
and cut-otf wheels is securely bhonded with
BAKELITE Resins. This tough. strong hond
has made it possible to operate grinding wheels
safely. at speeds considerably higher than with
other bonds.

Resins for Brake Linings

Both woven and molded brake linings are pro-
cesscd with BAKELITE Resin for greater
toughness, dimensional stability. and resistance
to wear and heat.

with “Bakelite’” Resins

to heat. chemicals. and moisture. Equipment
need not be dismantled nor shipped out of the
plant ; the coatings can he applied, right on the
job, by means of special. portable baking
apparatus.

C-9 Resins

Tor coatings on cloth, paper. concrete, plaster,
brick. plasiies, wood, and metal, these versatile
resins contribute many unusual physieal proper-
ties. They are noted for their adhesion and long
retention of flexibilitv. In wet scrub tests, water-
emulsion paints made with them far exceed
durability required in government specifications.
Baking enamels based on them do not hlister or
fluke even when immediately plunged into cold
water after long baking,

Physical Properties of “Bakelite”
IMPREGNATING, SEALING, and CALENDERING MATER!ALS

neers can he compressed into densified wood,
known as “eompreg,” with speeific gravity up
to 1.87. On parallel-grained specimens. modulus
of rupture can reach 38,000 pounds per square
inch (with grain), and compressive strength
25,000 pounds per square inch (with grain).
“Compreg” is fire retardant. has excellent aging
properties, and is resistant to sulphuriec and
hydrochlorie acid solutions.

Sealing Solutions for Castings

Castings ordinarily rejected for porosity anid
small blowholes are reclaimed by forecing

www americanradiohistorv com

BAKELITE Sealing Solutions into the pores
under pressure. and then baking. The sealing
solution thus becomes exceedingly hard and
tough, unaffected by hot or eold water, steam,
oils, chemiculs, or heat up to 400 deg. F.

Impregnating Varnishes for Windings

As protective coatings and insulating bonds for
coils, armatures, and windings, BAKELITE
Varnishes remain stable and hard despite ele-
vated operating temperatures and high rota-
tional speeds. Better mechanical strength is also
obtained.



www.americanradiohistory.com

That answer to “what material?”
will be as important to post-war
products as it is today. For both im-
mediate and long-range planning
avail yourself now of the latest in-
formative data on C-D’s wide range
of NON-metallics . . . Dilecto lamin-
ated and Celoron molded phenolic
plastics, Diamond Vulcanized Fibre,
Micabond, Vulcoid and Dilectene.
Bulletin GF may contain the one and
only answer to “What Material?”
. . . Write for it today.

GMW@M=DWM FIBRE COMPANY

B P N e i W~ 3 ST e T SR ok SRR T Ss
Established 1895 . . Manufacturers of Laminated Plastics since 1911 — NEWARK « DELAWARE
w
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ELECTRO-VOICE MANUFACTURING CO. INC.

ELECTRONICS — April 1943

Neither were planned for war

We're not raising new generations to die on battletields; we're not design-
ing implements for future wars. We Americans are a peace and freedom-
loving lot, with an economy that is geared to the home . . . washing machines,
automobiles, radio . . .

But we first must finish an unpleasant job of blasting the daylights out of
those who deliberately attacked our way of life. For that purpose, we've given
our men. And our men are getting the very best tools for that piece of grim
business.

We thank heaven that change, progress and mass production are an
integral part of a system that enabled us to redesign our products for military
applications. True, our new designs were speeded by war necessity—but we
like to think of these latest Electro-Voice microphones as no different from the
others in our evolutionary scale.

For, as eagerly as any soldier on a fighting front, we retain a vision of
returning again to our natural mode of living. We plan to build better micro-
phones for civilian communication . . . for music . . . for laughter . . .

%m%we MICRODHONES

www americanradiohistorvy com

1239 SOUTH BEND AVENUE, SOUTH BEND, INDIANA
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HYTRON'S SOLE PURPOSE for the duration
is o maintain an always-increasing flow of
tubes into the radio and electronic equip-
ment which is playing a vital part in winning
this Radio War. 1t is our firm conviction that
the torch of Liberty which Hytron is helping
to keep burning will light the way to the
unconditional surrender of our ememies and
to an electronic age which will amaze a

. freed world.

April 1943 — ELECTRONICS
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INDUSTRIAL

Although Struthers Dunn, Inc. makes many more
complicated, and therefore more “‘spectacular,” relay
types, there are none in which Dunco design and
manufacturing care have proved more effective than
in these Industrial Control and Power Transfer types
commonly used for controlling motors, heats, lights,
and for other industrial tasks.

Their success over a long period of time has been
largely a matter of reinement of every de-ail having a
bearing on performance and dependability —and top-

STRUT

1321 ARCH STREET

TROL RELAVS

ping this offl with individual adjustment plus two
separate inspections before shipment.

Dunco Industrial Control and Transfer Relays are
made in many types and with mounting styles for
almost any application.

WRITE for your copy of the Dunco Relay-Timer Cata-

log and Data Book. Contains details on the largest
line of high-qualit ays and

Timers, as well as h ] engi-
neering information.

PHlLADELPHlA, PA.

IN 28 CITIES HELP SOLVE YOUR RELAY.-TIMER PROBLEMS

LET DUNCO DISTRICT ENGINEERS

ELECTRONICS — April 1943 31
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@War jobs have posed infinite production problems.

We know a lot of them that were solved with as
simple a thing as a nut.

Because the solution was an Elastic Stop Nut.

For example, aircraft. Their very worth depends
upon fastenings that grip sure and won’t shake
loose under the chatter of machine guns, the impact
of cannon fire and the vibration of air combat.

Every plane streaming off America’s production
lines has Elastic Stop Nuts fastening important
structural parts. Several millions of them go into
aircraft every day.

And to our knowledge, not one has ever failed to do
its jobh.

With two big plants running full-tilt 24 hours a

32

LOCKED in
ploce on bolt
by grip of tough

SEALED af
top to protect
working threods

ELIASTIC STOP NUTS

locking colla; o from corrosion

HOLDS nut
thread agoainst - FITS ony stond-
bolt threod — ard bolt. Mode
: i inall sizes

— prevents
ond types

oxial play

day, we can’t satisfy all the needs of today’s one
big customer.

But in the days ahead, with Elastic Stop Nuts
generally available, peacetime products and their
production are going to be better.

And our engineers schooled in solving the rigorous
problems of war production will be at the service of
manufacturers with fastening requirements.

Whenever you wish, they will be ready to share
their knowledge with you and recommend the
desirable Elastic Stop Nut.

Lock fast to malke things last

ErLasTic STor Ni'T CORPORATION OF AMERICA
UNION, NEW JERSEY

April 1943 — ELECTRONICS
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v?/iH élwcys be a matter of vital importance.
Power tubes bearing the name Unlted" re
products of original ploneers in the g;uracle
known today as electronics. Step by step -
‘these seasoned engineers he|ped evolve the .
‘principles and advance the scnence of fab-
ricating transmitting tubes whlch ‘hold «a |
superb record of performance. The early
pioneers at United are still actively pio-
neering! The wealth of experience which A
they have been privileged to accumu-
late under the demands of war will
be available to you when “United” *
electronic tubes are available again
on a peace-time scale for radio

and industrial applications.

1
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DuMONT sccllographiy

) The new DuMont Type 241 oscil-
lograph is literally an enlarged ver-
sion of the 3-inch Type 224 already
meeting the more critical require-
ments of oscillograph users.

The 5-inch tube means larger os-
cillograms for more detailed studies.
The added Z-axis amplifier for beam
modulation permits use of timing
signals or blanking impulses for fur-
ther applications.

Both instruments —Type 224 (3-
inch) and the new Type 241 (5-inch)
set new sfandards for commercial-
grade oscillographs. Wide-band Y-
axis amplifiers permit study of sig-

AVERAGE RESPONSE CURVE

TYeE 201
CATMODE-AAY ORCILLOGRAPH

nals of frequencies far beyond the
range of usual instruments. Both
have a comparably wide-band
square and sinusoidal wave re-
sponse. Both permit a wide choice of
panel connections for extreme flexi-
bility in applying signals to the
cathode-ray tube. Both are ruggedly
housed and supplied with remova-
ble front cover for added protection
in transit or when not in actual use.
These two expanded-range-ex-
panded-versatility DuMont Oscillo-
graphs, along with other DuMont
types. round out an outstanding
choice of instruments for your par-
ticular kind of oscillography.

’ Write for literature

..o from Afo X, Y and Z

FEATURES

DuMont Type 5JPI intensifier-type cathode-ray tube for
brilliant, easy-reading oscillograms.

Y-axis or vertical deflection response uniform from 20 c.p.s.

1o 2 mc. Comparable faithful square and sinusoidal wave
response.

X-axis or horizontal deflection amplifier with uniform re-
sponse to 100 kc.

Both amplifiers have input attenuators and distortionless
gain controls.

Y-amplifier has input connection for test probe and
shielded cable supplied with instrument, reducing input capaci-
lance and eliminating usual stray pickup.

Z-axis amplifier modulates electron beam with any signal ap-

plied to input terminal post, or with return trace-blanking pulse
produced by linear-time-base generator.

All high-voltage electrolytic capacitors eliminated from circuit.

17%2" high; 10%" wide; 21" deep. 65 lbs.

©9S®

50 c.p.s. 500 ¢.p.s. 25 KC. 100 KC.

ALLEN B. DU MONT
LABORATORIES, Inc.

Passaic * New Jersey
Coble Address: Wespexlin, New York

April 1943
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POWER TRANSMISSION
Electronics, science of
the futur2, is used to op-
erate electricsub-stations
by remo®e control.

100,000 MC

PROCESSING STEEL
Electroric heating for
more efficient tin plating
of steel — another elec- 10,000 MC
tronics application.

THERE’

+ =2
L ¥

4

-
3

AND EERS!

With electronics =

ee through stone and steel ...

detect smo fog invisible to the eve. He can match

e

colors and finishes ... manipulate doors, furnaces, traffic—
even make meat tender by means of the science of electronics.

The industrial uses for the magic of electronics appear
almost endless. In the 100-1000 kilocvcle range of the fre-
quency spectrum, for example, the applications of electronics
include operation of electric substations by remote control,
more efficient tin plating of steel, maritime direction finding
applied even to small pleasure craft.

And almost every day astounding new uses are being
recorded—in transportation, food, medicine. With the dawn
of peace, the range of useful electronic applications is expected
to embrace almost every phase of modern living.

For the electronically-minded, there will be no limit to the
opportunitics when the war is won. Fascinating new carecrs,
undreamed-of a few years ago, will be waiting—in the service
of those who will produce the many electronic devices, as
well as in the fields where this new science will be applied
in the coming “Era of Electronics.”

Isolantite has followed closcly the development of science’s
newest miracle, aware of the possibilities for its commercial
application at war’s end. Aware, too, of the role fusulation
must play in adapting the electronic principle to new products
and uses for peacetime living. The clectronic world will
not be delaved for want of high-grade insulating materials.

SOLLRYITE

-
luL 4 (
CERAMIC INSULATORS
ISOLANTITE INC.,, BELLEVILLE, N. J.

www americanradiohistorv com
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\ V% |
MARKS THE SPOT YOU CAN

PUT YOUR FINGER ON ?M/

Thanks to the tremendous strides achieved
in the field of electronics, a new sixth sense
takes the sting out of ‘closed’ weather—
minimizes accidents, permits landings on
schedule.

An electric device on gan instrument panel
registers the gliding path of the craft, ver-
tically and horizontally, in relation to the
pre-determined beam of the airport. Safe

landings . . . without the pilot ever having
seen the field!

The pdrt played by ELECTRONIC ENTERPRISES

power and transmitter tubes in furthering

aviation progress is but one of the achieve-
ments of these highly-sensitive, precision-

L id ¥

functioning electronic components.

The complete engineering facilities of ELEC-
N TRONIC ENTERPRISES are available to you for

collaboration on your problems. Inquiries

are invited.

b,
—

ELECTRONIC .
ENTERPRISES, INC.

=

e A

ILECTRONIC

GENERAL n NEW JERSEY
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FOR
HIGH-FREQUENCY
POWER SOURCES

LAPP GAS-FILLED
CONDENSERS

In any electronic circuit, wherever lump capacitance
is needed, Lapp condensers will save space, save
power and save trouble. Available for duty at almost
any conceivably-useable voltage rating and capaci-
tance, they bring to any application notable mechani-
cal and electrical advantages: practically zero loss,
smallest space requirement, non-failing, puncture-
proof design, constant capacitance under tempera-
ture variations. Shown, at left, Unit No. 25934, rated at
200 amp., 6500 volts, capacitance variable 4300 mmf. to
11000 mmf.; right, Unit No. 23722, rated at 50 amp.,
7500 volts, capacitance 4s mmf. to 75 mmf.

STANDOFF, BOWL,
ENTRANCE INSULATORS

Standoff, bowl, entrance and other special-purpose
insulators are available in wide range as standard
Lapp catalog items. Other insulators of special de-
sign are easily produced by Lapp methods, either in
porcelain or steatite. The wide choice of such insula-
tors available from Lapp simplifies the design of
high-frequency equipment. Also, Lapp is equipped
for production of many special assemblies, of porce-
lain or steatite, and the associated metal parts.

LAPP PORCELAIN
WATER COILS

For cooling of high-frequency tubes in radio trans-
mitters and other electronic power sources, Lapp por-
celain water coils have been widely used. With noth-
ing about the porcclain to deteriorate, sludging is
eliminated, and with it the need for cleaning and
water changes. Porcelain pipe and fittings in any
needed size are also available as catalog items. We
welcome inquiry on any Lapp equipment for experi-
mental or industrial electronic application.

|
|
|

INSULATOR CO., INC.

LEROY, No Yo.,
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“We've heen using
Wilcox Equipment for two years__

without a single interruption”

savs E. H. Forsman,
Supt. of Communications for

Continental Air Lines

WILCOX equipment has an im-
portant part in the vital communica-
tions operations of leading airhnes,
and uninterrupted service 1s proving
Wilcox dependability. The Wilcox
factories have converted their entire
facilities and experience to produc-
tion for military needs...to help keep
’em flying until Peace 1is assured.
But, after the war Wilcox equipment
again will be available for the huge
expansion in civil air transportation
that is certain to come.

There MUST Be
Dependable Communications

Communication Receivers
Airline Radio Equipment Aircraft Radio
Transmitting Equipment

VV,

WILCOX ELECTRIC
COMPANY

Quality Manufacturing of iladio Equipment

14th & Chestnut Kansas City, Mo.

AIR LINE

Photo. courtesy
Continental Air Lines

36 April 1943 — ELECTRONICS
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BYELAND

HEINTZ AND KAUFMAN ORIGINATED
THE TANTALUM ELECTRON TUBE

GAMMATRON tubes exemplify the ability of Heintz and
Kaufman engineers to meet difficult design problems with

exceptional skill and ingenuity.

Faced with the need for tubes which can endure great physi-
cal and electrical punishment without faltering, our engineers

were the first to appreciate the unique advantages of tantalum H K""I 054 TRIODE

as a plate and grid material. In addition they pioneered new OPERAT
principles of construction which discarded all internal insula- ING DATA
tors. As a result, GAMMATRONS are inherently gas-free. As wn RIT Power Amplifier.

Heintz and Kaufman brought this same pioneering spirit to Cluss €, Unmodulated.

the UHF band. Some of the accomplishments of GAMMA- Typical  Moximum
TRONS at high frequencies are well known, but many devel- Fower Output .. ... 3000 Watts  —
opments are today classed as restricted information. Until Briving Power Ngie 140 Watts  —

the full story can be told, keep GAMMATRONS in mind for
postwar applications...for then as now they will help open

DC Plate Voltage . .. 5000 Volts 6000
CC Plate Current ... 750 M.A. 1000

new frontiers for electronics.
LC Grid Voltage ... -950 Volts -2000

HEINTZ AND KAUFMAN LTD OC Grid Current ... 105 M.A. 150

Peak RF Grid Volts .. 1475 Volts -
SOUTH SAN FRANCISCO - CALIFORNIA .
P ate Input . . ... .. 3750 Volfs 3750

R -

ELECTRONICS — April 1943 37
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Industry steadies its nerves

ECEI) with production schedules that have no
precedent in historv, American industry finds the
fluctuating voltages of its over-loaded power lines
wholly inadequate to meet the ““deadly” precision
demanded for total war.

Vital “nerve centers”

of production lines are
geared for precise performance when operated at
specific line voltages. Any variation from these
rated values, and there are many these days, may
well mean lagging production schedules and a
noticeable lack of uniformity in produets.

Fluctuating line voltages are no problem in
plants where Sola “CV’s” have taken over. Lven
though the peaks and vallevs of power consump-
tion may cause a voltage variation of as much as
+ 309%—the vital “nerve centers™ of their pro-

4 s
V.

C tant Vol
onstant Yo
Yo 1‘" .

R
i

i

P

s

o

sg
=
-

duction lines continue to operate smoothly and
with unerring precision.

Day and mnight, without eare or supervision,
Sola Constant Voltage transformers maintain posi-
tive control over electrically operated instruments
and machines that are indispensable to the na-
tion’s war effort. These transformers are available
i standard units with eapacities ranging from
15 KVA, which might be used for an entire com-
munications system for instance, to the small
10 VA units for vaenum tubes. Special units can
be built to specifications.

Note to Industrial Executives: The problems solved
by Sola ““CV™ transformers in other plants may have an exact
counterpart in yours. Find out. Ask for bulletin DCV -74

. i
i N
i * . 3
| 2y W
e Transrormers
i
J P R %
T — A
o A
G ]

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

38 April 1943 — ELECTRONICS
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'REMOVABLE TERMINAL STUD

-
_FHE Rosan Removable Terminal Stud is one
of the many applications of the Rosan Locking
Svstem designed into our threaded inserts and
studs. The red Locking Ring in the illustration
bro:ches its way into the material and locks the
stud in place. This is the principle of the Rosan
Locking System.

The introduction of this remarkable device has
solved one of the most baffling problems with
which engineers have been confronted. Ordinary
studs or inserts will turn and loosen under vibra-
tion. The Rosan Locking Svstem locks our studs
and inserts permanently in metals, plastics,
wood, or any material which can be threaded.

The Rosdn Rewmovable Terminal Stud is also locked in
the material; but with this difference: By means of the
flange above the serrated collar, the locking ring may be
removed and the stud replaced. Rosan Removable Ter-
minal Studs are put in from the front of the panel. No
counterboring at the back. No shielding necessary.
Effects enormous savings in material and repair time.
No special taps or screws required. Standard threads
throughout.

The operating principle of the Rosan Threaded Insert is
shown in the illustrations below.

Manufacturers are invited to submit their problems to
our Engineering Department. The Rosan Locking Sys-
tem has types of inserts and studs for every branch
of industry.

BARDWELL & McALISTER, INC.

7638 Santa Monica Bivd., Hollywood, Calif.
DESIGNERS AND MANUFACTURERS

{3) Insert locked in

(1) Materialhasbeen
drilled and tapped.
Insert, minus locking
‘ring, hos been partly
screwed into ploce.

ELECTRONICS — April 1943

{2} Insert in place.
Top flush with surface
of materiol. Note the
counter-bored chan-
nel for the tocking
ring.

www americanradiohistorv com

place. Inner serra-
tions engaged with
teeth of collar. Outer
serrotions broached
permanently into
moterial.
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STEATITE +4

Centralab’s Steatite plant can furnish coil forms up to 5" diameter
and pressed pieces to approximately 6 inches square. Centralab’s

engineering, laboratory and production exgerience in Ceramics extends
back to 1930. In addition to Steatite, Centralab also produces other types
of Ceramics.” Consult our engineering dept. on your Ceramic problems.

Cordierite: a low thermal ntm
expansion type of ceramic.

B o o™ Division of GLOBE-UNION INC., Milwaukee

suitable for capacitors and
special application.

40 April 1943 — ELECTRONICS
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Serving the Electronic Industry since 1922...and now
producing the following vital parts:

@ CENTRALAB Steatite insulators ® CENTRALAB Ceramic Capacitors

@ CENTRALAB Ceramic Trimmers ® CENTRALAB Wire Wound

@ CENTRALAB High Frequency Controls

Circuit Switches @ CENTRALAB Sound Projection

® CENTRALAB Volume Controls Controls

Centralab

Division of GLOBE-UNION INC., Milwaukee

ELECTRONICS — April 1943
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Z/BUILT TO DO A HERCULEAN JOB

Tthe Type 27
SUPER AIRCRAFT RELAY —

Expert design . .. Small size . .. Light Weight. .

a powerful Aircraft Relay possessing a number of
noteworthy characteristics, which can be varied over
a wide range to suit the requirements of different
applications.

The box frame construction gives the Type 27
Relay superior strength and sturdiness...yet it
weighs only 5 ounces. The above illustrated relay is
capable of withstanding 15g or more without a
tremor . .. has a contact pressure of 60 grams (dou-
ble make-double break) and a contact capacity of 20
amperes at 30 volts d.c. (100 ampere inrush). The
pickup is 6.5 volts (.61 watt) at 20° C. The nominal
coil voltage is 12 volts d.c. Coil wattage at 12 volts
d.c. is 2.1 watts at 20° C. Temperature range is from
—40 to 90° C. Size 1% x 1% x 17%".

Free samples of the above Type 27 Relay (SPDT
double make-double break in 2 pole construction) ) . e

. . . . are available in quantity in numer-
are available to relay users if request is accompanied ous sizes. Made by G-M, pioneer in
by a priority of AA-4 or better. Write or wire today development and manufacture of
requesting specification No. 12723, quality phototubes.

VISITRON PHOTOTUBES

LABORATORIES |NC. ?aq WAR BONDS & STAMPS |

4313 NORTH KNOX AVENUE, CHICAGO, ILLINOIS

44 April 1943 — ELECTRONICS
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ERE is a voltage stabilizer

that digests variations in load
or power factor, or both, and con-
tinues unaffected in its smooth,
reliable regulation of voltage. Va-
riations in load from no load to
full load bother it not a whit.
Changes in power factor from
unity to 0.8 lagging leave it in-
different.

Electronic-device manufacturers
who build it into their equipment,
or offer it as an accessory, Wwill
find that it means better perform-
ance and greater salability of their
products. Present users of elec-
tronic devices will likewise find
that it can improve the perform-

GENERAL @ ELECTRIC

VOLTAGE STABILIZER
ot 15 irsensitiive 1o foad power facror

ance and reliability of their equip-
ment. This stabilizer is ideal for
precision control of many labora-
tory processes.

If your problem is one of provid-
ing constant voltage for the opera-
tion of diversified electric equip-
ment—all or much of which has
fluctuating loads and power factor

solve it by installing G-E sta-
bilizers, the only voltage stabilizer
on the market that is insensitive
to load power factor. Available
ratings from 50 va to 5000 va.
Ask our local office for Bulletin
GEA-3634—the complete story.
General Electric Co., Schenectady,
New York.

408-37-5206

www americanradiohistorv com

NO MOVI

NG PARTS o NO ADJUSTMENTS
NO MAINTENANCE

Engineers, note these perform-
ance features!

WIDE LIMITS FOR INPUT VOLTAGE—95 to

"130 volts—ample for all ordinary voltage

conditions.

CONSTANT OUTPUT VOLTAGE—For any
fixed load, =14 per cent. For any load
that yaries between full load and half load,
and power factor between unity and 0.8
lagging, the output voltage will not vary
more than =11% per cent. For simultaneous
variations in input voltage, load, and load
power factor—with load between no load and
full load, and load power factor between
unity and 0.8 lagging—the output voltage
will not vary more than =214 per cent.
QUICK RESPONSE—Stabilizing action takes
place in less than three cycles.

LEADING INPUT POWER FACTOR— Approx-
imately 20 per cent at no load, and 70 per
cent at full load.

CURRENT-LIMITING FEATURE — On short
circuit the output is limited to approxi-
mately 130 per cent of full load—especially
valuable for electronic-tube apparatus dur-
ing the filament warming-up period.

LOW HARMONIC CONTENT—Only about 6
per cent at or near full load, unity power
factor. Only slight variations in harmonic
content result from variations in input voltage.
SELF-PROTECTING—Wili operate continu-
ously throughout the range from opch
circuit to short circuit without damage.

AT g/ The ArmyNovy “E”, for Excellence
\& L in the monufocture of wor equip
7 RBILIE ment, now flies over six G-£ plants

employing 100,000 men and women.
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LRYSTALS

"SHORT ORDERS" IN A HURRY

It it's a “"Rush’’ phone us, and your order for special
orystals will go into work immediately under a com-
petent crystal engineer personally charged with the
responsibility for your project.

Our full facilities, including latest electrical and
optical equipment, X-ray orientation, etc.—are at your
service. John Meck Crystals are “'Good Will Ambassa-
dors of the Future” to acquaint you with our Family of
Activities in the field.of Sound and its Projection. That's
why “Short Orders in a Hurry’ are welcome.

CRYSTAL SERVICE DIVISION
PLYMOUTH THREE THREE

April 1943 — ELECTRONICS
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_For lack of a Tube

The Big “B” was limping home over the water with two
motors shot away. Too far gone to reach the home field.
No visibility for a navigational fix.

Radio Op was trying to locate a closer field when a tube
went dead. Which one? No time to test. He yanked out all
the tubes. Started putting in a spare set.

But one of the tubes he jerked out was a “special selec-
tion.” The replacements didn't work. The big bomber
never got that bearing. And $350,000 worth of fighting
ship drowned in the Pacific.

The moral? If you are a designer of radio and radio-
electronic circuits for our armed forces, you can avoid
the use of special selection tubes in 99 cases out of 100.

There’s hardly a radio-electronic circuit today that

can’t be designed to function perfectly with standard tubes.

You might need two> of these in place of one “special
selection,” but standardization makes it worthwhile.

We can and do suoply “special selections” but only
when authorized by the Army or Navy. Even then your
special selection will interfere with the mass production
and delivery of our standard tubes —and today time is
the essence.

So why not first find out if the circuit you're working on
now, can’t be designed without the use of “special selec-
tions”? Our staff of application engineers is
always ready to help you solve your design and
manufacturing problems — and they can help
you avoid “special selections”!

RCA RADIO TUBES

RECEIVING TUBES - POWER TUBES -

CATHODE-RAY TUBES -

SPEZIAL-PURPOSE TUBES

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

www americanradiohistorv. com
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“Condenser by Rauland”

Back of every fine instrument is a
combination of wide experience, infinite
skill and painstaking care. RAULAND
condenser users £now the utter depend-
ability of these electroneered units; how
successfully they have met and performed
the most difficult tasks demanded of

communications by modern warfare.
They are made to “stand the gaff,”
having battleship toughness, yet blended
with a precision accuracy that insures
a fine degree of tuning. These are
the things you get when you specify
“Condenser by RAULAND.”

RADIO...SOUND... ..2COMMUNICATIONS

Electroneering is our business

THE RAULAND CORPORATION B F  CHICAGO, ILLINOIS

Buy War Bonds and Stamps! Rauland employees are still investing 109 of their salaries in War Bonds

April 1943 — ELECTRONICS
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ON THE JOB

Whenever our Flying Fortresses fulfill their mis-

sions for victory, AlSiMag ceramic insulators are

on the job to help make the flight a success.

AlSiMag steatite insulation can be found in all
vital electronic components and is selected by
designers of electronic equipment for dependable

service.

AWARDED JULY 27, 1942

AMERICAN LAVA CORPORATION

CHATTANOOGA, TENNESSEE

vvvvvvvvvvvvvv
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Tfie N-Y-T Sample Dept
was establlshed S0
that we may have..

..without the world
ending for Johnny Smith

An eighteen-to-one defeat for the enemy is good reading . . . it's the
ratio of advantage that spells vitimate success for the United Nations.
However, let's give a thought to Johnny Smith, pilot of the short-end
of the score.

# For the purpose of making good transformers better, to design and
engineer them for more efficient and dependable functioning, the N-Y-T
Sample Department was established. By intensive research and lab-
_'E 5 oratory work, new developments are engineered, then made tangible
components for ordnance machines and radio equipment.

Which means another day for the Johnny Smiths in our Army, Navy and

Air Corps. Translated into post-war practice
&;4‘ it will mean better living when they return.
h * * *
Nq The N-Y-T Sample Department is prepared to give immediate
consideration to your special problems, and make deliveries

within a maotter of days. Inquiries invited.

26 WAVERLY PLACE NEW YORK, N. Y.

50 April 1943 — ELECTRONICS
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. “.‘ ', 413
HICKOK DYNAMIC MUTUAL
CONDUCTANCE TUBE TESTER

/

ELECTRONICS — April 1943

CLEVELAND, OHIO -

* From its organization in 1910 until now The Hickok
Electrical Instrument Co., has always been in the fore-
front of those companies who have contributed most to
Electrical and Radio Instrument progress.

Quality has always predominated over quantity of
production—building a reputation for highest grade
instruments that is now reflected in the enormous
demand for Hickok Meters for Aviation and other
War Time uses. The meter illustrated is typical of

these War Time Instruments.

The Hickok Dynamic Mutual Conductance Tube
Tester, developed soon after the advent of the 3-
element radio tube, is the standard instrument for tube

testing today.

New Hickok Meters and
designed or are already in production for the use of

instruments are being

our Armed Forces. They will be available for every-

one as soon as the present emergency is over.

So keep your eye on Hickok for the newest and

best in indicating meters and radio service equipment.

ELECTRICAL INSTRUMENT CO.

U. S. A.

51
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0.00002 to 10,000 VOLTS!

BALLANTINE
ELECTRONIC

AC VOLTMETER
AND ACCESSORIES

MODEL 300
ELECTRONIC
VOLTMETER

MODEL 505
ARTIFICIAL EAR

MODEL 220
DECADE AMPLIFIER

MODEL 402
MULT{PLIER

MODELVP-5 '
This enormous range of voltages—five hundred mil- VIBRATION
lion to one—is accurately covered by our Model 300 PICKUP
Electronic Voltmeter and some of the accessories
shown above. Frequeney range 10 to 150,000 cveles.
Aceuracy 29, over most of the range. AC operation.
{ Five decade ranges with Jogarithmic scale make read-

ings especially easy. Uniform decibel scale also pro-
| vided. Over a thousand of these instruments are
| giving excellent service in Government, commercial
' and university laboratories and {actories.

Send for Bulletin 8

BALLANTINE LABORATORIES, INC.

BOONTON, NEW JERSEY, U.S.A.

32 April 1943 — ELECTRONICS
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FAL assistance to mamufacturers of The Mycalex Department of Precision Fabricators is

communications, high-frequency, completely equipped with new high-precision equipment,

electrical and electronic equipment designed especially to the requirements of Mycalex for

a 3 « .

. . . cutting, milling, drilling, thread cutting, grooving, turn-

is offcred by the announcement of Precision Fabricators, ' & & & 45

ing, grinding, surfacing and engraving. Already many

Inc. as a licensed producer of fabricated parts in “LDS” i
thousand Mycalex parts have been produced by this de-

cadle lycalex. .
(Eamdless) (o partment—parts turned out on time or ahead of pro-

) ) . . duction schedules—parts that pass cvery inspection.
Mpycalex as 2 material has won wide recognition for its

ig ielectric strength, its low loss even at highest : - : :
high dielectric strength, its low loss ¢ lghes We solicit the opportunity to figure on your require-
frequencics, 1ts mechanical strength and its stability ments. We think we can tcll you a surprising story on
under pressure, high voluage, heat and humidity. precision tolerances—and on delivery schedules.

Precision Fabricators. Inc. hare heen appointed fubricators

by Mycalex Corporation of America who are exclusive licensees

under patents of Mycalex (Parent) Co., Lid., London, England.

SPECIFICATION FABRICATORS OF MYCALEX * PHENOL FIBRE &

VULCANIZED FIBRE * RUBBER * ASBESTOS AND OTHER MATERIALS

ELECTRONICS — April 1943 53
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As a radio technician, Johnny is a vital part of our

armed forees. He sees an amazing eleetronie future
in the new devices developed by the nrgency of war.,
No, he can’t 1alk about them now, but as he uses
them he dreams of electronie wonders to come.

Someday soon, Johnny and thousands like him
will come marching home 1o take their places in
theiv chosen field. Theiv vision . . . their plans

TUNG-SOL LAMP WORKS INC., NEWARK, N. J., Sales Offices

TUNG SOI.

RADIO TUBES

their energy will give us those wonders in elee-
tronices of which they dreamed. )

Wherever Johnny’s ambition leads him in
eleetronies, he will find TUNG-SOL ready for the
peacetime developments. TUNG-SOIL tubes for
transmitting, receciving and amplifying, TUNG-SOI,
research engineering service will be importanl
parts of his future and the future of electronies.

: ATLANTA, CHICAGO, DALLAS, DENVER, DETROIT, LOS ANGELES, NEW YORK

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

54
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NEW CORNING MULTIFORM GLASSWARE

ENGINEERS

A CHALLENGE TO

T’S not only something absolutely new in

glass - Pyrex brand Multiform Glass-
ware is an exciting new improvement in
electrical insulation!

Multiform Glassware can be made to pro-
vxde whatever qualities are required. Corn-
ing’s Glass Number 790, for example, com-
bines the properties of very low thermal ex-
pansion, resistance to high temperatuics,
great chemical durability, and vers low
dielectric losses. This glass neets all the re-
quirements of U. S. Navy Standaru RE-
13A-317F, Grade G. Corning Glasses Num-
ber 7761 and Number 707, to give further
examples, also have very low dielectric

MAIL COUPON FOR FREE SAMPLE AND DATA §

losses and can be used as insulation at ex-
treme frequencies. Laboratory tests have
shown that all of these glasses and others
will meet the A. S. A. American War Stand
ard on Ceramic Radio Insulating Materials,
Grades L-5 and L-6.

Outstanding among the advantages of Mul-
tiform Insulators are minimum frequency
drift, negligible water absorption, low loss
factor, and an unusually wide range ol size
and shape. If insulator shortages have you
worried, take this step now: clip and mail
the coupon today for a free sample and
complete descriptive hooklet on Pyrex brand
Multiform Glassware!

Multiform Insulation Pro-
ducts already include radio
coil forms,coil form end plates
and flanges, capacitor bush-
ings, lube socket bases, rest
bar insulators, antenna strain
insulators, filament guides,
rectifier rings, switch cups,
co-axial line spacers, crystal
holders, condenser spacers,
mounting blocks, various
beads and wafers, and many
other electrical and indus-
trial parts.

Cormng Glass Works, Corning, N. Y.

Insulation Division, Dept. E-42

vy e g — s r—-

Please send me immediately, without charge, sam-
ple and descriptive booklet on new Pyrex brand
Multiform: Insulators.

| g'rex /[tsn/afors | B ressimarans

E BRAND R COMPANY . oo o oetee e i adissisaaaaannss

i ]

cssascassssnesesensn

Street Address . ... g valelbisasdd d bdewan. b ;

Cit

CPYREX? isa registered trade-mark and indicates mannfacture by Corning Glass Works

ELECTRONICS — April 1943 35
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How may quality be recognized? The determining factors
are materials, construction and performance . . . plus the in-

gredients that come from experience and research.

DeJur Aircraft, Electrical Instruments, Potentiometers and
Rheostats are backed by more than twenty-five years expe-
rience and laboratory research. They are designed and
manufactured to conform with the highest standards of
war requirements . .. their worth has been demonstrated on

both the battle and home fronts.

Awarded for Exr(_'é}i_e_bce in Pro-
duction ond Quality of Materief

AN

Coee.  [e]ur/Jvsco(©reoration

Precision, Quality Electrical Instruments

SHELTON, CONNECTICUT

Manufacturers of DeJur Meters, Potentiometers, Rheostats and Other

Suery Week . . . Everglody . . . 10% cu War Boade and Stampe

April 1943
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Not when they are equipped with
portable gasoline driven power
plants for field radio and field
service phones. Not when com-
petent sending and receiving
equipment is Leland powered.

Here is motor dependability
on a life or death assignment,
and Leland is proud to be the
designer and producer of such
critical equipment, just as Leland
employees are proud to be the
“soldiers” at the machines “in
step” with the men at the battle
fronts. Neither shall fail!

® Power units for aircraft navigation
equipment, shipboard transmitters
and receivers, and other electronic
equipment developed for war use are
available to the armed services and
essential industries.

Leland Alternator on Portable Gasoline Field
Radio Power Plant. Built for U. S. Signal Corps.

WAR Y MOTORS

THE LELAND ELECTRIC COMPANY ¢« DAYTON, OHIO

ELECTRONICS — Apri 1943
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Official U. 8. Navy Photograph
I.T. & T. Selenium Rectifiers “Armored” against Salt Sea
and Air...as result of New Assembly Method
Special Assembly Method — . /ouv- Another I. T. & T. First! Now —in addition to the standard assembly
ing single metal washer which . . . . .
fadilitates profective coating —L T. & T. Selenium Rectifiers can be supplied with a special assembly,
against corrosion coated for protection against the corrosive action of salt spray, moisture
and humidity.
Thus the organization which was first to introduce Selenium Rectifiers
in the United States is now first to extend their many advantages to
Standard Assembly Method—.borc- marine and other high humidity services.
1ng convenitonal petal-shaped
brass contact washer Compact, light, clecerically and mechanically stable — with no moving
parts to wear out or cause failure—1. T. & T. Selenium Rectifiers have
set a standard for the industry.
Now, on the Fifth Anniversary of their introduction, they are pre-
parcd to take on the toughest jobs that weather and war can hand them.
Conswlting Engineering Service available for specific requivements. For de-
scriptive bulletins address Department H.
SELENIUM RECTIFIER DIVISION
1000 Passaic Ave.
East Newark, New Jersey
64 April 1943 — ELECTRONICS
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THERE IS ONLY ONE MYCALEX

MYCALEX is not the name of a class of materials. MYCALEX is the registered trade-
name for low-loss insulation manufactured only by the Mycalex Corporation of America in the
Western Hemisphere. MYCALEX is specified by engineers because MYCALEX is required.

More than a quarter century of extensive application here and abroad has made the
name MYCALEX a familiar one in the electrical and communications industries, and we are
proud of the important part this versatile insulation is playing today in the military and civil
life of the United Nations. The snows of Russia. the sands of Africa. the sweating jungles of
New Guinea, the mountains of China—MYCALEX is no stranger to these backgrounds.
Unsolicited testimonials to the vital role being performed in the war program by MYCALEX
have been given us generously by the Army and the Navy.

If your present insulation fails because of deformation at room temperature or because of
failure to withstand elevated temperatures MYCALEX will solve your problem. If you must
have hole diameters, hole spacings, or other dimensions with close tolerances, slots. grooves.
or accurately tapped holes, combined with low loss at all frequencies, you should bear in
mind that MYCALEX has been meeting these requirements for many years. If. on the other
hand, dimensions and tolerances are not too critical but ability to withstand high voltages
is paramount, MYCALEX is the ideal material for your purpose. The greater machinability of
MYCALEX, which is leadless, gives it advantages over any other type of insulation. Our
engineering service is available in all cases where the choice of the most reliable insulation
is in doubt.

MYCALEX is not available, except in experimental quantities, for other than war appli-

cations.
Aamn&_‘

Trade Mark Reg. U. S Pat. Off.

MycaALEX CORPORATION OF AMERICA

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

60 CLIFTON BOULEVARD CLIFTON, NEW JERSEY
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www americanradiohistorv com


www.americanradiohistory.com

IN ALL forms, from
sheets to molding materi-
als, LUMARITH’S impact
strength is outstanding.
(Some indication of its
greal strength is given by
this Gjon Mili repetitive
flash photo, showing a 12-1b.
iron ball, dropped from a
height of 12 f1. on %" thick
sheet of Aero-Quality
LUMARITH, leaving sheet

intact.)

e L.t < - ks s
]

Celanese Celluloid Corporation, a division of 'Ac‘ W

Celunese Corporation of America. 180 Madison ‘ve., ‘ “ s 1

New York City. Representatives: Cleveland, St.

Louis. Davton. Chicago. Detroit. San Francisco, R ‘

FLos Angeles. Washingron, D. C., Leominster,

Montreal, Toronto, Ottaica. “

A DIVISION OF L

OF AMERICA Copright, 1943, Calunese Colaaid Corp.
66 April 1943 — ELECTRONICS
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Food—The Deciding Issue

Our food problem remains to be solved

1117, first thing the Germans did when they occupied

Czechio-Slovakia, Poland, Bclgium, Irance —was to
cmpty all warchouses. Everything went into trucks licaded
for Germany.

The Nazis knew that this war would be won by the
army that had the most supplics and the best supply
system.

The Nazis knew that supplics arc as essential as guns.
They knew that the most essential of all supplics is ...
food.

Being the only people on carth who can watch women
and children starve, the Nazis scized upon food as their
most powerful instrument for disciplining the masscs.
They added famine to their arscnal of conquest.

The flocks and herds of Europe are being consumed
with alarming rapidity. The desperate shortage of meats
and fats Is growing stcadily worse. QOur Allics arc short
of certain foods that we must supply if we expect them
to carry on.

And as we supply them, as our imports arc curtailed,
as our fighting men consume more than they do in civil
life, and as we fail to iucrcasc our production rapidly
cnough . . . we, too, become short of certain foods.

FFormer President Herbert Tloover, speaking before a
conference of the Governors and Representatives of twelve
Mid-Western farming states in Des Moines on March
15th, sounded the warning that American agriculture,
beset by Washington bungling on manpower, farm ma-
chinery and price systems, strangling production and dis-
tribution, is facing a deterioration wluch may bring on
a national food shortage such as led to the collapse of
Russia, the defeat of Germany in the first World War
and the fall of Trance in the present war. Unless this
deterioration is stopped. warns Nir. Tloover, we cannot
hope to win the present conflict.

Complications of similar magnitude face the food pro-
cessor and the distributor.

Never in the history of the world has man’s dependence
on food been so crucial, Yet it is not casy for us to grasp
the full significance of the crisis. We are so accustomed
to finding milk, cggs and butter on our doorsteps cvery
morning. we arc so uscd to filling our pantries from the
shelves of our grocers and markets that we aceept food as
somcthing that 1s duc us on demand. We do not stop
to think that we ncver are more than a few mcals ahcad
of faminc.

But this picture has changed. Now we are faced with

food rationing, and every dav the shelves of our food
markets become more bare.
*

Let it be noted that the appointment of two I'ood
Administrators has not solved the food problem. It is still
with us; daily it becomes more critical. Unless it is solved,
and solved quickly, the very food that ex-Food Administra-
tor Wickard said would “win the war and write the peace”
may losc the war and losc the peace.

Put very simply and clearly, the food problem amounts
to this: we arc trying to feed upward of 200 million
people. We are trying to do it with the farms and other
facilitics that heretofore have been capable of feeding
abont 145 million people (our present population plus
a 5% surplus).

I1ad the Government forescen the need and planned
ahecad, we could have begun by 1941 the culargement
of our farm production and food processing capacity. Two
irreplaccable years have been lost!

The gravity of the situation becomes apparent when
we consider that 50,000 factorics are required to process
our foods. Food processing not only is Amecrica’s biggest
industry — it is one of Aumcrica’s most important for,
withont processing, most foods would perish before they
could reach the consumer. The term “processing” covers
the salting, drving, smoking, pickling, chilling, canning,
packing and other methods of preservation that make it
possible for us to cat in 1943 food that was produced
in 1942, Few realize that most of the food we shall cat
in 1943 was produced and processed last year, that most
of the sced we plant this spring will grow food for 1944
or perhaps later.

In onc important process of preservation, tin - and
rubber are vital materials. When the Japs captured Malaya
and the Netherlands East Indies more than half of the
world’s tin and ncarly all of its rubber fell into their
hands. This forced drastic changes upon our cntire food
cconomy. The importance of tinplated steel containers,
tops for glass jars and rubber gaskets is fairly obvious . ..
metal food containers alone consume, Cvery yodr, more
than 2,700,000 tons of steel.

The aggression of Japan has snarcd our whole food
industry in a maze of intricate packing problems. It has
enforeed recognition of a new principle of food tcchnology,
i.c., that the method of food preservation is determined
by the tvpe of contamer available. The tin, steel and
rubber stringency compels many food processors to adopt
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unfamiliar methods — methods that call for a great deal
of new equipment. This, in turn, volves the vse of
critical materials that are so urgently nceded for other
WA PUrposcs.

This conversion of the food processing industry to meet
these exacting restrictions has been greatly complicated
by two factors that have increased its wartime burden.
lfldCCd, it is these that provide the principal reason for
civilian food rationing.

The first of these s the task of feeding our armed forces
overseas. Allicd ships are being sunk at an alarming rate
and the loss of cargo is considerable.

The sccond factor gravely angments the first. Under
Lend-Lease our country is undertaking to feed our Allies
to the extent of approximately 60 million people.

Types of food required for
J.end-Lease and  the anned

5,000,000 s, Tn 1940 this was increased
two and onc-half times, in 1942 1t was stepped up again,
this time fortyv-fold. And in 1943 the call is for another
60 per cent boost, to nuke a total of 480,000,000 Ibs.
Dried milk powder production of 350.000.000 Ibs. in 1940
must be inereased to 085,000,000 1bs. in 1943,
Vegetables, which were a small item to the processor
bnforc the war, now are dehvdrated in cnormous quantitics.
The vegetable dehydration industry has had to grow by
leaps and bounds without benefit of the high prioritics
accorded to anms, ship and aircraft bmldmg. Production
of dchydrated vegetables in 1942 was four tinies that of
1941, and 1943 calls for a sixteen-fold inerease over 1942,
Total dehydrated food production in 1943 is scheduled
at 1,750,000,000 1bs., dry basis . . . all for export. Multiply
that by 10 and vou have
a rough approximation of the

vears was about

forces are the finest we cun
produce. Thev are the high
protein foods, especially
meats, cheese and milk; and
the protective foods which
rate high in vitamin content.
Peculiarly enough, the more
valuable a food is from a
uuatritive angle, the more spe-
cialized is the processing re-
quired to preserve it

The food processing indus-

v, handicapped as it is. is
meeting today’s challenge
with resourcefulness and en-
thusiasm

This is the tenth of a series of editor-
ials appearing monthly in all McGraw-
Hill publications, reaching more than
one and one-balf million readers, and
in daily newspapers in New York, Chi-
cago and Washington, D. C. They are
dedicated to the purpose of telling the
part that each industry is playing in the
war effort and of informing the public
on the magnificent war-production ac- with the thought that the
complishments of Americd’s industries.

astronomical amount of raw
materials that will have to be
produced.

Many problems remain to
be solved in the troublesonie
davs that lic alhicad. But with
all his resourcefulness, man
has little control over the
weather. A severe  dronght
could wipe out all of man’s
carcfully Taid plans. If we are
tclnptcd to reassure ourselves

food situation probably is not
so serious as it is painted,
it will be well to remember

despite con-
tainer complications and ship-
ping shortages.

It 1s accomplishing its ITerculean task by resurrecting
and modemizing a cthod of food preservation that i
as old as mankind. Probablv vou have read great deal
about dehydration. You actually may have caten dchy-
drated food, but right now ncarly every it of ddl\dmtul
food 1s carmarked f()r the armed f()rus or for Tend-Lease.

1'ood processing never will be as spectacular as the
production of bombers or tunks. But under today’s con-
ditions, the performance of the food processor is no less
mportant . . . no less inspiring. When we consider that
dehvdrated food s compressed into solid blocks with a
density: nearly equal to that of coal, so that almost a
whole meal can e carried in a vest pocket, and that
half of the shipping space is thereby saved in transporta-
tion, we begin to appreciate what the processors have
contributed to mecet the food problem  imposed by
the war.

But they have not only contributed new methods, thev
are achieving new highs in production. And now they are
asked to do what borders on the mpossible. Consider
dehydrated egg powder. Normal production in  pre-war

that last year’s crop increasc
over 1941 was duc to better
than average growing weather.

The war-bred food crisis that now confronts us will
be met only by inuncdiate measures to imsure a foad
production ample to allow for adverse weather condi-
tions. 'T'he food processing mdustry is capable, but has not
been granted the needed help. in coping with its tasks.
The food problem as a whole involves all three functions
of production, processing and distribution. And if we are
to master the problems that now beset ns, all three of them
must be coordinated under a single administrative control.
“Food will win the war and write the peace™. But if
American food is to do that double job, we must develop
a capacity for food admmistration comparable with the
ﬂunus of our food industrics.

i B

President, NeGraw-11ill Publishing Company, Inc.
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EITEL-McCULLOUGH, INC., SAN BRUNO, CALIFORNIA

EXPORT AGENTS: FRAIAR & WANSEN, 301 CLAY ST., SAN ERANCISCO, CAUIF. U. S, A.

Follow the leaders to

Army-Navy "E’
flag awarded for
high achievement
in the production
of war material.
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THIS WORLD OF OURS IS
LITERALLY DOTTED WITH

EMG@/EQUIPMENT

TEMCO IS NOW demonstrating its superb perform-

ance in the far flung corners of a mighty global war . . . from

Alaska to Madagascar and from Greenland to China ... for

this military conflict has brought about a demand for radio

G equipment beyond our most far-sighted visualization. The ex-
M cellence of TEMCO engineering and workmanship is reflected
in these units . . . typical of the quality that will again be

available for the broad requirements of commercial radio

communication,

STANDARD AND CUSTOM-BUILT RADIO COMMUNICATION EQUIPMENT

TRANSMITTER EQUIPMENT MANUFACTURING Co., INC.
343 Hudson Street, New York, N. Y.

i iohi i
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WASHINGTON FEEDBAGK
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28~ When the story of World War
II is fully told, the battle of com-
munications will furnish one of the
most spectacular chapters. Even to-
day, and despite the atmosphere of
hush-hush, one cannot mistake the
sense of urgency and expectation
back of every phase of the govern-
ment’s radio and radar program.

One day, for instance, Robert P.
Patterson, Under Secretary of War,
tells 2 congressional committee that
while the War Department has
plenty of “inspectors” in production
plants, the only “expeditors” are for
plants making radio and radar
equipment, thus bespeaking  the
urgency of speeding up those pro-
grams and their far-reaching impli-
cations.

A few days later, chief analyst of
the BEW, Dr. Lyman Chalkley, re-
ports to the American Council of
Public Affairs that radar, neglected
in time of peace because of the al-
leged lack of profit motive, is the
most dramatic new weapon of this
war. It was necessary to start al-
most from scratch to get radar from
the staves of laboratory curiosity to
the manufacture of practical instru-
ments, he said.

Dr. Joseph Slepian of Westing-
house goes even further in his ad-
dress before the Science Talent In-
stitute in referring to electronics as
“the fresh and expanding vista that
lies before the electrical engineer of
today and tomorrow.”

It was against this backdrop that
the maujor happenings of the month
took place.

WPB-—Shake-up in WPB and
vesting of control over materials
allocation and production in Viee
Chairman Charles E. Wilson means
more and not less tightening of con-
trol over war materials. Wilson
stands ready to assume full responsi-
bility for the assignment of orders

FLECTRONICS — April 1943

for components (see WPB Order
M-293). Drastic regulations were
set up for a few items of which
radio test equipment is one. Lesser
controls have been imposed on the
rest of the 32 items which are desig-
nated as critical, including certain
types of tubes, condensers, capaci-
tors and control instruments.
Present setup should cause no up-
heaval in the R and R Div. of WPB.
Mr. Wilson is communications-
minded; he knows the industry and
its production capacity. The Divi-
sion has been functioning under his
direction for some time. Relations
with Army and Navy are friendly
and cooperative. An outstanding
example is the work of the Stand-
ardization Committees under S. K.
Wolfe, chief, WPB Resources
Branch. When this work is finished.
every component used by the Signal
Corps will be included. Mr. Wolfe
wants all standardization of com-
ponent parts to be completed in less
than a vear. About $160,000 more
will be needed for the job.
Resources Branch is also respon-
sible for formation of production
integrating committees in the field
of resistors, electrical measuring in-
struments and capacitors. These
committees will eventually be ex-
tended to all components; will inte-
erate best manufacturing practices
throughout each component indus-
try. The work is a continuation of
that done by the Industry Advisory
and Stundardization Committees.

Steatite— An interesting report
on Ceramic Capacitors and Steatite
has just come from the Industry Ad-
visory Committee, headed by Elmer
Crane, Chief of the Component Sec-
tion of WPB Radio Division. Evi-
dently steatite is no longer a bottle-
neck in the production of military
radio equipment. Producers are
able to accept orders for delivery in
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from four to eight weeks vs eight
months backlog last summer, be-
cause facilities constructed to meet
war demands are now in operation
and because phenol plastics have
been substituted for steatite. There
is a danger now that the pendulum
will swing too far towards phenol
and cause a scarcity of it instead of
steatite. Producers of ceramic capaci-
tors torecast sharp increase in out-
put within two months because of
new facilities now being completed.

Manpower — Recognizing that
program objectives hinge as much
it not more on adequate manpower
as they do on materials and orderly
scheduling, the government and in-
dustry have moved to solve this No.
1 problem. ‘‘Electronics Manpower
Advisory Committee” has been or-
sanized to prepare recommendations
to War Manpower Commission and
other government agencies. Formed
by the Radio Division of the Bureau
of Ships, United States Navy; the
Army and Navy Electronic Produc-
tion Agency and the Radio Division
of the War Production Board. Man-
agement members are: 1.. B. Mor-
vis, R.C.A. Mfg. Co, Inc., Chair-
man; J. D. Washburn, Sprague
Specialities Co., and W. K. Wiggins,
Western Electric Co., Chicago.

Labor members are: Harold Sharpe
and James J. Conroy, United Elec-
tric, Radio and Machine Workers
of America, C.1.0., and Lawson B
Wimberly, International Brother-
hood of Electrical Workers, A.F.L.

At the organization meeting, at
tended by representatives of Armed
Services and WPB, a special task
committee was set up to summarize
electronics manpower problem for
presentation to the committee. First
subject to be studied is that of
absenteeism.

Additional Washington news will be

found in Crosstalk and Industry in
Review.
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Probably Your alory ])isi?iimtok
Can Give You Help Like This —

Somewhere in the Middle West is an aircraft engine manufac-
turer who uses many Mallory Electronic parts in dynamometer
test cells. Recently he sent us a hurry call for some Mallory
phone jacks to go in the control panel of a new cell being
rushed to completion. He had the right priority, 100.

It was a standard Jack, but as is so often the case with man-
ufacturers immersed in war production, it was out of stock.
To produce it, we would have had to start from scratch—
“when, as and if !

But we referred his request to the local Mallory distributor
—who filled his needs from stock.

This is just a sample of how Mallory distributors can help.
We do our level best to furnish them with adequate stocks so
that essential electronic parts to fill small orders with high
priorities may be handled promptly.

It will pay you to maintain a contact with your local Mallory
distributor. He will give good service, furnish your purchas-
ing department with complete information and prices; your
engineering and design departments with application data;
work his head off to get you those parts you need for main-
tenance, test equipment and pre-production models.

C AR, S
! .@ »* _.7
P. R. MALLORY & C€O., Inc., INDIANAPOLIS, INDIANA +-|k‘-’
Cable Address—PELMALLO

Get acquainted with your local Mallory distribu- PR MALLORY 8.CO.Inc_

tor. Or if you do not know who he is, write us A L L o R
and we will put him in touch with you. And,

for good measure, we will send along a copy APPROVED

of the Mallory Catalog for ready reference. PRECISION PRODUCTS
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CROSS

» GARCIAS . . . Atthe recent AIEE-IRE meeting in
New York City, Brigadier General F. E. Stoner,
Director of the Army Communications Division, Sig-
nal Corps, paid a fine compliment to the many
behind-the-lines communications engineers design-
ing and producing electronic equipment for the
armed services. He told of the Army major who got
s medal for taking a message to Garcia in another
war. “In this war,” said the General, “there are
thousands of soldiers carrying thousands of mes-
sages to thousands of Garcias.” After the war some
means must be found for letting the rest of the
nation know how electronic men in the many labora-
tories and factories and communications systems
have made possible the carrying of these messages
with accuracy, speed and security.

» MARCH 8 . .. As of this date, the President signed
the bill merging Western Union and Postal Tele-
graph. Thus, in time, the United States will have a
single integrated land-line communications system
for telegraph. Chairman Fly of FCC prophesied that
the merger would result in better telegraph service.

“You see,” he said, “the great difficulty in having
parallel lines under different management is that
you can’t use vacant capacities as they occur, but
where the telegraph is under a single management
you can fall back on whatever facilities and per-
sonnel you have that can be adapted to the par-
ticular need.”

» SYMBOLS . .. People growing up in different and
widely spaced parts of the world developed their own
languages. In a smaller way, electrical engineers
working in radio and in power fields have developed
their own languages, much of which is moderately
unintelligible to each other. A generator, for exam-
ple, means only a piece of rotating equipment to a
power man; although to a radio engineer it may
mean a tube oscillator. Even the symbols which these
two branches of electrical engineering employ in

TALK

their blueprints are not alike. A zigzag line to a
radio engineer is a resistor; to a power engineer it
is an inductor.

In this issue, Mr. Dudley surveys this situation,
pointing out the similarities and the differences.
Because of the long standing practices to which engi-
neers have become accustomed there is little likli-
hood that the differences will be reduced during the
war. Which proves, probably, nothing but that engi-
neers are people like the rest of us, agreeing on big
things, disagreeing on trifles.

» AMEN ... On March 2, FCC announced following
terminology defining the bands in the useful radio
spectrum.

Frequency in KC Me Designation
10 to 30 Very Low (VLF)
30to 300 Low (LF)
300 to 3,000 8 Medium (MF)
3,000 to 30,000 30 High (HF)
30,000 to 300,000 300 Very High (VHF)

300,000to 3,000,000 3,000 Ultra High (UHF)
3,000,000 to 30,000,000 30,000 Super High (SHF)

» F'CC . . . Narrowly escaping starvation or at least
a drastic budget cut when a move was made in the
House to eradicate its 1944 fiscal year $7,609,914
appropriations from the Independent Officers Supply
Bill, FCC was saved by Speaker Rayburn in his first
speech in this session of Congress.

» DREAM . . . We woke up the other night from the
damndest dream in which we were saving to some-
one, whose identity was lost in the shuffle, “It is the
strangest thing how the manufacturers who have
the best products and the swellest catalogs always
get their information to you just after you have been
forced, by time limitations, to order your stuff from
someone else.” We haven’t the remotest idea what
was going on in our subconscious mind to bring forth
such an illuminating statement.
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How tfar the Navy has
gone with radio com-
munication may be seen
by looking over this NSF.
NOF apparatus of 20
years ago. This is an
early superheterodyne
used for communication
with planes. Old timers
will recognize on the top
shelf the two-stage aqudio
amplifier (SE 1000) which
amplified so well at 1000
cycles it wanted to oscil-
late all the time. Assigned
to find out why, Hazeltine
started on his way to the
Neutrodyne, Lower center
is the celebrated SE 1420
designed by Hazeltine

From the earliest days of “wireless,” the United States Navy has made wide use of radio

for communication. Through its own research, the Navy ha
to the application of electronics
history plus details of the present Navy radio or

s made important contributions
to communication and to other, now secret, uses. A brief

ganization under the Bureau of Ships

THE United States Navy has long
recognized the value of elec-
tronics in the conduct of warfare,
From the earliest days of the sci-
ence to the present, the attempt has
been made to examine and make use
of every worthwhile development in
the field. In many cases, the ad-
vances came from commercial com-
panies. In others, Naval and other
government laboratories and activ-
ities have made substantial contri-
butions of their own. The result of
the progressive policy of past vears
Is that the vacuum tube is now one
of the most important weapons our
Navy has for winning the war.

A vast amount of coordinated ef-
fort is required to meet the present
electronic needs of the fleet and air
arm. Many thousand men and wo-
men, in the Navy and outside of it,

72

By S. P. SASHOFF

Lt. Comdr. USNR.—Officer in Charge
Training and Publications Section
Radin Dirvision, Burean of Ships

are working on electronic equip-
ment. Hundreds more are adminis-
trators, functioning solelv to see that
the following sequence of events oc-
curs with efficiency and digpatch: to
see that a new tool, a good war tool,
is designed; that it is caretfully built;
that men are trained to use it; that,
if it breaks, it is repaired.

The guiding agency for the Navy’s
present radio and electronies pro-
gram js the Radio Division of the
Bureau of Ships in Washington. This
Division is responsible for design,
procurement, installation, and main-
tenance of all radio equipment for
use on board ship and shore, and, in
cooperation with the Bureau of

WWW americanradiohistorv com

Aeronautics, for the design and pro-
curement of aircraft radio equip-
ment. The organizational chart
serves to give an idea of the complex
structure necessary to do the Jjob.

Before the last war, the only Naval
use of the vacuum tube was in radio.
“Electronic design” meant a new
hookup to get the most from a Flem-
ing valve or, better, an audion. To-
day, though electronics is no longer
confined to communications, the need
for a dependable fleet radio system
continues. It is interesting to note,
therefore, that the Navy brought
many radio developments into use
in this country, was for many years
the biggest user of radio gear, and
had many skilled radio engineers in
the days of the great discoveries of
deForest, Fessenden, and Arm-
strong.
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the Navy

The interest of the Navy in radio
dates back to 1901, when a proposal
was made to replace homing pigeons
with wireless telegraphy. In 1902,
an offer from the Marconi Company
to lease equipment was turned down
because the transaction involved
disclosure of Naval information to
a foreign concern. In 1903, a satis-
factory arrangement was made with
another company, and work on wire-
les installations began. By 1912 a
number of stations were in opera-
tion, the huge Arlington transmitter
had been completed and the first
Naval purchase of triode vacuum
tubes—audions—is recorded.

The early research work in Naval
radio was undertaken by a group
of Bureau of Standards personnel,
headed by Dr. L. W. Austin. Two
small rooms at the Washington Navy
Yard were taken over, and became
the radio test shop. Here trained
officer and civilian assistants were
assigned special problems in the de-
sign, standardization, and testing of
communications equipment.

The advent of the first world war
brought increased responsibility to
these men and the others concerned
with Naval radio. Improved equip-
ment and new developments were ur-
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Transmitters weren't so
hot in those days either,
=~ compared to modern
] standards. This is rear
1l view of NSF “table
model”
S
Sy

An aircraft job. This is

the SE 1100 tube trans.

mitter dating back to De-
cember 1919

v

gently needed. Amony the achieve-
ments to grow out of the cooperative
effort of Naval and private research
during this first World War were
the following:

Design of radio equipment for aitr-
craft having 100 to 500 miles
range.

Invention of the directional loop
antenna by Dr. F. A, Kolster
of the Bureau of Standards.
This device was manufactured
in secrecy and used with not-
able success us an aid to navi-
gation and to locate enemy sta-
tions.

Invention of acoustic methods of
detecting submarines.

Development of an audion circuit
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using both plate and grid tun-
ing.

Development of radio telephone
equipment. This was first used
in 1916. The original equipment
had a range of 30 miles, used
three wavelengths, and per-
mitted nine simultaneous con-
versations.

Design of apparatus for remote
control of radio stations, for
automatic rebroadcasting.

Investigations into tuned audio
frequency amplifiers to reduce
statie, underground and under-
water antennas, and methods of
using contact detectors for
measurement of small r-f cur-
rents.
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By the end of the war, Naval radio
activities had increased to the point
that radio materiel officers were re-
quired at practically all Navy Yards.
Crystal sets had given way to crys-
tal-audion arrangements and finally
to straight vacuum tube receivers.
Spark was superceded by are and the
Alexanderson alternator. The trans-
mitting tube was coming in, acceler-
ated by a Navy order for a half mil-
lion dollars worth of 250-watt types
in 1919. Progress in electronics went
rapidly forward.

Naval Research Laboratory
Achievements

The vear 1923 was marked by the
opening of the Naval Research Lab-
oratory at Anacostia, D.C. This lub-
oratory filled a long felt need for
increased facilities to carry on de-
velopmental work in electronies and
in other fields. This organization,
and the two later laboratories at San
Diego and New London, are re-
sponsible in large measure for the
Navy’s high degree of preparedness
in electronic design before the out-
break of the present war.,

The succesful history of these Na-
val laboratories has been largely due
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Two views of a 1942 installation aboard ship. Note the individual receivers for the several
bands to be covered. This clean-cut layout is in marked contrast to those of the early days

to adherence to certain basic policies.
For example, the only projects un-
dertaken are those which have a
direct value to the Navy, and which
are sponsored by one of the Naval
bureaus. The research work is ac-
complished by eminent scientists
from civilian life, working with tech-
nically qualified Naval personnel.
The officer personnel is changed ev-
ery two to four years so that men
trained in the latest scientific devel-
opments may be with the fleet, and
so that replacement officers may
bring practical service problems
back to the laboratories.

Another beneficia] policy has been
to enlist active cooperation from the
research laboratories of universities
and industrial plants throughout the
country. More than seventy colleges
and industries have furnished inval-
uable technological assistance in
electronics.

A listing of a few of the achieve-
ments of the Naval Research Lab-
oratory should prove of interest.
The laboratory :

Designed and built the first high
frequency and the first ultra
high-frequeney radio sets used
by the fleet.
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Developed and installed in the
fleet the first multiple reception
radio system permitting the op-
eration of a large number of
receivers from one small an-
tenna.

Developed the technique of pro-
ducing quartz crystals for the
frequency control of radio trans-
mitters, and designed the first
crystal  controlled high fre-
quency high power transmitters
in 1924.

Designed special radjo transmit-
ting and receiving equipment
for the U.S.S. Shenandouh. This
was the first high frequency ra-
dio equipment ever used in the
air.

Developed the sonic depth finder,
the first successful acoustical
means for measuring ocean
depths from a ship under way.

Was the first to use the hull and
other parts of a ship’s structure
for the radiation of radio en-
ergy without a conventional
antenna.

Assisted in the development of dj-
rection finding units used in all
types of ships.

Developed an underwater sonic de-
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Spark apparatus of the last war has given way to tube transmitters, crystal detectors to
highly selective and sensitive tube receivers; long waves to intermediate and short waves

vice by use of which cruisers,
destroyvers, and other anti-sub-
marine craft are enubled to de-
tect enemy submarines at con-
siderable distances.

Developed a system for the radio
control of aircraft in flight, re-
sulting in use of a considerable
number of obsolete Naval uir-
craft as targets for anti-air-
cruft practice.

Many other research projects have
been successfully completed which
cannot be discussed here, for rea-
sons of security.

Today electronics means to the
Navy-—in addition to radio—under-
water sound, direction finding. con-
trol of electro-mechanical systems,
and a host of other non-communica-
tion services. In terms of design it
means forward-looking ideas—and a
good sense of what’s practical. This
last is important. Service conditions
are tough. Temperature variations
may be from —40 deg. to 485 deg.
C, and humidity from low values up
to 95 percent. The equipment must
be built to withstand the corrosive
action of salt spray, constant vibra-
tion, and the shock of gunfire. It
must be built to take all the rigours
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of modern warfare and, if trouble
develops, must be capable of speedy
repair from the material on hand at
distant b:ses.

The Navy is depending to an ever-
increasing extent on radio and elec-

sive research, skillful engineering,
and careful manufacture is making
the best equipment which can be
produced, available to the fleet. The
men who design, build, and operate
this complex equipment, contribute

tronics. The coordination of inten- materially towards winning the war.
Chief of the Bureau of Ships
Head Radio
Division
Assistants Assistant Head | # Assistants
i SSISTANTS 1 Radio Division [
| i
! Aircraft Design Procurement iInstallation and
I Branch Branch Branch Moaointenance Bronch
)
L

Radio and electronic matiers of the U. S. Navy are handled by the
Bureau of Ships. At the present time Captain Jennings B. Dow, a con-
tributor to radio technique of long standing, is head of the radio division

www americanradiohistorv com

75


www.americanradiohistory.com

T this time when the electronic

industry is being expanded and
pushed for ever-increasing produc-
tion of tubes vital to our war effort,
it is imperative that every possible
precaution be taken to prolong the
life of our electronic devices. No
longer is cost the prime incentive. It
is the inability to obtain a replace-
ment for an important tube that now
induces us to make every effort to
prolong its life.

The observations and experiences
of the author on ways and means to
prolong the life of electronic devices
are given in the belief that this in-
formation can contribute to the war
effort.

Electronic tubes can be divided

into three general classifications,
(1) Pure tungsten filament types
(2) Thoriated tungsten filament

types (3) Oxide coated filament and
indirectlv heated oxide coated cath-
ode types.

The golden rules of the tube user

should be these:

(1) Use the electronic
within its ratings.

(2) Operate the tube at the fila-
ment voltage recommended by
its manufacturer. (Measure
it—don’t guess).

(8) Keep the tube clean at all
times—contact  terminals,
glass bulb, and anode (if wa-
ter cooled.)

device
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Carl Wirth, test op-
erator at Westing-
house Lamp Divi-
sion, demonstrates
one method of re-
moving hard water
precipitates from «
rectifier anode

(4) Supply an ample cooling me-
dium when required.

Neither apply filament vol-
tages suddenly nor remove
them suddenly except as per-
mitted by the manufacturers’
ratings.

Do not apply filament and
anode voltages simultan-
eously except as permitted by
the manufacturer’s ratings.
Handle this device carefully,
as sudden shocks will prob-
ably damage it.

(5)

(6)

(7

The pure tungsten filament types,
for example, the 207, 891, 892, 893,
895, 899A and 898, are usually de-
signed for operation at about 2550
deg. Kelvin. At this temperature the
evaporation rate of tungsten from
the filament is 13.5 x 10° gram per
square centimeter per second. If
we can reduce this temperature by
only 50 deg. and yet get passable
performance we can more than
double (theoretically) the useful
tube life as the evaporation rate is
then 6.36 x 10° gram per cm’ per
second.

Two curves are shown in the fig-
ure. One curve shows the expected
tube life expressed as a percentage.
It is based on the expected life at
rated filament voltage of 100 percent
versus rated filament voltage ex-

< Jones and Langmuir-—GE Research lLab.

Reporl No. 419.
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pressed as a percentage. The other
carve shows the expected emission
versus filament voltage and again
is expressed in percentages.

While pure tungsten filament
tubes do have a rated voltage, we
may express as a generality that
“The most economical filament vol-
tage for a pure tungsten filament
tube is the lowest voltage which per-
mits satisfactory operation.” This
generalization holds true within
quite wide limits but it would be
wise to point out the restrictions
and precautions which should be ob-
served in its application.

When used as an oscillator (class
C operation) for induction heating,
certain minimum power output re-
quirements are usuully necessary.
To find this most economical filament
voltage we may reduce the filament
voltage to the point where a decided
rise in either the cooling radiator
temperature or cooling water tem-
perature takes place. If the mini-
mum requirements on power are met
at this point then that filament vol-
tage will be the most economical.

In water cooled tubes, if the fila-
ment voltage is reduced too far the
formution of steam bubbles at the
anode surface will probably occur
and the tube may be permanently
damaged or destroved. The forma-
tion of steam bubbles may be de-
tected by placing the end of a piece
of long insulating tubing against the
tube radiator and listening at the
other end. (Caution—A good ground
should be used on the end of the
tubing next to the ear.) When steam
bubbles start, the sound is quite dis-
tinctive. The formation of these
bubbles may be prevented by a
higher velocity water flow and by
making certain that the filament vol-
tage is not reduced too far. For
radiator cooled tubes, one may ob-
serve this minimum permissible
filament voltage by reducing the fila-
ment voltage slowly thus giving the
radiator temperature ample time to
reach an equilibrium temperature.
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This increased anode dissipation
is the result of an increased tube
voltage drop during the conducting
portion of the cycle, that is, during
the time the grid is essentially posi-
tive with respect to the cathode. If
the filament voltage is reduced too
far, the tube voltage drop may be-
come a mujor portion of the total
applied voltage and, therefore, the
power dissipated in the anode may
be sufficient to melt it or heat it to
the point where sutlicient gas or
metallic vapors would be released to
permanently damage the tube.

Distortion May be Limiting Factor

For the triodes used to provide the
carrier for broadcast stations, an-
other approach is necessary to de-
termine the correct voltage for max-
imum tube economy. (We may no
longer use the same method as that
outlined for straight oscillator serv-
ice as other factors have to be con-
sidered.) The filament voltage may
be reduced to the point where dis-
tortion or harmonic percentage is
at the maximum permitted when
maximum modulation is being used.
The voltage may then be increased
just beyond this point.

Let us examine the tabulations
given in the table. Under the normal
and light load columns for tungsten
filament types, we find “100 percent”
and “reduce.” The 100 percent value
may be considered as that filament
voltage which satisfies the operating
conditions as set forth in the fore-
going paragraphs. For conditions of
light or reduced load, the filament
voltage may be reduced to the point
where the same operating conditions
are reached for that reduced load.

Where “hard” water is used for
cooling tubes, rule 3 should be ap-
plied rigorously. With hard water a
scale that is essentially lime is
formed. This should be removed
periodically as it reduces the tube’s
dissipation capabilities which in turn
can cause tube destruction. This
scale may be removed by the careful
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BY HAMPTON J. DAILEY

Hlectronics Engincer, Westinghouse FElectric
& Manufacturing Company,
Bloomfield, N. J

use of a scraper as shown in the il-
lustration or by immersing the anode
(usually copper) in a 10 to 25 per-
cent solution of hydrochlorie acid.
The acid will remove the lime but
does not attack the copper. The
anode should then be rinsed thor-
oughly with tap water to remove all
traces of the acid.

Another application of rule 8 is
in keeping the tube contacts clean
and particularly the filament termin-
als.  As the filament currents are
usually quite high, any dirt, lint, or
oxidation presents a comparatively
high resistance to the filament cur-
rent with resultant heating at the
contacts. This effect becomes cumu-
lative und may permanently ruin the
tube. Terminals should be kept tight
at all times and occasional polishing
with a very fine polishing agent is

desirable. After polishing, the ter-
minals should then be wiped with a
cloth dampened with alcohol. The
glass surfaces should also be cleaned
periodically with an alcohol damp-
ened cloth. This prevents the forma-
tion of sufficient dirt or lint on the
glass surface which promotes tube
punctures.

An insufficient flow of water can
contribute to premature tube failure
by permitting chronic formation of
steam at the anode surface. An in-
terfocking switeh on the high pres-
sure side of the water supplyv will
guard against water supply failure
while an interlock in the low pres-
sure side will prevent tube damage
due to foreign matter clogging up
the water jacket. A similar inter-
lock should always be used in the air
stream of an air-cooled installation.

The sudden stresses which take
place in the filaments and filament
leads when the filament voltage is
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Operating
Conditions
Light
Normal load
load may
Tube type by opera- increase
kind of filament tion life
1. Tungsten filament
in small & medium
sized tubes 100 reduce
2. Tungsten filament
in large tubes 100 reduce
3. Thoriated tungsten
types 100 95-100
4. Oxide-coated direct
heated filament (gas)
(vapor) 100 100
5. Oxide-coated heater
cathode types (high
vacuum) 100 95--100
6. Oxide-coated heaters
in large tubes (mer-
cury vapor) 100 100
7. Oxide-coated quick
heater types (high
vacuum) 100 95-100

Percentage of Rated Filament Voltage to be Used Under Oper-
ating and Stand-by Conditions to give Maximum Filament Life

Recommended Stand-by Conditions

15 min. 2 hrs. Over Typical
Under to to 12 tube
15min. 2 hrs. 12 hrs. hrs. types
80 80 off off 207, 891R,
892R
80 80 80 off 895R, 899A,
898
80 off off off 211,803,851
100 100 off off 866A, 872A
100 80 off off 807, 837
100 100 100 off 857B, 870
80 off off off 1619,1624,
1616
11
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Effect of filament voliage on life and emission from pure tungsten filament.
Assumptions are that filament is operated at constant voltage throughout life;
that at beginning tube operates at 2550°K with rated voltage; that life is
ended when filament current has been reduced 10 percent by evaporation

applied or removed suddenly can lead
to premature failure, especially in
the larger size tubes. Most manu-
facturers limit the starting current
to 150 percent of the rated current
on the larger tubes and it is well to
heed this limit by using a starting
device. For small size tubes, the fila-
ment transformers are usually de-
gigned to limit the maximum start-
ing currents to from 200 to 300 per-
cent of the rated filament current.

In the tuble the recommended fila-
ment voltages for stand-by condi-
tions show 80 percent. This value
was selected as it reduces the tung-
sten evaporation to a negligible fac-
tor and at the same time reduces to
a minimum the number of times the
filament and its supports must un-
dergo the stresses of the heating and
cooling cycle when reducing the fila-
ment voltage to zero or starting up
from zero.

Avoid Filament Stresses

For tungsten filament rectifiers
we may say that the most economical
filament voltage is that minimum
voltage which just permits satisfac-
tory operation. The voltage should
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not be set at a point which would
permit line voltage fluctuations to
lower the filament voltage to a point
where the rectifier voltage drop
would be sufficiently high to cause
tube punctures.

Rules for Thoriated Tungsten Filaments

The thoriated tungsten filament
tvpes such as the types 803, 833, 211,
810, 806, 849, 860 and 861, require a
different handling to obtain an in-
creased useful life. In the table we
may note that the recommended fila-
ment voltage during operation is
never under 95 percent. If a thori-
ated tungsten filament is operated
at too low a filament voltage it may
lose its emission rapidly. If oper-
ated appreciably beyond its 100 per-
cent rating, the tungsten carbide on
the filament surface reduces to pure
tungsten at an excessively high rate
and the effective life of the tube is
shortened. Rule 2 should be applied
rigorously.

The tubes should be examined
periodically for poor contacts either
on the tube itself or its socket. The
bulb should be kept clean by wiping
with a cloth dampened with alcohol.
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The lowest possible anode voltage
should be used which will supply the
required output. This is always
possible when the required power
output is less than the tube’s maxi-
mum ratings. Maximum life will be
obtained if the filament voltage is
held between 95 and 100 percent of
its rated voltage. A violation of this
rule is sometimes accomplished un-
knowingly by users of short-wave
diathermy equipment. The voltage
fluctuations of well controlled power
systems are usually within plus or
minus 5 percent but the transformer
taps usually provided by the manu-
facturers of such equipment may not
be adjusted or adjustable for the line
voltage of the user. Such maladjust-
ments in addition to line voltage
fluctuations can easily reduce the
tube life appreciably. The users of
diathermy equipment can prolong
the life of their tubes by observing
the rules given. Be sure the output
controls are set at their minimum
value before turning the equipment
on or off. The output control should
be advanced slowly from its mini-
mum setting up to that adjustment
for the heat required. In this way
the tubes will be operating under
the best conditions possible. There
is a maximum output setting and
beyond this point the output again
goes down, but the tubes are “over
coupled” to the load and thus operate
inefficiently and have shorter life.

The care and operation of gaseous
tubes was given by D. E. Marshall
and W. W. Watrous in the January
1942 issue of ELECTRONICS and will
not be covered in this paper. If we
assume that all of the precautions
outlined in that paper are observed,
the user of gaseous tubes may fur-
ther prolong the tube life by observ-
ing the recommended filament vol-
tages given in the table.

The high vacuum oxide cathode or
filamentary types, such as the 807,
837 and 1616, may be compared
quite closely with the thoriated tung-
sten tvpes in the care required for
long life.

As mentioned before, tubes as a
rule are quite rugged and will with-
stand a degree of abuse, but if we
develop a healthy respect for their
limitations and provide them with
suitable working conditions within
the limits of their design capabil-
ities, we will be well repaid by a
longer trouble-free life.
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RECORDING UNIT
For Strain and Timing Functions

Dynamic performance of heavy machines under actual operating conditions in the field

can be permanently recorded by combination of electronic and photographic equipment.

Method particularly useful where shop tests cannot be made, or where unusual operating

conditions occur infrequently. An important application in industrial electronics

By J. H. MEIER

Bucyrus-Erie Co.,
South Milwaukee, Wisc.

YNAMIC strain measurements on

machines and structures have
long been recognized as an import-
ant supplement to design computa-
tions. New methods are constantly
developed to make dynamic field
measurement more accurate, com-
plete, and reliable.

In cases where the designing en-
gineer has no accurate means of esti-
mating the forces acting on his prod-
uct, it is imperative to check esti-
mates and designs by field measure-
ments when the unit is under actual
working conditions. This is, per-
haps, particularly true in the case of
heavy excavating equipment where
the machines are subjected to con-
siderable impact loads and rather
complicated dynamic phenomena oc-
cur. Shop tests are not possible in
many cases because of the size of the
machines and because proper test
conditions cannot be obtained.

The equipment described in this
paper was built to record the per-
formance of machines under actual
operating conditions in the field. It
lends itself, however, quite readily
to laboratory use or to a direct read-
ing instead of a recording unit.

The first requirement is the ac-
curate measurement of strains—be it
for determining stresses in struec-
tural elements or for the determina-
tion of forces by means of calibrated
links.

Of almost equal importance is the
measurement of instantaneous shaft
speeds at the time the strains occur
and the recording of the functions
the machine is performing.
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Dummy Gage

Gage

Measuring
tension by

strain gages | contact 1
/2 3 4 A
Troiling cable Trailing cable
Trailing cable
/2 3 4
Oscitlescope | ' ) |

Measuring
motion by
skiding

Q0003 uf : A

Decadle capacitor
Q0001 fo Q0Luf

Variable airgap
capacitor 0fo Q0003 uF

I ] 10,000 2
m
i
b
A Decadle
resisfor
o IR

FIG. 1—Schematic wiring diagram of bridge circuits (above) and bridge control

circuit (below). Bridge circuit at left is used for recording strain; that at right for

recording vibration, Bridge circuits are mounted on machine under test. and con-
nected to control circuit through shielded trailing cable

A typical example is the investi-
gation of the behavior of a fluid
drive on an excavator. Load, speed,
and slip must be recorded instantly
and simultaneously to make possible
the analysis of the transient condi-
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tion when a heavy load is suddenly
applied.

Frequencies of mechanical vibra-
tions on heavy machinery may run
as high as 50 to 100 cps and impact
features may require the recording
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FIG. 2—Modified wiring diagram of amplifier used in strain recorder

of strains of a few thousandths of a
second duration. Thus, the severe
requirements with respect to speed
of recording cannot be met by me-
chanicul recorders because of their
inertia distortions. Only entirely
electronic equipment, in combination
with photographic recording, is
suited for these purposes.

Nature of Apparatus

The entire set of equipment was
designed to work from a 110 volt a-c
power supply. Where good voltage
regulation cannot be obtained, a vol-
tage stabilizer is employed to fur-
nish constant voltage.

When choosing the equipment for
this recording unit it was attempted
to utilize standard equipment as far
as possible. In many instances ap-
paratus designed for quite a differ-
ent purpose was adapted,
changes being made when required.
Although the entire set works very
satisfactorily, several improvements
and simplifications could be made.

Principle of Operation

Measurements of strain, as well
as measurements of small motions,
such as the compression of a rubber
shock absorber, are made by the un-
balance of a bridge circuit. The func-
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certain.

tional arrangement of the bridge
network, is shown in its basic form
in Fig. 1, the bridge arms being
mounted at the seat of the disturb-
ance to be measured. By means of
flexible trailing cable the network is
connected to the bridge control con-
sisting of power source, detector,
and final balancing cirvcuit. In op-
eration, the bridge network is almost
completely balanced for the quies-
cent conditions of the equipment
under test. The presence of dynamic
variations of this equipment results
in an unbalance which may be com-
pensated for by adjustments of the
bridge balancing control.

For the measurement of strain,
two arms of the bridge are composed
of SR-1 bonded metalectric strain
gage resistance units.” Since these
gages make use of strain sensitive
resistance wire, their resistance un-
dergoes variations when the wire is
stressed. The remaining two arms
are fixed resistors of such resistance
as to almost completely balance the
bridge. Through the use of such
bridge circuits, conduction is metal-
lic throughout, and connections can
be soldered, which makes the use of
these gages extremely accurate and

# §ee Bulletin 164, Baldwin Southwark Co.
Philadelphia.
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reliable. Gages with a remarkably
low temperature coefficient are avail-
able, so that change in ambient tem-
peratures do not atfect the readings.

When a small motion, like the com-
pression of a rubber shock absorber
is to be measured instead of a strain,
a bridge circuit with a sliding con-
tact actuated by the motion being
analyzed, is employed in place of the
strain gages.

The schematic diagrams of both
types of bridge circuits are shown in
Fig. 1. The bridge control circuit,
which is the same for either form of
bridge, is shown at the bottom of
of Fig. 1. Connections between the
bridge and control circuits are made
with a three-conductor cable, en-
cased in a grounded shield which
serves as the fourth conductor.

Measuring Strains

The measuring equipment to be
used in connection with the strain
gages had to be designed for a wide
range of frequency-—from zero to
several hundred cycles per second.
As d-c amplifiers with such a fre-
quency response combined with small
zero drift are not commercially
available, it was decided to use an
amplitude modulation scheme with a
modulation frequency from 300 to
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3000 cps. Gages and dummies dre
arranged in a Wheatstone bridge
and the bridge balance detector is a
cathode-ray oscillograph.

The modulation frequency is fur-
nished by a beat frequency oscillator.
The 6L6 power stage of a Thordar-
son T30WO08 amplifier is employed
to supply the necessary power to the
bridge. The output is adjusted for a
gage current of about 0.025 ampere,
In general, less than one watt is re-
quired and this power cun be ob-
tained without appreciable distortion.

Usually, two active and two
dummy gages make up the bridge.
The dummy gages substantially re-
duce temperature effects, permitting
the use of higher sensitivity gages
with inherently higher temperature
coeflicients. The four bridge arms
are arranged and almost perfectly
balanced near the place of strain
measuring. Three leads and a shield
establish the connections. Two leads
teed the bridge, while one lead and
the shield carry the signal. The leads
thus do not form integral parts of
the bridge arms and difficulties due
to distributed capacity are greatly
reduced. Since small changes in
lead resistance do not affect the sig-
nal, plug connections can be used be-
tween bridge and control box. The
shields are grounded to prevent stray
pick-up. Ground is established at
one point only, usually near the
gages, and ground loops are avoided.

Final balancing is achieved at the
control box. Resistance balancing is
obtained by a large fixed resistor in
shunt with one arm of the bridge
and a variable resistor of similar
magnitude across the adjoining arm,
the common point being ground. To
facilitate calibration, a decade box
is employed as the variable resistor.
A small fixed capacitor across one
arm and a variable capacitor across
the adjoining arm are provided for
the phase balancing. Again ground
1s the common point of the two ca-

Y

pacitors. Double throw switches are
used to reverse the fixed and variable
resistors and capacitors with respect
to the two bridge arms.

Due to the symmetrical arrange-
ment of the bridge and the control
unit, the effect of frequency upon the
balance setting is relatively small.

If only one strain function is to
be recorded, the bridge signal is fed
directly into a cathode-ray oscillo-
graph. The amplitude of the result-
ing wave is proportional to the strain
to which the gages are subjected.
Linearity is very good throughout
the range of measurements. For cali-
bration purposes the resistance off-
set on the decade box corresponding
to a certain strain is computed and
the resistance at balance is changed
by this amount. At high frequencies
the calibration is made by shunting
a dummy gage by a large fixed re-
sistor, and computing the corres-
ponding strain. The amplifier gain
is then adjusted so that the deflection
on the screen assumes the desired
value. The calibration deflection is
photographed before the test so thut
the scale on the film can be deter-
mined easilyv.

Direction of Strain

Where distinction between posi-
tive and negative strain is required,
an initial deflection is produced by a
certain resistance offset. An increase
in deflection then indicates a strain
of one sign and a decrease a strain
of opposite sign.

Without special precautions a sen-
sitivity can be obtained whereby a
strain of 7x10° (corresponding to
about 200 pounds per square inch
stress in steel) causes 0.1 inch de-
flection on the oscillograph screen.
This deflection produces a trace dis-
placement of 0.01 inch on the film
and can be detected without magni-
fication. Tests have shown that the
accuracy of recording is very high,

ll]lllg mmlmll
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FIG. 3—Photograph of gas discharge tube used in making timing traces
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the errors being one to two percent
at the maximum loads.

If two strain functions are to be
recorded simultaneously, two identi-
cal bridge sets and an electronic
switch are emploved. This switch
connects the signals alternately with
the input of the cathode-ray oscillo-
graph. The switching frequency is
chosen somewhat below one halt of
the modulation frequency so that at
least one full wave of each strain
function is recorded. A modulation
frequency of 600 cps and a switch-
ing rate of 250 double reversals per
second make a very pood combina-
tion for average strain recordings.

The amplification following the
electronic switch is limited by the

| Add this [ Megohm resistor for

4 50000 '
<,
>
Mego ,,,:; Oas discharge
% tube
J /
3 6J5-GT
or6J5

Corrtrof- 816
| 109 000 2 rcon/ac/ar 500 Volts
-0
| | 8-

FIG. 4—Electronic relay circuit for control

of gas discharge tubes. If several gas

tubes are to be controlled. a 6SN7-GT tube

may be used to replace two 6]5-GT tubes
in the above circuit

permissible tailings. Therefore, the
bridge signal must be amplified be-
fore reaching the electronic switeh.
For this purpose the second 6J7
stage of the Thordarson T30WO08
amplifier is employed. This stage is
available in these amplifiers, but not
required for feeding the bridge. Be-
sides the separation of the stages,
some measures had to be taken to re-
duce the 60 cps pick-up in the 6J7
stage. The schematic diagram of
the amplifier, as modified for our
use, is shown in Fig. 2.

In many cases it is desirable to
follow the general trends of the
strains while records are being
taken. For this purpose the modified
first 6J7 stage of the Thordarson
amplifier is used in connection with
a 6H6 rectifier tube and a spotlight
galvanometer. This galvanometer
has fast response and while it can-
not follow the peaks of short dura-
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tion strains, it gives the one second
average very closely and thus serves
as a good indicator. Any irregularity
shows up immediately on the gal-
vanometer and hence the danger of
failure in test procedure is greatly
reduced. Since the first 6J7 stage
is used in cascade with the second,
enough sensitivity is available on
the galvanometer to balance the
bridge. This makes it unnecessary
to disturb the light shield arrange-
ment for checks on drift.

Where static or slowly varying
strains are to be observed and a
photographic record is not required,
the galvanometer can be used to
great advantage. The a-¢ modula-
tion bridge supply is then replaced
by some dry cell batteries. The
amount of equipment is thus greatly
reduced and the entire setup is in-

dependent of the 110
supply.

volt power

Recording of Timing Functions

Timing functions, such as revolu-
tions or cluteh positions, are marked
by the light of a special bulb. A
very small gas discharge tube, which
flashes instantaneously when the vol-
tage is applied, has been developed
for this purpose. A photograph of
one of these tubes is shown in Fig.
3. Both, argon-mercury and neon
tubes proved satisfactory. The ar-
con-mercury tvpe, with blue light,
has a somewhat higher actinic value
than the neon lamps which emit an
orange colored light. Due to difficul-
ties in keeping impurities out of
mercury, bulbs containing a small
amount of it have a shorter life time
than those without it. In general,

neon lamps are preferred, inasmuch
as highly sensitive film is used any-
way. The tubes can be used for well
over one hundred flashes per second,
thus fulfilling all practical purposes.

The tubes work from a 500 volt d-c
power supply which consists of a
transformer, two 816 rectifier tubes,
a simple filter, and a bleeder. The
light flashes are controlled by an
electronic relay circuit, schematic
diagram for which is shown in Fig.
4. The voltage across the contactor
of this cathode bias control circuit
is only 30 volts and since the current
flowing is less than 10 milliamperes,
the arrangement is entirely harmless
and contactors stay perfectly clean.
In order to ascertain flashing at low
temperatures the circuit is such that
the lamps maintain a small glow and
intensify their emission when con-

FIG. 5—Typical strain and timing records obtained with the equipment described in this article

' I.fecon -

ik it o i

/ Second

A Timing function provided by three lamps actuated by
contacts, 120 deg. apart on same shaft,
tion shown in top record. Vibration of rope after it falls

Reversal of rota-
axis.

over wrap shown in bottom strain function

Strain function shows impact on rope due
application of brake while lowering.
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c‘ Two independent strain functions recorded simultaneously
with axes displaced,
Normal film speed. Various timing functions at top

each trace symmetrical about its

Two independent strain functions recorded at slow film
speed. Various timing function at top
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FIG. 6—Block diagram of entire equipment used in making strain and timing analyses of machinery

tact is made. The electronic relay
arrangement is also provided with
manual contactors so that records
can be identified by means of the gas
discharge tubes.

Photographing Strain and Timing
Functions

For making permanent records of
strain and timing functions, the
traces of the cathode-ray osecil-
loscope and the flashes from the tim-
ing lamps are recorded simultan-
eously upon photographic film. The
available width of the film is about
equally divided bhetween the traces
made by the oscilloscope and the
traces made by the flashing neon
lamps. The images of the two traces
due to strain measurements are ob-
tained from alternate traces of the
oscilloscope, an electronic switch
being used to change from one to the
other. The zero lines of the two
modulated waves which are obtained
in double strain recordings are dis-
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placed by only one fifth of the screen
width so that even for small ampli-
tudes, the traces from the two fune-
tions overlap. However, the two
traces are easily identifiable and can
be separated from one another since
each trace is symmetrical about its
zero or reference axis.

Twelve neon lamps of the type
already described are arranged in
a small box on top of the oscilloscope
in such a manner that their traces
may be photographed simultaneously
with the trace from the oscilloscope.
One lamp is used to provide timing
marker signals derived from a
metronome. The remaining lamps
are available for recording as many
as eleven various functions, and for
identification.

A number of tyvpical strain and
timing traces are shown in Fig. 5.

Camera Arrangement

A professional 35-mm camera of
400 ft. film capacity is used for the
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recording. The shutter was removed
and the driving mechanism was ar-
ranged for continuous film propell-
ing. The camera is driven by a gov-
ernor controlled variable speed mo-
tor. Usually a film speed of six
inches per second is considered suf-
ficient for recordings of heavy ma-
chinery performance. This results in
an effective running time of at least
twelve minutes per 400 feet of film.
An f/3.5 lens stop proved to be of
ample strength for these recording
purposes. The use of Eastman Super
XX film permits photographing with
a relatively low intensity on the os-
cillograph screen which is an im-
portant factor in increasing the life-
time of the tube.

Oscillograph and camera are held
in relative position by a wooden
frame. A tubular shield between
the oscillograph and the camera lens
keeps out all outside light. Two
slides are provided to facilitate ob-

(Continued on page 11})
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GrarHICAL SYMBOLS

ompilation of the graphical svmbol= most commonlv encountered in the electronics

field is presented as a war aid in interpreting schematic wiring diagrams. On the following
three pages the svmbols used differently in the various fields are indicated

SCHEMATIC wiring diagram

may be thought of as the tech-
nician’s short-hand method of indi-
cating the inter-relationship of the
various elements of an electrical de-
vice. The various elements are indi-
cated in the diagram by graphical
symbols which, through customary
use and widespread adoption be-
came more or less standardized.
When such individual symbols are
properly coordinated in a schematic
drawing, the diagram serves either

as (1) a condensed. compact set of
instructions, indicating the fune-
tional operations which must be

carried out to construct the electri-
cal device, o (2) as a record of the
electrical design of equipment
which has already been fabricated.
The schematic diagram is somewhat
akin to the musical score which in-
dicates the voices of the various
instruments, and therewith, the
musical functions to be performed
by each musician; the score also
serves as a record for the composer.
The attainment of a satisfactory re-
sult is predicated upon the assump-
tion that the symbolic notation em-
ploved means the same thing to all
concerned. Disastrous consequences
may have to be faced if this condi-
tion is not fulfilled.

The development of graphical sym-
bols for use in the various branches
of electrical technology has pro-
gressed, more or less, independently
in each field. While the symbols
might be well suited for the particu-
lar field for which thev were ad-
vanced, they are sometimes incon-
sistent with the svmbolic notation
emploved in other branches. Differ-
ences in symbols could be tolerated
so long as each specialized field of
electrical technology was, more or
less, an independent unit. The tele-
phone engineer had little contact or
interest in the generation and distri-
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bution of appreciable amounts of
electric power, while the engineer in
the power plant was seldom, if ever,
concerned with electron tubes or
communication equipment. But as
each field expanded and drew upon
the techniques and practices of ad-
Jacent fields, it became evident that
the various groups of electrical engi-
neers were speaking different dia-
lects. In a few instances, they might
even be said to speak in ditterent
languages, for the graphical symbols
not only lacked consistency, but
sometimes the same symbol was
used in different branches to repre-
sent completely different circuit
elements.

The need for a unified system of
graphical symbols has been evident
for at least a dozen vears, but the
technological developments under
conditions of war have emphasized
the existing differences. The need
for uniformity and consistency be-
comes more acute as the various
fields coalesce; it is, perhaps, most
urgent in electronics, where the
same tvpe of tube may be used in
the power, communication, traction,
or measurement applications where
not only different symbols may be
used but in which the philosophy
underlying the development of graph-
ical symbols is frequently different.
Lack of a unified system of symbols
may be quite confusing to the engi-
neer who must recognize that a zig-
zag line represents a resistance in
the communications field but an in-
ductance in the power field.

On the following pages have been
tabulated the graphical symbols
most frequently encountered in the
science of electronics. The list is
presented as reference material to
aid in determining the intended
meaning of a wiring diagram where
conflicting symbols must be faced.
The compilation is such that where
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two or more symbols are commonly
encountered as representing the
same circuit element, the alternative
sketches are indicated. Symbols for
electron tubes are fairly well stand-
ardized. The only differences nor-
mally found are those minor ones
indicating the manner in which a
grid or filament is drawn. These
discrepancies cause no confusion,
and could be standardized.

In the preparation of this mate-
rial, some two dozen associations and
organizations most likely to be con-
cerned were asked to indicate tiie
standards they had established or
customarily used. Replies indicated
that the majority followed the
graphical symbols established by the
American Standards Association,
the American Institute of Electrical
Engineers, the Institute of Radio
Engineers, and the Radio Manufac-
turers Association. Certain of the
standards on graphical symbols are
now undergoing revision and new
standards may be available within
the next several months. The follow-
ing standards represent the graphi-
cal symbols usually employed in the
electrical field:

Graphical Symbols for Electric
Power and Wiring:
American Standards Associa-

tion,—Z10g2
American Institute of Electrical
Engineers Standard—17g2
Graphical Symbols for Radio
A. S. A. Standard,—Z10g5
Institute of Radio Engineers
Standard, published in 1941
A. I. E. E. Standard,—17g5
Graphical Symbols for Telephone
and Telegraph Use:
A. S. A. Standard,—Z10g6
A. I. E. E. Standard,—17g6.
Syvmbols for electron tubes of the
Radio Manufacturers Association.
Syvmbols for Metering Diagrams,
Edison Electric Institute.
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Tabulation of Common Graphical Symbols

Device

Symbol

Device

Resistor, Fixed*

Twisted Pair

Symbol

Resistor, Variable*

Resistor, Adjust-
able (in steps)*

Device Symbol
0040
InductororReactor,
Variable*
(X
InducterorReactor,

Adjustable (in
steps)

o s
A,

Shielded
Conductor

InductororReactor,
Iron Core

—_—

— 75960 —
— R —

Coaxial Cable

ll!

Rheostat

Condenser or Ca-
pacitor, Fixed**

InductororReactor,
Powdered Iron
Core

Shielding

Condenser or Ca-
pacitor, Fixed.
Shielded

Condenser or Ca-
pacitor, Variable

Condenser or Ca-
pacitor, Variable,
with movable
plates indicated

Condenser or Ca
pacitor, Variable.
Shielded

Condensers or Ca-
pacitors, Vari-
able, Ganged

—————
’

—t

Inductor or
Reactor*

EHT

Transformer. or In-
ductors, Coupled:
Air Core**

Terminals

Transformer, or In-
ductors, Coupled.
Air Core. Moving
coil indicated**

Antenna

Transformer, Iron
Core

Inductors, Link
Coupled

Counterpoise

e s

BRI

Tuned Air Core
Transformer

Loop Antenna

Conductors, or
Connecting
Wires

Ground

— T
—AWWA—

Crossed Wires. Top
symbol shows
wires connected:
bottom symbol
indicates no con-
nection

Key

Switch, single-pole

double throw

*Upper symbol preferred for rodia uses; lower symbol for power applications **Symbol at left preferred for radio uses; symbol at right for power applications.
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Tabulation of Common Graphical Symbols

Device

Switch, Rotary

Symbol Device
o° © o Cathode,
g 0 Photoemissive

Switch double
pole double
throw

Jacks

Plug

Cathode, Pool
Type

Filament (Thermi-
onic Cathode)

Power Switch

Fuse

Grid

Screen Grid

Dry Cell, or Battery
(The positive
terminal is rep-
resented by the
long line)

Plate or Anode

Plate or Anode

A-C Plug for Power
Outlet

A-C Receptacle

e

Cathode,
Thermionic

Target Electrodes

Defle¢ting Plates

Cathode, Cold
Discharge

Beam Forming
Electrodes

Envelope or Shell
(General)

Symbol

wwWwW americanradiohistorv. com

Device

Shell, with Contact

Envelope, Gas
Filled

Envelope or Shell,
with Shielding
indicated by
dotted line

Shell or Socket
with Alignment
Pin Indicated

Basing Arrange-
ment for Electron
Tubes

Cathode Ray Tube

Beam Tube

Microphone (Tele-
phone Trans-
mitter)

Microphone, Single
Button Carbon

Microphone,
Double Button
Carbon

Microphone, Rib-
bon or Velocity
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Tabulation of Common Graphical Symbols

Device Symbol Device

Symbol

Microphone. Frequency Meter

Piezoelectric

Device

Symbol

Power Factor

Telephone Headset Meter

Thermoelement

Watt-Hour Meter
Loud Speaker

X-Ray Tube

GraphicInstrument
(Basic Symbol)
Magnetic Loud

Speaker

A-C Generator or
Motor
(Basic Symbol)

oJo o).

(2]
b
>
he)
x

Synchroscope

Loud Speaker, Per-
manent Magnet

Induction Motor
with Slip Ring
Rotor

Piezoelectric Plate
(and mounting)

Synchronous Gen-
erator or Motor
with Separately
Excited Field

-
i

& | a v
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Loud Speaker, Synchronous
Electrodynamic Converter
Rectifier
Crystal Detector
Vel D-C Generator or
oltmeter Motor
Relay (Contact ar- S— (Basic Symbol)
rangement may
be built up as
required)
D-C Generator or
Galvanometer Motor with Shunt
and Series Field
Lamp _@ _O_
Mercury Ar
A Y L
mmeter _I Rectitier
Arc X
Milli Spark Gap (Rotary, Delta or Pi
ilhammeter Plain, Quenched, Connection
from left to right,
respectively)
Wattmeter Phonograph ) Wye or Tee
Pick-up Connection
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| D -D_ I .
HESEEREERE


www.americanradiohistory.com

ROCHELLE SALT CRYSTAL

An outline of experiments leading to the use of a single Rochelle salt crystal, made possible

by bonding the surface of the crystal with a thin sheet of gold foil

IERRE CURIE
tinguished wife, Marie Sklo-
dowska Curie, world famous co-
discoverers of radium, contributed
much to the science of electronics
by their less known discoveryv of the
piezo-electric effect of certain crys-
talline substances. Among the crys-
tals having this property are quartz,
tourmaline, and Rochelle salt. Long
ago it was determined that Rochelle
salt had many times the piezo-elec-
tric effect of any other crystalline
material, and many ideas have been
presented. and patented, in an effort
to efficiently utilize this phenomenon.
Only one manufacturer has thus
far succeeded in making commer-
cially available, suitable piezo-electric
units. The unit consists of two
crystalline plates having foil or
graphite electrodes attached on op-
posite sides, with the plates cemented
together in opposition. The unit as-
sembly is supported on =suitable
elastic pads in such a way that the
saddle warping effect, caused by the
mutual constraint of the opposing
crystals, may be mechanically util-
ized for acoustic and other devices.
One system using this unit affixes

a perpendicular voke piece to each
corner of a substantially square
crystal unit, and supports the other
two corners by elastic pads. The dia-
phragm or other actuating device is

and his dis-

By RAYMOND W. TIBBETTS

Tibbetts Luboratories
ambridge, Massachusetis,

connected by pin means to the yoke.
In another arrangement, three cor-
ners of the crystal unit are cemented
to rubber pads, and the fourth cor-
ner is actuated. In still another
system the crystal unit is supported
along one edge and a center shaft is
connected at the midpoint of the op-
posite edge. Due to the twisting ef-
fect of the unit when so supported a
rotary oscillatory motion is imparted
to the shaft, which is used to actuate
a stylus, mirror, ete.

Several early attempts were made
to adapt a single Rochelle salt erystal
plate to a piezo-electric device. All
of these gave more or less indifferent
results, except for very specific ap-
plications. Most of the devices used
either a whole homogeneous crystal
or an assembly of them, in an effort
to secure sufticient mechanical am-
plitude. The displacement amplitude
of the crystal per se is very small
even under high electrical stress.
Plates of quite some thickness have
been suggested but in these cases
sufliciently low impedance could not
he attained.

In attempting to solve these prob-

lems the author first developed a
gold electrode which in effect gives
to the crystal unit assembly a ca-
pacitance practically equal to the
maximum theoretical capacitance of
a condenser having Rochelle salt
as the dielectric. This in effect re-
duces the internal capacitive re-
actance of the crystal generator to a
minimum. The gold electrode is ap-
plied directly to the crystal surfaces
and is in mechanical and molecular
bond therewith.

It was found impractical to de-
posit gold by the electro-deposit or
sputtering methods on Rochelle salt
crystals, since the material is water
soluble and dissolves in its own water
of crystallization at about 132 de-
grees F.

It was discovered that extremely
thin gold foil, in the order of
0.000004 inch thick became bonded
to the wet surface of the crystal,
when dried and recrvstallized. It
was also determined that thick gold
sheet would not adhere in this man-
ner. A patent has been granted the
author for this process and the prod-
ucts made thereby.

Tests showed the capacitance of
the gold-electroded crystals to be
more than twice that for commer-
cially available crystals of the same
dimensions. This was indeed a happy
discovery, for the gold deposit pro-

Fig. 1—Longitudinal axis, c-c,
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electrical axis,
axes, x-x and y-y. The hole in the Rochelle salt slab provides
for the connecting pin between the two toggles

a-a, mechanical
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Fig. 2—The complete unit assembly. showing the bow or “toggle”
arrangement with connecting pin.
electrode on both surfaces

The crystal slab has a gold
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DEVICES OF LOW IMPEDANCE

The setup using phototube for testing re-
sponse and waveform of the oscillograph unit

vided an extremely flexible electrode
of low specific resistance which was
impervious to atmospheric condi-
tions and which was bonded to the
surface of the crystal with sufficient
adhesion for practically all acoustic
applications of Rochelle salt.

The very high capacitance at-
tained has made it possible to make
acoustic devices with a relatively
low impedance and with a small
amount of crystalline material. For
example: in one size of the “Mono-
bar” crystal unit adapted for micro-
phones, the single plate used is
20%x20x 3 mm, and has an average
capacitance of over 0.007 pf. From

the formula C 0.0088

d
K is the dielectric constant, A the
area in square centimeters and d the
thickness of the plate in c¢m, the
value of K will be found to be about
10,000. Capacitance measurements
were made at 1000 cps. This high
capacity is of extreme importance in
a high fidelity acoustic device which
must faithfullv reproduce very low
frequencies or which must have a
very long cable.

A
, where

Means of Utilizing Crystal Deformation

To adapt to best advantage the
properties of the gold electroded cryvs-
tal, a new mechanical system has
been developed. This system is based

on two general principles: first, the
adaptation of bow or spring toggle
members as mechanical multiplying
devices for the smuall oscillations of
the crystal per se, and second, a
frame-like structure within which
the crvstal slab is cemented, and on
the corner portions of which the tog-
¢le members are secured.

Since the mechanical axes z-z
and -y of the crystal plate form
a 45-deg. angle with the longitudinal
axes c¢-¢ of the mother crystal, as
shown in Fig. 1, the oscillations of
the crvstal and frame cause a si-
multaneous bending of the opposed
toggles, as these may be secured on
opposite sides of the frame and
oriented at 90 deg. to each other,
This is due to the fact that the
crystal under electrical stress con-
tracts along one diagonal and simul-
taneously expands along the other

Bow member
\

Damping

member material /
5

=

"~ Elastic pads”

diagonal. 1t will be seen {herefore
that when the two bows or toggles
are interconnected by a pin member,
a4 greatly enlarged version of the
crystal and frame oscillations will
be obtained. The converse is of
course ualso true—when the pin is
mechanically actuated, a greatly in-
creased force with a reduced ampli-
tude will be transmitted to the frame
and crystal member. A much greater
electrostatic potential will be ob-
tuined from the crystal devices than
from the crystal itself if actuated
by the original force applied to the
pin.

Many arrangements and combina-
tions are possible with this new de-
velopment. For example, when it is
desirable to secure a very low im-
pedance or large mechanical output
as would be necessary for a loud
speaker or a direct-writing pen oscil-

Fig. 3—Arrangement of the electrodes for greater voltage out-
Two electrodes are provided on each side of the crystal
plate and leads are connected in series

put.
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Fig. 4—Cross-sectional view of the framed type of Monobar unit,
and a plan view of the frame.
to the wing portions of the frame

The bow members are cemented
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The small unit has a 20 mm x 20 mm crystal suitable for most microphone

applications, such as earphones, etc.

The large unit has a 57 mm x 57 mm

crystal and is particularly suitable for low-frequency devices where low
impedance and high power are necessary considerations

lograph, multiple crystal plates may
be assembled within the frame struc-
ture with their major surfaces paral-
lel, with the leads so connected that
all the plates act in unison and in the
same directions.

Perhaps one of the most impor-
tant features is the frame member,
which by virtue of its shape and na-
ture adapts itself to the mechanical
displacements of the crystal. Under
electrical stress the erystal tends to
become diamond shaped, to which
the frame conforms. By virtue of
the frame assembly it is almost im-
possible to break the crystal, either
by mechanical or by electrical shock.
So rugged is the unit that a very
sensitive microphone or ear piece
may be thrown on the floor without
in any way damaging the ecrystal
unit. Voltages up to the limit of the
dielectric strength of the crystal ma-
terial have been applied without
harm. This lies in the fact that the
bows or toggles do the bending while
the frame supports the crystal.

One of the outstanding important
characteristics of the Monobar type
of piezo unit is the fact that cath-
ode-ray oscillograph studies indicate
the remarkable freedom from har-
monic distortion on sine wave input
enjoyed by Monobar microphones.
While this type of distortion has not
been emphasized very much, most of
the emphasis being given to fre-
quency distortion, it is recognized
that harmonie distortion undoubt-
edly plays a most significant part in
the thing we call “quality’ in acous-
tic equipment.

It seems to the writer that there
are now greater possibilities for the

90

crystal loud speaker, especially for
small, portable radio sets. Already
a very satisfactory 5-inch speaker
has been developed which uses no
critical war materials for its fabri-
cation. The crystal unit weighs less
than one ounce, a very desirable fea-
ture for portable radios and pos-
sibly for certain war communication

Composite photo of Rochelle salt crystal
and the Monobar ocillograph unit

equipment. To date the power capa-
bilities of the speaker, over one watt,
do not equal the dynamic type. It is
expected, however, that this will be
increased appreciably.

The crystal speaker should make
it possible to eliminate the output
transformer, using instead resist-
ance capacity coupling. There will
be some loss of course, but this
should not be a serious matter in
those cases requiring extreme light-
ness and compactness. The develop-
ment of a power tube having the
proper output characteristics would
help greatly in this matter.

WWW americanradiohistorv com

The new unit is adaptable to prac-
tically all conventional acoustic
equipment in which Rochelle salt
crystuls are used and apparatus of a
special nature in which the fre-
quency characteristics must conform
to certain specifications. By varying
the toggle structure and the erystual
capacity together with resonant cav-
ities of specified structure, almost
any required response may be had.

Standard Monobar microphones
use the bow and frame unit and are
highly damped. This damping cuts
down the output voltage but provides
a straight-line response and elimi-
nates most of the handling noise.
Microphones for special purposes
such as hearing aid units may have
an output of about —36 db. These
are damped only by the cartridge
chamber itself.

Where it is necessary to obtain
maximum output, the erystal is mul-
tiple-electroded and connected in
series. This is accomplished simply
by dividing the single plate elec-
trodes and connecting the alternate

The Monobar unit as used in an oscillo-
graph. Size is 2% by 2% by % inches

opposed electrodes in series. By this
method a gain of about 6 db can be
obtained without phase shift or har-
monic distortion, since the single
crystal is the only element involved
and the distribution of mechanical

and electrical forces is uniform
through its mass.
The very high capacity of the

crystal makes possible a rising char-
acteristic toward the low end of the
spectrum, and by using more flexible
toggle elements the highs are greatly
attenuated while the output of the
low frequencies is actually increased.
(Continued on page 116)
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Adjustment of

DIRECTIONAL
ANTENNAS

A method of measuring resistance and reactance values at
radio frequencies with an ordinary 3-inch cathode-ray oscil-
loscope while full power is being fed to the broadcast
antenna. Width and height measurements of an elliptical
pattern give the required constants

By WILLIAM S. DUTTERA

Engineering Department
National Broadeasting Compuny
New York City

N the alignment of directional an-

tennas there arise two types of
problems. The first is that of securing
the proper phase relations and
amplitude relationsg between the var-
ious antenna currents. The second
is that of tuning each antenna to
match its transmission line, so no
standing waves exist on the line.

The methods of arriving at proper
phasing and current ratios are as
varied as the number of engineers
engaged in tuning directional an-
tennas. It is not proposed to discuss
this subject here, but instead to deal
with the second part of the problem.
Specifically, this involves determin-
ing the resistance and reactance
which each transmission line sees at
its antenna. The engineer wants to
know if the line is ‘“working” into
too high or too low resistance, how
much reactance 1is present and

FIG.
the resistance and reactance of a load at
power frequencies, using ordinary meters

1—Standard method of measuring
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whether this reactance is inductive
or capacitive,

In some cases, particularly with
antennas less than about 120 degrees
high, it is possible to calculate the
line termination networks with
reasonable accuracy by a combina-
tion of ordinary measurements and
proper application of circuit theory.
With high antennas having distorted
current distribution, or with a com-
bination of high and low antennas,
accurate calculations are not pos-
sible. It has heretofore been neces-
sary in these cases to obtain final
circuit adjustment by what almost
becomes a trial and error method.

It must be noted that it is im-
possible to measure, by normal
methods, the impedance of an an-
tenna as a working part of a di-
rectional system. The measurement
must necessarily be made without
disturbing the system, under the
condition of partial or full power.
It is in this manner that the cathode-
ray tube measurements to be de-
scribed are made.

Method Used in 60-cycle Circuits

In 60-cvcle single-phase power cir-
cuits the load impedance can be
found with meters measuring volts,
amperes and power factor, connected
as shown in Fig. 1. In brief, one

www americanradiohistorv com

This two-tower

directional antenna sys-
tem of station WEAF in Port Washington.
Long Island has been adjusted by the
cathode-ray method described in this ar-
ticle. Two oscilloscopes were used, one
in each under-the-tower tuning house

current flowing in the power factor
meter is proportional to the phase
and magnitude of the load current,
and the other current is proportional
to the phase and magnitude of the
load voltage. The resultant action of
the fields of these two currents upon
a vane produces a displacement of
the vane. A pointer attached to the
vane indicates directly the phase
angle between load current and vol-
tage.

With E, I and the phase angle ¢
known, the resistance R and X are
obtained from the following basic
formulas:

E . E .
R——I—cosd> —-i—smq&

9L


www.americanradiohistory.com

vert: defl./
plates—-*
AorndB

Hor:
def]. plates
CanoD

FIG. 2—Circuit for measuring the resistance and reactance of a load at radio
frequencies under operating conditions. The cathode-ray tube may be part of an
ordinary three-inch cathode-ray oscilloscope

Cathode-ray Tube Method

In the r-f version of the procedure
for determining load impedance, a
cathode-ray tube is substituted for
the voltmeter, ammeter, and power
factor meter, as shown in Fig. 2. In
this case it is simpler to use voltages
instead of currents. A cathode-ray
tube with electrostatic deflecting
plates is chosen. A voltage propor-
tional to the amplitude and phase of
the load voltage is taken from vol-
tage divider C,E, and applied to hori-
zontal deflecting plates C and D. A
voltage proportional to the ampli-
tude and phase of the line current is
secured from a well-shielded trans-
former L.L. and applied to vertical
deflecting plates A and B.

Initially, the voltages applied to
the two sets of deflecting plates are
adjusted so that when the load is a
pure resistance of known value the
pattern on the tube is a circle of
convenient size. Any other load then
gives an ellipse, the orientation and
dimensions of which permit calcula-
tion of the load constants.

Condenser C, permits reducing the
r-f voltage applied to the horizontal
deflecting plates, and at the same
time serves with R. to provide ap-
proximately 90-deg. phase shift. The
voltage due to line current is ad-
justed by varying the coupling be-
tween the primary and secondary
of the transformer. It has been
found in practice that no coil is
necessary in the primary, since suf-
ficient deflection generully can be
obtained by coupling to the bus feed-
ing the terminating equipment.

Analysis of Circuit Relations

It can be shown that when second-
ary circuit L.C. is tuned to resonance,
the following relation based on the
simplified equivalent circuit in Fig.

92

3 will provide a sufficiently close ap-
proximation to actual conditions:

E;, = K¢ —]Ig :'v'q IoXl ‘JA ’g I (1)

Here £.; is the voltage on the cath-
ode-ray tube due to the load current
I, This means the cathode-ray tube
voltage K., is in phase with the load
current.

The load voltage part of the cir-
cuit is as shown in Fig. 4. In this
case,

. Rs
= EcRsKZo

¥
J R+ X2 :I
(2)
where ., is the voltage on the cath-
ode-ray tube due to the load voltage,
and
6 = tan “1(X./R;

In Fig. 5 is a vector representa-
tion of the cathode-ray tube voltages
resulting from the load current and
load voltage when the load is a pure
resistance. A circular pattern is ob-
tained on the cathode-ray tube
screen when capacity C. in Fig. 2
is adjusted until voltage vector E.,
takes the position designated us
E”... This adjustment is necessary
for calibration because E.. is not
fully 90 deg. ahead of load voltage
E, (R.C, does not provide a full 90-
deg. shift in phase). Adjusting C.

makes the vertical deflecting plate
voltage E”., lag E.. by 90 deg., and
adjusting the coupling between L,
and L. makes these voltages equal.

Analysis of The Cathode-ray Pattern

It is well known that if equal vol-
tages 90 deg. out of phuse are ap-

plied to a cathode-ray tube the pat-
tern will be a circle. If the voltages
are unequal but 90 deg. out of phase
the pattern will be an ellipse with its
major axis on either the x or ¥ axis,
depending upon which set of deflec-
tion plates has the larger voltage. If
the phasing is other than 90 deg., the
major axis of the ellipse will assume
an intermediate position somewhere
between 0 and 90 deg. with respect
to the 2 axis.

An example of a general pattern
is shown in Fig. 6. It is obtained
with voltage FE., (that due to the
current) acting on the vertical de-
flecting plates, and voltage E.. (that
due to the load voltage) acting on
the horizontal deflecting plates, as is
shown in Fig. 2. The center of the
ellipse is at 0. The ellipse intercepts
the x axis at points separated by
distance A,. The total deflection
along the « axis is 4 and the total
deflection along the y axis is B. It
can be shown that when this pattern
is obtained from a given load under
the operating conditions described
above, the impedance of the load is

RA, . A4 | ik
7 A (4 :
Ry (B) ®)

Here, R is the load resistance
which gives a cireular pattern. The
first term of this equation is the
resistance of the load under operat-
ing conditions, and the second term
is similarly the reactance of the load.

It will be noted that the reactive
term has a plus or minus sign. If
the cathode-ray tube connections are

FIG. 3—Equivalent circuit for the current
section of the cathode-ray measuring cir-

cuit. The voltage drop across the con-
denser depends on the load current value
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FIG. 4—Equivalent circuit for voltage
section is identical to the actual circuit
since it is simply an rf voltage divider

connected across the load
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so made that with a capacitive load
the major axis of the ellipse is in the
first and third quadrants, the sign
of the reuctive term is negative. It
will be assumed that this is the case
in the following examples. It will
also be assumed that R is equal to
75 ohms. Patterns for four diftfer-
ent types of loads, with resulting
resistance and reactance values based
on these assumptions, appear in
Fig. 7.

The Practical Application

In a normal application the tuning
equipment which matches an an-
tenna to its transmission line cor-
responds to the load shown in Fig. 2.
The simplest method of adjusting
L.C. and C, involves starting with
any one antenna and tuning its
matehing equipment so that it pre-
sents a resistive load R of the cor-
rect value for proper termination
of the transmission line. This an-
tenna only is then fed from the
transmitter with approximately the
same power it will earry when it is
a part of the directional system.
The condenser C. is now varied until
about half of full-scale deflection is
obtained on the screen of the
cathode-ray tube. Next, C. is ad-
justed so that the major axis of the
ellipse is along either the a or ¥
axis, depending upon the velative
voltages. Finally, the coupling be-
tween L, and L. is adjusted so that
a circular pattern is obtained. This
constitutes the calibration of the
equipment. If similar equipment is
used at all the radiators, the same
procedure is followed at each.

All radiators are now fed together,
and the three measurements indi-
cated in Fig. 6 are made on the
elliptical pattern of each antenna.
From this data, the resistance and
reactance of each antenna are cal-
culated as previously explained.

FIG. 5—The circular pattern required for

calibration is obtained by detuning L.-C

until the deflecting plate voltages are
equal and 90 degrees out of phase
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Coil L. should be well shielded
electrostatically, so it is excited only
by the intended field due to line cur-
rent. Likewise, C, and its associ-
ated connections should not be sub-
ject to extraneous electrostatic fields.
In order to assure this result, it is
preferable to use coaxial leads for
all connections shown with shielding
in Fig. 2.

Resistors R. and R, in Fig. 2 are
of arbitrary value. When these re-
sistors are 200 ohms each, the power
consumed by the measuring equip-
ment is of the order of 25 watts.
This is ordinarily low enough so
that the equipment may be removed
without any noticeable effect on the
directional system. The values of
R. and R, may be increased con-
siderably in order to reduce power
consumption.

Some tvpes of cathode-ray oscillo-
scopes may have to be modified by
the installation of r-f jacks on the
sides of the unit, to permit short
leads directly to the deflecting plates

internal amplifiers in the oscillo-
scope are not used.) Special pro-
visions may also have to be made
for the spot-centering voltages.

Where a cross-ruled scale is not
provided with the oscilloscope, trans-
parent graph paper will prove satis-
factory and may be fastened to the
face of the tube. This permits read-
ing dimensional values directly with-
out a ruler; units of measurement
are unimportant so long as all three
values are in the same units.

The true r-f power being fed to
the antenna or load may readily be
determined in this cathode-ray
method if an r-f ammeter is inserted
in the cireuit, as shown in Fig. 2.
Multiplying the resistive component
of the load impedance by the square
of the current reading gives the
power.

In this application the degree of

FIG. 6—Typical pattern. Resistance and

reactance values are found by measuring

lengths A, A, and B and substituting the
results in equation 3

www americanradiohistorv com

accuracy required is not very great.
Consequently, such sources of inac-
curacy as non-linear deflection or
observational errors in veading the
values of A, A, and B are not of a
serious magnitude. A three-inch
tube has been found to be satisfac-
tory, but it is entirely feasible to
obtain greater accuracy if needed.

Aj=A=l
B=2
R=75

Z=0.5R + jO
=37.5+0

Z =1.04R+j0.703R
= 78.7+j52.7

T

FIG. 7—Examples of cathode-ray patterns
and corresponding r-4 impedance values
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Analysis of

FULL WAVE RECTIFIER

An engineering analysis of the behavior of the full wave, single phase rectifier with

choke input is given, together with means of determining critical inductance permitting

continuous flow of current. Measurements confirm accuracy of theoretical procedure

HE single phase full-wave recti-

fier, in which is used the so-
called ‘“choke input” tyvpe of filter,
has become popular since the intro-
duction of small capacity mercury
vapor tubes. Despite its wide use
today, the design is still based to a
great extent upon experimental
methods. A more exact analysis of
the performance of this type of cir-
cuit, which is not so tedious as to
discourage its use, should help in
the understanding of its applica-
tions, and permit its characteristics
to be more accurately predetermined.
Principle emphasis has been placed
on the derivation and discussion of
the equation for the filter input cur-
rent, from which expressions for the
d-c voltage and current output are
determined under two general types
of operation. A simple but accurate

expression for the critical choke in-
ductance is also presented.

The specific type of circuit treated
in this analysis is shown in Fig. 1.
Two basically different types of op-
eration of this circuit may occur.
One, where the current through the
inductance is continuous, termed
“non-cut-off operation”, and the
other, where the current through
the inductance is zero during a
period in each half cycle, termed
“cut-off operation”.

To keep the solution in as simple
and usable form as possible certain
basic assumptions are made. These
are: (1) The circuit parameters
are assumed constant and indepen-

dent of current magnitude. (2) The

winding resistance and leakage re-
actance of the input transformer are
assumed to be negligibly small. (3)

TABLE I—CIRCUIT PARAMETERS REQUIRED FOR CRITICAL
CUT-OFF OPERATION
Peak Voltage Drop Capacitance Load Critical
No. Voltage Across Tube  of Filter Resistance  Inductance
E,,. E. C R] ¥ Rr Lc
(Volts) (Volts)  (Microfarads)  (Ohms) (Henries)
1 368 13 4.0 11,000 10.5
- 281 13 8.0 11,000 11.0
3 141 13 12.0 9,900 12.0
TABLE II—PERCENT DEVIATION OF ACTUAL CRITICAL
INDUCTANCE FROM VALUES CALCULATED BY VARIOUS
METHODS
THEORETICAL VALUE OF CRITICAL INDUCTANCE CALCULATED
FROM:
No. Eq. (9) Eq. (9a) L¢ = R/1130* L¢ = R,/1000%
1 + 2.0 +4.75 - 7.1 - 4.8
2 — 3.6 +2.72 —11.4 0.0
3 —11.7 —6.25 —26.7 —17.5

* Dellenbaugh and Quimby, Smoothing Chokes, Q8T, 1982.
1 Terman, “Radio Engineering,” McGraw-Hill Book Co.
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The anode-to-cathode voltage drop
in the rectifier tube is considered to
be constant during the current con-

duction period. (4) Steady state
operation of the rectifier unit is
assumed.

The circuit parameters are actu-
ally constant with the exception of
the inductance of the (iron core) fil-
ter choke. This inductance is a
function of the current which the
choke carries. However, for non-cut-
off operation in which the load cur-
rent is not too small (greater than
25 percent of full load) the induc-
tance of the filter smoothing choke
may be considered constant without
serious error. For cut-off operation,
only those filters which use air-core
inductors are capable of simple so-
lution. Analytical treatment of this
circuit, on the supposition that the
choke inductance is a function of
the current, presents a problem
whose solution is extremely compli-
cated.

The other assumptions are those
which may be made in low power
rectifier circuits without serious
error.

The following symbols are used
throughout the paper.

E. = Peak value of one half the trans-

former secondary voltage
E, = Tube voltage drop during con-
duction (assumed constant)
e = Instantaneous voltage across input
to filter
1y = Instantaneous current through filter
choke
R: = Resistance of filter choke
R, = Equivalent load resistance
L = Inductance of filter choke
C = Capacitance of filter condenser
Es. = d-¢ value of output voltage
T4 = average value of load current
T = complete period of rectifier opera-
tion = 1/2f
f = frequency of a-¢ supply
p = d/dt = differential operator
Y Z u = vector value of admittance of the
filter (and load) looking into its in-
put terminals
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With Choke

* Formerly yraduale student at
the University of Missouriy now
wilth the Bell Telephone Lubora
tories, New York, V. Y

i .issociate I'rofessor of FEle
trical Engineering, University o
Missouri.

General Solution of Current Equation

Considering the circuit of Fig. 1,
the current through the choke may
be expressed as

= ¢/Z(p) 1)
where Z(p) is the generalized im-
pedances of the filter and load, look-
ing into the filter input terminals.
Thus

Rz_ C‘p
Ry + (1/Cp)
During the period when the upper
half of the tube is conducting, the
instantaneous voltage across the fil-
ter input is

Zp) =R+ Lp+ )

E (3)
Substituting the values of e and Z (p)
into Eq. (1) results in a differential

equation, the solution of which (see

E.sin wt

Appendix 1) can be expressed in
the form
i, = YE.sin (ot + p)
e A, cosyl + C, sin ]
1 (4)

where

Y = ) 1+ R2C? ) |
T | (Bt Re— RLC W)+ (R RoCH-L)2w? |
2= j{

tan™' (IR:Cw)

tan” ‘(

RRCw + Lw
R+ Re— Ry LCW?

Ri+Rs

veNB-@ i B e
_ RBa+L E
“ T 2LCR, TR+ Iy

In this expression A, and C, are
arbitrary constants which must be
evaluated from a knowledge of the
circuit behaviour. If ¢, is defined as
the time angle at which current con-
duction starts at one anode, and .
as the time angle at which it ceases,
then Eq. (4) is valid only within
this period. Where non cut-off op-
eration occurs, 8, = 0, and 6: = =.

ELECTRONICS — April 1943

ceeeeeee @

By L. C. TILLOTSON
and C. M. WALLIST

Fig.

1—Schematic wiring diagram of single phase, full wave rectifier circuit with

simple choke input filter, and load resistance, R

Fig. 2—Equivalent circuit of rectifier filter and load (a), with the resulling voltage and

current waveforms (b).

The flow of current can be made continuous if the inductance
of the choke equals or exceeds the critical value. L.

Means of calculating the critical

inductance are given in the article

Since the rectifier is a full-wave
type, a complete period of its opera-
tion, T, is half a line voltage cycle.

DC Value of Load Current

The d-¢ component of the load
current is equal to the average value
of the current, 7,, through the filter
inductance, and may be expressed as

0 w
1d¢ = 2f '[1(“
/ w

Substituting for 7, and integrating

gives
rE, [ ' 4]

2C [s,vam 90y

14

o4y
Sa(aB: + \/'C:‘):l (6: — 6v)

\ 2fA.
a?

Si(aC - ¢31)]

[ ¥z \\1/[3-3 - an‘

3
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where
A, =cos (B + ) As =cos (0. + )
B = af /w S, = ¢ zxﬂ;
. 0 .
= sin Y B, = siny
w
| = cosy - : = COS Y

The d-c¢ value of the voltage is of
course the product of the d-¢ cur-
rent and load resistance R..

Harmonic Content of Output Voltage

The filter is inserted between the
rectifier and the load to smooth out
the pulsations in the output voltage
and current. The degree to which
it accomplishes this objective is a
measure of the filter’s excellence. To
determine ripple content it is neces-
sary to first calculate the harmonic
components of the choke current.
The current 7. can be expressed as a
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TABLE

III—_CORRELATION BETWEEN CALCULATED AND

EXPERIMENTAL BEHAVIOR OF FULL WAVE RECTIFIER*

Calculated Experimentally Deviation in
Circuit Factor Value Observed Value Percent

Output voltage, E ;. 178 volts 182 volts 2.3
Load current, [ 4. 0.248 amp. 0.250 amp. 2.0
120 cps component of i1, 0.0174 amp. 0.0176 amp. 1.2
240 cps component of 1, 0.00212 amp. 0.00218 amp. 2.8
Percent of 120 cps component

of output voltage 3.96 3.91 1.3
Percent of 240 cps component

of output voltage 0.26 0.28 7.1

* Tabulation determined for
12,7 volts; [ 8.2 henries;
(3] 2 i 377 radians

tiie follo
+.23

wing conditions :
ut, R

Ew =321 volts; E
53 ohms; Re 728 ohwms; and

Fourier series involving a d-c com-
ponent, and cosine and sine terms
of the harmonic components, the
coefficients of these terms for the
nth harmonic being evaluated from
the expressions

02/(.0
In =4f 11 €08 2n wl "dl
0/ w

) 102‘ w
I =4f wsin 2 n wtdl
0| w

The resulting equations for I,
and I”, are given in Appendix IL
Expressed in literal form, these
equations seem rather long and in-
volved. However, using numerical
values, their evaluation is not espe-
cially tedious. The amplitude of the
nth harmonic of the output voltage
across the load can be calculated
from the equation

E.=ZNI:+ 12 (8)
where Z, is the combined impedance

of K. and C, in parallel for the nth
harmonic.

(6)

@)

Critical Inductance

Whether the current through the
choke flows continuously or inter-
mittently depends primarily upon
the relative values of the choke in-
ductance L, the capacitance C, and
the load resistance [Z.. The limiting
value of the inductance ubove which
cut-off does not occur is defined here
as the eritical inductance and sym-
bolized by the term L..

When the inductance of the cir-
cuit shown in Fig. 2a has been
adjusted to its critical value, the
current through the choke has a
waveform corresponding to the
curve marked 1, in Fig. 2b. The min-

imum value of the current just
reaches zero, characterising the

border line condition between cut-
oft and non-cut-off operation. If it
be assumed that this current is
comprised of only a d-c and a second
harmonic component, and that R, and
R., in comparison to the filter cir-
cuit reactance, have negligible effect
in determining the magnitude of
the second harmonic then the value
of the critical inductance can be ex-
pressed as

Cafemo+ Ry 1 ,
& [ 3K L4cw:| ©)

E
here K =] 9w T80
where K [ B :l

L. is the minimum value of the
choke inductince which, for given
values of R, R, C, and E./E, will
cause the current flow through the
choke to be continuous. For values
of L less than this value the current
flow is intermittent. The derivation
of the above equation is given in
Appendix III.

Neglecting the higher harmonic
components of current in arriving at
Eq. (9) leads to only small error in
final result.” For practical filter cir-
cuits the critical value of inductance
is considerably on the inductive side
of resonance (X, is at least 10 times
X.). Consequently components of
current higher than the second har-
monic are of relatively small magni-
tude. Furthermore, the ratio of
2L.w/R, equals 30 or more, and at
the critical point the ratio of 2R.Cw
is about 20. Therefore little error is
made in considering reactances only
in evaluating the second harmonic
component.

J

1If the effect of the fourth harmouic along
with the second ix eonsidered I, (9) becomes

1ot 4+ ry 1
L.= [ K 4Cw] emy

0
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To indicate the percentage error
likely to incur in the use of Eq. (9)
and (9a), experimental results on
several representative circuits are
presented. Table I gives the values
of the circuit parameters determined
by direct test, necessary to produce
the critical condition between cut-
oft and non-cut-off operation.

Table II gives the percent devia-
tion of calculated values of L. from
those obtained experimentally.

Non-Cut-Off Operation

An oscillogram of the current
through the filter choke when non-
cut-off operation prevails is shown
in Fig. 3. Under these circumstances
the constants of integration in Eq.
(4) are evaluated from the boun-
dary conditions at of = 0 and ot

=. Assuming balanced anode volt-
ages and steadv state operation of
the cireuit, those are

).

(@) o = (i1)g

g\ d

dt S\ dt
Applving these conditions to Eq. (4)
yields the following expressions for
4,and C

D.(¢K1 +aKg) - ])ZK_

—~(1
K\(y Ky +aKy) — Ki(y K ‘_al\l)( 0

4, =

and

DoKi — Diy Ky — a K))
L 22

T K@K +aK:) — Ky R, —aKl)(u)

K =1 e cos ¢ /2f
Ko = — e giny/2f
Dy = —2YE.sinp

Dy = —2YFEucos

Where the current through the filter
choke is continuous it is evident that
the d-¢ component can be expressed
directly as

=
(12)

(2,'w) K L.

o o o o
~N

w
@
w
@
o
E
<
]
s
c
@
.
L
2
O

Fig. 3—Applied voltage and rectifier cur-

rent flowing through filter choke for con-

dition of continuous current flow for
non-cut-off operation
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the d-¢ voltage output being merely
IR,

The general Fourier series for the
choke current is given in Appendix
I1. Where 6, — 0 and ., = =, a cer-
tain amount of simplification in the
coefficients of the sine and cosine
terms results, and therefore these
expressions are repeated in Appendix
1V for reference. Knowing the co-
efficients, the amplitude of any har-
monic of the output voltage can be
determined by Eq. (8).

Table III gives comparative re-
sults on a rectifier circuit in which
E,. = 324 volts; F, 12.7 volts;
L = 824 henrys; € — 423 uf: B =
53 ohms; R. = 728 ohms, and o =
2%xf — 377. The general current
equation which is valid from of = 0
to ot = = is

i = 0.117 sin (377t — 82.5)

£ €653 [0.375 cos H8.4¢
+ 0.535 sin 58.4¢{] — 0.016 amperes

Cut-Off Operation

If the circuit parameters have
values such that the current flows
through the filter in pulses, the arbi-
trary constants in the general cur-
rent equation, and the limits of the
period of conduction ot = 6, and
ot = 0, are not so easily determined.
Equation (4) is applicable in the
cut-off case but it must be restricted
by imposing conditions which arise
due to fundamental properties of the
circuit. At the point of firing, the
rising transformer voltage must be
equal to the decaying voltage across
the filter input since the voltage
across the choke is zero ut this in-
stant. Therefore ut ot — 6, the fol-
lowing conditions must hold
No. 1 1’[1)51 =0

No. 2 ("f,‘> -0
! o

o O ©
Byl S
v o n

"]
v
.
L
£
<
o
c
[
L
A
n
v

Fig. 4—Wavelforms of applied voltage and

rectified current output through filter choke

for cut-off operation or discontinuous flow
of current through choke
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TABLE

IV—CORRELATION BETWEEN CALCULATED AND

EXPERIMENTAL BEHAVIOR OF FULL WAVE BECTIFIER"

Calculated Experimentally  Deviation
Circuit Factor Value Observed Value in Percent
Output voltage, E ;. 195 volts 198.2 volts 1.65
Load current, [ 4 0.0250 amp. 0.0254 amp. 1.6
120 cps component of 7, 0.0296 amp. 0.0308 amp. 3.9
240 cps component of 1, 0.00493 amp. 0.00467 amp. 5.45
Percent of 120 cps component
of output voltage 5.02 5.15 2.6
Percent of 240 cps component
f output voltage 0.42 0.39 7.7
*Pabnlation determined for the following 324 volts: Fo

12.7 volts; L

4.0 henries (air core) ;
ohms | L0

377 radians.

conditions: #
N

O ut: R Y00 ohms; R TRH

T 0+ b

No. 3 E.sint — E.= Ve pow
where V' is the voltage across the fil-
ter condenser at the instant of cut-

off i.e.: ot = #.. At this latter point

two other conditions are ftrue.
Namely :
No. 4 () =0
No. § E. 8in - E = >
2

., di,
e

Condition 4 is in reality a definition
of the angle of cut-off. At this point
the voltage across the inductance is
not zero even though the current is
Zero.

It is possible to set up four simul-
taneous equations involving the un-
knowns A, C, #, and 0. from the
above conditions. However, an ex-
plicit solution for any one of these
terms is not possible. Consequently
trial and error methods must be em-
ploved. By applying the first two
boundary conditions to Eq. (4) the
constants 4, and C, are evaluated in
terms of 4. and the known circuit
parameters. Applving condition No.
4 to Eq. (4) and substituting in
these values of 4, and C, yields an
equation involving the two unknown
angles #, and ¢.. From conditions 3
and 5 a second equation in terms of
8. and 6. may be evolved. These two
equations can be solved only by as-
suming values of one angle and cal-
culating the other in a trial and er-
ror process. Appendix V gives u
more detailed discussion of the man-
ner in which this may be carried out.

Once the values of 6, and #. are
determined the integration constants
A, and C, can be easily calculated,
and thence the d-¢ load current and
the harmonic content in the output
voltage by Eq. (5), (6), (7) and (8).

www americanradiohistorv com

Table IV gives comparative re-
sults in a rectifier circuit having the
tollowing constants. E. — 324 volts;
E 12.7 volts; L = 4.0 henrys (air
core) ; C = 4.0 pf; R, — 900 ohms;
R. 7800 ohms, o =2zf = 377.

By solution 6; = 42.1 deg.; 6. = 175 deg.;

A, = 0.232; — 0.480
The current equation applicable from
ot = 0, to ot = 6, is

= 0.255 sin (377t —41.6°)

e 100,232 c0s232t — 0.480 sin 232¢]

— 1.46 (107%) amperes
Figure (4) illustrates current wave-
form for this particular ecircuit.

i

Appendix 1|

Substituting in the values of e and
Z(p) into Eq. (1) gives the ditferential
equation
W(LCRy) p* + (RiRC + L) p + (By + R2)]

= (1 + BoC*) % E . sin (ot + ¢) — EJ

The complete solution of above equa-
tion consists of two parts. The solu-
tion of the homogencous equation plus
the particular integrals due to the
presence of the two voltage functions
E. sin {wt + ) and — E,. Let ¢, be the
solution of the homogeneous equation,
i, and I, the particular integrals due to
the two voltage functions.

The homogeneous equation is
Ll (LCR) 4 (1 O L) p+ (R 1)) =0 (13)
which has roots p, — - Vet — B
and p, @ —Va' — B, In all prac-
tical filter circuits § > «°, hence the
roots are complex and may be written
as
Wi oand pr = —a — g
where @, B and ¢ are constants whose
values in terms of the circuit para-
meters are previously given in the pa-
per. The solution of Eq. (13) is

I e Aléplt, + Aqerst 2A
where 4, and 4, are arbitrary complex
constants. Since p, and p, are com-
plex conjugate voots, Eq. (Za) may be
converted into the form

= ¢ A, cos Yt + Cosin Yt (14)

(Continued on page 120)

p= @
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Walkie-Talkies
at War

(1

DEFENSE—An officer, watching the movements of a simulated enemy force
from a strategic Iceland height, reports to the headquarters command via
radiophone operated by an aide

LANDING—Ashore on a hostile coast, watchers

may conceal themselves and observe defensive

or offensive activities, reporting such preparations

via ultrahigh-frequency radio to their own ships
or aircraft

Photos by U. S. Army Signal Corps

OBSERVATION—Here a reconnaissance party,

high on a hilltop somewhere in the south Pacific,

spies out the land ahead. The man in the

background reports by means of a walkie-talkie

to the main body of troops. safely under cover
at the rear

GUNFIRE—The crew in the background blasts

away with its 75-mm fieldpiece, receiving range

corrections via the foreground pack set from a

spotter located at a point from which the effect
of the shells may be seen
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Performance of SELF BIASED
MODULATED AMPLIFIERS

N AN EFFORT to solve the power

tube problems arising from the
various classes and conditions of
service which the power tube may
be called upon to meet, it is helpful
to have within reach as many meth-
ods of analysis as possible to make
available the operating or dynamic
characteristics of the power tube.
From the operating characteristics
may be determined the correct val-
ues of the potentials and circuit con-
stants necessary to meet the special
conditions and limitations of the
problems.

The dynamic characteristics of
power tubes may, of course, be ob-
tained by testing the tube directly
at the frequency at which it will be
required to operate. Special meth-
ods’* have been developed for testing
the tube at line frequencies, and
these methods are more exact and
more flexible than the high fre-
quency methods. Other methods for
obtaining the dynamic characteris-
tics of the tube, which are often
more convenient, are those involving
various calculation techniques. Some
of these are based on analytical ap-
proximations to the static charac-
teristic curves of the tube and others
on simplifying assumptions in
regard to the wave shape of the cur-
rent pulses.®*” Others involve graph-
ical integrations of the current wave-
form which may be obtained from
the characteristic curves of the tube.
Of these methods of calculation some
are very accurate but laborious,
while others are inaccurate although
rapid. A method of calculation de-
scribed by Chaffee® which employs
the static characteristics of the tube
is exact enough for engineering pur-
poses and is, at the same time, rea-
sonably rapid.

In the above methods of calcula-
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A procedure is given {or determining the dynamic char-

acteristics and optimum performance of self biased

modulated amplifiers. The manner in which polarizing

voltages vary during tube operation is determined as

a function of bias resistor and its location in circuit.

Improved linearity of circuit operation and reduced

peak driving power are shown by this analysis

By R. I. SARBACHER

Illinois Institute of Technology
Chicago, Il
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FIG. 1—Static curves in ep-e; plane show-
ing quiescent point, Q, path of operation,
A-B, and power stroke, Q-A

tion it is not possible to obtain the
dynamic characteristics of plate mod-
ulated amplifiers with resistance bias
except by cut and try metnods. In a
eritical analysis such technique may
be exceedingly time consuming. It is
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the purpose of this paper to present
a method which is straightforward
in approach and which may be ex-
tended to other types of resistance
bias operation of electron tubes.
Results obtained by this method
throw some light on the manner of
operation of resistance biased class
C plate modulated amplifiers.

The method of calculation to be
described here requires that the com-
plete static characteristics of the
tube be available. These may some-
times be obtained from the manufac-
turer or by special techniques de-
scribed elsewhere.™ *

To clarify the treatment which is
to follow, it will be well to have
clearly in mind what is meant by
the “path of operation” and the
“power stroke” as these terms are
applied in class C operation of power
tubes. On the e,-e, diagram, the path
of operation represents the locus of
the instantaneous values of the plate
and grid voltages during a complete
cycle. If these voltages are sinu-
soidal and 180 deg. out of phase, the
path of operation is a straight line
having a negative slope, and cen-
tered at the quiescent point, Q, as
shown in Fig. 1. The end points for
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FIG 2.—Constant plate current and constant grid current curves (dotted) of tube

whose performance as self-biased plate-modulated amplifier is to be determined.

For plate modulated tube with constant bias, the plate operating point varies between
Q" and Q. Only the power stroke of the path of operation is shown

the path of operation are shown as
A and B. In the analysis in this
article, we are concerned only with
that part of the path of operation
between @ and A, called the power
stroke, since it is only during this
part of the path that plate and grid
currents flow.

Plate Modulated Tube with Fixed Bias

As an introduction to this method
let us first consider the conditions
that exist in the case where fixed
bias is employed in the modulated
amplifier. The required characteris-
tics of the power tube, plotted on the
e-e, diagram are shown in Fig. 2.
Under “carrier” conditions, with no
modulation voltage applied, the quies-
cent point established by the appli-
cation of the polarizing potentials to
the tube is located arbitrarily at Q’.
During the modulation cycle, when
generator bias or battery bias is em-
ployed, this @ point is constrained
to move vertically up and down as
the amplitude of the plate polariz-
ing potential is being changed at an

100

audio rate. The limiting excursions
of @ are Q@7 and Q” when 100 per-
cent modulation is emploved. The
calculation "of the dynamic charac-
teristics under this condition of op-
eration is straightforward. It is
necessary to determine only the end
point, A, of the path of operation for
any given position of the point @
on the line joining Q@”’ and @”. When
this information about the position
of A is available, the shape of the
plate or grid current pulse that ex-
ists for this path is known. By the
application of any of the harmonic
analysis  techniques referred to
previously, the average or funda-
mental components of the current
pulses may be calculated. The deter-
mination of A for any position of
@ during the modulation cycle fol-
lows from the selection of the grid
excitation and the equivalent resis-
tance of the tank circuit. The selec-
tion of the grid excitation fixes 4
in the horizontal direction. The ver-
tical position of A may be found by
first assuming three or four possible

www americanradiohistorv.com

vertical positions as indicated by
A, A. A, and A, as in Fig. 3, for
different values of fundamental vol-
tage across the plate tank. For each
assumed position of A we may calcu-
late the fundamental plate current,
1,.., by the use of an appropriate
harmonic analysis. This may be
plotted as a function of E,,,., as in-
dicated in the lower part of Fig. 3.
On the I,,.-E,., diagram, lines of
constant equivalent resistance of the
tank circuit (R,)w L/RC
E ../, will appear as straight lines.
In Fig. 3 is shown the line corre-
sponding to the particular value of
(R,)o = K, chosen for this calcula-
tion. The intersection of this line
with the curve through the various
A points gives the vertical coordinate
of the end point, A" of the path of
operation for the particular plate
load and @’ point chosen, as indicated
in Fig. 2. By repeating this proced-
ure, the fundamental and average
currents in both plate and grid cir-
cuit may be calculated by this
method for different positions of @
and the value of 4 may be deter-
mined for each value of @ consistent
with the requirements of the grid
excitation and equivalent plate re-
sistance. Knowing the fundamental
and average currents for any @ and
A points, the power output, driving

e e =)
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b o sese ot e
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i Egym—-== 1
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Ep o gy

= 5 [Eee=Ky )

£ s i

5"5 i
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Fundamental Taok Voltage~E; 1,

FIG. 3—For specified plate polarizing volt-
age, grid bias, and grid excitation volt-
age, the end point of the operating path,
A’, is determined by selecting several
arbitrary end points, A, to A, (above),
These points are plotted on the I;iu-Epim
plane and a smooth curve drawn through
them. The intersection of this curve with
the load line. (R,)  determines the desired

end point, A’
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power, plate efficiency and other so
called dependent variables of the
modulating system may be cal-
culated. Hence, the dynamic char-
acteristics may be determined.

Complicctions of Resistance Bias

When resistance bias is employed
the problem is far more complicated,
for the path followed by @ dur-
ing the modulation cycle is no
longer known. This is because the
average grid current which deter-
mines the bias is a function of the
position of both @ and A. Since Q
is not known, A cannot be deter-
mined. For example, if at a given
carrier condition (zero modulation)
we introduce a resistance of such a
value as to replace the generator and
supply the same bias as it does, op-
erating conditions at this point will
be identical with those obtained with
the generator. But if the plate po-
tential is increased or decreased, the
movement of the @ point is depend-
ent upon the way the grid current
will vary, consistent with the limi-
tations imposed upon the tank circuit
equivalent resistance and the exci-
tation. Further, if the bias is sup-
plied by inserting a resistance in the
cathode lead, the movement of @
will depend on the variation of the
average plate current in addition to
the above. Obviously, the path fol-
lowed by @ will be a complex func-
tion of at least four independent
variables, £,,, E., E,, and (R,)w.
and in the case where the bias, or
part of the bias, is furnished by
plate current, by five independent
variables, the fifth variable being the
bias resistor.

The problem then is to determine
the locus which the @ point takes
during the excursion of the plate
voltage in the modulation cycle. Once
this locus is determined for the par-
ticular grid excitation, equivalent
plate resistance, and biasing resis-
tance that are chosen and fixed for
this calculation, the position of A
could be determined for any @ point
along this path in a manner similar
to that outlined above. However, in
order to find the path which Q fol-
lows in the case of resistance bias-
ing, it is necessary first to find the
coordinates of A for any likely posi-
tion of @ during the modulation
cycle. The positions that A is likely
to take can certainly be restricted
to that portion of the e.-¢. plane to
the right of the ¢. = 0 axis and
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above the e, — 0 axis, in Fig. 3.
When these coordinates of A are
found, the problem is greatly simpli-
fied, as will be shown.

Now, for any position of @ on the
e,-e. plane, (Fig. 2) the horizontal
coordinate of A is fixed by the choice
of the grid excitation voltage. The

vertical coordinate of A can be de-
termined for any given equivalent
plate resistance in the following man-
ner. First we select an arbitrary
position for @ for a given value of
plate polarizing potential E.,, and a
specified value of the grid polariz-
ing potential, .., the value of the

=
@

o
>

1.4 T T 7 T 1
Amplitude of grid excitation ~ Eg,m=400V
1

w2 e Sk 1 o —— — —
:0_3 Plate supply voltage ~Eyp, =900 V.
5 J ; kﬁfv
éro— | N - —/00\7 | |
£’ \
&

04

Fundamental Plate Current ~ [

Fundamental Tank Voltage~ Ep,m ( Volts)

500 . 800 1,000

FIG. 4—Graphical plot of end points of the path of operation.
different value of grid bias, is determined in

Each curve., for
the same manner as the curve

in the lower half of Fig. 2. The intersection of the plate load line with the family

of curves permits the determination of data for one curve of those shown in Fig. 4.

Several such diagrams are required. each for the same grid excitation but for
different values of plate voltage
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grid resistance R, appears on a straight line, the paths followed by Q in the e, e,
plane can be determined
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grid excitation, E,,, remaining
fixed. For this Q-point we may
calculate the fundamental plate cur-
rent amplitude as a function of the
fundamental voltage across the plate
tank circuit in a manner similar to
that employed in the case of gener-
ator bias. For the tube whose
characteristics are shown in Fig.
2, and for operating voltages
E.,, =900v., E,. = —50v., the curve
obtained is that labeled E,, — —50
voits in Fig. 4. Other curves like
this may be obtained by holding the
plate polarizing potential E,, fixed at
900 volts and increasing the grid
polarizing potential E.. negatively in
steps of 50 volts. These curves take
the form of the famliy of curves
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zoof | L s o0

260 | EccrleaRec.
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St 1 4
$240
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shown in Fig. 4. Lines of constant
plate resistance may now be drawn
on this diagram. For example, the
dashed line, Fig. 4, represents a con-
stant equivalent resistance (R,)w =
1500 ohms. Diagrams similar to this
one are obtained for a number of
values of plate polarizing potential,
and on each the same line of con-
stant equivalent plate resistance is
drawn.

For various values of plate voltage
the intersection of the lines of con-
stant grid voltage, E,. with the line
of constant plate resistance (R,)w
may be plotted on a diagram having
the coordinates of Fig. 5. These
curves of Fig. 5 may, in turn, be
transferred to the ¢,-e, plane. When
this is done they take the form indi-
cated by the red curves in Fig. 6.
Actually Fig. 5 is only an intermedi-
ate diagram which is convenient to
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FIG. 9—Characteristic paths of the Q point
for various methods of bias. Curve A is
for cathode resistance bias, and is the
least desirable type of resistance bias.
Curve B is for constant grid voltage bias.
Curve C, which represents the most desir-
able type of resistance bias, is for the
bias resistance in the grid circuit

use in order to obtain the material
represented on Fig. 6.

Tube Operation for Fixed Bias, Plate
Modulated Conditions

When the family of curves of Fig.
6 representing lines of constant
E,.., have been obtained and plotted
on the e,-e, diagram, the prob-
lem is almost solved. It is con-
venient to draw the family of curves,
E,.,. = constant, on transparent or
translucent paper rather than to plot
them directly on the e,-e. diagram
so that they may be superimposed
on the curves of Fig. 2, as shown in
Fig. 6, the superimposed curves be-
ing indicated in red. From the sup-
erimposed curves we know the value
of E,. that must be used for any
arbitrarily chosen Q point. For any
Q-point in the region to the left of
e¢. — 0 and above e, = 0, both hori-
zontal and vertical coordinates of A
are now determined, since the as-
sumed grid excitation gives the
horizontal distance of A from the @
point while the value of FE,, on
which the @ point falls as read from
the red curves gives the vertical
distance.

An example will help clarify the
procedure. The derived curves (red)
are superimposed on the constant
current static curves (black). A
point Q" is arbitrarily selected at
B, 1200 volts and E., -250
volts. This Q" point cuts the derived
curves at E,., = 600 volts, and the
excitation voltage was taken as I,
— 400 volts. Then, with Q" as the
starting point, the coordinates of
A’ are e, = E,, E,. = 1200
600 — 600 volts, ande. — E.. — IV,
— —250 + 400 = -+ 150 volts.

Effect of Resistance Bias

We have not yet taken into account
the effect of resistance bias, which is
(Continued on page 128)
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Electronic Regulators

THYRATRON

BRIDGE

R 8 R2: 75w Mazda
R3 & Rq: 120w Corbon

FIG 1—Circuit diagram of an electronic voltage regulator using
The thyratron carries

a single thyratron and a lamp bridge.

UMEROUS electronic regula-
tors for small and medium-
size a-¢ generators have been de-
scribed in the literature of both
phyvsics and electrical engineering.
These have either consisted of a
large number of tubes with rather
complicated circuits, or else have not
utilized to the fullest extent the ad-
vantage of the electronic regulator
over mechanical regulators. This ad-
vantage lies chiefly in the rapid
response of the electronic regulator.
Several vears ago the writer de-
veloped a simple single-tube elec-
tronic regulator which has the ad-
vantages of simplicity and rapid
response as well as stability, and
may be assembled from standard
parts. This regulator is described in
the first part of this paper.

Later developments indicated
changes and improvements wwhich
made possible an even cheaper regu-
lator for small generators. This sec-
ond regulator is described in the
second part of this paper.

Single-Tube Regqulator

Referring to the complete circuit
diagram in Fig. 1, the machine at
the right is an ordinary three-phase
a-c generator (it could just as well
be a single-phase or two-phase a-c
generator) with a d-c exciter con-
nected to furnish the excitation for
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the alternator field. The a-c genera-
tor is provided with a field rheostat
(which is usually not necessary in
practice), and the d-¢ exciter is pro-
vided with a field rheostat. This
much of the diagram constitutes the
ordinary commercial set-up for any
a-c generator.

The heart of this electroniec con-
trol circuit is an FG-57 grid-con-
trolled mercury vapor rectifier tube
(thyratron) with « negative grid
control characteristic. It secures
power from a transformer whose
primary is connected directly to the
output of the a-c generator. Second-
ary No. 1 of this transformer sup-
plies the proper voltage for heating
the filament which requires 4.5
amps at 5 volts.

The bridge circuit consists of two
115-volt, 75-watt Mazda lamps (R,
and R.) and two 115-volt, 120-watt
carbon-filament lamps (R, and R.).
Secondary No. 2 supplies this bridge
circuit with a voltage of approxi-
mately 120 volts. An adjustable re-
sistor R is provided in this circuit
so the applied voltage may be ad-
Justed within limits. The output of
this bridge circuit is applied to the

www americanradiohistorv com

quired for effective

Alternatar

field Alternator output

ALTERNATOR

of the exciter field curreat which is re-
control of the a.c generator output voltage

grid-cathode path of the thyratron
through 2-pf paper condenser C.
Secondary No. 3 supplies plate volt-
age for the tube. The output of the
tube is fed to the exciter field
through relay contacts S..

Relay contacts S, are
change the exciter field rheostat
from position 2 to position 1. The
relay itself is operated by a motor-
driven time delay mechanism which
allows the thyratron approximately
five minutes to warm up before it is
called on to function as a regulator.

The circuit C.R.R, serves to pre-
vent the tube and machine from
surging or hunting while in opera-
tion. By proper proportioning of
these three values the action is
smooth and rapid. Condenser C. is
usually 4 to 5 uf, while R; and R.
are 5000 to 8000 ohms each. Resistor
R, must be adjusted to the time con-
stant of the exciter and alternator
fields. Reducing the resistance of R,
reduces the sensitivity of the regu-
lator, hence this resistor should be
set at the highest value which will
give stable operation.

used to

Description of Operation

When the a-¢ generator and ex-
citer are started up by their prime
mover, the regulator is not operative
immediately. Contacts S. are open,
and contacts S, are in position 2.
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for A-C Generators

Two simple circuits are given.

In the first, a single large thyratron handles only the

portion of exciter field current needed for control purposes. In the second circuit, for

small a-c generators, a thyratron and two 860’ furnish all exciter field current

Control of voltage is accomplished
manually by means of the exciter
field rheostat. The voltage is ad-
justed to the desired value by hand
as load is applied during the first
five minutes. A motor-driven time
delay switch starts up immediately.
After the five-minute delay, during
which time the filament is heated,
the delay switch energizes the relay.
Contacts S. then complete the plate
circuit of the thyratron and contacts
S. change from rheostat position 1
to 2. The S. contacts are so designed
that the circuit is made at 1 before
it is broken at 2.

The regulator is now in operation
and has full control of the voltage.
When the machine is shut down, the
time delay relay automatically resets
itself, opening S, and throwing S,
from position 1 to position 2.

The reason for using S, to change
the rheostat from position 2 to 1
when the tube is placed in operation
is as follows: The exciter rheostat
is initially adjusted to maintain the
proper alternating voltage with the
thyratron inoperative and S, in posi-
tion 2. When S. is closed, the tube is
inoperative at the load for which the
exciter rheostat was set during the
warm-up period. If some load were
dropped from the alternator, the
voltage would rise above normal.
Additional resistance is introduced

by S, so that even at no load the
voltage will not be too high when
the electronic regulator is operating.
Best results are usually obtained by
a resistance between positions 1 and
2 of at least twice the exciter field
resistance, with the optimum value
depending on the constants of the
machine.

The control of the voltage is ac-
complished as follows: I1f the volt-
age drops below a value determined
by the setting of rheostat B in the
circuit of secondary No. 2, bridge
R R.R.R, unbalances in such a direc-
tion as to make the grid of the thyra-
{ron less negative. The thyratron
then becomes operative, rectifying
the a-c¢ supply from secondary No. 3
and feeding this rectified pulsating
direct current through the exciter
field in the same direction as the
regular field current flows. The net
excitation of the field thereby in-
creases, causing the voltage of the
exciter to rise. The current in the
alternator field therefore increases
and the alternating output voltage
rises.

Parenthetically, it should be ex-
plained that part of the output of
the tube probably flows through the
exciter field rheostat and exciter
armature, thus reducing the voltage
drop in the rheostat. The net result
is to raise the exciter field current.

FIG. 2— Method of connecting a thyratron across the field rheostat for voltage con-
The necessity for a grid bias battery is one drawback of this pre-
viously-used arrangement

trol purposes.
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The rising alternating voltage
acts through the transformer to
make the grid more negative, stop-
ing conduction of the tube. This in
turn allows the voltage of the ex-
citer, and thus of the alternator, to
decrease until the tube again be-
comes operative.

To prevent the circuit from surg-
ing or hunting, resistors R, and R,
and condenser (., are connected
across the exciter output as shown.

Basic
thyratron
control
characteristic

Grid control
characteristic

Thyratron
never
gains

control

Thyratron regains
P control each cycle

FIG. 3—Diagrams illustrating why a grid

bias battery is required in the circuit of

Fig. 2 in order for the thyratron grid to
regain control each cycle
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When the exciter voltage rises, a
charging current flows through this
circuit. The momentary voltage drop
across I is in such a direction as to
bias the grid of the tube negatively
with respect to the cathode, which
tends to muke the tube inoperative.
This action prevents the system
from setting up sustained oscilla-
tions, called hunting or surging. Re-
sistance R; also acts as a grid leak
from the grid to the cathode.

By properly proportioning the
values of R, R, and C. the action
can be made so smooth and rapid
that no change is detected in the al-
ternating voltage when the load is
constant. The recovery of the volt-
age when full load is suddenly ap-
plied to the a-c machine is quicker
than with other conventional regu-
lators, since it does not depend
entirely on the time constants of the
alternator and exciter fields. When
more voltage is required, the exciter
field is energized almost instantly
by the output of the tube.

Other Electronic Regulator Circuits

In some previous electronic regu-
lators the output of the tube wus
connected across the field of the ex-
citer so as to reduce the excitation
at light loads. When the load came
on and the alternating voltage
dropped, the tube was blocked and
the excitation rose according to the
time constants of the exciter and
alternator fields. This arrangement

had the disadvantage of requiring
maximum tube current at light loads,
and also was slow in response to
sudden increases in load.

Another method of connection
which has been previously used is
that shown in Fig. 2, where the tube
1s connected in parallel with the field
rheostat. Such a cireuit required
the use of a grid bias battery to
allow the grid to remain in control
at all times.

In order to show why this was
necessary, we will consider the rela-
tive directions of current flow in the
tube, exciter, and rheostat. In Fig.
2, the dotted arrows indicate current
flow in the circuit due to the exciter
voltage F,, and the solid arrows in-
dicate current flow due to the tube
output. It is seen that the tube cur-
rent flows through the field rheostat
in a direction opposite that of the
generator current, thus decreasing
the voltage across the field rheostat
and increasing the total current in
the field. The rheostat voltage drop
is in the same direction as that
half-cycle of the alternating voltage
which causes the tube to fire, and
the two direct voltages add. The re-
sulting actions are portrayed by the
diagrams in Fig. 3.

In Fig. 3A is the well-known con-
trol characteristic of the thyratron.
The tube will start to fire at any
time during the cycle that the grid
voltage is more positive than the
dotted grid characteristic curve, and

once started it continues to conduct
until the plate voltage E, is reduced
to zero. The critical plate voltage re-
quired to cause the tube to fire with
no grid voltage is £’,.

Figure 3B shows the voltage drop
of the rheostat (/R,) added to E,. The
actual grid control voltage obtained
from the bridge circuit of Fig. 1 is
shown by dotted curve E,. If the
voltage drop is greater than the
critical plate voltage K’,, the tube
conducts during the entire positive
half-cycle and the grid voltage can
never gain control. It then becomes
necessary to add a grid bias battery
to the grid circuit, to prevent the
tube from firing until a new value
of critical voltage E”, is reached.
This battery arrangement is unsat-
isfactory for two reasons: 1. The
grid bias battery is likely to go dead
without warning, thus allowing the
tube to conduct all the time and raise
the voltage to a value which would
destroy connected loads; 2. The vol-
tage drop increases with increase of
excitation, so unless the bias voltage
is carefully adjusted, the voltage
drop with heavy loads and large ex-
citers may rise high enough to over-
come the grid bias and uallow the
tube to operate without control.

If now the output of the tube is
connected directly across the ex-
citer field, as is done in the new cir-
cuit in Fig. 1, the voltage drop across
the field opposes the half-cycle of the
alternating plate voltage which

FIG. 4—Alternative electronic voltage regulator circuit which has proved satisfactery
in applications where the maximum exciter field current does not exceed 1 amp
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causes the tube to fire, as shown in
Fig. 3C. The critical plate voltage
E’, always occurs after the grid
voltage increases negatively, no grid
bias battery is required, and the en-
tire circuit is always stable.

Other Features of New Regulator

With the regulator shown in Fig.
1, the excitation is aided by the tube
when the load comes on, thus rais-
ing the voltage more rapidly. Also,
the tube is only fully conducting
during short periods of very heavy
loads. Under normal loads it recti-
fies only a small portion of the time,
which results in increased tube life.
Some of the required current for the
exciter field comes normally from
the exciter armature itself, and
hence the tube can be much smaller
than if it supplied all the field cur-
rent. No special field winding is re-
quired; any standard exciter will
work with this arrangement.

The development work on this
regulator was done on two differ-
ent 5-kva, 3-phase, 230-volt alterna-
tors, one a sine-wave alternator and
the other a salient-pole machine
having a very pronounced 19th har-
monic due to slot ripple. These ma-
chines were driven by 7.5-hp d-¢
compound motors. As a performance
test, each alternator was driven at
rated speed at no load, and one and
one-half times full balanced 3-phase

FIG. 5—The shaded portions indicate the

division of load between the two halves

of the rectifier circuit of Fig. 4 under dif-
ferent loads

Grid confrol
choracteristic

® LIGHT LOAD

Grid control
chorocteristic

b %
/

FULL LOAD
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load at 100 percent power factor
was thrown on the machine. Beyond
the momentary dip due to the lag
of the machine fields, no change in
voltage could be determined on the
300-volt scale of a Weston a-c volt-
meter even though the speed of the
driving motor decreased about 15
percent.

The same result was obtained with
70 percent power factor balanced
load. With single-phase loading the
voltage on the regulated phase was
constant, although of course the
three-phase voltage was unbalanced.

The time delay consists of a clock
mechanism manufactured by Han-
sen Manufacturing Co., and may be
obtained on special order with the
minute hand making one revolution
in five minutes. A small cam placed
on this shaft acts on one blade of the
relay, closing the contacts. This ener-
gizes the relay coil, closing S. and
changing S, from contact 2 to con-
tact 1 and thus putting the regula-
tor in operation. The motor on the
clock mechanism is still energized as
long as the cam touches the blade,
so it runs until the cam is free.
The motor then stops, and is ready
for another cvcle of operation.

Simplified Regulator for Small
Generators

Where the maximum field current
of the exciter does not exceed 1 amp,
the circuit shown in Fig. 4 is just
as satisfactory as the previous one,
and the cost of the parts is less.
Several regulators of this design
have been in commercial use over a
year on 40-kva, 1200-rpm machines.

The same voltage-sensitive bridge
described for the first regulator is
used. The plate supply is a center-
tapped 500-volt winding which serves
a full-wave rectifier circuit feeding
the exciter field directly. The re-
sponse is slightly more rapid than
that of the previous regulator, but
the adjustment of anti-hunting civ-
cuit R.R.C. is more critical. For this
reason R, is a 1000-ohm fixed resistor
in series with a 5000-ohm variable
wire-wound resistor which can be
adjusted readily to eliminate hunt-
ing. Reducing this resistance re-
duces the sensitivity of the regula-
tor, hence the maximum value which
gives stable operation should be
used.

The rectifiers are two 866/866A
tubes operated in parallel for one
half of the cycle, and an FG-17
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thyratron for the other half-cycle.
As is commonly known, if one half
of the cycle of a rectifier feeding an
inductance is controlled, the current
during the other half of the cycle
will necessarily be the same, due to
the inductance. Thus only one grid-
controlled tube is needed.

Two 866 tubes are used in parallel
because they normally carry the
greatest part of the current, with
the grid-controlled tube operating
over a very small portion of the
cvele. To make these two 866 tubes
divide the current equally, a 50-
ohm, 10-watt fixed resistor is con-
nected in series with each plate as
shown in Fig. 4.

Figure 5A shows the division of
load between the grid-controlled tube
and the 866 tubes for light load con-
ditions, while Fig. 5B shows the
changed conditions for heavy load.
The 866 tubes continue to conduct
until the applied voltage E, on the
grid of the contro! tube becomes less
negative than the grid contro! char-
acteristic, even though these tubes
may be conducting in the range
where the applied voltage is in the
wrong direction. This action is due
to the inductance of the exciter
field. The grid-control tube cuts off
as soon as the applied voltage on
the 866 tubes is sufficient to equal
the internal tube drop, at which
time the pair of tubes again takes
over. Voltage E, is the applied plate
voltage for the grid-controlled tube;
the plate voltage for the 866 tubes
will be inverted, since it is obtained
from another half of the transformer
secondary.

Since these tubes reach operating
filament temperature in 15 to 20
seconds, the time delay device is
considerably simplified. A 20-second
delay thermal strip which operates
on 12 volts is used.

The field rheostat is set by hand
to give rated voltage when the ma-
chine is brought up to normal speed.
At the end of the 20-second time
delay interval, contact 4 on the
thermal delay closes, energizing the
relay coil. Relay contact 1 then con-
nects the exciter field to the regu-
lator. Relay contact 3 closes, provid-
ing a holding circuit which keeps
the relay energized. Relay contact 2
opens, breaking the circuit through
the heater on the thermal delay and
allowing this heater to cool down in
readiness for another cycle of
operation.
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TRANSFORMERS—By wrapping short lengths of solder around

terminals and then heating all of them at once by means of

power induced from a single-turn coil RCA avoids the necessity
for applying a soldering iron to each individual terminal

High-Frequency
HEATING

CRYSTALS- Here high frequency heat takes the place of gas heat
in a G-E plant, soldering a protective shell to a base without
overheating a frequency control unit mounted inside

WOOD—Fir veneer bonding is quickly set in this press, bundles
12 inches thick being placed each side of a center electrode.
Girdler Corporation high-frequency equipment raises the tem-
peraiure of the stacks to 160 deg. F in less than five minutes

CRANKSHAFTS — This Ohio Crankshaft
Company machine, powered by Westing-
house generators, hardens bearings in
four seconds by inducing current into them
from a collar constituting a single-turn coil.
Distortion of the shaft is minimized as
resulting heat is closely confined to the
bearings

April 1943 — ELECTRONICS
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CHART FOR

Equivalent Series and Parallel Circuits

Semi-circle diagram permits rapid conversion of series values of an impedance to the equiv-

alent of an impedance composed of parallel elements, and vice versa. Chart may be applied

over wide range of impedance values.

N dealing with circuits containing

resistance and reactance, the need
often arises for a quick and easy
method of converting the series
values of an impedance to the equiv-
alent parallel values. The possibility
of a graphical process appeared most
useful and the semicircle diagram
has been devised as a graphical
method of meeting these require-
ments. This, of course, conforms to
a general type of circle diagram
which is already quite familiar.

Any point on this diagram repre-
sents an impedance whose series re-
sistance and reactance are indicated
by its rectangular coordinates, while
the equivalent parallel components
are given by the values where the
corresponding circular coordinates
cut the resistance and reactance
axes, remote from the origin.

For finding the equivalent series
components of an impedance ex-
pressed as parallel quantities, the
resistance and reactance circles cor-
responding to the parallel values are
followed round to their point of
intersection. The rectangular co-
ordinates of this point indicate the
equivalent series components of the
impedance. As the chart is symmet-
rical about the diagonal X, R,
either axis may be used for resis-
tance as long as the other axis is
used for reactance.

Values at which the circles would
meet their respective axes have been
marked against some of the circles.
The range of the diagram may be
increased by applying a common
multiplication facter to the scales of
both axes and the figures marked on
the circles.

BY R. TOOMBS

Riritish Broudeasting Curp.
London, Enaland

The chart is particularly useful in
the design of networks for matching
two circuits of different impedances.
Where a resistance load of R, is to
he built out to match a circuit of
higher resistance R, without any
power loss, this can be done by add-
ing a series reactance 7,X, and then
shunting the combination by a paral-
lel reactance j,X, of opposite sign.
The resistance circle corresponding
to the value of R, is followed until it
cuts the rectangular resistance or-
dinate of the value of R.. The other
rectangular and circular ordinates
of this point immediately give the
respective values of the series and
parallel reactances, j,X. and 7.X.,
which are required to effect the
matching. These, of course, must be
of opposite sign.

Examples: (1) To find the equiv-
alent parallel components of an im-
pedance expressed as 19 ohms resis-
tance in series with 9 ohms positive
reactance. The impedance point on
the chart is determined by the rec-
tangular coordinates from 19 on the
horizonal (resistance) axis and 9 on
the vertical (reactance) axis. The
circles which intersect at this point
would cut these two axes respectively
at 23.25 and 49. Therefore, a re-
sistance of 23.25 ohms shunted by a
reactance of 49 ohms is equivalent to
the given impedance expresséd as a
resistance of 19 ohms in series with
a reactance of 9 ohms.

(2) To mateh an antenna of 19
ohms resistance and 142 ohms series
reactance to a 100 ohm transmission
line. For convenience of operation
on the chart, half the above values
are considered, and an impedance of
9.5 ;.71 converted to a pure resis-
tance of 50 ohms. This is also a case
where it is advantageous to use the
vertical axis for resistance and the
horizontal axis for reactance. The
rectangular ordinate from 9.5 on the
vertical axis cuts the 50 resistance
circle (i.e. which would meet the ver-
tical axis at 50) at the point whose
other rectangular and circular or-
dinates meet the horizontal axis at
19.62 and 24.25 respectively. Thus
we have

9.5 = j, 19.62 = 50 == j, 24.25
and multiplying by 2

19 = 4, 39.24 = 100 == 7, 485
Therefore, if the antenna reactance
of — 7142 ohms is reduced to —;,39.24
ohms by the addition of a series coil
having a reactance of 102.8 ohms,
the circuit will be equivalent to 100
ohms resistance in parallel with a
negative reactance of 485 ohmas.
This reactance is then tuned out by
a shunt coil of + 48.5 ohms reactance
thus leaving the equivalent pure re-
sistance of 100 ohms to match the
feeder.

If the added series coil had a re-
actance of 181.24 ohms (i.e. 142 4
39.24) the effective series reactance
of this, together with the antenna,
would be 1-7.39.24 ohms. The equiv-
alent parallel reactance would also be
positive and would have to be tuned
out by a shunt condenser of 48.5
ohms reactance to leave the sameé
pure resistance of 100 ohms.

ELECTRONICS REFERENCE SHEET
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CHART OF RESISTANCE AND REACTANCE IN EQUIVALENT SERIES AND PARALLEL CIRCUITS
For ony point rectaingulor coordinates give the Series Components ond Circular Coordinates the Equivalent Poarallel Components
16 17 18 e 20 25 30 - 35 40 45 50
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Bnght but cool lights now simplify live-talent programming at G-E Television Station WRGB

Studio lighting bright as daylight ... and cool

An Example of General Electric’s Complete
Service to Radio and Television Broadcasters

Once television actors had to work under
hot studio lights that brought beads of
perspiration through make-up, wilted
costumes, caused discomfort, hindered
good production.

Today at General Electric’s proving-
ground Television Station WRGB,
Schenectady, made-up faces stay cool,
costumes don’t wilt. Excessive studio air
conditioning is no longer necessary. For
the handicap of high heat from studio
lights is on its way lo being completely

GENERAL @@ ELECTRIC FN Al

STUDIO EQUIPMENT .

TRANSMITTERS .

ticked by G-E developed, mercury-filled
capillary lamps. They give illumination
of daylight intensity with less than half
theheat of the noonday sun. Water-cooled,
and three to a unit, they have a light efh-
ciency more than double —and heat
outpul one-tenth — that of incandescent
lamps. And one control panel aims a
dozen of them, noiselessly, indepen-
dently, anywhere in the studio.

These lamps that give cool studio light-
ing are another example of the bold

g

160-83-6912

i B SALV

ANTENNAS .

WwwWw americanradiohistorv com

k@ oo L-‘,

ELECTRONIC TUBES .

research that will enable G-E electronics
engineers Lo build improved cathode-ray
scanning and picture tubes, cameras,
transmitters, and other equipment for
post-war television.

All this so that television may more
quickly find its proper place in the peace-
time scheme of things as a vital medium
of public entertainment and education.

. Electronics Department, General
Electric, Schenectady, New York.

Tune in on Frazier Hunt and the News every
Tuesday, Thursday, Saturday evenings over C.B.S.
On Swnday wmight listen to the “Hour of Charm”
over N.B.C. See newspupers for time and station.

N- AM RADIO

HOME RECEIVERS
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TUBES AT WORK

Simple Test Set for Mercury Vapor Rectifiers. ..............

Photoelectric Manometer

Navy Buoy Uses 45-volt Fluorescent Lamp......... ..... ...

Large Photos Teach Assembly of Intricate Amplifiers. .. ... ..

Side Shifts of Paper Corrected in Roll-Winding Machine. ... 144

Pumps Controlled Over Phone Line to Reservoir...........

Simple Test Set For
Mercury Vapor Rectifiers

By M. J. WEINER

THE USUAL DIFFICULTIES encountered
with mercury vapor rectifiers can be
held to a minimum if certain oper-
ating conditions are maintained. In
properly designed equipment the
tube temperatures are held within
certain prescribed limits to avoid
arc-backs. The internal tube drop,
however, is a function of the fila-
ment emission and load current, and
increases with the age of the tube.

Since there has been no readily
available measuring equipment to
check the filament emission of mer-
cury vapor tubes, it was decided to
build one in as simple a form as pos-
sible to permit routine tube tests.
The test set to be described gives an
indication of the tube performance
by measuring the tube drop when
passing rated current. The parts re-
quired are simple and few in number.

The basic circuit is shown in Fig.
1. Being a half-wave rectifier circuit
with resistance load, the average vol-
tage drop across the tube and re-
sistor is

(Er + Bpc) av. =
Es
Epex/ 2% sin ot dwl = 0.31% E .0z
o

The a-c voltmeter reads the effec-
tive value E, however, so the maxi-
mum (peak) applied voltage is

Erox = 1414 E
Substituting:
(Er+ Epc)av. = 045 K
Er = 045 E-Ep¢

For the initial calibration proce-
dure, place a new tube in the proper
socket for a preliminary warm-up
period, with the plate supply off.
Next, apply plate voltage and in-
crease it until the d-c ammeter in-
dicates the rated load current for the

112

particular tube under test. This is
1.25 amp for a type 872 tube, and 0.5
amp for a type 866 tube. Read the
d-¢ voltmeter connected across the
resistor to get the value of E»c. Read
the a-c¢ voltmeter to get the r.m.s
applied voltage E. Now, subtract
E»c from 0.45 E to get the average
tube drop E;. Repeat for each other
type of tube to be tested and record
all values. (If it is desired to rate
the tube in terms of peak wvalues,
multiply this result by =.)

Il ' 7
e €,
(¢ JE=0T0T Emax.

N

Y
Zj
0-50v

2 E 3
_— ‘ s Mercury
s vapor
':f\ rectifier
P tube
d.c.ammeter-"
Fig. 1—Basic  circuit arrangement for

testing a mercury vapor rectifier tube

866 1872

8to /0 0hm, 20 watts
110v g 5
e S8

Fig. 2—Schematic circuit diagram of «

simple test set for mercury vapor recti-

fiers. Additional sockets can be provided
for other types of tubes if desired

4

A calibration chart can now be
made up, showing the drop across
the resistor at rated load current for
each type of tube to be tested. The
d-c voltmeter across the resistor may
then be removed and this chart can
be used to find the value of E,; for
the tube being tested.

If the tube drop E, as measured
for an old tube exceeds the drop in

www americanradiohistorv com

a new tube by 5 to 10 volts, erratic
operation of the rectifier equipment
will follow and the tube should be
taken out of service. It may still give
many hours of useful service, how-
ever, in lower-powered equipment,
where the load requirements are less.

The complete schematic circuit of
the test set is shown in Fig. 2. The
filament voltage at each tube socket
must be the exact value required for
the tube under test.

The tube to be tested is placed in
the correct socket and allowed to
warm up with plate supply off.
Plate voltage is then adjusted until
the ammeter reads rated load cur-
rent for the tube, and the a-c volt-
meter is read to get £. Reference to
the calibration chart gives E,; for
the rated load current, and this sub-
tracted from 0.45 E gives the aver-
age tube drop E';.

The equipment 1is calibrated in
terms of the readings obtained with
a new tube because the input voltage
required for rated load current will
vary according to the position of the
d-c return lead with respect to the
filament winding. For example, con-
necting the d-¢ return to the fila-
ment center-tap will not give a value
of input voltage which is the means
of the values obtained by connecting
this lead to either side of the fila-
ment.

The variable voltage is obtained
from a UTC Varitran, but the same
result can of course be obtained with
a fixed transformer using a primary
rheostat.

Photoelectric
Manometer

By W. E. GiLson, M.D.

THE PHOTOELECTRIC membrane man-
ometer described in the article “Ap-
plications of Electronics to Physi-
ology” on pages 86-89 of the Jan.
1943 issue of KLECTRONICS provided
a means for making an accurate rec-
ord of pressure changes in  the
cardiovascular systems of animals
such as dogs and turtles. It has since
become desirable to reduce both the
size and weight of the manometer.
The resulting improved mano-
meter is shown in Fig. 1. The lens
forms an image of the exciter lamp
filament directly above the rubber
diaphragm, with the lower part of
(Continued on page 140)
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Guardians of the sea—out across the North Atlantic, Coast Guard cutters help guard our life-lines.

WHEREVER and whenever there is a vital
message to be sent, CINCH parts are pretty certain to be
there to “see it through”. In the communication system in
every service of land, sea, and air; CINCH parts, sockets,

connectors, etc. are used to give dependable service.

MANUFACTURING GORPORATION - 2335 WEST VAN BUREN STREET - CHICAGO, ILL.

ELECTRONICS — April 1943 113
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OrPen Sesame,

.

V4
‘FOR A POST-WAR GARAGE

You push the button in your car as
you pull up to your drive and presto
the garage door opens. In you go.
Press another button and the door
closes . . . To put this time and
trouble saving device on millions of
post-war cars is onc of the exciting
jobs awaiting the electronic industry
when the war is won. No doubt
you’ve thought of others. And when
you are thinking ahead, we’d like you

All Jackson employees—
a full 100% —are buying
War Bowuds on a payroll
deduction plan. Let's ALL
go all-out for Victory.

to keep in mind that Jackson clec-
tronic test instruments will have a
part in this bright future. They’ll be
used in laboratories where post-war
products are designed. They’ll be
used in service shops where they are
repaired and maintained.

Remember: a Jackson instrument—
multimeter, tube tester, oscillograph,
or whatever — means what it says,
within limits established for the job.

iRecording Unit
for Strain and
Timing Functions

(Continued from page 83)

serving of oscillograph screen and
lamp box and for focusing the
camera.

A diagram of the complete equip-
ment is shown in Fig. 6. The vari-
ous units are set up at some distance
from the machine under observation
so that the machine can perform un-
disturbed and the recording equip-
ment is not affected by too severe vi-
brations. Five hundred feet of trail-
ing cable is available for each bridge
circuit and for the gas discharge
lamps. This makes it possible to take
recordings from very large machines
and from moving units like tractors
and scrapers when they are under
actual operating conditions.

Remote Control Actuator

Recording is started and stopped
by a six volt remote control system.
It actuates the camera motor, the
power supply for the discharge
tubes, and a double pole relay which
| throws the electron beam on and off

the screen of the cathode ray tube.

All amplifiers are on all the time to
keep filament temperature even and
| to make recording possible at the
l instant the machine under observa-
'tion performs as desired. Yet, no
|

|

film is wasted and the fluorescent
screen of the cathode-ray tube is
afforded maximum protection.

| Acknowledgement

The interest of Dr. Arnold Peter-
son of Boston in this recording unit
was greatly appreciated. He has sug-
cested the scheme for the electronic
relay and recommended changes for
adapting the Thordarson amplifier
for these special purposes.

The Aladdin Neon Sign Company
of Milwaukee deserves thanks for

' cooperating in the development of
the gas discharge tube.
| Mr. Harry Halinton of the Elec-

tronics Sales Company of Milwaukee

‘%28 (g/é(/?I(a/ e%e}/l.ﬂfy (71&)’/ iﬂlﬁ?ﬂ[) | (now Chicago) has been very- help-

THE JACKSON ELECTRICAL INSTRUMENT COMPANY, DAYTON, OHIO
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ful in the selection and the procure-
| ment of standard equipment.
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In the vast new province of Nuclear Physics the
atom-smashing "'Big Guns™ —the Van de Graall
generators, the cyclorrons and betatrons—are
carrying on a campaign of creative destruction.

Manned by an army of collaborating special-
ists, this massive and complex artillery has al-
ready achieved spectacular resules in the medical,
chemical and biological tields and in scientific
developments which must remain secret for the
duration. The “'smashing™’ of atoms has released
new energies, created new aroms.

Despite the tremendous force required rto
produce high-speed electrons, prorons and ions,
the controls and measuring devices perform with
amazing accuracy.

IRC is proud to have contributed to the de-
velopment of rvesistor units, both Wire Wound
and Metallized—of fixed and varviable types—
wused in the measuring instruments. And IRC

CONTROMNG

MILLIAS OF WSy

engineers have produced special resistors used to
stabilize corona and other disturbing phenonena
in atom-smashers.

If you are confronted with a problem involving
resistance devices, we invite your inquiry. Our
engineering stafl, specialists in rhe design of all
types of resistors, can be depended upon for
impartia) counsel.

PHILADELPHIA

INTERNATIONAL RESISTANCE COMPANY

403 N. BROAD ST,

ELECTRONICS — April 1943
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WE CAN HANDLE SUBCONTRACTS
THAT REQUIRE:

Radio, Electronic or Mechanical Engineering
Completely Equipped Tool Room
Avutomatic Screw Machines

Hand Screw Machines

Swaging Operations

Punch Presses

Drill Presses

Threading Operations

Lathe Operations

Milling Operations

Foot Presses

Wire Braiding

Light Section Spot Welding

Intricate Soft and Silver Soldering
Buffing and Sanding

Careful Inspection

Parkerizing

Plating

Painting or Spraying

Infra-red Baking or Air Dried Finishing
Intricate Mechanical and Electronic Assemblies

*

We offer the facilities of our two modern plants to any
manufacturer faced with production problems. Our equipment is
particularly well adapted to turning out intricate mechanical or
electronic assemblies, and we would prefer work involving our
assembly department. However, we can accept contracts for any
one or more of our production units, except that we are not
interested in work which involves only our screw machines.

I

® O 00 & 00 000 S OO0 =3O DO O

Our two plants comprise 72,000 square feet of floor space, and we
have several hundred trained employees on our payroll. Expert
engineering and development services are available. Qur company
is well financed and now engaged in
prime and subcontracts for war production,
but is able to take on considerably more.

Address all inquiries to The Ward Products
Corporation, 1521 East 45th Street,
Clevelund, Obio.

74. WARD PRODUCTS CORP.

CLEVELAND, OHIO
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Rochell Salt
Crystal Devices

(Continued from page 90)

One unit of this type had an out-
put of —27 db at 5 cps.

Of particular interest is a newly
developed mirror oscilloscope. This
instrument is very compact and
weighs less than one ounce. The

L unit uses a framed crystal and a

novel multiplying system attached
to the toggle elements in such a way
that effective damping is obtained
without loading the device. The high

| velocity elements are so small and

light that virtually no inertia effects

| are apparent. The units developed to

date have a maximum amplitude at
12-inch beam distance of approxi-
mately one-half inch, and a substan-
tially uniform response to 5000 eps.
The photograph shows the set-up
used to determine the characteristics
of the oscilloscope. A conventional
phototube having its output fed to
the high-gain amplifier of the cath-
ode-ray oscilloscope provides the
means to determine the response and
waveform characteristics of the crys-
tal osecilloscope. Both modulated and
sine-wave inputs to the crystal are
provided by the beat-frequency os-
cillator and an audio amplifier.

Applications to Medicine

In the author’s practice of osteo-

' pathic medicine he has considered the

possibilities of using sound trans-
mission and sound reflection in med-
ical diagnosis. The several types of
amplifying and recording apparatus
now provided for diagnosis are con-
fined to stethoscopic work.

During tests of the J\onobar
microphone in stethoscopic investi-
gations, it was noted that the very
large low frequency response of the
crystal unit rendered the normal
thoracic and abdominal sounds ex-
tremely clear and distinet. Further
work indicated that various types of
partial intestinal obstructions could
be detected. Investigations also in-
dicated that types of pneumonic con-
solidations and thoracic cavity com-
plications can be detected and diag-
nosed. These procedures can be car-
ried out at the bedside with a port-
able instrument, and if a permanent
record of the findings are desirable,
they can be made,

The author has made only a he-
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TANCOR Professional Series

Transformers’ case design com-
binesasmartappearance and uniform
pattern with rugged mechanical con-
struction. The reversible mounting
feature increases the range of applica-
tion. Uniform mounting centers are
maintained for each case size; thus,

accurate chassis punchings may be
made with assurance of easy instal-
lation or replacement.

This line of Stancor transformers
combines sound engineering with
highest quality materials and preci-
sion manufacturing. No sacrifice of
quality is tolerated.

For further information write for catalog No. 240

STANDARD TRANSFORMER CORPORATION

1500 NORTH HALSTED STREET * CHICAGO

SR RN S
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DIMENSIONS

Professional Series Transformers

Case
Type

H

w

Mw

RA
RB
RC
RD
RE
RF

www americanradiohistorv com

2"

1%s"

113"

11%6"
27%s"
3%¢"
327%,"
4"
413"
612"
73"
73"
734"

i

S
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Compressed Sheets — Mica Paper,
Cloth, Tape, Heater
pressed Sheet Tubing—Commutator
Insulation —
Washers — Insulating Joints and
anopy Insulators — Railway Spe-
cialties — Domestic and Imported
Raw Mica,

" THE MACALLEN COMPANY

16 MACALLEN ST., BOSTON

CHICAGO: 565 W. Washington Bivd.

MICAR* keeps in Step

WITH THE FORWARD MARCH OF ELECTRONICS

*Micah represents the high-grade mica
products processed by Macallen.

While our soldiers of science quietly mould
America’s postwar future, mica advances to
keep sentinel over the volts, ohms and amperes
that ‘will control tomorrow’s electronic mira-
cles.

For 50 years Macallen Mica has kept pace with
electronic advancement, never failing to meet
the most exacting specifications. Macallen’s
specialized skill and experience, in bringing
mica’s reliability to the greatest possible use-
fulness, will continue to help shoulder the
electrical industry’s responsibility for world
progress. That we may work together for a
mutually bright future, Macallen offers you
all its facilities of research.

50th anniversary book — Macallen & Mica — yours
for the asking.

PRODUCTS

Plate, Com-

Compressed Sheet

il
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CLEVELAND: 1005 Leader Bidg.
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ginning in what appears to be a new
approach to the diagnosis of a num-
ber of diseases and their complica-
tions. Work by another investigator
covers a new approach to the diag-
nosis of disease by the interpreta-
tion of pulse wave propagation along
an artery. This worker has used two
pressure-operated crystal micro-
phones at two points along the
course of the artery, feeding the out-
put of the two microphones into suit-
able recording apparatus.

It is perhaps not too much to say
that by the recording of contractions
of the various portions of the human
body, and by sound transmission and
reflections technique, using piezo-
electric sound generation and de-
tecting devices, we may be led to a

| better understanding of certain di-

seases and their earlier and surer
diagnosis and treatment.

Altogether the Monobar develop-
ments present a promising picture.
The known applications of the new
piezo-electric device together with
its potential possibilities in new
fields, and its many basic points of
superiority over other systems, lead
us to believe that we really “have
something”.

SOUND EFFECTS
TECHNICIANS

The National Broadcasting Company in
Hollywood is training women as sound
effects technicians to replace the men
who have been called into the Armed

forces. Harry Saz is shown explaining
the technique of manipulating coconut
shells in such a manner that they sound
like horses walking, trotting or galloping
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ELECTRONICS

IGNALS are called on a “flat-top’’...and a
smooth-working team of men and equipment
swings into action. The hardest game of all begins

—War—with death-dealing steel and men’s lives®

at stake.

Networks of communications systems become
the nerve center of action. Microphones at battle
stations carry the signals to the team. Men rely
upon their Microphones in the thick of the fight.
They must get the signals through.

Shure Microphones are made to work under fire.
They achieve new standards of ruggedness. They
will get the signals to the team and help coordi-

Shure Brothers are supplying Microphones to oll of our armed forces. Additionol plant copacity is ovailoble

to Monufacturers who require Microphones for their controcts.

SHURE BROTHERS, Depx.ﬂ“‘* 225 West Huron St., Chicago, U.S. A.

of Microphones

Designers and Manufacturers

OFFICIAL U. S, NAVY
PHOTOGRAPH

. MRS T

z4.llril 1 913

nate the efforts of every fighting man for Victory. ~

SHURE REACTANCE ...
SLIDE RULE |

Makes extremely simple the S ]
- e = ot
calculation of complicated
problems in resonant frequencies. Also helps in
the solution of circuit problems involving induc=
tances and condensers. Covers a frequency range
of 5 cycles per second to 10,000 megacycles. In-
dispensable for radio and electrical engineers,
technicians and circuit designers. Send 10c¢ in-
coin to cover mailing costs.

SAS BATTISLT At S

S TRIL S

and Acoustic Devices

ém
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B e

.« . the Highest Standard
in Magnetic Measurements

4 A
To maintain a high degree of uniform magnetic quality and pr

cision. Arnold engineers use The High Il Permeameter (illustrated
-..a duplicate of the Permeameter in use at the National Bureau of
Standards .. . just one example of the close magnetic control under
which the Arnold magnets are manulactured.

Al ALNICO types of Permanent Magnets. .. including ALNICO V
...are completely fahricated in the Arnold plant under exacting
metallureical. mechanical and magnetic control.

Arnold engineers are available 1o solve vour magnetic desien prob
2 ) g I
lems ... all mquiries will receive prompt attention.

TE ARNOLD ENGINEERING COMPANY

147 EAST ONTARIO STREET =+ CHICAGO, ILLINOIS

PRODUCERS OF MAGNETS FOR AIRCRAFT, MARINE, RADIO,
ELECTRICAL AND OTHER TYPES OF MEASURING INSTRUMENTS

* * *

For Vietory ...invest at least 109 in War Bonds

L ——— e
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Full Wave
Rectifier

(Continued from page 97)

where 4, and C, are arbitrary real
constants. The particular integral due
to the voltage function E,, sin (wt + ®)
is readily obtained from the equation

1 4+ R2C?? E. sin (wt + ¢)
(LeRa) p* + (RiRCH+ L) p + (I + Ry
by letting p jw. This yields the re-
sult
YE.sin (ol + u (15)
where Y and « are given in the body of

the paper. The second particular in-
tegral is determined from the equation

Lel)p® + (RiRC 4+ L)p + (R + R»)
by letting p 0. This gives
R+ R z (16)
whence the complete solution of the
current is
Ei= YE.sin (ol + u)
[Aecosyt + Cosinyt] + 1. (4)

Appendix Il

The current i, can be expressed by
the Fourier series:

2 2
T =1, I,cos( ; ) Izcos2( ;)
1. cos 1!( 2x )'
. {2 %
I,snn( ;r) I b,1n2( ;,')‘
2
I, sin n( fjf) amn

The value I, and I’, resulting from
integration of Eq. (6) and (7), and
which express the coefficient of the
cosine and sine terms in the above
equation are as follows:

I.=4fYE.jcos ulA"+ A, — A2 — 44|
+ sin y[B'2 + B, — B B

2fA, ] ;
= K2 'S, [—aC: + KDj)
{
f

24 ’Sz[—aC'".'+ KD,

o + K2 |

Si[ —aC + KD

— §—aC’ + K,m\:

260C. Vg,
i x I QS?L—C(D-:— KC'_r

SilaD; + KCl.:

16 T | L
a2+ R 'S'_" aD's 1\10 2)
+ S|.al)ll I\'IC'll: (18)
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Technically-informed supplier

of electronic materials .

SEmmemmARt

RCA TUBE ond EQUIPMENT
DISTRIBAUTOR

"ROUND-THE-CORNER
SERVICE! Making war equipment that necessitates frequent calls for tubes
{ ?
Following are but a few of the electronic and other electrox?lc comPonents. .
items regularly handled by your local RCA Then get acquainted with your loca/ RCA Tube and Equipment
Tube and Equipment Distributor: Distributor today!
RC:ADﬁgN;‘J';g:AM' gRdIRCARYICTOR He may have just what you need in stock for immediate delivery
RCA SPECIAL PURPOSE TUBES upon receipt of a suitable priority. If he doesn’t, he is well equipped
RCA POWER TUBES, PHOTOTUBES, to get it for you as fast as circumstances permit—and to render
CATHODE RAY TUBES, etc. an intelligent, personalized expediting service all along the line.
RCA ELECTRONIC TEST EQUIPMENT : J— .
Equally important is his technical knowledge. He has been
. also tcondensers, resistors, rheostats, 9 g L . b e 0
controlts (potntierreIc oo by Misanstimm dealing with things electronic since the “knee pants” days of
wire, and numerous o:‘her rc:io and elec- radio. He knows what to use and how to use it. You’ll find his
tronic ¢ t d - . 9 . J
el L s R L i S technical advice and recommendations a big help.

There are over 300 RCA Tube and Equipment Distributors
throughout the country. Write or wire for a list of those nearest you.

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

AN ADVERTISEMENT OF THE RCA TUBE AND EQUIPMENT DIVISION IN THE INTEREST OF
GREATER SERVICE AND EFFICIENCY IN PRIORITY-COVERED WAR MATERIALS BUYING

www americanradiohistorvy com
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inspect an

atom?

sure thing

With a Machlett Diffraction Tube you can actually inspect the
atomic structure of the material under investigation. The x-ray
diffraction pattern recorded on a photographic film decisively
distinguishes between compounds and mixtures, crystalline and
non-crystalline materials. It also points up changes in struc-
ture accompanying rolling and annealing by different processes.
Today, in these and many other important applications, this
improved x-ray tube for diffraction analysis, developed by
Machlett Laboratories, is working overtime for Victory.

In designing this cfficient x-ray diffraction tube, it is only
natural that Machlett should specify Callite wire and formed
parts for lead-wires and other tube components. In this unusual
application and in many others, where dependability is of utmost
importance, Callite products have demonstrated their uniform
quality and stamina. If you have a problem involving the ase
of electronic tube and incandescent bulb components, our engi-
ncers will be glad to cooperate in developing the most eco-
nomical and efficient solution. Why not write today?

‘,"‘ Specialists in the manufacture of electrical
contacts of refractory and precious metals,
bi-metals, lead-in wires, filaments and grids
—formed paris and raw materials, for all
electronic applications.

CALLITE TUNGSTE

N CORPORATION

544 39th STREET (@& uNiON CITY, N. J.

CABLE: “CALLITES” « BRANCH OFFICES: CHICAGO - CLEVELAND

www americanradiohistorv com

| 1" = 4fYEn{cos ulB's — By — B’} + B)]
+ sin w[d’s — 4, - A}h
2fA.

)
1
o? K2 'S

o — aD; — KC)

= S][— aD, — KClj }

240 $or o, .
of 0o K.ei LS-_;_O(Dz + I\]CQ]

A
— SifaDy + Kx@’]}

21C, 5 .
o a.:j: K'2 :Sz[— aC'y + K, 1 ]

— A‘.l[—' (XC1I + K1D1,]}

, ,
i '( Si— oy + KD
— Si—aC + KD (19)

f
where
cos (14 2n)0,

4= 750 F ane
4 = 008 (1 —20)8
T 21 - 20
4, = o8 gl —+—>2n)02 )
. 2(1 + 2n)w
Ay = Ccos \,1 = 2!’129} .

° 2(1 = 2n)w

sin (1 + 2n)6,

B 2(1 + 2n)w
,_ sin (1 - 2n)o,7.
B = 2(1 — 2n)wy,
B, = sin (1 + 2n)6s
2(1 + 2n)we '
B, = 8in (1 — 2n)6;
T2 = 2n)es
C; = cos (¥ + 2nw) ——;
w
CY = cos (¥ — 2nw) a :
w
- 6:
Cy = cos (¥ + 2nw) ;
C'2=cos (y — 2nw) —
. 0]
D, = sin (Y + 2nw) ™~
. v 6
D'y =sin (y — 2nw) 2
6

Dy = sin ( + 2nw)

D’y = sin (¢ — 2nw) £ :

1)
1= €
_ aﬂg
S;=¢ ¢
K = (¢ + 200
K1=(¢—2nw)

Appendix [H

Referring to Fig. 2b, the voltage e
across the filter input terminals can be
expressed as the Fourier series
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M e

QO s R e bt s - S
'ﬂj‘CHELL-’RAND INSULATION COMPANY, INC.
sﬂgﬁ MURRAY STREET COrtlandt 7-9264 NEW YORK, N. Y.

- Ya e

Fiberglas Yarnished Tape and Cloth A PARTIAL LIST OF M-R PRODUCTS Fiberglas Saturated Sleeving and Varnished Tubing
Insulating Papers and Twines Fiberglas Braided Sleeving Asbestos Sleeving and Tape

Cable Filling and Pothead Compounds Cotton Topes, Webbings and Sleevings Extruded Plastic Tubing

Friction Tape and Splice Impregnated Varnish Tubing Voarnished Cambric Cloth and Tape

Transformer Compounds Insulating Varnishes of all types Mica Plate, Tape, Paper, Cloth and Tubing

ELECTRONICS — April 1943 123
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Clarostat is now 100% on war
production. Greatly expanded
plant facilities are keeping pace
with rising requirements. An
engineering and manufuc(u)mq
background second to none, is
solving many tricky problems
these days.

CONTROLS

An entirely new design for
tandem controls. New molds
provide unit casings that
nest and lock together.
Metal end pieces and tie
rods insure rigid assembly
—even up to 20 units in
tandem. Single shaft passes
through and locks with
rotor of each control.

Each control accurately

wound to precise circuit re-
quirements — resistance,
taper, taps, hop-off. Inter-
locking resistance ratios pro-
vide any desired voltage or
current at given degree of
rotation. These Multiple Con-
trols are now in regular pro-
duction and meeting the
most rigid multi-control re-
quirements.

% Send Us Your Problem .

No matter how complex or how simple—provided it has to

do with control by means of resistance.

Let us quote on

your high-priority resistance or control requirements. Litera-

ture on request.

CLAROSTAT MFG. CO., Inc. - 285-7 N. 6tn St., Brooklyn, N. Y.

124
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E @

&
cos 2wt “5 cos 4wt

cos Gw!. :I — B (20)

Considering only the components of
current due to the de and second har-
monic of the voltage e, the current
through the choke ean be expressed as

.| 2/nE.— E, n 4 .,
) R, + R: 3r (XL — X))

cos 2 wt 21
where X, and X', are the reactances of
the filter choke and condenser to the
second harmonie. If the current wave
just grazes the zero axis at some point
in its period 7, then the d-¢ and peak
value of the a-¢ component must be
equal. Iquating these two terms given
in Eq. (21) and solving for the critical
inductance gives

| 3K 4Cw
where
T E.
- < 2 )
Appendix IV

For non cut-off operation where ¢, —
0 and o, 7 the value of I, and I,
evaluated by Eq. (6) and Eq. (7) are:

I, =4fYE. : cos u[A' + Ay — Ay — A, ]}
i

anA]\ 1 S{—aCit K\ H—a;

24 )y |

| wixe | HmeCat KDItal

2/C.

a’+ K?

Syl—aDs— KCyj+ K

1
f
- e {S[—aD‘z—I\Cle- }

o TH?
I.'= — 4fYE.sin u[ — AL + A. + Al — Ay
P S P T
o’ K? l j
2/4. |
+ o? + K2 {S[al)[2+1\ Cl[— l‘
- 2[0}\"2 :SQ[—QCIZ— KlDl :
2/C,
TR+ KT
)Sz[ - aDlz — chlgl—l-al (24)
{ f
where

1

‘ A=

Y+ 2nw .
Cy = cos( 2 ) H

K= (¢ + 2uw)
1

A= 0 e
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/mmediate,,
Conversidii’

. .. to meet your production dchedules!

You can now convert to SPEED NUTS
to help meet your production schedules
ON TIME. SPEED NUTS are approved
by the U. S. Army Air Forces and the
Bureau of Aeronautics for non-structural
attachments on miligary aircraft. They
are also used on jeeps, trucks, tanks,
P. T. Boats and other war equipment.

TINNERMAN PRODUCTS, INC. * 2106

IN CANADA: Wallace Barnes Co., Ltd., ltamilion, Ontario

IN ENGLAND: Simmonds Aerocessories, Lid., London

THE FASTEST THING IN FASTENINGS

This provides a more abundant source of
approved self-locking nuts to relieve the
present shortage.

Our Engineering Dept. will be glad 1o
assist you in determining the proper ap-
proved locations where Speed Nuts may
be used. Request for information or as-
sistance will receive immediate attention.

FULTON ROAD, CLEVELAND, OHIO

7 / , 7
\l,‘.l..,?y/ij \{I‘ 4
/./.-f\/\’ ’ "-/
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C, = cos( 2}?"“’ )

K= (!// -an)
I = =1 .
2(1 4+ 2n)w ’
o ¥ 4 2nw
i Dy = sin ( of )
a
; 2 = € 2f
-1

1 .
A= i e

— 9
D = sin( 2}-'%) >

Appendix ¥

Applying the first two boundary con-
ditions to Eq. (4) results in the follow-
ing two equations for ¢, and di/dt at
wt
hh=0= YEn.sin (6, 4+ p) + 1.

af, A o
+e [4 €os 0! + C, sin (fl ](25)

‘fl’t‘ = 0= YwEncos (6 + p)

a01

+ e 4 [(C,i//—aAo, cos

144

— (A +aC,) sin j‘:l (26)

| Solving for 4, and C,
_ D{@Sz—aé)—l)zsl B
S:(¥8:—a81) 481 (@S +¢81)

. Ds8:+ Di(eS:+481) (28)

Sz ($Ss—aS81) +81 (@Se+-yiS1)
CONDENSER

1101 ¢01

=€ gy sin

" LINE OF e B

afh ¢01
b = € €OS - "3

UNSURPASSED | oremeta
QUALITY

(27)

0=YE.sin (6, + u) + 1.
a0, N
€ [A,,cos ‘“j' C, sin ‘”‘](29)

The value of the (di,/dt) at ot = 6,
is given by Eq. (26) except that 4, is
replaced by 6,. This is not equal to zero
for wt 0,

The procedure in solving for 6, and

accuracy of the assumed value of 6, is

PAPER, OIL AND ELECTROLYTIC CONDENSERS 6, is as follows. A value of 4, is as-
condition 3, namely that

sumed and 4, and C, are calculated.
—60:1+ 6

On the basis of these values, 6, is cal-
culated by Eq. (29). A check on the

CONDENSER CORPORATION’ Ensinh — E.= Vi€ RCuw

1725 W. NORTH AVE., CHICAGO, U. S. A.

(30)
where

Vi = Ensin s — B, — L[ -%
@& Jg

f the right-hand side of Eq. (30) is less
than the left-hand side, the assumed
| value of 4, is too large, and vice versa.

DISTRICT OFFICES IN PRINCIPAL CITIES
QUICK DELIVERY FROM DISTRIBUTOR'S STOCKS

126 April 1943 — ELECTRONICS
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KERS .. any i1+
available " T1yRBO

§ stan a-\' ych @
ateria s ®

m n
anug Aiting:

Black Mica, Mica Plate & Praducts — Varnished Oil Tubing, Saturated Sleeving, Yarnished Cambric, Tapes, Cloths & Campasites
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“For PROTECTION TODAY...

Today, all our 54 years of crafts-
manship in precision manufactur-
ing is concentrated upon war-work
—making complete products and
vital parts for some very famous
companies. Tomorrow, all the
new manufacturing techniques
originating here will be utilized in
peace-time—making many famous
products better at less cost.

‘For PROGRESS TOMORROW...

Metal Fabrications: Precision Machine
Work: Electrical & Mechanical Assemblies:
Plus up-to-date Product Engineering with
Facilities, Methods, Controls assuring entire
production responsibility—single parts and
complete products.

Y —

CORPORATION
EROADWAY,N_”BROOKLYN,

www americanradiohistorv com

' Self Biased
Amplifiers

(Continued from page 103)

the final step in the analysis. The
value of the bias voltage will depend
upon the value of the bhias resistor
and its location in the cireuit. It
will also depend upon the average
grid current in the case of grid bias
or upon the average cathode current
in the case of cathode bias. For
triodes, the cathode current is the
sum of the grid and plate currents.
Accordingly, the next step in the
analysis is to determine the average
value of the grid bias voltage for
' the possible methods of resistance
bias. To determine this bias vol-
tage, we must first determine the
| average current, flowing through
the bias resistance. If it is entirely
in the grid circuit we are interested
in determining only the grid current
whereas if it is in the cathode cir-
cuit, both grid and plate current
must be known.

To deternine the average currents
we use paths of operation such as the
one mapped out between @ and 47,
Fig. 6. We may select the Q points
for these paths at regular intervals
in the region defined by the red
curves of Fig. 6. In the present
caleulation these points were selec-
ted at the intersection of lines drawn
at 50 volt intervals through the
grid axis and 100 volt intervals
I through the plate axis. The paths of
operation for each of these @ points
were drawn in accordance with the
previous discussion. After the paths
have been determined, the calcula-
tion of the current follows. This
| calculation is greatly facilitated
through the use of a plastic calcu-
lating device described in an earlier
article. After obtaining the aver-
age currents they may be plotted as
a function of the grid polarizing vol-
tage for constant values of the plate
| polarizing potential. These polariz-
'ing voltages correspond, of course,
’ to the coordinates of Q for which a

given  current calculation  was
| made.

Bias Resistance in the Grid Circuit

When the bias resistance is in the
‘ grid circuit, it is only necessary to
| ealculate, for the various paths of
| operation chosen, the average grid
! current /... This is plotted as a fune-

v
l
|
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oo see

I;:-Fg

A\
RBLA ! 3 BY GUARDIAN MEET ALL CONTROL NEEDS
% Whether the principle is electronic or magnetic . .. whether the job requires a tiny A.C.
relay or a heavy-duty D. C. solenoid . . . whether time delay or instantaneous action . . . there

is usually a "Relay by Guardian” to meet the “specs’ on most applications . . . from animated
electric signs to electric chokes for the Army’s amphibious tractors.

SIGNAL CORPS RELAYS— The Signal Corps

Relay shown at the right is used for starting dync-
motors in portable radio equipment. It is a single
pole, double throw relay having contacts rated at 16
amperes at 12 volts D.C. continvous. Coil voltage
ranges from 9 to 14 volts D.C. Other Signal Corps
*Relays by Guardian” include a relay for change-over
from transmitting to receiving and a keying break-in
relay for mobile radio equipment.

Signal Corps Relay

’

Write for bulletin 195 describing Signal Corps “‘Relays by Guardian.

GUARDIAN{ELECTRIC

1625-D WEST WALNUT STREET CHICAGO, ILLINOIS

A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR INDUSTRY

S — SR Y SR

ELECTRONICS — Aprid 1943 129
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tion of E.. on Fig. 7, for various
values of plate polarizing potential
E,.. From this figure we can deter-
| mine the locus followed by Q on the
e,~e. diagram for any given grid
biasing resistance in the following
way. Since the bias resistance is en-
tirely in the grid circuit, the grid
polarizing potential is given by
E.. = I.; R..

where R.. is the grid resistance. This
equation, when plotted on thel,,—FE.,
diagram, appears as a straight line
passing through the origin, having
a slope equal to 1/R.. Two such
lines corresponding to two values of
R,. are shown on Fig. 7. The inter-
sections of one of these lines with
the lines of constant plate voltage
determines the grid polarizing poten-
tials which must be developed across
R.. for the given grid excitation
voltage, and equivalent plate resis-
tance (R,)w which were chosen and
fixed for this calculation. These in-
tersections may be plotted on the
¢,-e. plane, and thus determine the
locus of the @ point during the modu-
lation cycle for this value of grid
resistance. When this locus has been
obtained, the calculation of the com-
plete dynamic characteristics may
proceed divectly. A number of @
points are selected, evenly spaced,
along this locus. For each of these

) points the coordinates of the A
Read carefully the instructions which come with points are defined. The horizontal

your mike, and be certain the circuit is correct for the distance from @ to 4 is given by the
type mike you are using. Don't use power generating or grid excitation, the vertical distance
voltage generating microphones (dynamic, ribbon and from @ down to A is given by the
crystals) in circuits intended for carbon or condenser red curves of Fig. 6. Thus the paths
mikes. Make sure your mike is made for rough weather of operation for any Q on the locus
before exposing it to the elements. If your mike fails are obtained. For these paths the

. . 3 average grid current, average plate
or gives trouble, send it to the factory or its dealer. d I
current, fundamental grid current,

and fundamental plate current may
be calculated using the plastic de-
vice referred to above. Knowing
these currents together with E,,
E.., E,., E,. and R., the power
relations in the modulator may be
calculated from the relations:

It's just good sense to treat your
microphone with respect, so it will
give you longer, better service. A
microphone is a delicate, sensitive
instrument and needs protection.

For instance, a fall doesn’t have to
damage the case to damage the
mike. The shock may prove destruc-
tive to the interior.

Under no circumstances should
you open the mike case and expose
the sensitive parts to mechanical
and chemical damages which ruin
the mike. If the seal is broken on a
crystal mike, the crystal absorbs
moisture and becomes useless.

THIS FREE BOOK TELLS YOU
HOW TO CARE FOR YOUR MIKE

Send NOW for your Free Copy of Turner's
new 8-page, fully illustrated, colorful Micro-
phone Catalog. Each unit is engineered for
specific jobs and trouble-free performance. Driving power, Pi=31nn Eon
Select the one best suited to your needs Power input, Pz =1, By

at the price you want to pay.
Grid dissipation, P’= Py — L. E..

Plate dissipation, P,= Pys— P
i \
rner Determination of these quantities
m for each of the @ points selected

along the locus gives the complete
THIS NEW TURNER

dynamic characteristics of the modu-
MICROPHONE CATALOG Cedar Rapids, Iowa lator. Other characteristics may be

Power output. Pyo=1TI0m Bonm

Power delivered to grid resistor,
Pree = Pq Ree = I.. B,

130 April 1943 — ELECTRONICS
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To fill a need

McElroy Model PFR-443
Wheatstone Code Tape Perforator

Normally, automatic radiotelegraph apparatus is employed by all services, commercial, military or gov-
ernmental. But despite the present availability of sufficient quantities of this equipment due to McElroy
design of simple and rugged units through mass production, communication has been impeded, in many
cases, by the lack of simplified, efficient perforating devices. Intricate keyboard perforators, requiring the
attention of specialized machinists and skilled operators have restricted quantity production of perforated

tape.

Simplified in design, the new PFR-443
will produce tape as cleanly and as
accurately as any complex keyboard
perforator.

The McElroy Wheatstone Code Tape Perforator is
actuated by 110 volt AC or DC current. May be
operated with index finger, middlefinger and thumb
of the right hand. while unit is in similar position as
a hand telegraph key. The feather-light touch on the
dot and dash contacts and space bai: closes elec-
trical contacts. A powerful die mechanism, driven
by a solenoid, perforates and advances the tape
through the machine. When this tape, identical in
all respects to others prepared by the most complex
of keyboard perforators, is passed through any make
of qutomatic transmitter now in existence it will
execute signals with the precision characteristic of
all professional automatic devices, at any speed for
which the transmitter was designed.

Simple and rugged in design and construction, the
McElroy perforator requires no critical adjustments.

Parts are replaceable by any competent radio tech-
nician. Light in weight. it may be carried as a hand
semi-automatic transmitting key. When teamed with
the McElroy Automatic Transmitter, XTR-442, the
combination becomes a manually operated radio-
telegraph station that is the equal of any mechanized
station.

As creative telegraphic engineers, we are leaders
in our field. We are the largest manufacturers in
the world devoted exclusively to the production of
equipment for the transmission and reception of
dots and dashes. We create. We design. We
build. We do not imitate and we do not copy.
And we can deliver.

T. R. McElroy, world’s champion telegraphist and outstanding wireless
operator of all time, operating a development model of the new perforator in
conjunction with Tape Transmitter, Model XTR-442.

Unskilled operators have been trained more readily in the
se of 'ils perforator. than the standard keyboard of a type-
writer. Any station with newly trained personnel may transmit
its traffic with absolute accuracy. retaining the tape as a
permanent file record of all communications. The McElroy
Wheatstone Code Tape Perforator may be operated in conjunc-
tion with automatic transmitting equipment at maximum
speeds—or with similar efficiency. at speeds of between 25 and
50 words per minute. It may be employed for important com-
munications circuits as readily as for preparation of practice
material for radiotelegraph code schools.

The McElroy factory is being tooled for production and orders are being
accepted. Moderately priced at $375. First deliveries may be anticipated

by the latter part of May.

McELROY MANUFACTURING CORPORATION

82 BROOKLINE AVENUE

ELECTRONICS — April 1943

BOSTON, MASSACHUSETTS

131

www.americanradiohistorv com


www.americanradiohistory.com

Keep your eye on this lad
Mr. Manufacturer

FEW MONTHS AGO he was just a normal, untrained,
happy-go-lucky kid. Today he’s been well trained by

Uncle Sam’s Signal Corps into a competent technician, fit to
take the responsibility on which hundreds, maybe thousands
of lives depend. When he comes marching up Broadway in a
shower of ticker tape, be ready to grab him — he’ll be a
valuable man.

And if he tells you that communications and electrical
equipment made here at C. T. & E. is the last word in ad-
vanced engineering and rugged dependability, pay heed —
you’ll be listening to the voice of experience. You see, there’s
“Connecticut” c¢cquipment on the job almost every-

where United Nations forces are fighting.

& >
T wgssusg W

CONNECTICUT TELEPHONE & ELECTRIC DIVISION

~ REAT
M[ﬂI’L"AN
NOUSTRIES

MERIDEN,

CONNECTICUT

132
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obtained by selecting a different
value of E,., and a family of dynamic
characterists showing the effect of a
variation of this parameter may be
calculated.

Bias Resistance in both the Plate and
Grid Circuits Cathode Bias

When the bias resistance is in both
the plate and grid circuits, it is
necessary to calculate both the aver-
age grid current I, and the average
plate current I,, for the various
paths of operation. The sum of these
currents (I,, 4 I..) may then be
plotted as a function of E., for the
various values of F,, selected. Lines
of constant cathode resistance R,. =
E../(l,. + I..) may be drawn on this
diagram and will appear as straight
lines. The intersection of any one of
these straight lines with the lines of
constant plate voltage E,, will de-
termine the coordinates of the path
followed by Q during the modulation
cycle, on the e,-e. diagram. When
this locus of @ is found for the de-
sired cathode resistance, the remain-
ing problem of obtaining the dyna-
mic characteristics for the modu-
lator is again, straight-forward.
With any point on this path as a @
point, the coordinates of the end
point for the path of operation pass-
ing through this @ are known as in
the preceding case. That is, the hori-
zontal coordinate of A4 is given by
the grid excitation, as measured
from @, and the vertical coordinate
of A is given by the red curve pass-
ing through this Q. This vertical
coordinate will be given in terms of
the maximum fundamental plate vol-
tage, E,,, of course, and thus will
represent the vertical distance in
volts below Q to the point A. Hence
we may calculate for the path join-
ing this @ and A the fundamental
plate and grid currents from which
may be determined, together with
the average plate and grid current
which we already know, all the de-
pendent variables associated with
this condition of operation. By re-
peating this process for other se-
lected @ points along this locus, the
complete dynamic characteristics of
the modulator are determined. These
dynamic characteristics apply, of
course, only for the specific cathode
resistance chosen. Families of char-
acteristics may be obtained by choos-
ing other values of cathode resis-
tance, as in the case discussed pre-
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You Can Use OUR War-Time Experience

The ingenuity and experience gained
by our development and production
engineers, in meeting the most rigid
Government specifications for exact
integral frequency Crystals, can help
you provide more accurate selectivity
in your post-war units. The preci-
sion manufacture maintained by our
line production will assure you of an
ample volume of uniform high qual-
ity. Our use of the latest methods
and machines of scientific design will
aid you in keeping your products
ahead of Electronics developments.

Gentlemen Products Division of
HENNEY MOTOR COMPANY

Home Office:—FREEPORT, ILLINOIS - - - Production Office and Factory:—~OMAHA, NEBRASKA
BE
g
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WANTED:

AN ENGINEER WITH
PLENTY OF IMAGINATION

An Out-of-the-Ordinary Opportunity
for an Out-of-the-Ordinary Man

e This is an unusual sort of an advertisement. It is unusual
because a client of ours has asked us to help them find an
unusual sort of a man to fill an unusual sort of a position.

First of all, this man must be an electro-mechanical engi-
neer having both real design imagination and a finger on
the pulse of what is going on in the electronic, radio, and
electrical industries. Second, he must be the type of fellow
who is visionary enough to be constantly alert to new
ideas, yet practical enough to understand manufacturing
limitations. Third, it would be just fine, if such a man had
also had training in the design and development of relays,
timers, and solenoids.

The position? Well, primarily it will have to do with help-
ing our client maintain his present leadership in the items
that are reqularly produced. This activity at present is, of
course, 100% devoted to war work. Next, and by no means
least, is the task of designing other items to keep one step
ahead of the needs which will surely arise with the rapid
development of the Electronic art in all of its phases.
That's where imagination and a close knowledge of the
field come in.

The offer? To the right man is offered a connection with
a nationally-known, long-established firm located in
Eastern Pennsylvania. It is a firm large enough to afford
unlimited opportunity to the right man—yet small enough
to assure rapid individual recognition of jobs well done.
The engineer selected is assured of free reign to initiative,
good working conditions, attractive remuneration, and
important war work for the present coupled with future
possibilities in full keeping with his abilities.

If you feel that you can fill the position, write in detail.
Your correspondence will be treated with strictest con-
fidence. All of our client’s employes who might be inter-
ested know of this advertisement.

\/Jam'j /9 /.%’itlge, PRESIDENT
THE HARRY P. BRIDGE CO.

Advertising Counsellors

812 Real Estate Trust Bldg., Philadelphia, Pa.
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viously. The power relations in the
modulator are slightly modified by
the cathode resistor. The quantities
Py, P,, P,, and P, are the same but
the other relations are

Power delivered to cathode resistor,
P, Foar—nlca)® Thie
Plate dissipation 23 Py — Py —
1. R

Bias Resistance partly in the Grid and
partly in the Plate Circuits

If the biasing resistance is partly
in the cathode circuit and partly in
the grid circuit, the calculation is
somewhat more involved. For now
we are concerned with two resis-
tances K.. and R,. instead of only
one. Here the grid polarizing voltage
is given by

Eee = Ie Ree + (Ii. + 1.) Ru.

Let us set
Ree = k R

where K is a positive constant
ereater than zero. Then

Ee =TI+ (1 +k)Ia) R

and the polarizing grid voltage is
again expressed in terms of only
one resistor. It is, therefore, evident
that if /.. + (1 + k)., is plotted as
a function of E.. we will be able to
determine the path followed by @ in
a manner similar to that used in the
case of grid bias alone or plate bias
alone. An example of this plot when
k 9 is shown in Fig. 8 The inter-
sections of line R, 266 ohms
with the lines of constant E,, give
the values of E.. which will deter-
mine the locus of the @ point under
this condition of operation. Fam-
ilies of characteristics may be ob-
tained for various values of k. The
power relations under this condi-
tion of operation are also modified
slightly from those forms as given
under g¢rid bias operation. The
quantities P, P,, and P, remain the
same, but the other relations are

Power delivered to grid resistor,

Po= P Re
Power delivered to cathode resistor
Py, I.a + Iba)® Ree
Plate dissipation, P, = Pg — Py I’ Ree
Grid dissipation, Py= P I.2 Ree —
Ic? Roe

Part Generators and Part Resistance Bias

In the case of part battery and
part resistance bias the lines for con-
stant resistance may be drawn on
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Wherever man goes - - - cven when

he’s slashing through primeval jungle in some
remote corner of the South Pacific, he is not
along, thanks to the existence of the two-way
radiotelephone. In tomorrow’s world, this new
mediumofcommunication willbecomeanactive
part of your business and social life. And when

hostilities cease you can look to Jefferson-
Travis for the finest radiotelephone equipment
made. As pioneers in this field we have devel-
oped new and exclusive improvements for
this remarkable electronic achievement. Today
they are emploved by the United Nations
everywhere — tomorrow they will be yours!

JEFFERSON-TRAVIS

RADIOTELEPHONE EQUIPMENT

NEW YORK .

ELECTRONICS — April 1943

WASHINGTON .

BOSTON
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Shown below is « Utah Potentiometer for power-driven machine gun or
camnon airevaft turrets. This gunner has feather-touch control of his
guns’ position—no matter from which direction the enemy may attack.
In this precision operation, the Utah part plays a vital role. It has been
fitted for that vole by split-hair accuracy in manufacture. This is only
one of many Utabh products now in service with the armed forces.

When there’s a Messerschmitt on his tail, equipment must oper-
ate with the precision of a fine watch. That's when a “Fortress”
gunner appreciates flawless construction. Precision work, how-

ever, is no stranger to the Utah factory. Their outstanding repu- |

tation in the radio and electrical industries has been built on pre-
cision manufacturing. Advanced Utah engineering has kept ahead
of requirements. The dependability of Utah parts—long a by-word
among radio men and in industrial plants—is now being proved
in all parts of the world.

If you have a problem, calling for precision electrical parts, why
not take advantage of Utah’s extensive experience? Utah makes a
complete line of Potentiometers, Rheostats and Attenuators—as
well as other electrical parts. Write today for complete information

—and see what Utah precision manufacturing and advanced en- |

gineering can do for your product. There
is no obligation.

UTAH RADIO PRODUCTS COMPANY
837 Orleans Street + Chicago, Illinois

Canadian Office: 838 King 5t., W., Toronto  In Argentine: UCOA Radio
Products Co., SRL, Buenos Aires o Cable Address: UTARADIO, Chicago

b

UTAH WIRE-WOUND CONTROLS, RELAYS, JACKS,

RESISTORS, PLUGS, SWITCHES, MOTORS
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any of these average current versus
grid voltage diagrams depending on
the location of the bias resistance.
The procedure is to draw the lines of
constant biasing resistance through
the zero current axis at the value of
E.. corresponding to the battery volt-
age. The intersection of this line
with the lines of constant plate volt-
age determine the path, as in the
previous cases.

Characteristics of Various Bias Methods

Since the locus of @ can be found
for any combination of self biasing
or battery and resistance biasing
combination, a complete solution of
the problem is at hand. The effect
on this locus of different conditions
of service are shown in Fig. 9. This
illustrates the paths followed by the
Q@ point on the e¢,-e, plane during the
modulation cycle for three different

| tvpes of biasing. Curve A is for

cathode bias alone, curve B is for
battery bias alone, and curve C is
for grid resistance bias alone. The
system is here adjusted for equiva-
lent carrier conditions in order to
make the comparison of the different
types of biasing more effective.
Curve C, which is shown below to be
the most desirable, may be obtained
by part battery and part grid resis-
tance bias, or part cathode resis-
tance and part grid resistance bias.

The effect on the dynamic modula-
tion characteristics for these three
paths is indicated in Fig. 10. We
can see that the path C is by far the
most desirable, since it improves the
linearity of the modulation process,
increases the power output, and re-
duces the driving power. Further,
the driving power is less peaked,
while the change in efficiency is but
slightly effected. Hence, it is desir-
able to use grid resistance bias en-
tirely. For tube protection, however,

| it is sometimes desirable to use a

certain amount of generator or cath-
ode resistance bias. Path A, for the
case of cathode bias alone, gives
most unfavorable results, reducing

' the linearity while, at the same time,

increasing the grid driving power and
reducing the power output and effici-
ency. However, it is found that by
using an amount of cathode bias
sufficient to protect the tube, and the
remaining bias supplied by the grid
current alone, it is possible to ap-
proximate the condition indicated in
C with only a slight sacrifice in effi-
ciency. Or if part battery bias and
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Enlist GIRLS for MANpower
in Your Screw Driving Army

WOMEN DRIVE PHILLIPS SCREWS EASILY!

Now you can recruit women for your
screw driving army and be sure of fast,
skilled work from the very start.

Big muscles aren’t needed to drive
Phillips Recessed Head Screws. Further,
it requires no mechanical aptitude...even
novices produce without wobbly starts,
slant-driven screws and slips that cause ac-
cidents or mar work.

Automatic centering of the driver in the
Phillips Recess makes such efficient use of
turning power that screws set-up uni-

@\;;4'

e
[}

e

American Screw Co., Providence, R. |.
The Bristol Ce., Waterbury, Conn.
Central Screw Co., Chicago, 1II.

The H. M. Harper Co., Chicago, III.

WOOD SCREWS ° MACHINE SCREWS -

Chandier Products Corp., Cieveland. Ohlo
Continentai Screw Co., New Bedford, Mass.
The Corbin Screw Corp.. New Britaln, Conn.

= .
2 s
=

formly tight ... with so little effort that
workers maintain speed without tiring.
Screw and driver “become one unit,” mak-
ing driving so easy and fool-proof that
work is greatly speeded up, regardless of
the driving method employed. In most
cases, power driving becomes practical.
They cost less to use! Compare the cost
of driving Phillipsand slotted head screws.
You'll find that the price of screws is a
minor item in your total fastening expense
... that it actually costs less to have the
many advantages of the Phillips Recess!

<. PHILLIPS#/SCREW S

international Screw Co.. Detroit. Mich.

The Lamson & Sessians Co., Cleveland, Chio
The Natlonal Serew & Mfg. Co., Cleveland. Ohio
New England Screw Co., Keene, N. H.

The Charies Parker Co., Meriden, Conn.
Parker-Kalon CorP.. New York, N. Y.

Pawtucket Screw Co., Pawtucket, R. I.

.. : wWwWw americanradiohistory com

SELF-TAPPING SCREWS -
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KEY TO FASTENING SPEED
AND ECONOMY

The Phillips Recessed Head
was scientifically engineered to
afford:

Fast Starting — Driver point au-
tomatically centers in the recess
... fits snugly. Screw and driver
“become one unit.” Fumbling,
wobbly starts are eliminated.
Faster Driving ~ Spiral and pow-
er driving are made practical. -
Driver won't slip out of recess
to injure workers or spoil ma-
terial. (Average time saving is
50%.) :
Easier Driving —~ Turning power
is fully utilized by automatic
centering of driver in screw
head. Workers maintain speed
without tiring.

Better Fastenings — Screws are
set-up uniformly tight, without
burring or breaking heads. A
stronger, neater job results.

Russeli Burdsall & Ward Bolt & Nut Co., Port Chester, N. Y.
Reading Sorew Co., Norristown, Pa.

Pheoll Manufacturing Ce., Chicago, 11

Scovill Manufacturing Co.. Watervifle, Conn.
Shakeproof Inc., Chicago. 1.

The Southington Hardware Mtg. Co., Southington. Conn.
Whitney Screw Corp., Nashua, N. H.

STOVE BOLTS
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UILDING “war cars” for the U. S. Army Air

and Signal Corps is our job in this war. We're
proud of the famous sensitivity and clear reception
of our Radio Phones—proud that Uncle Sam is
using so many of them. We're proud, too, that
we're beating our war production schedules!

Murdock Radio Phones have solved many
civilian communication problems, too. May we
help you? Write to Dept. 59 for Catalogue.

rf

THE EARS OF A NATION

Turdock

RADIO PHONES
Wm. J. Murdock Co.

Chelsea, Massachusetis
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part grid resistance bias are used,
these conditions may be approxi-
mated more easily. Complete dyna-
mic characteristics for every condi-
tion of operation are, therefore,
made available,

While the graphical method de-
veloped by Dr. Sarbacher may re-
quire graphical constructions which
are too tedious for use by the operat-
ing engineer, nevertheless, a way
has been shown by which the per-
formance of self-biased, plate-modu-
lated amplifiers can be accurately
determined. It is to be hoped that
the derived curves of Fig. 6 can be
made availuble by tube manufac-
turers for those tubes most likely
to be used as plate-modulated self-
biased amplifiers.
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When Ward Leonard developed their
B-2A Relay to meet the Army Air Corps
tests for vibration and acceleration, they went further
than required. They incorporated features in it not
found in any other relay.

The layer-wound coils are thoroughly impregnated
by a vacuum process that assures better insulation under
humid conditions. The tail spring and contact gap are
readily adjustable, thus enabling perfect adapration to
the required circuit. The anchorage for the terminal
screws molded in the base assures rigidity of the entire
relay under vibration.

Yes, this relay is used on aircraft, but the very fearures
that make it desirable for airplanc use make it cqually

WARD LEONARD ELECTRIC COMPANY, 32

ELECTRONICS — April 1943

desirable for any purpose when a rugged, positive, crisp-
acting relay is required. Send for bulletin.

W. L. B-2A Relay is vated 25 A. at 24V, sin-
gle pole, single throuw, normally open contacts.

WARD LEONARD

RELAYS - RESISTORS - RHEOSTATS

Electric control (WL) devices since 1892.

SOUTH ST., MOUNT VERNON, NEW YORK
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In step with the electronic science of today and tomorrow are the

resources skills researches

developments and products of

Ken-Rad

There is no art of industry or war in which electron tubes cannot be
used to accomplish heretofore impossible tasks These impossibles
will bring an early Victory followed by peaceful applications of elec-

tronic devices to which Ken-Rad will make available its experience and

a complete line of dependable electronic tubes

N-RAD

Y A

TRANSMITTING TUBES
CATHODE RAY TUBES
SPECIAL PURPOSE TUBES
METAL AND UHF TUBES

OWENSBORO
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| manner.
| nonuniform sensitivity of the cathode

(Continued from page 112)

the image falling on a small shutter
of black paper attached to the dia-
phragm. That portion of the light
beam which gets past this shutter
spreads to form a diffuse spot cover-
ing practically the entire cathode
area of the type CE 20 photocell.
An increase in the pressure being
measured forces the diaphragm up-
ward, moving the shutter further
into the light beam and thereby
darkening the spot on the photocell
cathode in an approximately uniform

Paper shutter
! .Image

Rubber
diaphragm

Exciter /mp

L & Y=m To calibrating pressure
il Three way valve
1 Six inch
lead fvbe
{ —_—
rD/Veecj/e 7o One inch
subject

Fig. 1—Circult and mechanical arrange-
ment of the improved photoelectric mano-
meter developed by Dr. W. E. Gilson for
converting small variations in pressure
into corresponding electrical values which
can be observed on an oscilloscope screen

-

Fig. 2—Record of calibration, showing the

linearity obtained. The pressure was de-

creased from 150 mm of mercury to 0
mm in 25-mm steps

Fig. 3—Oscillogram showing the intra-
ventricular pressure in a dog as detected
by the improved electronic manometer

Any nonlinearity due to

is thus eliminated, giving a linear
calibration record as shown in Fig.
2. A comparatively large output is

| obtained, and is fed into a cathode-

ray oscilloscope of the type described
on page 22 of the Dec. 1941 issue of
ELECTRONICS. This oscilloscope is
now being manufactured in im-
proved form by Clough-Brengle Co.,
Chicago. An example of the result-
ing record is shown in Fig. 3.
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EED COILS ?

(AIR-INDUCTOR TYPES)

CAN SUPPLY THEM!

in large quantities or small
—on line production runs

It took many years of peace to engineer B & W Air
Inductor Coils to their present state of perfection, but. ..

It took less than one year of war to teach us how to pro-
duce them by modern line methods—better and faster than
coils have ever been made before!

We'd like to stack these expanded facilities against your
next coil order—whether it calls for a few coils or a thou-
¢ ten league sand —for relatively common or highly special units—and

notB&W regardless of any difficult “fixed for fightin' " specifica-
tions that may be involved. B & W delivers the goods—and
that not only means promptly, but with rigid maintenance
of our highest quality standards!

BARKER & WILLIAMSON

Manufacturers of Quality Electronic Components for 10 years
235 FAIRFIELD AVENUE, UPPER DARBY, PA.
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ELECTRIC MFG. COMPANY
500 WEST HURON STREET. CHICAGO. 1L

Transformer Sheccalises Sitvee IG5
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Navy Buoy Uses 45-Volt

Fluorescent Lamp

A FLUORESCENT LAMP which operates
at a voltage of only 45 volts is now
being used by the U. S. Navy on
doughnut-shaped rubber buoys
which mark seaplane landing lanes
at night, according to Westinghouse
engineers. The low-voltage lamp
eliminates the insulation difficulties
which had been experienced in salty
ocean atmosphere when 3000-volt
luminous tubing was used.

Large Photos Teach Assembly
of Intricate Amplifiers

INEXPERIENCED WOMEN are being
successfully taught to assemble and
wire large amplifiers at the Sound-
Scriber Corp., New Haven, Conn., by
meuns of large photographs on which
parts and wires involved in only one
series of operations are mounted.
One giant chassis photograph (19 x
22 inches) mounted on heavy card-
bouard is used for each of the six
consecutive steps in the complete
assembly and wiring of an amplifier.
Holes are drilled in each photo as
required to hold only the parts actu-

| ally involved in a particular step,

and each operation involved in that

| step is numbered in correct se-

quence. Explanatory  notes are
placed alongside the numbers when
necess:iry.

Example of a photo instruction board
which shows the parts and wires in-
volved in one sequence of operations for
building an intricate amplifier. The tube

| sockets, T pads and filter condenser

terminals are in the original photograph,

while the wiring and other parts which

cast shadows are mounted on the photo-
graph
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Electronic
PRECISION PARTS

TUBE PARTS METAL STAMPINGS
WIRE FORMS

Machined for Accuracy

BURNER TIPS FOR ALL APPLICATIONS

HAYDU Brothers have been serving many lead-
ing radio and electrical manufacturers for more
than 12 years, when the company was originally
established in Newark. N. J.

After eight vears of growth, we moved to Plain-
ficld, N. J.., where we built our present modern
and fully equipped factory five years ago.

Our engincers and manufacturing executives
understand the requirements of electronic tube
and radio manufacturers—due to our experi-
ence and close contact with this active and fast
moving field.

Enlarged manufacturing facilitics now enable
us to offer our services to a larger number of
customers—including the designing and build-
ing of machines for the manufacture of preci-
sion eclectronie parts.

We invite your inquiries regarding our products
and services. They will receive prompt and

® Perhaps You Have a Problem e .
Where Haydu Brothers Can Help. courteous attention.
Let Us Know Your Requirements.

YOl BROTHER

A member of the Radio Manufacturers Assoctation

PRECISION PRODUCTS FOR RADIO. ELECTRICAL,
AVIATION AND INSTRUMENT MANUFACTURERS

Mi. Bethel Road
PLAINFIELD, NEW JERSEY
Telephone: Plainfield 6-0878

“THE PLACE OF QUALITY AND ECONOMY”
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Rectangular type 09"
high-voltage  capacitors
widely used for heavy-
duty continuous-service

applications. Double rub-

ber bakelite sealed por-
celain-pillar terminals,
Upright or inverted
mounting., 600 to 5000 v.
D.C. Choice of ca-
pacities.

Heavy-duty oil-illed
““bathtubs’’. Logical
choice for assemblies
subjected to hard usage.
One-piece drawn metal
case with soldered bot-
tom plate. 400 to 1000 v.

New type “10” Hyvol.
Double terminals on
stepped bakelite threaded
terminal post. Fully in-
sulated can. Insulator
washer no longer neces-
sary for mnon-grounded
mounting on metal chas-
sis. 600 to 1500 v.

Aerovox oil-filled high-
voltage capacitors Series
“20” in voltages up to
$0,000 D.C.W.

EW BEDFORD, MASS.,
NEW BEDFORTY

Sales 6""‘;"‘. in Al
principal Cities
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@ For sheer ability “to take it” day after day. month in
and month out, year after year, nothing excels the properly
engineered and built oil-filled capacitor. Which explains
why Aerovox oilfilled capacitors have been drafted for
the war effort. Such capacitors, ranging from compact oil-
filled tubulars and “bathtubs” and rectangular-can types,
to the large-can types and even to the giant Series 20 units
in ratings up to 50.000 v.. are available on very highest
priorities, these days. If your work is of a vital military
or war-industry nature, you can count on these Aerovox
oilfilled capacitors. @ Write for catalog. @ Submit
your reguirements.

n Canaa

AEROVOX CANADA LTD.
NY.

Hamilton, ?ns“
- 100 Varic St
‘“o“c;hle *ARLAB’
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Side Shifts of Paper Corrected
in Roll-Winding Machine

PHOTOELECTRIC SIDE REGISTER con-
trols which insure true rewinding of
paper rolls at high speeds are now
available as commercial units for re-
winding machinery in paper mills,
for web-operated printing presses,
for slitting equipment, and for other
types of paper machinery operating
from the roll. Crosswise register can
be maintained with a high degree of
accuracy even though the original
roll is telescoped or unevenly wound.
With roll-slitting machines trim
waste can be avoided by rewinding
into rolls having straight ends.

The control system consists essen-
tially of three sections: (1) The
scanning head, which converts side-
wise shifts of the moving paper or
web into electrical impulses, (2) The
amplifying system, which rectifies
and amplifies the output of the scan-
ning head to provide a suitable regis-
ter current for operation of the side-
shift motor, (3) The side-shifting
mechanism, containing a motor,
levers and screws which shift the
paper and scanning rolls the correct
amount in the correct direction to
keep the paper running true. These
three sections are identified in Fig. 1,
which shows a complete installation.

Photoelectric side register controls
as manufactured by Cameron Ma-
chine Co., Brooklyn, N. Y. employ
two distinct types of scanning heads
{and amplifying sections, but all
| have same side-shifting mechanism.

Scanning Head

The General Electric scanning sys-
tem, illustrated in Fig. 2, contains a

Fig. 1—Cameron photoelectric side regis-

ter control installed in @ web press, with

the three basic sections of the control
system identified
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K&E

REG. U, S. PAT, OFF,

HANDFF Our costly, time-taking

original drawings are always

PRESERVED

They stay in safe storage. We make
all duplicates from PHOTACT
prints—let them take the beating

Today’s top-speed production requires
as many as a thousand blueprints from
one original drawing.

But pencil tracings—which most draft-
ing rooms use today—are not sturdy
enough to stand up under too many
blueprinting runs, because they become
smudged and blurred with handling.

To preserve your original drawings, use
the PHOTACT process. After you make
the negative, your original drawing may
be filed away as a record—preserved
from damage. The PHOTACTS made
from this negative are used to produce
all your blueprints or black line prints.

PHOTACT also restores. Old, smudged,
overhandled original drawings come out
sharper and cleaner in the PHOTACT
reproduction.

PHOTACT duplicates your original
drawing as many times as you need. From
your negative you make as many PHO-
TACTS as required for use with govern-
ment contracts, for sub-contractors or
any of the other purposes for which du.
plicates are necessary.

PHOTACTS, even when made from pen-
cil drawings are equal to fine ink trag-
ings. Therefore,blueprintsand black line
prints made from them are always sharp
and clear.

Pencil or ink originals may be repro-
duced on either PHOTACT tracing
paper or tracing cloth.

For complete information about PHO-
TACT process write Photact Depart-
ment, KEUFFEL & ESSER CO., Third &
Adams Streets, Hoboken, New Jersey.

EST. 1867

e MGy i umco

CHICAGO =+ SY. LOUIS < SAN FRANCISCO -  LOS ANGELES

P;APER%% . / omo"* . MONTREAL

ELECTRONICS — April 1943 145

www americanradiohistorv com


www.americanradiohistory.com

light source which projects a small
spot of light onto the edge of the
web of paper, in such a way that the
web bisects the circle of light when
running true. The light reflected
from the paper is focussed onto a
phototube by a collecting lens. No
light is reflected from that part of
the spot which falls on the dark rub-
ber idler roll (scanning roll) over
which the web passes. Sidewise
shifting of the web changes the
amount of light falling on the photo-
tube, correspondingly changing its
output current.

RSN TOY

Sconming head,
‘ Thotorben = . C”’/’fg’/
) Lampand fers. Sensitivity, TS pore
Light spor. anti-Hunt  |fae e | Amplifier
Web————= and bafarce |4 | wsing
ENGINEERING, DESIGN AND A oot o [t
y Scarning roll< . SoE || 70 boost
> o output of
s phororube

conlrol station
Amplidyne (Moror

MANUFACTURING, TURN TO

enerafor-rectiies ona
| rolf urther amplifies the

register current fo
| side~shift motor)
. X,

J Fig. 2—Photoelectric side register control
using G-E scanning and amplitying units.

‘ The control panel contains an ordinary
audio amplifier as used in radio, along

with necessary sensitivity, balancing and
MA"“FAGT“RI"G GOMPA"Y anti-hunting controls

-Control

Scarining head
‘ ™ pane!

Here is electronic “know-how” built on 15 years Lamp-—
. S Phofotube . i flzrzémﬂ
;) experience as contract manufacturers marked || fZterde T e, i
‘ rofating lensts).-” srzflfc;
g 2 17 s ’ Web Seanning #5 2
by many significant “firsts.”  If you have a war or post-war elec- ] Rectifier 5| control
B

= - Side-shift
Side-shiff #
Jevers ,

tronic problem involving design, engineering or manufacturing,

control _4If4
station” ||&

let us help you with it. Although our laboratory is temporarily

working day and night on electronic engineering for the Army and

Navy and our production workers are busy on vital equipment for | Fig. 3—Equivalent register control system
using  Westinghouse rotary-lens type
scanning unit and thyratron amplifier.
This diagram clearly shows the screw-

and taught us many short-cuts to apply on yoxr problems. and-lever mechanism used for shifting the
rolls sideways

these same government agencies, war has sharpened our ingenuity

File a reminder now so you’ll know where to go with problems in
The Westinghouse scanning sys-

electronics. Let Operadio supplement your own engineering staff  tem, illustrated in Fig. 3, employs a
light source and a fixed-focus rotary
lens driven by a smull electric motor
' to produce concentric circles of light
on the edge of the web. The light re-
tflected from the web is picked up by
a phototube, and the output of the

oPERADIO If;hc?totL.lbe is fed j[hl'Ongh 31‘1 ampli-
MANUFACTURING . COMPANY er stage built into the scanning

ST. CHARLES, ILLINOIS head.

and be your electronics laboratory.
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IT'S SMART TO SIMPLIFY. ..

WALKER-TURNER
FLEXIBLE SHAFTING

ET IS a far cry from the complicated bi-plane of 1917 — with its
tangle of struts and wires — to the simple, clean-looking dive-

7/

T SRr y tpy esspyaappeny;
-

4

bomber of today. To the engineer, improvement and simplification
are inseparable in most of the machines of war and peace.

WALKER-TURNER FLEXIBLE SHAFTING has made notable con-
tributions to simplification of design — where the problems in-
volved are those of remote control or transmission of light power
loads. As one of the largest manufacturers of flexible shaft
machines for industry, Walker-Turner has gained wide experi-
ence in the design and application of shafting.

.

k-

VIR
SRR '

This experience we are glad to place at the service of other

manufacturers. Perhaps we have the answer to your problem in
our files.

WALKER-TURNER COMPANY, INC.

1443 BERCKMAN STREET e PLAINFIELD, NEW JERSEY 3

Hidd FLEXIBLE SHAFTING

PLAINFIELD, N.J. FOR REMOTE CONTROL AND POWER TRANSMISSION

U.5.R.
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for ELECTRONIC TUBE
PARTS AND SHIELDS...

Shown here are just o few
typical samples of GOAT Elec-
tronic Tube Parts and Shields
that have been stamped, drawn
and formed on GOAT machines,
dies and presses.

SMALL TOUGH JOBS . .. handled with skill,
precision and efficiency, are a regular port
of GOAT Service. GOAT'S position today,
as largest independent manufacturer of electronic tube parts,
is dve to GOAT'S experience and growth. From the days of
radio infancy, GOAT has been able to design and improve
the parts needed by this industry as it demanded greater
sensitivity and durability as well as quantity production.

Today, GOAT serves almost every electronic tube manufac-
turer with a tremendous variety of stock parts. Facilities are
so complete that GOAT actually can supply any kind of
small metal stamping, made in any metal, to any required
degree of accuracy.

METAL STAMPINGS, Inc.

Division Of THE FRED GOAT CO, INC.
314 DEAN STREET, BROOKLYN, N. Y.

Goat has meant Accuracy since 1893

wwWw americanradiohistorv com

Amplifying System

The General Electric amplifying
system uses standard radio receiving
tubes to boost the phototube output
[ initially, with this unit feeding into
’an Amplidyne motor-generator set
which rectifies and further amplifies
the register current.

In the Westinghouse amplifying
system, all amplification is performed
’by thyratron tubes, which feed the
side-shift motor directly.
| Side-Shifting Mechanism

The type of mechanism used to
correct unevenness in a roll depends
upon the size and nature of the ma-
chine, but in general consists of a
side-shift motor capable of rotating
a desired amount in either direction
in response to the demands of the
scanning head and amplifying sys-
tem, and a side-shift screw which
shifts the printing and scanning
rolls either directly or through a
lever system.

One requirement for accurate side
registry control is constant web ten-
sion, which is obtained mechanically
in Cameron roll-handling equipment.
Under this condition, full correction
can be made in a sidewise direction
at the rate of 25 inches per minute.
Register may be taken either from
the right or left edge of the web, or
‘from a printed line having a mini-
mum width of % inch anywhere
‘throughout the width of the web.

!

| Pumps Controlled Automati-
‘cally Over Phone Line to

| Reservoir

AUTOMATIC STARTING and stopping of
four groups of water pumps in ac-
cordance with changes in reservoir
water level is provided in the munic-
pal water system of Kalamazoo,
Mich. by a system of remote relays
ronnected through a three-mile tele-
>hone line to a mercury column and
heostat arrangement at the reser-
voir. The controls, described in Wa-
‘er Works Engineering, were devel-
sped by Earl E. Norman, Supt. of
Public Utilities of Kalamazoo, to
maintain the reservoir level auto-
natically within one foot of any pre-
Jetermined depth.

In a vault alongside the reservoir
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Maybe we’'re wrong

But we've a few ideas that, we like to think, are clearer
realizations of fact. We can’t be tempted into soothing
self-praise—or boastfulness untrammelled by modesty or

ordinary business conservatism.

Frankly, queries about what we are contributing to the
nation’s effort find us verbally unresponsive. We can't
find room for back-slapping when all of our attention is
given unreservedly to our small share in the dread realities
of this war.

No, The Allen D. Cardwell Manufacturing Corporation |

is not old-fashioned, static—not standing on a record of
past performances, though we have been a military facility
ever since the previous war.

Rather, cumulative experience and sound counsel have
added impetus and direction to creative ability and pro-
duction enthusiasm. Our most effective service is being
rendered by concentrating solely upon assigned tasks . . .
design and more efficient
apparatus.

construction of wartime

CARDWELL@CONDENSERS

THE ALLEN D. CARDWELL MANUFACTURING CORPORATION BROOKLYN, NEW YORK
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1 is a mercury U-tube balanced against

the head of water in the reservoir.
Ten plain wire electrodes are in-
serted in the atmospheric side of this
glass tube as indicated in the dia-
| gram, at positions such that move-
ment of the mercury column from
one electrode to the next corres-
ponds to a change of one foot in the
water level. The electrodes connect
through rheostats to one of the tele-
phone wires running to the central
pumping station three miles away.
' An additional electrode contacts the
mercury at the bottom of the column
| at all times, and connects to the other
telephone wire. Since each of the
ten rheostats is set at a different
ohmic value, each one-foot change in
water level places a different resis-
tance value across the reservoir end
of the telephone line.

f-Af Reservoir e At Pumping Station =
3 Time 7 Yeom
S 12 | 3YS | aklay ot
[ % "§ff.! 2576 |mer _GI relay
tg | | A=
gl T ]
| » ‘ 1" |
Class) LS Jmer |
' #t| |20800 i
P
i lz; l 1.8
| 1 T ‘\ﬁ ma |
| | 24,900 |
5|
’_'m'l M | e
’ i1\ 18500 ‘
el
I\ d__
Mercury column
at reservoir {
78 3 = Yoltage
regulating
/// / I & s00 mn 1 rectifier
/ —
Telephone /ine \ 20uf _}-5Y3G
from reservoir i L.
to pumping ‘
tart
L] s ‘ su | [250v| 2500
[ | (/2011974-
L = |

Essential features of the automatic control
system used to maintain a desired level
of water in the main reservoir at Kala-
mazoo, Michigan. The electronic voltage-
regulating rectifier shown below the re-
lays provides the constant d-¢ voltage re-
quired for the series arrangement of relays

1

| At the central pumping station
| twelve sensitive relays are connected
|in series with a voltage source and
'a rheostat across the telephone line
running to the reservoir. Ten of
‘these relavs correspond to the ten
|elect1'odes in the mercury column at
| the reservoir, and are adjusted so
that each one-foot rise in reservoir
level closes one additional relay.
Thus, a current of 5 ma flows over
the telephone line when the column
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This Year Rubber Is
Tapped from Test Tubes

Synthetic Rubber Already Is Working
for Users of Mechanical Rubber Goods

War production is up threefoid
But the vital rubber stock pile is
dwindling fast. This is the year of
crisis in rubber.

Thereis only one solution .. . the
production of synthetic rubber in
steadily increasing tonnages . . .
synthetic rubber to take over jobs
once handled by natural rubber . ..
to perform new tasks, serve in new
applications created by wartime
need.

One of the first synthetic rubber
plants in the Government’s pro-
gram was built and is being oper-
ated by United States Rubber
Company . . . another soon will be
in production.

Our engineers have been work-
ing with synthetic rubber since
1921. During this period they have
learned that no one synthetic
should be used for all types of
mechanical rubber goods. They
have found where and how syn-
theticis superior to natural rubber,
where it is equally as good, where
it falls short. They know what uses
each of the five basic commercial
types of synthetic rubber is best
suited for — Neoprene, Buna-§,
Buna-N, Butyl, or Thiokol—and
how to compound the specific
synthetic rubber for the specific
task. U. S. Rubber has used all five
types and knows which one to
selectforthe performancerequired.

b
e
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information based onghe results
of vast experiments and practical
applications of 3ynthetic rubber
has been incorporated in a new

comprehensive book, The Five Com™

mercial Types of Synthetic Rubber.

A hisipfotmative book traces the
history pf synthetic rubber from
the earliest experiments of Michael
Faraday to the present. It discusses
each of the basic types of synthetic
rubber, tells where it has been used
successfully in United States Rub-
ber Company products,and com-
pares its properties with natural
rubber. It tells how synthetic rub-
ber is made. It is a detailed answer
to the most vital question of the day.

We feel that The Five Commercial
Types of Synthetic Rubber is a publi-
cation of real importance to men
of industry. Requests made by them
on their company letterhead will
be filled promptly.*

”~

'<h 7
NP~

UNITED STATES RUBBER

Mechanical Rubber Goods Division ° Rockefeller Center

In Canada, Dominion Rubber Co., Ltd.
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The successful use of synth'etic;
rubberin mechanicalrubber goods
and the insurance of fully depend-
able service depend largely upon
the skill of the manufacturer and
compounder. Each of the five basic
commercial types of synthetic per-
mits a myriad of variations.

The United States Rubber Com-
pany has been developing and im-
proving rubber products for one
hundred years. Today, the same
vast resources for research and
development that resulted in some
of the most spectacular achieve-
ments in the rubber industry are
being devoted to the problem of
synthetic rubber. A great backlog
of knowledge already has been
built. More is being constantly
added.

*Requests for this Synthetic Rubber Book
should be addressed to Department
Mechanical Goods Division, United States
Rubber Company, Rockefeller Center, N.Y. C.

COMPANY

¢ New York
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DIAL LIGHT CO. 4 e

90 WEST STREET « NEW YORK. N. Y.
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[rises to the first electrode, corres-
ponding to a water elevation of 233
| ft., and relay A is adjusted to pull
| up at this current. Line current in-
creases to 8 ma when the water level
rises one foot, and relay B pulls up
at 8 ma. Each additional electrode
circuit in parallel with the reservoir
end of the phone line increases the
current three ma, so that the 32-ma
current for the highest electrode
pulls up relay J. The two additional
relays are for protection, one clos-
ing if the telephone line becomes
| shorted and the other acting if the
telephone line breaks and opens the
cireuit.
| A voltage-regulating rectifier cir-
| cuit fed by a constant-voltage trans-
former (not shown in the diagram)
provides a voltage source for the
relays which remains constant
within one volt even though the
power line voltage drops as low as

55 volts or rises to 130 volts.

The system uses four sets of
| pumps, each controlled by a group of

three relays—a time delay relay, a

transfer relay and the main motor-

starting relay. One group of these
| relays is shown in the diagram. The
group can be connected between any
two of the relays A to J by an ar-
rangement of telephone-type switch-
es, numbered according to the water
levels they represent.

When the reservoir is full, 32 ma
flows over the telephone line and re-
lays A to J are all closed. With a
relay group connected to relays C
and B as in the diagram nothing
will happen until the water drops
to the level which makes relay B
| drop out. This closes the circuit to
the time delay relay, which it closes
after a delay of about ten seconds
produced by the condenser and po-
tentiometer in its circuit. Closing
| of the time delay relay energizes
the transfer relay, which transfers
control of the time delay relay from
relay B to relay C and at the some
time energizes the main relay con-
trolling the motor-starting mechan-
ism. When the reservoir level has
risen one foot, relay C opens and
disconnects the time delay relay.
After a few seconds delay it drops
out, causing the other two relays also
to drop out and shut down the
pumps. The time delay relay pre-
vents chattering of the main relay
| contacts if the mercury tends to

quiver at one of the electrodes in the

U-shaped tube.
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TUBING
OF DESTINY

We at Precision take justifiable pride in the privilege of contributing
in a small way toward our Country’s Destiny . . . our Freedom . ..
and the Freedom of all men fighting for Liberty and Democracy.

Tubing, as used in Instruments, Aircraft and Electronics, is shaping
that Destiny, that Victory which comes to all free men.

Accurately drawn small Tubing and Metal Shielded Wire are our
Specialties. Your inquiry concerning your requirements is invited.

INSTRUMENTS

Precise Instruments, vital to all Communi
cations, must depend upon accurately made,
positively balanced Pointer Tubing. Today
Precision Tube Company supplies this high
grade Aluminum Alloy Pointer Tubing to
over 80%, of the Instrument Manufacturers
in this free Land. There must be a reasan.

AITIRCRATFT

Rate of Climb. Air Speed and similar Air-
craft Instruments depend for their accurate
measurements upon the amount of air
passing through a predetermined length of
formed tubing. Precision Tube. Company’s
new method of manuiacture steps up
production 8007%,.

PRECISION

ELECTRONICS

Metal Shielded Wire —— insulated wires
shielded with Seamless Aluminum or Copper
Tubing— offers the only positive protection
against Moisture, Electrical Interference.and
Mechanical damage. It is a MUST for de-
pendable Electronic Equipment where f{ail-
ure cannot be tolerated. Made in a wide
variety of sizes and combinations.

]

SPECIALISTS IN ACCURATELY DRAWN TUBING AND METAL SHIELDED WIRE

Factory: 3824-26-28 TERRACE STREET -

IN A PRINCIPAL CITIES

PHILADELPHIA, PA.

SALES DEPT. 2957 214™ ST,, BAYSIDE, L.I, N.Y.
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AIEE Bibliography on Automatic Power Stations. . .. ... . ...... ...

Concentricity Tester for Enamel Film on Wire. . ... . ... ... ... . ..

Chemical Analysis With A
Cathode-ray Oscilloscope

NEWLY-DEVELOPED MEANS for pro-
ducing current-voltage curves of
chemicul solutions instantly on the
screen of a cathode-ray oscilloscope
have brought the polarographic
method of chemical analysis within
the field of commercial electronics.
Speedy identification of as many as
half a dozen different substances in
a dilute solution is now possible sim-
ply by watching the patterns appear-
ing on the oscilloscope screen, once
the apparatus has been calibrated
with known solutions.

A paper by Tudor S. G. Jones in
the Feb. 1943 issue of Electronic En-
gineering (a British publication)
gives a comprehensive survey of
polarographic methods of analysis.
Early history, fundamental explana-
tions, principles underlying each ad-
vance in laboratory technique, and
the new oscillographic techniques
are fully presented.

+ =
| || — = ”
{ 1
oy |
— WY V\/\/\/V\/\/\—J |
A B |
) |
Dropping ||
mercury I
) ! cathode
Mercury / l f
anode ] ’ il | N
| Electrolytic |
cell “
|
Fig. 1—Basic circuit for polarographic
analysis
154

Basically, the method involves
placing the solution to be analvzed
in a container or cell having two
electrodes. The smaller electrode is
usually a capillary tube from which
tiny drops of mercury issue every 2
to 4 seconds. The larger electrode is

12
- d e
3\10
£ 8 . INRS
t 6 Deconpositiorn 'g’f <
g potential . Q! E
34 | ot &S
S b /| potentialy

0 el goreniiad

06 08 10 1.2 1.4 1.6
Applied Direct Voltage in Volts

1 method

Fig. 2—Example of a current-voltage curve
obtained with a polarograph

a pool of mercury in the bottom of
the cell. The technique is based upon
interpretation of the current-voltage
curve obtained for the solution when
a direct voltage is applied to the
electrodes and gradually increased.
Both the nature and the concentra-
tion of the substances present cun
be determined from the resulting
curves.

As originally developed about 20
vears by Jaroslav Heyrovsky' of the
Charles University of Prague, the
required tedious manual
ploiting  of the current-voltage
curves, and perhaps for this reason
received little attention. Neverthe-
less, it constituted a significant ad-
vance in analytical technique, pro-
viding a new tool for routine analy-
sis and solving abstract problems im-
mune to conventional methods.

The basic circuit is given in Fig. 1.
The direct voltage is applied to the

www americanradiohistorv com

cell by calibrated potentiometer AB,
and the current through the cell is
measured by galvanometer G. When
the voltage between the electrodes is
increased from zero, the current will
increase somewhat in the manner
shown by the curve in Fig. 2. From
a to b the current is small and in-
creases but slowly with increases in
voltage. At point b, the decomposi-
tion potential, the current suddenly
starts to increase. Eventually, how-

70 vert oef] plates
of oscilloscope

Fig. 3—Polarograph circuit arrangement
permitting use of a cathode-ray oscillo-
scope for identification of ions in a solution

ever, the current reaches a limiting
value and follows an almost hori-
zontal curve d-e which is parallel
to the residual-current portion a-b.
The paper explains the limiting cur-
rent in terms of the diffusion of ions
in the immediate vicinity of the
dropping electrode.

When several different electrolvtes
are present 1n the solution, the cur-
rent-voltage curve will have & num-
ber of steps, each similar to that
shown in Fig. 2. The decomposition
potentials of the several electrolytes
will determine the widths of the
steps, and the concentrations will
determine the heights.

Curves for different concentra-
tions of any given electrolyte are
symmetrical about a value of applied
voltage at which half the limiting
current is flowing. This voltage is
known as the half-wave potential, is
independent of the concentration and
is characteristic of the electrolyte.
A determination of the half-wave
potential is therefore sufficient to
identify an ion, and a determination
of the limiting current value gives
its concentration.

The development by Heyrovsky
and Shikata® of an instrument called
the polarograph, which automatically
recorded in a few minutes the cur-
rent-voltage curve for a solution,
made polarography of practical use.
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Many factors contribute to the permanent performance of Ohmite Units-factors of
design and construction that enable them to meet every condition of service
. to withstand shock, vibration, heat and humidity . . . and keep
going. These characteristics make Ohmite Rheostats, Resistors, Chokes and
Tap Switches especially well fit for today’s critical wartime needs. -

What’s more . .. Ohmite leadership in developing an
extensive range of types and sizes has made it possi-
ble to serve innumerable applications. All this,
of course, makes them readily applicable for the new
peacetime products of tomorrow. Ohmite Engineers
are glad to assist on any problem for today ... or tomorrow.
Write on company letterhead for helpful Industrial Catalog and
Engineering Manual No. 40.
Send for Handy Ohmite Ohm’s Law Calculator. T/ou-
sands of these Obmite Calculators are in practical use today. Figures
ohms, watts, volts, amperes—quickly, easily. Solves any Obhm’s Law prob-
lem with one setting of the slide. All values are direct reading. Send
only 10c in coin to cover handling and mailing. (Also available in quantities.)

OHMITE MANUFACTURING COMPANY

4816 FLOURNOY STREET, CHICAGO, U. S. A,
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Instantaneous and Continuous

AUTOMATIC

RECORDING

of your Electrical

MEASUREMENTS

Is the modern way to
obtain an absolutely
reliable record of your
engineering investiga-
tion.

@ 1 you have to make measurements of: vibration, noise, decay of

sound, reverberation, loudness;

@ or if you want to make frequency response characteristics of:
loud speakers, microphones, amplifiers; or in short, measure-
ments of almost any apparatus used in the communications

field;

@ or if you want to make current or voltage measurements, the
illustrated AUTOMATIC GRAPHIC RECORDER will execute such
measurements in the most rapid manner leither on a linear or

logarithmic scalel.

The recorder covers an unusual
wide range of intensity with a de-
pendable accuracy over the whole
scale (2" wide). The instrument, al-
though light (25 Ibs.}, and compact,
{7" x 10" x 12") contains an AC am-
plifier, DC amplifier, and a power
supply, (Current: 115 volts 60 cycles
150 watts). The sensi’rivif?' is ex-
tremely high, less than 3 millivolts in-
itial input signal is required fo start
the scriber moving which means less
than | volt to cover the full scale if
a 50 db input potentiometer is being
used. For many measurements addi-
tional amplification of the signal is
not necessary. The frequency char-
acteristic is essentially flat from 40

to 40,000 cycles.

If you have to deal with measure-
ments as indicated above (and even
if you doubt that the instrument will
be of any help in your particular
problem), please read the discussion
about this remarkable recorder in our
House Organ "Sound Advances"
Volume VII, No. 2. A copy will be
mailed to you immediately upon your
request.

Our instruments are used by the
Armed Forces and the greatest Labo-
ratories in this country for testing
vibration and noise, etc., and also for
many other applications which we can-
not, for obvious reasons, discuss here.

® The instrument is comparatively low priced and
we can gquarantee prompt delivery on an agreed

schedule.

SOUND APPARATUS COMPANY

150 West 46th Street

New York City, N. Y.
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In this instrument an electric motor
simultaneously drives the moving
arm of the potentiometer and a drum
covered with photographic paper,
while a miror galvanometer with its
light source traces the desired
curve on the paper. The method has
since been modified to permit use of
an automatic ink-writing recorder in
place of a photographic recorder.

An early attempt to apply the
cathode-ray oscilloscope to polarog-
raphy is that of Matheson and
Nichols,® who eventually were able to
secure recurrent traces resembling a
Heyrovsky polarogram. Their method
involved synchronizing a rotating
switch with the rate at which the
mercury was dropping, this some-
times being quite difficult.

The latest oscilloscope application
is based on an entirely new principle
of detecting and measuring polaro-
graphic waves. When a small alter-
nating voltage is superimposed on
the direct voltage during polaro-
graphic analysis, the waveform of
the resulting current will be the
same as that of the applied alternat-
ing voltage whenever the current-
voltage curve is linear, as at half-
wave potential ¢ and flat portions
a-b and d-e in Fig. 2. At curved por-
tions b-¢ and c-d the distortion will
be marked.

Muller, Garman, Droz and Petras
based their cathode-ray oscilloscope
circuit in Fig. 3 on this principle.
The direct potential is applied to the
cell by potentiometer E. and is meas-
ured by voltmeter V. The alternat-
ing potential is upplied by trans-
former T, and potentiometer R.. The
resulting cell current is applied to
the vertical deflecting plates of an
oscilloscope through step-up trans-
former T,, while the horizontal plates
are driven by the usual internal syn-
chronized sweep circuit.

The applied direct voltage is var-
ied until the oscilloscope screen
shows a trace having the same form
as that of the alternating applied
voltage (sinusoidal). The half-wave
potential is then read on the volt-
meter, making due allowance for di-
rect voltage drops in R, and the pri-
mary of T.. The entire pattern dis-
appears as the mercury drop falls,
but the interruption is only momen-
tary.

The foregoing circuit arrange-
ment was used with a slight modifi-
cation by the Dutch workers Boeke
and van Suchtelen®. By applying the
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Communications from Westinghouse

Capacity is available to produce the following products for early delivery to
communications equipment manufacturers. Watch this board for latest lists

of manufacturing capacities.
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For further information on products
or deliveries, wire or write Communica-
tions Division, Dept. 10-L, Westinghouse
Electric and Manufacturing Company, East

Pittsburgh, Pennsylvania.
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| alternating potential to the horizon-
tal plates in place of the usual sweep
circuit voltage, they secured the
traces shown in Fig. 4 as the ap-
plied direct voltage was successively
increased in steps. Trace a is sym-
metrical, indicating that the voltage
is lower than the decomposition po-
tential. Trace b is unsymmetriecal,
corresponding to region bh-¢ in Fig.
| 2. Trace ¢ is symmetrical and indi-
cates that the half-wave potential has
been reached. Traces d and e show
the effect of changing the direct vol-
tage 0.2 volts higher and lower re-
spectively than that for e.

= f _~
\//

e -

were given o new

tened to reco
ngifor? The time is now to install *‘Black Bl aaces oRine g e
= as the direct voltage is increased in steps.

RN N 1
2cessary Pﬂﬂ of your own eq“'ipmen'- O?de’ p - The potentiometer is adjusted until the
pattern at ¢ is obtained., and the direct
instif you're not entirely convinced, not entirely satis- voltage giving this pattern is then the
" characteristic half-wave potential of one
we il stand all the exPen595! substance in the solution. Complex solu-
: tions containing as many as six different
substances may be analyzed in a few
minutes by this method

Interest in polarographic methods
has lately been stimulated by publi-
cation of a comprehensive mono-
graph by Kolthoff and Lingane®, two
of the leading workers in this field.

In conclusion, the author points
out that the polarograph is finding
many uses in industry, especially in
metallurgy and in the control of
| proceses where even minute traces
of metallic contamination are to be
avoided. Recent work has been done

Old Aluminum Blanks Recoated with
the "Black Seal” Formula in 24 Fast Hours!

Eliminate broken records! Ship with safety in

the new Gould-Moody PacKARTON, a per-

fected, light-weight, corrugated container offa W JECEAMIMEIOT 57 (OFEAMIEAL Y
bound arsenic used in the treatment

that not only protects your records but also of disease, and other applications to

re es r hl . sts. g ils. biological chemistry are anticipated.
duc your snipping costs Write for details The method also makes it possible for

the first time to distinguish between
No waiting! No delay! Gould-Moody tervalent and pentavalent com-
“Black-Seal” Blanks will be shipped im- pounds.

mediately. Styli and shipping cartons REFERENCES

ie [7 ¥ (1) Heyvovsky, J. Chem. Listy, 16. 256,
suPpl d at ac ual cost 1922, Phil. Mayg., 15, 303, 1923,

(2) Heyrovsky, J. and Shikata, M., Rec.
trav. chim.. 44, 496, 1925,
3) Matheson, L. A, and Nichols, N., Trans.
Am. Electrochemical Soec., 3, 193, 1938.
| (4) Muller, R, H.. Garman, R. L., Droz,
| M. E. and DPetras, J. Ind. Fng. Chem., Anal.
| Ed., 10, 339, 1938.
(5) Diocke, J. and van Suchtelen, I,
Philips Tech. Rev., 4. 213, 1930,
(6) Kolrho!t, I. M. and Lingane. J. J.
i Polarography. Interseience Publishers, Ine.
New York, 1941. (This monograph contains
| numerous additional references.)

%#Reg. U.S. Pat. Off,

the GOULD- MOODY company

Recording Blank Division
395 BROADWAY NEW YORK, N. Y.
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LONG LIFE 20,

fan '{.?OOIed Bectifier funiing atRoo Tempeyature
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= y “Hot Rectifier rymim
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ﬁtabfl ity of G CopperOxide Rectifiers
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| Years onTest 2¢ Aours per asy

|

For G-E Copper Oxide

STACKS

In 1928 General Electric Company set up operating
tests on a group of Copper Oxide Rectifiers. Twenty-
four hours a day for fourteen years these tests have
continued without interruption. And they're still
running.

As a result of this and subsequent tests we know that
G-E Copper Oxide Rectifier Stacks have an apparently
unlimited life when operated within their rated capac-
ities, in accordance with operating instructions and
when given normal care.

Whatever your direct current requirements, you can
depend on G-E Copper Oxide Rectifier Stacks. They
provide maximum flexibility for high efficiency, and
contain no moving parts to wear out and require
replacement.

Here are a few typical applications: Electroplating
and Anodizing, Battery Charging, Cathodic Protection,
Control Circuits, Elevator Control, Field Excitation,
Magnetic Clutches, Relays, Signal Circuits, Telegraph
& Telephone.

Output Voitage in Per Cent.
faed
<

|

For additional information on houw G-E Copper Oxide Rectifiers can be
applied to your specific needs, write to Section A436-119, Appliance
and Merchandise Dept., General Electric Company, Bridgeport, Conn.

Full rated output is
available through en-
tire life of G-E Copper
Oxide Rectifiers be-
cause of extra conserv-
ative initial rating.

1
!

GENERAL () ELECTRIC
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~time messages of war-
Aund Blaw-

Knox towers are helping to

» America.

“maintain this greal service at

maximum dependability and

{414 with maximum coverage.

it

CBLAW-KN0Y

YERTICAL

RADIATORS

FM & TELEVISION TOWERS

BLAW-KNOX DIVISION

of Blaw-Knox Company
2077 Farmers Bank Building
& Pittshurgh, Pa.

Disrutsuron

_ GraybaR
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Combining of Phase-Shifted
Rectified Sine Waves

THE RESULTS OBTAINED by combining
rectified sine waves in various phase
relations are described in a 54-page
report by J. T. Tykociner and L. R.
Bloom in University of Illinois En-
gineering Experiment Station bulle-
tin No. 339 (Urbana, Illinois; price
60 cents). The properties of wave-
forms obtained by subtraction or ad-
dition of two phase-shifted rectified

NAVANIN N
ANV N
| e |

Fig. 1—When rectified pulses ditfering in
phase by 60 deg. are subtracted. the saw-
tooth waveform shown at the right is
obtained. The greater the phase differ-
ence, the sharper the saw-tooth pattern

1
¢-60 - 60° ||
|

sine waves are investigated graphi-
cally and analytically for various
phase angles, and a number of oscil-
lograms are reproduced. One ex-
ample, in which rectified waves
shifted by 60 deg. are subtracted, is
shown in Fig. 1. Methods of produc-
ing phase-shifted rectified sine
waves in various frequency ranges
are covered and circuits are given.
The waveforms obtained by combin-
ing rectified pulses with full sine
waves are also considered.

Electromechanieal Caleculator

| for Directional Antennas

RADIATION PATTERNS of a directional
antenna array can be drawn with
ease for any desired elevation angle
by an electromechanical calculator
described by Carl E. Smith and Ed-
ward L. Gove in the February 1943
issue of Electrical Engineering. Once
the desired antenna parameters have
been set up, the machine draws the
field-intensity curve for the desired
conditions on polar coordinate paper
and indicates the rms value for draw-
ing a circle of the equivalent non-
directional pattern. The directional
arrays may have any number of an-
tennas. If desired, the pattern can
be viewed on an oscilloscope screen,
and parameters adjusted until a par-
ticular desired pattern is obtained.
The whole hemisphere of an array
can be explored in a relatively short
time, eliminating laborious compu-
tations, and the total power radiated
by the array can be determined.
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NORTH AMERICAN
PHILIPS COMPANY

Ebecliorice Researcle aredd @ecre/o/un(m/

*

PRODUCERS for Victory—of Tungsten and Molyb-
denum in powder, rod, wire and sheet torm;
l'ungsten Alloys; Fine Wire of all drawable
metals: bare, plated and enameled; Diamond
Dies; Electronic Test Equipment; Cathode
Ray Tubes: Amplifier Tubes, Rectifier Tubes;
Transmitting Tubes; Oscillator Plates.

X-Rav Apparatus for industrial, research and
medical applications. (Philips Metalix Corp.)

NORTH AMERICAN PHILIPS COMPANY, INC.

Factories in Dobbs Ferrv, N. Y.. Mount Ver-
non, N. Y. (Philips Metalix Corp.) Lewiston,
Me. (Elmet Division ).

* *
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e

arefully rofating the last few turns of the
lathe by hand avoids collapse of the wind-
ing on the stcepest slope of curds with a Although
logarithmie taper. These logarithmic unils
can be used with an external series
resistor 1o abtain o truly logarithmic
resistance, or wilhout the series resistor
to give the stecpest possible slope to the
resistance characteristic.

3 el
the winding of all resistance curds lor

General Radio polentiometers is essentially auto-
matie, experienced workmen adapl (he winding
speed to each particular unil through Variac con-
trol of the motor drive.

e

Pulting the second winding on an Ayrton- - s - : wnth
Perry, or non-inductive, resistance unit. Spring-mounted pulleys absorb variations in wire
This unit is used as the output control in tension as the card turns. Constanl lension is pro-
a standard-signal generator operating at vided by a spring device on the shafl carrving the
frequencics up lo 50 megucycles. spool of wire.

How G. R. Rheostat-Potentiometers are Wound

The resistive elements are wound on flat fabric-base phenolic cards, which are
then bent around molded cylindrical forms. 1o achieve delinite resistance char-
acleristics - linear. parabolic, or logarithmic — many sizes and shapes of cards
are used. More than one size of wire on a sinzle card necessilates abrupt changes in
card width. For non-inductive units, two similar windings in opposite directions on
a single card are necessary.

General Radio has developed winding methods and adapted standard lathes to
produce all these various windings. Constant-tension devices and automatic feed
msure precise control of winding. The finished resistance element has turns accu-
rately spaced and presents a smooth uniform surface to the sliding contact. This
results in long life and trouble-free vperation.

General Radio instruments use a wide variety of these variahle wire-
wound resistors as calibrated controlsin bridge and other measuring
circulls. Originally designed for our own use, these rheostat-potentio-
meters are essential elements in many electronic instruments and
are now widely used by other manufacturers of precise \

GENERAL RADIO COMPANY'

dge, Massachusetts

LOS. ANGELES

Cambr

NEW YORK
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| Magnetostriction Made Visible

| RAPID MEASUREMENTS of magneto-
striction effects in transformer core
samples can now be made to a frac-
tion of a millionth of an inch as a
routine semi-production procedure,
according to Stephen C. Leonard
writing in the November 1942 issue
of the General Electric Review. His
article points out that designers of
induction apparatus are becoming in-
creasingly aware of possible rela-
tions between magnetostriction in
core materials and audible sounds
such as the hum of a transformer
core or a refrigerator motor. The
problems involved in developing a
satisfactory equipment for routine
testing are analyzed, and a success-
ful visual method utilizing a pair of
optical flats as the indicating device
is described.

P
- = - Magnetizing coif
= RN Sodium arc /2
| lam, |

|| g/ 7x cort interference pattern

[ 5 Sample Mirror 4— @ | /ex
Wl IJ_ J o = _4%{4

e Optreal flats

< B

Fig. 1—Schematic diagram of the optical-

mechanical system which is capable of

magnifying movements due to magneto-

striction 500.000 times with an accuracy of
12 percent or better

The arrangement of the optical
svstem is shown in Fig. 1. The sam-
ple under test is mounted between
lever arms L, and L. in such a way
that any change in the length of the
sample will change the spacing be-
tween the two optical flats. Sodium
light projected normal to the flats
produces an interference pattern de-
pendent upon the spacing between
the flats. Any change in the spac-
ing can thus be measured directly in
terms of the wavelength of sodium
light by counting the number of in-
terference lines which appear to
pass the reference index mark as
the sample is magnetized.

A movement of one light and one
dark band across the reference in-
dex represents a change in spacing
equal to one-half wavelength of
sodium length, or 11.6 millionths of
an inch. By making the lever-arm
ratio (B/A) equal to 11.6 to 1, a
direct-reading scale of magnetostric-
tion is obtained in which each divi-
sion (consisting of one dark and one
light line) is equal to a millionth of
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WANT TO MEASURE THE INDIVIDUAL COMPONENTS OF A COMPLEX WAVE?

Model 300A will do this and make
many another measurement

Variable selectivity feature makes this instrument outstanding

. permits measurements that would otherwise be imprac-
rical. Examples: measuring distortion of sound recordings on
film, disc and in other cases where there may be slight fre-
quency modulation; integrating noisc spectrum in acoustic
measurements or for other purposes where a wider pass band
gives a more represcntative integration. The wider pass band
permits more rapid measurement of filter characteristics in the
laborarory or in production. The maximum selectivity is suffi-
cient for measurcments as low as 30 cycles.

FULL SCALE METER READINGS FROM 1 MV TO 500 VOLTS
The wide voltage range covers the values encountered in nearly

every application. The meter, which is fully protected against
overloads, is linear and the various scales have ample overlap
for accurate readings. A built-in calibrating system enables
you to standardize the voltage measurements. Calibrating
controls and meter are at bottom of the panel as can be seen
in the illustration.

The overall voltage accuracy is * 5%, the input impedance
is 200,000 ohms, the voltage regulated power supply operates
from 110 volts 60 cycles. Here is an instrument designed
throughout for ease of operation and for accuracy which will
be maintained over long periods of time. Write for further
particulars. A 24-page catalog of -hp- instruments contains
much valuable information relative to electronic measure-
ment devices. A copy of this fully illustrated catalog will be
sent you upon request. No obligation, of course, but mail
your request early for the edition is limited.

The selectivity characteristic of the Model 300A
wave analyzer is shown above. The band width
can be changed to any value between these curves
by a turn of a knob

COMPANY
BOX 135C  STATION A
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72 Spring St., New York, N. Y.
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an inch. Furthermore, by slightly
changing the tilt between the two
optical flats, the interference bands
can be spread out so that each divi-
sion covers a distance of half an inch
in the mirror mounted above the
flats. This 1s equivalent to an over-
all magnification of 500,000 times
for changes in the length of the
sample.

0 e

i

|

P a g satirg
* photo cell
e vered 6 o0und aloss b
T Q’ electrict= ] i
& . amiif Mechomcal Il
—= iﬁ il g9 counter
| faf toto cel !
Fig. 2—Photoelectric arrangement for
counting moving interference lines. Each
number indicated on the mechanical

counter represents a change in length of
a millionth of an inch

The major portion of the article
deals with methods of eliminating
temperature effects, adjusting tech-
niques, simultaneous measurements
of flux density, and a consideration
of practical problems involved in
making factory tests. From one to
four samples per hour can be tested
by a trained operator, depending
upon the amount of data desired.

In tests requiring the counting of
a large number of moving lines, the
interference pattern can be pro-
jected optically onto a photoelectric
cell connected to a sensitive ampli-
fier and a mechanical counter, as
shown in Fig. 2.

Method of Predicting
A-F Harmonic Distortion

A RELIABLE and essentially practical
method of estimating the amount of
harmonic distortion produced by an
a-f transformer from transformer
design data, operating conditions and
the characteristics of the core mate-
rial is described in a paper by Nor-
man Partridge entitled “An Intro-
duction to the Study of Harmonic
Distortion in Audio Frequency
Transformers” in a summer 1942
issue of the Journal of the British
Institution of Radio Engineers. The
author believes this to be the first
recognized procedure for predicting
harmonic distortion with accuracy.
The same subject is treated more
formally and at greater length in a
series of articles in the British pub-
lication Wireless Engineer.
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1 TUBE TYPE, 3 BASIC
d CELL UNITS, 757% LESS
HOOK-UP WIRE

The Harvey Machine

R. F. Celi-unit with

rotary turret coil ot
4-band type.

HARVEY '"UNITIZED’’ RECEIVERS

Streamlined Production through use of standardized cell-
units requiring ooly one tube-type, one capacitance of tuning
condenser, a minimum of resistor types, and only two values
of by-pass condensers.

Streamlined Assembly with standardized R. F., I. F. and @\
Audio cells, which are basic for all electronic assemblies %
assembled to provide sclectivity, sensitivity, and frequency §
bands to meet customer requirements. 3

Streamlined Servicing. In event of damage to a cell-unit,
replacement is as simple as tube changing — for quick repair.
No solder, special tools, or circuitdiagrams needed.

Other Divisions
Aircraft - Ordnance + Special Machinery

15 Tiznsi0 Thivivione)

*
MASS PRODUCTION
*
CUSTOM-BUILT
, PERFORMANCE

M A C H I N E C O 'Y, I N C e ¢ 6200 Avalon Bivd., Los Angeles, California

for over a quarter century geared for flying production
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CANNON TYPE P’

...ideal Connector for
Radio and Sound

A connector designed over a decade ago to meet the primary
needs of the electronics enginect, it is, today, the recipient of
wide acclaim in the fields of radio, sound and television.

It effectively solves the problem of conveying low-level

- circuits and small power applications, and is dependable

REPRESENTATIVES IN PRINCIPAL CITIES— CONSULT YOUR LOCAL TELEPHONE BOOK

166

under all conditions.

The practical features of the Type P Connector, the full
floating socket and rigid pin insert which serve to eliminate
excessive strain on contacts . . . together with its rugged con-
struction and compactness, make this plug highly desirable
wherever there is limited space or need of speedy coupling.

The precision engineering back of the Type P Connector
and the features designed to aid the user are typical of every

item in the Cannon family of dependable connectors.

The Cannon Catalog Supplement gives
data on Type P and seven other types of
Connectors. Make request on your bust-
ness letterbead and we'll send you a
copy. Address Department U, Cannon
Electric Development Company, Los
Angeles, California.

CANNON ELECTRIC

Cannon Electric Development Co., Los Angeles, California

Conadion Factory and Engineering Office: Cannon Electric Co., ltd., Toronto
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Measuring Rotational Speeds
With Stroboscopic Patterns

A DISC WITH NINE equally-spaced
radial lines can be used in connection
with a Strobotron or other modern
stroboscopic lamp connected to a
60-cycle a-c line for determination of
speeds of rotation between 400 and
7200 rpm. Accuracy is only slightly
less than that at which the power line
frequency itself is maintained, both
for fixed points at which stationary
patterns are observed and for inter-
mediate speeds at which the rate of
precession or recession of a moving
pattern must be considered. The en-
tire speed-measuring procedure is
described in detail in an article by
D.A. Maclnnes entitle “The Use of
Stroboscopic Patterns in the Deter-
mination of Speeds of Rotation” in
the January 1943 isue of Review of
Scientific Instruments.

Speeds at which stationary pat-
terns are observed when using a 60-
cycle source can be determined by
the formula: rpm — 3600m/n, in
which # is the number of radial lines
visible in the pattern and m is the
“multiplicity,” all values of m being
excluded which make m and # have a
common factor for a given condition.
Thus, a three-line pattern can mean
1200, 2400, 4800 or 6000 rpm, but
not 3600 rpm because that gives a
single-line pattern.

SIS Strobotron 05
E S meg

HOv S ‘uf
60~ =3 05 B
10005 B9 g,
Sw 2w
adjustable

Fig. 1—This simple circuit produces 3600
flashes of intense light per second

To utilize this method, it is neces-
sary to know the approximate speed.
This can be determined with an in-
expensive speed indicator or other
means, or by noting the sequence of
patterns observed as speed is
changed and comparing with a table
based on the foregoing speed for-
mula. Intermediate speeds are de-
termined by the fact that all of the

| patterns rotate at a rate dependent

only upon the difference between the
actual speed and the speed at which
the pattern is stationary. Thus, if a
five-line pattern with a stationary
speed of 1440 rpm is turning ten
times per minute in the direction of
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I PUT TEETH
behind any man's quartz program

I have the teeth, too
- thousands of them - made
from diamonds specially
prepared and an-

chored to give me the
sharpest kind of a bite.
LISTEN...

NEVER A DULL MOMENT!
Stamina? When I leave the factory
I'm really in condition — hand

y—wg Straightened, they call it — nicely
broken in and waiting for a chance to mow in the groove and stick to
through that quartz. Guess I keep going be- it. No wavering, no runout,

cause I hang on to my teeth and have plenty but perfectly smooth, parallel cuts
of 'em to start with. morning til night.

Precision's the word! I get

HOW BIG AM I?
Heck, my brothers and I vary from 4" to 24" in
diameter. There's a 3" baby in the family, too!

* We're sort of busy now,
but if it's more WAR WORK,
you can count on us!

FELKER MANUFACTURING CO.
1116 BORDER ST., TORRANCE, CALIF.

FOR SPEED...FOR ACCURACY...FOR LONG LIFE

MANUFACTURERS OF DIAMOND ABRASIVE WHEELS
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1 ROTOBRIDGE +
1 Unskilled Girl =
120 Tested Electronic
Circuits in 4 Minutes

A practical applica-
tion of this equation at
one of the larger plants
produces a result that
production wise engi-
neers cannot afford to
ignore. Turned loose on
a certain complex wire
check, resistance and re-
actance test, the Roto-
bridge breezes through
the same routine in 10
minutes, including handl-
ing time. Furthermore
better accuracy of
measurement is ob-
tained, and errors
caused by fatigue or
carelessness are elimi-
nated.

[

The time for static tests is reduced to less than 10% of that previously
required. While the Rotobridge is taking care of this operation, the skilled

testers previously employed on this job are devoting their

entire time to dynamic testing.

OTOBRIDGE

An AUTOMATIC, HIGH SPEED
Mass Production Tester

Of course there's more to the story—Rotobridges are sprouting all
over the place, checking sub assemblies, chassis, and finished equipments
ranging in size from ''6 tubers" to a 45 tube giant that requires three
ROTOBRIDGES to give it a complete test.

Unless you have an oversupply of skilled testers, we believe the Roto-
bridge can help you too. Complete information on this new testing
technique will be mailed on request. Demonstrations for engineers and

[ ommunicaTIONS

production men
will be made at
our plant by ap-
pointment.

MEASUREMENTS
| ABORATORY

131 LIBERTY ST., N.Y.C.

WHitehall 4-7275
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rotation, the actual speed is 1450
rpm.

A simple circuit for operating a
stroboscopic lamp at the line fre-

| quency is given in Fig. 1. A stand-

ard broadcast receiver replacement
transformer having a secondary vol-
tage of about 400 volts is used. The
tube is a General Radio Strobotron
tube.

] ® e
Diodes as Frequency Changers

THE MATHEMATICS INVOLVED in us-
ing a diode as a frequency-changer

| for reception of very short wave-

lengths is covered in two papers ap-
pearing in the January 1943 issue
of Wireless Engineer. This type of
converter is often used with the local
oscillator set to a sub-multiple of

| what it would normally be for super-

heterodyne reception. A number of
theoretical conclusions are pre-
sented, some confirmed by measure-
ments at frequencies up to 600 mega-
cycles. The conversion factor is
greater than 90 percent for oscillator
voltages in excess of 2 or 3 volts, and
is essentially independent of the os-
cillator voltage. With a suitable d-¢
load resistance, the diode current is
of sharply impulsive character, and
the local oscillator may be set at half,
third or even a fourth of the signal

| frequency plus or minus the beat
| frequency with little loss of con-

version ratio. Performance formulas
are deduced from an equivalent cir-
cuit consisting of a pi network of

resistances.
[ ] [ J [ ]

Electronic Coil-Turns Counter

A CIRCUIT CAPABLE OF counting the
number of turns in a coil to an ac-
curacy of 1 turn in 500, on coils up
to 43 inches long with minimum in-
side diameter of § inch and with up
to 111,000 turns, is given in the No-
vember 1942 issue of Electronic En-
gineering. The apparatus was de-
veloped by the Metropolitan-Vickers
Electrical Co. of Great Britain and is
sufficiently automatic for routine
work. The coil to be tested is placed
on an iron core along with a tapped
standard coil, and connected in op-
position to the standard coil. Decade-
type selector switches are then ad-
justed for zero galvanometer de-
flection, indicating that both stand-
ard and test coils have the same
numbers of turns. The decade
switches then indicate directly the
number of turns in the unknown coil.
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Equipment for Combat

O see in the dark and to see at a greater distance

...to push back the clouds and fogs of ignorance
has been since the beginning of time one of man’s
greatesl aspirations.

Spurred by war, the scientific laboratories of the
nation are making tremendous strides toward meet-
ing this aspiration.

In every branch of the services our fighting men
are now armed with electrical devices which en-
able them to pierce the black of night, the depths

ELECTRONICS — April 1943

of the ocean and the clouded skies. Already much
of our success over our enemies on land, sea and in
the air has been achieved through the use of these
“electrical cats.”

The peacetime possibilities of these devices
which pierce the darkness are limitless.

In the very forefront in the design and manu-
facture of these developments stand Western
Electric and its engineering organization, the Bell
Telephone Laboratories.
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Engineem .

A number of interesting, well

paid positions open with

Fairchild Aircraft

HIS LONG ESTABLISHED major aircraft

company now has many positions in its En-
gineering Department open to engineers with
previous aeronautical experience and to engi-
neers who may not have had such experience.

Fairchild needs aeronautical, structural, me-
chanical and electrical engineers.

It needs architects, draftsmen, machine de-
stgners and others similarly qualified.

These positions are highly interesting, confi-
dential, have to do with the unique develop-
ment of military cargo-carrying aircraft. They
offer splendid chances for advancement, finan-
cially and otherwise.

Candidates should have at least a high school
education and 5 years of actual engineering or
drafting experience. Age range 28 to 50. They
must be American citizens. Those now em-
ploved at their highest skills in war work will
not be considered.

In replying please send photo (any kind)
and give details of experience, education and
general background. Replies will be treated
confidentially.

Address: Engineering Department D,
Fairchild Aircraft, Hagerstown, Md.
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AIEE Bibliography Available
on Automatic Power Stations

SUPPLEMENTING earlier bibliograph-
ies on the subject, the publication
“Bibliography on Automatic Sta-
tions, 1930-1941” is now obtainable
from AIEE headquarters, 33 W. 39th

| St., New York City at 25 cents for

AIEE members (50 cents to non-
members). Entries are arranged
alphabetically by years in eight sec-
tions: General; supervisory and re-
mote control; telemeter and tele-
metry; automatic and remote-con-
trolled switches and switchgear;
automatic boiler and combustion con-
trol; automatic hydroelectric plants;
automatic substations.

Conecentricity Tester for
Enamel Film on Wire

AN ELECTRONIC CIRCUIT which makes
it possible to measure the thickness
or concentricity of enamel insulation
on a sample of magnet wire in about
one minute is described by Elmer
F. Hansen in the Nov. 1942 issue of
General Electric Review. The sample
of wire is inserted in a turning
chuck and placed over two brass
plates mounted end to end in the
same plane. An insulating block ap-
plies pressure to hold the wire flat
against the plates. This gives two
capacitances in series between the
brass plates; the copper wire is the
common conductor and each brass
plate serves as a conductor, with the
film of enamel acting as the princi-
pal dielectric for each capacitance.
This series connection eliminates the
necessity for scraping off insulation.

] Wire sample
Wire [ —
capacitor | T ]
S O
BT
L XX E
D § v Y |
3 vy
- Xt i
] T <
G i
— g ——
L' = |

Fig. 1--Basic electronic circuit for measur-
ing the thickness of enamel insulation on
wire at production speeds

Changes in film thickness change
the capacitance over a range of 5 puf
to 7 uuf for an average wire samples
with varving degrees of concentric-
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REG. U.S5. PAT. OFF,

IN CAPACITIES UP TO 16,000 MMF

Capacity Range: Maximum capacity,
insulated style 5,600 MMF; Non-
insulated, 16,000 MMF. Minimum
tolerance, 10%.

Working Voltage: 500 volts D.C. up
to 60 C. Flash test 1,000 voltsD.C.

Maximum Power Factor: 2.5% at 25°C.

initial Leakage Resistance: Over
5,000 megohmsat1,000voltsD.C.
at 25 'C.

COMPACT, HIGH CAPACITY, CERAMIC CONDENSERS

RIE is now in production on a

group of new "Hi-K" Ceramicons
in capacities up to 16,000 MMF.
Behind these units are nearly 7 years
of experience in producing silvered-
ceramic condensers and over 1%
years of research and development of
these high dielectric ceramic units.

Present Erie "Hi-K" Ceramicons
have a dielectric constant (K) of
1050 at 25°C, and are available in
the capacity range listed above.
Insulated units are encased in a
sealed ceramic sleeve. Non-insulated
units have an extremely hard white
protective coating.

ERIE RESISTOR CORP., ERIE, PA.

ELECTRONICS — April 1943

The announcement of Erie "Hi-K"
Ceramicons has been purposely with-
held until they were developed to a
point where they would successfully
fulfill presentday requirements.These
units have very high and changing
temperature coefficient and are rec-
ommended for use as by-pass or
blocking condensers where high sta-
bility and high leakage resistance is
not essential. The ratings of these ca-
pacitors, shown in the above panel,
are conservative and are indicative
of their operating performance.

Interested engineers are invited
to write for samples to test in their
laberatory.

LONDON, ENGLAND -

www americanradiohistorv com

TORONTO, CANADA.
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FULL SIZE

The No. 10050 Dial Lock

Designed for application! Compact,
easy to mount, positive in action,
does not alter dial setting in opera-
Rotation of knob A’ de-
"B which firmly
pinches dial between "B’ and ''C"

fion!
presses finger
without imparting any rotary motion
to Dial. Single hole mounied by
means of shank ""'D"", Made of brass
—Standard finish Nickel.

JAMES MILLEN
MFG. CO., INC.

MAIN OFFICE AND FACTORY
MALDEN
MASSACHUSETTS

c M

‘_Z J‘f"’ﬁ.ﬂ | I . . T

ity. This change is measured by
connecting the brass plates to the
grid and plate circuits respectively
of an oscillator, as shown in Fig. 1.
An increase in film thickness causes
a decrease in the connected grid-
plate capacitance and an inversely
proportionate increase in the d-c
plate current of the oscillator. The
deflection of the plate current mil-
liammeter 1}, was found by test to
be a linear function of film thickness.

A calibration in terms of the ratio
of maximum to minimum film thick-
ness was found more suitable for
wroduction testing because it remains
accurate  regardless of normal
changes in circuit parameters with
age, and is also independent of
slight changes in oscillator fre-
quency. In making a test, the wire
sample is rotated to get minimum
meter deflection, and sensitivity con-
trol C. is varied until a reading of
1.0 is obtained. The wire is then ro-

| tated for maximum deflection, and

the ratio of maximum to minimum
film thickness is read directly on the
meter. The results are accurate to

| within about 5 percent.

MINE DETECTOR

is «a

This compact case and earphones
British mine detector used by skillful and

courageous engineers who sweep the
desert before advancing troops. When
the device detects a mine. certain sounds
reach the earphones worn by “sappers”
who then go about the task of unearthing
the deadly mine and rendering it harm-
less. This detector played a big part in
Britain’s conquest of Egypt

www americanradiohistorv com

—anameto remember when
the war is forgotten

*
VERTICAL TUBULAR
STEEL RADIATORS

*
PATENTED FM
TURNSTILE RADIATORS

*

We'reall owt” for Vietory,
but our engineers are ready
to work with you on
post-war plans.

*
JOHN E.LINGO & SON, Inc.
CAMDEN, NEW JERSEY

Rare Gases and Mixtures

Airco Rare Gases are pure and free
of active gases. Mixtyres are blended
uniformly and accurately. They are
available in lead, glass or pyrex
containers.

The individual gases as well as
many standard mixtures are avail-
able both for production and ex-
perimental use. Special mixtures
can be supplied__'gzto meet any need.

[ 7 20

ARGON

NEON

| HELIUM
| XENON
KRYPTON ?5!

@

f
!

AIR REDUCTION

General Office: 60 E, 42nd 5T., NEW YORK, N. Y.

April 1943 — ELECTRONICS


www.americanradiohistory.com

WITH OUR FEET ON THE GROUND

... and our eyes to the future

Today, with our feet firmly planted on the ground, meet the requirements of industry after the war.
we are producing vital electrical and electronic *x * Kk K

instruments to help win this war. But we also Illustrated are a few of the R.C.P. instruments
believe that the time to plan for tomorrow is now available. Others are described in catalog
today. That is why our enginecring laboratories material available on request. If you do not find
are working continuously, developing and design- among these the instrument for your specific
ing instruments that will not only keep abreast needs, our engineers will be glad to cooperate

of war-accelerated radio demands, but will also in solving your instrumentation problem.

MODEL 662

SIGNAL GENERATOR
MOODEL 703

A sturdy test oscillator with a ranse

flom 95 e to 100 Ae. Fundamental

Irequencies in 3 hands variable from

ni Ke ta 23 Me. Has self contained

joft eyele modulation source.

VOLT-OHM-MILLIAMMETER
MOODEL 423
A multitester with a aneter movement
of 2,500 ohms per volt. Has a uniform
A.C-D.C. voltmeter sensitivity of 1,000
ohms per volt. Voltmeter range to 1.000
volts, All multipliers individually
matched 0 17, . Suppressor type copper
oxide rectitier used on A.C. readings.

VACUUM TUBE VOLTMETER

MODEL 666

Essentially a peak voltmeter for aceu-

1ate measurements over the entire .l

range. Ranges are 0-3-6-30-150 volts,

with meter moveinent of 0-200 miero-

amperes. Uniform input resistance of

16 anegohms tor asll ranges.

ELECTRONIC
VOLT-OHM-CAPACITY METER
MODEL 662
A true vacutum tube voltmeter for A.C.
and D.C.. combining sensitivity, flex-
ibility and utility. Nix range D.C. and
7 range A.C. voltmeter to 6,000 volts.
Nepsitivity 16 megohms on low and 160
megohms on  high ranges. Ohmmeter
range: .1 ohm to 1.000 megohms. Ca-
pucitymeter range from .00005 to 2,000
mfd, All measurements are divect reading.

ULTRA SENSITIVE MULTITESTER
MODEL 46l

A multitester with a  sensitivity of
20,000 ohms per volt on all .(". meas-
urements. Vses a wide scale meter with
a movement of 30 microamperes. Read-
ings as Jow us 1 microampere on 100
mictoampere  scale. Six range AC.-
D.CL voltmeter to 5,000 voits,

MODEL 703

RADIO CITY PRODUCTS COMPANY, INC.

127 WEST 26th STREEY - = NEW YORK CITY

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

Official
uU.S.
Navy
Photo

SR

The electronic miracles that are play-
ing so important a part in the war to-
day were actually horn yesterday. It
was only through years of research and
experiment by companies like BELL
that they grew into practical realities.

~

That is why there were so many trained
hands here at Bell Sound Systems —
experienced hands ready to take over
the new jobs that came with the war's
sudden demands for all of the things
electronics had to offer.

This advanced knowledge, which gave
BELL a head start in meeting present-
day needs, is being multiplied muny
times over as a result of Bell’s vastly
expanded production of electronic
sound equipment. And although the
nature of these war-vital electronic de-
vices must remain secret for the time
being, BELL engineers are already
thinking in terms of the tremendous
new possibilities they hold for a peace-
time world. Naturally, BELL will have
an even greater head start on tomor-
row’s electronic miracles than they had
on today’s.

The new BELL system for
INDUSTRIAL VOICE PAG-
ING AND BROADCASTING,
and the new BELfone inter-
departmental communication
svstems are available now for
high-priority requirements.
Write today for details!

BEll S(}UND SYSTEMS,

1189 ESSEX AVE. . COLUMBUS, OHI0
Export Office:
5761 EUCLID AVE. CLEVELAND, OHIO

174

'NEWS OF THE INDUSTRY

; New Signal Corps radio sets; latest FM
log; replacement tubes and parts for
civilian sets; technical employment infor-
mation from the FCC, Navy and industry;
data on new tubes; radio industry per-

sonnel

and business

news; how elec-

lems; new television station; CBC uses
relay transmitters in western Canada

! Navy Commissions Still Given

OFFICERS TRAINED in electrical engi-
neering are needed by the Navy for
work on ultrahigh-frequency elec-
tronic apparatus. Men with elec-
{rical engineering degrees and ex-
perience, or men who have majored
in physies, mathematics or other
fields dealing with a-c circuits and

electronics are technically quali-
fied for commissions. Those ac-

cepted as officers are given a three-
month Navy u-h-f course either at
Harvard or at Bowdoin College, fol-
lowed by a three-month lab course
at MIT. Qualitied engineers are
urged to apply for a commission at
the nearest office of Naval Officer
Procurement.

New Shortwave Station at Rio

WITH EQUIPMENT BUILT and installed
by RCA Victor Division, a new 50,-
000-watt shortwave station is on
the air at Rio de Janeiro, Brazil.
Known as Radio National, it broad-
casts nightly to North America
on 26.5 meters.

Vital War Jobs Await
Retired Skilled Workers

INABILITY OF WAR plants to locate
specialists for key jobs has held up
employment of many thousands of
war workers, according to case his-
tories in the files of the War Man-
power Commission. In one case, lack
| of skilled men prevented the hiring
| of 3000 workers, and in dozens of
i other cases vital military orders
were held up because of critical
shortages of machinists and ma-
chine operators.
This situation prompted WMC to
begin a nationwide campaign
| through the U. S. Employment Serv-

www-americanradiohistorv.com

I
I » * » .
| tronics aids in solving heat-transfer prob-

ice, aimed at bringing into the war
effort as many as possible of the
skilled workers who are in retire-
ment or in a non-essential job. One
of the 25 skills specifically chosen
for this campaign is that of radio
chassis assembler.

An example of the type of worker
desired is Mrs. D. A. Ausmus, who
twenty years ago worked as labora-
tory assistant in the original radio
department of G-E’s research lab.
Marriage brought retirement to the

Above: Photograph taken 20 years ago,

showing Mrs. Ausmus (then Miss Doris
Evans) running tests on radio equipment
in the General Electric radio research lab
Below: Mrs. Ausmus at her workbench in
the G-E general engineering lab today.
carrying out experimental work again
after almost 20 years as a housewife
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BOOKBINDING FRBRICS

(o) Waterproof, full coated;
impregnated, linens and vel-
lums; pyroxylin and other syn-
thetic resin cootings and lac-

quer finishes; embossed, plain, super

finished, contrast printing.

{b) Starch filled, coated, impregnated,
mottled, linen and vellum; plain or em-
bossed, special glozed and matte fin-
ishes; natural, rough and smooth
finishes.

SHADE CLOTH

{a) Pyroxylin or resin impregnated
waterproof, meeting Government spec-
ifications; all weights, widths and colors;
print cloths, sheetings and ducks.

(b) Starch filled, water color, and
Halland type shades; machine oil, oil
tints, oil filled opaques; fast dyed duck
shades; light-proof and translucent.

PHOTO CLOTH

Photo Mounting clath (self adhesive),
single and double adhesive.

REINFORCING FABRICS

All types of waterpraof and starch-
filled reinforcing fabrics and industrial
cambrics, for boaks, file folders, file
pockets, box stays; to be combined,
gummed and plain. Various weights
fram the thinnest print clath to the
heaviest drills and twills.

| SIGN, LABEL & TAG CLOTHS
Waterproof ond starch fllled.
Cesigned for any purpose, for
hand lettering, letterpress print-

WE GLORIFY AN ANCIENT ART

As We Further Develop the Age of Cloth

The Stone Age and other ages which have marked progress in man's
advancement have come and gone. A few persist. Through all ages one
alone holds its dominant position. Cloth is of all time, from the earliest
to the present. Into the future we see it projecied as the structure of many
modifications serving many new uses — alone, or in combination with
plastics, colors, printings, and finishes. We, at Holliston Mills, continue to
pioneer in the development of cloth specialties — cloth finishes, modified
and adapted fo specific uses.

RESEARCH AND DEVELOPMENT — cloth has a
permanent structure combining light weight with
strength and flexibility. On or within this structure fill-
ing, coating and processing fits cloth for many uses.
Consider cloth — consult HOLLISTON. In general, THE
HOLLISTON MiLS can take any type of print cloth,
sheeting, drill, twill, duck, in widths from 30" to 80",
and can dye; coat with every type of coating, in any
color desired; can stiffen fabrics to meet any required
pliability, hand, bond, weight of coating, tensile
strength, Elmendorf tear strength, for any industrial use.

"5 ing, offset printing. We can
design a surface that will take any ink
or meet any inking problem.

RUBBER SEPARATOR CLOTHS

Starch filled glazed sheetings and base
treated starched fabrics for water-
proof separator cloths.

INSULATING CLOTH BASE

Base treated and stiffened fabrics for
insulating cloths; all weights, widths
and thicknesses.

TRACING & BLUE PRINT CLOTHS

White and blue ink or pencil cloth;
map cloth; blue print cloth, thin and
regular, all widths.

LINING FABRICS

Shae and drapery linings; starch filled,
special filled, mercerized and shreiner
finishes; straight backfilled finish; high
lustre finish, all calars and widths.

COATED AND IMPREGNATED
FABRICS

All widths and colors; synthetic resin,
nitro cellulose, thermo plastic aond
thermo setting coatings; mildew proof-
ing; fire, weather and water resistant
finishes; gas impermeable finishes, etc.,
far war and industrial purposes. ’

BOOK CLOTHS Holliston cloths for bookbinding are world famous and the line in-
cludes a great variety of colors and finishes. Starch filled, Pyroxylin filled or coated. Special

embossings. Any book or catalog bound in cloth is bound to be kept. Consider cloth binding

for your business literature. Costs but a little more than paper. For attention and retention

value cloth binding stands alone. Lesser bindings discount content value. Write for samples

of Holliston Bindings. Make your new catalog a cloth bound book.

“THE HOLLISTON MILLS,

CONVERTING CLOTHS TO

NORWOOD, MASSACHUSETT
ales Agents in Principal Cm_es 4 ;

R

GREATER USE FIELDS‘

ELECTRONICS — April 1943

www . americanradiohistorvy com


www.americanradiohistory.com

\

ent

con

on

THERMO PLASTIC MOLDING
Speeds War Production

This piece of plumbing hardware, formerly
made of metal, is now produced by plastic,
relieving critical material to help the war
effort. These two, 3-hole pieces. were pro-
duced in our shop with one injection. Our
young, but skilled engineers will gladly dis-
cuss with you, your problems upon inquiry.

the
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THESE widely used Resistors are favored

because of their noiseless operation
and durability and because they retain
their values and characteristics under
extremes of temperature, humidity and
climatic changes.

STANDARD RANGE
1000 ohms to 10 megohms.

NOISE TESTED

At slight additional cost, resistors in
the Standard Range are supplied with
each resistor noise tested to the follow-
ing standard: “For the complete audio
frequency range, resistors shall have
less noise than corresponds to a
change of resistance of 1 part in
1,000,000."

HIGH VALUES
15 mhegohms to 1,000,000
megohms.

S. S. WHITE

The S. S. White Dental Mig. Co.

INDUSTRIAL DIVISION

Department R, 10 East 40th St.,, New York, N. Y.
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duties uvf a housewife. When her
husband, Col. Delbert Ausmus, was
reported as missing on Corregidor
and was presumed to be captured,
she offered her services once again
to General Electric., Mrs. Ausmus
is now using her scientific experi-
ence in carrying out experimental
work on new measuring devices.

In order that workers respond-
ing to this campaign can be re-
ferred to specific jobs without de-
lay, WMC urges holders of war
contracts to make their skilled
worker requirements known immedi-
ately to the nearest local U. S. Em-
ployment Service office.

Separation Process Found
For Tin-Tungsten Ores

GREAT AMOUNTS of almost pure tin

! and tungsten are being recovered

from otherwise worthless tailings
and complex tinny wolfram ores
with a long-sought separation pro-
cess developed by the Foote Min-
eral Co. of Philadelphia in cooper-
ation with Brazilian mine operators.
Although details are a military
secret, the general treatment in-
volves rolling and crushing the
mixed ore, then passing it through
a series of machines which break
the physical bond holding particles
of tin and tungsten together. The
ores can then be separated and the
impurities removed. The entire
process recovers 97 percent of the
tin and tungsten.

RCA Will Pay Girls to Study
Electronics at Purdue

FroM 80 TO 100 GIRLS between the
ages of 18 and 22 will be selected
from RCA plants and from colleges
and universities to take a special
electronic training course at Purdue
University as employees in training.
Those chosen will be paid a salary in
addition to all university expenses,
and will live on the Purdue campus.
The curriculum provides for two
terms of 22 weeks each, with classes
starting around May 1. Basic re-
quirements are two years of college
study with satisfactory grades, some
competence in mathematics, good
health, and an interest in technical
radio work. Those completing the
training will be qualified for im-
mediate assignment on test and
quality control work on RCA elec-
tronie, sound, and radio equipment.
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Lever Keys, too,

Can be "Custom-
Built” by CLARE

— ‘(,\)) e

. . . and so, too, can Push and Turn Keys

The Lever Key illustrated is another example of Clare
“custom-building” to meet requirements. Its frame
is designed to hold all parts together by their inter-
locking shapes, then welded to make virtually 2 “one
solid piece frame,” to provide maximum rigidity.

The cam assembly is also unique because at the time
of manufacture, or at any future time, stops may be
provided, added or removed to change the key from
locking to non-locking or vice versa. Or it may be
changed from one-way to two-way, Or vice versa.

The same careful design and construction are typical
of the Push Key and Turn Key also illustrated above.

In every feature of design, these keys possess all the
construction and design features which make Clare
Relays outstanding in performance. Some of these
features are listed at the right. Our engincers will be
glad to "custom-build’* keys to fit your requirements.
Write us regarding them. Ask for the Clare catalog
and data book. C. P. Clare and Company, 4719
Sunnyside Ave., Chicago, Ill. Sales engineers in
all principal cities. Cable Address: "CLARELAY.

CLAR

ELECTRONICS — April 1943

® Contact springs are made of nickel silver
to exacting specifications.

® Flat or hemispherical contacts of cither
rare metals or special alloys are “over all”
welded to contact springs by a special
process which makes them an integral part
of the springs, thereby reducing contact re-
sistance to a minimum and providing for
rapid heat dissipation.

® Contaces available and their current rat-
ings are as follows:

Contact Ratings: 110 Volt, 60 Cycle,
A. C. Non-Inductive

Code No. ! 1 Amp. 50 Watts
Code No. 2 2 Amp. 125 Watts
Code No. 4 3 Amp. 150 Watts
Code No. 5 4 Amp. 175 Watts
Code No. 7 4 Amp. 175 Watts

® Insulation between springs and between
springs and framc may be either single,
double or special. Single insulation will
stand a 500 volt a.c. test, double insula-
tion a 1000 volt a.c. test, and special in-
sulation a 1500 volt a.c. test. These spring
insulators are made from special heat-
treated Bakelite that permits punching
without cracks or checks and possesses
minimum cold flow and low moisture ab-
sorption properties.

@ Contact forms may consist of any one of
the five forms shown below, or of any com
bination of those forms.

® The Lever Key
may incorporate
as many as 40
springs, whereas
the maximum
number of springs
that may be lad
on the Push and
Turn Keys is 20.
® Spring bushings
of Bakelite are de-
signed under a
special secret pro-
cess providing
long wearing fea-
tures.

® The Lever Key
handle is made of catalin, in either polished
black, red or white. Push Key buttons and
TurnKey knobsareof Bakelite,in black only.

® The Lever Key escutcheon is made of
Bakelite and is held to the key frame by
four oval head No. 3-48 screws; keys may
be furnished with or without escutcheon,
depending upon the type of mounting to
be used.

RELAYS

“Custom-Built” Multiple Contact Relays for Electrical, Electronic and Industrial Use
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TUNED FOR BATTLE

Advanced developments by @/_@éﬁfe for critical
WAR EQUIPMENT today means better communi-
cations for your peacetime needs tomorrow.

To Assure Victory
Buy More U. S. War
Bonds and Stamps

P

Builders of Precision Radio Communications Equipment
7421 S. Loomis Blvd., Chicago, U. 5. A.

REMLER

~ Plugs and Connectors

ARMY
SIGNAL CORPS
SPECIFICATIONS

Quantity Prices Quoted
on receipt of Delivery
Schedules

®
RYY

oo,

=

M SRS = Sy

Manufacturers of Communication Equipment

REMLER COMPANY,; Ltd.
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SINCE 1918

» 2101 Bryant St. - San Francisco, Calif.
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M Log Has Over 50 Stations

J FM BROADCASTING enters 1943 with
| 36 stations throughout the coun-
| try operating from 6 to 24 hours
a day on a regular commercial
basis, nine other stations operating
with experimental transmitters, and
at least seven more operating as non-
commercial educational stations.
Call letters of regular f-m sta-
tions contain numbers from 81 to 99
which represent the last two figures
of the frequency assignment in the
f-m band covering 43.1 Mec to 49.9
Mc. The first letter indicates
whether the station is east (W) or
| west (K) of the Mississippi river,
| just as for regular broadecast sta-
tions, and the last letters are the
initials of the location whenever
possible. Thus, W65H is in Hart-
ford, Conn., and has an assigned
frequency of 46.5 Mc. Experimen-
tal stations have call letters sim-
ilar to those of radio amateurs.

COMMERCGIAL FM STATIONS

W45BR  Baton Rouge, La.
WAIBN Binghamton, N, Y.

W43B Boston, Mass.
W67TB Boston, Mass.
W51C Chicago, TiL
Ws59C Chicago, Il
w670 Chicago, TII.
W175C Chicago, 111,
WAIMM Clingman’s Peak, N.C.
W45CM  Columbus, Ohio
WisD Detroit, Mich.
W49D Detroit, Mich.
W45V Evansville, Ind.

Wi19FW Fort Wayne, Ind,

W53H Hartford, Conn.
W6sH Hartford, Conn.
K49KC Kansas City, Mo.
Kt5LA  Los Angeles, Calif.
W55M Milwaukee, Wis.
W398

Mount Washington, N.H.
W47NV  Nashville, Tenn.

W47NY New York City

W63NY New York City

W67INY New York City

W7INY New York City

W75NY New York City

W419PH  Philadelphia, Pa.
W53PH  Philadelphia, Pa.
W57PH  Philadelphia, Pa.
W69PH  Philadelphia, Pa.
W73PH Philadelphia, Pa.
w4rp Pittshurgh, Pa.
WI5P Pittsburgh, Pa.
W51R Rochester, N. Y.
W4TA Schenoctady, N. Y.
W85A Schenectady, N. Y.

EXPERIMENTAL FM STATIONS

WIXTG Worcester, Mass. 43.4 m¢
WI1XSN Springfield, Mass. 42.6 mc
W2XMN Alpine, N. J. 42.8 mc
W2XQR New York City 45.9 mc
W2XWG New York City 45.1 mc
W3XO_  Washington, D.C. 43.2 mc
W8XAD Rochester, N.Y. 42.6 mc
WIXER Kansas City, Mo. 46.5 mc
WOXYIl Superior, Wis. 43.0 mc

EDUCATIONAL FM STATIONS

KALW  San Francisco Schools

KSDS San Diego Schools

WBEZ  Chicago Public Schools
WBOE  Cleveland Board of Education
WIUC  University of Illinoiis

WMBE Memphis Public Schools

WNYE New York City Board ofgEducation

WBOE is broadecasting eight full
hours each school day. Westing-
house’s W67B in Boston is now run
entirely by women. Eleven Connecti-
cut cities are getting two-way f-m
police systems developed by G.-E.
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= A BIG STEP FORWARD

EVERY TIME our fighting men win a new
beach head . . . every time an enemy
plane falls from the sky . . . every time

the sun sets on a war-torn world . . .

America is that much closer to Victory.

No man can know how many days
there are between us and peace. We can
only do our best to make those days as

few as possible.

Hard work is what it takes — good
old-fashioned hard work, and sweat, to
save us blood and tears. Here at Simpson
we hold this as a sacred trust—to send
ever more and better Simpson Instru-
ments into battle, and to make each
working hour a big step forward toward

America’s inevitable Victory.

SIMPSON ELECTRIC CO.

5200-5218 Kinzie Street, Chicago, Illinois

WO

MILLIAMPERES

MILLIAMPERES

INSTRUMENTS THAT STAY ACCURATE
Buy War Bonds and Stamps for Victory
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1;14- 7" tube offers larger, brighter patterns with fine line
trace and clean focusing 1o the very edges of the screen. In addi-
tion, this instrument provides all the features of the ordinary five inch
oscillograph! A moderate quantity in stock for tmmediate shipment.

Lafavette carries complete stocks of nationally adverticed radio,
sound und electronic parts . . . quick deliveries from two big warehouses'

FREE — 130 page illustrated catalog contains thousands of radio,
sound and electronic items— indexed for quick reference. Write today
to Department 4G3. . 901 West Jackson Boulevard, Chicago, 11l

LAFAYETTE RADIO CORP.

901 W. JACKSON BLVD., CHICAGO, ILL. * 265 PEACHTREE ST., ATLANTA, GA.
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WHERE PRECISION INSTRUMENTS MUST
"ROUGH IT” YOU CAN DEPEND UPON

¥

PERMOPIVOTS

LONG-LIFE PRECISION PIVOTS

PERMOPIVOTS" are tipped with PERMOMETAL® ... a special alloy of precious metals
developed in Permo’s own metallurgical laboratories. Permopivots are remarkably
wear resistant. They keep precision instruments accurate longer. Permopivots can-
not rust or corrode. The satinsmooth Permo metal tip eliminates abrading particles of
wear. The extremely low coefficient of {riction with Permopivots often makes it pos-

sible to eliminate the use of oil. 1Trade Mark Req

PERMO PRODUCTS CORPORATION

6427 RAVENSWOOD AVENUE . CHICAGO, ILLINOIS

WRITE FOR FULL INFORMATION

www americanradiohistorv com
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FCC Announces New Position
as Radio Intercept Officer

INTERCEPTION OF RADIO messages to
insure compliance with radio silence
orders of the Army Air Force 1s
one of the duties connected with
the newly announced FCC posi-
tion of Radio Intercept Officer.
Other duties involve maintaining a
continuous watch on distress chan-
nels and carrying out monitoring
assignments related to the war
effort.

No written tests are required, and
the only age qualification is that
the applicant must have reached
18. Positions are available through-
out the United States. Qualifica-
tions for the $2600 grade are either
a full four-year college course in
electrical engineering or physics,
four years of technical experience
in radio, or a time-equivalent com-
bination of education and experi-
ence. For the $2000-a-year grade,
less education and experience are
required. Ability to send and re-
ceive code is essential for both
grades. Overtime pay for eight
additional hours a week increases
the above salary figures about 21
percent. Application forms can be
obtained from most post offices or
from Civil Service oftices.

Infrared Rays Dehydrate Food

THE USE OF INFRARED radiation in a
vacuum chamber to dehydrate com-
pletely cooked dishes like soups,
puddings and pork-and-beans is the
subject of U. S. patent No. 2.308,-
601, issued to J. G. W. Gentele of
Stockholm. The infrared rays main-
tain the food at a temperature above
the boiling point of water until the
greater part of the contained mois-
ture is driven out.

| Heat-Transfer Problems

Solved With Roomful of

R-C Networks

ALMOST ANY PRACTICAL PROBLEM in
heat flow can be duplicated electric-
ally by Dr. Victor Paschkis on the
Heat and Mass Flow Analyzer which
he developed at Columbia University
in New York City. The results are
read on meters or recorder charts
without the usual expenses for build-
ing sample structures and running
long heat tests. The procedure, first
proposed in Holland by C. L. Beuken,
is based upon the similarity between
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2008
Wartime Essentials

We do stamping, screw
machine work, moulding,
and general Radio and
Radar communications
assemblies. Illustrated
are but a mere handful
of the 2008 wartime
essentials which we
are now manufacturing.
Your inquiries will re-
ceive prompt attention.

Now, more than ever,
it is important that
you keep on buying
// War Bonds and Stamps.

pcitcat

%
dieare €0., INC.

476 BROADWAY, NEW YORK, N. Y.

MANUFACTURERS OF SHORT WAVE e =
TELEVISION ¢ RADIO « SQOUND EQUIPMENT
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Testing
Raw
Materials

drawing
Cups of
Baked
Varnish

3
Testing
for

Dielectric
Strength

When you specify DOLPH'S In-
sulating Varnishes you get quality prod-
ucts. This is backed by 33 years of
specialization in the field of electrical
insulating varnishes together with the
absolute control of raw materials and
plant production. Nothing with DOLPH
1s left to chance.

All shipments of raw materials
are checked carefully and only those
which meet the highest standard of
quality are accepted.

Further, the DOLPH Laboratories
double check the production of the plant.
Samples are taken from every batch of var-
nish and are tested to see that they conform
in every way with predetermined character-
istics of the varnish

As a final check, varnish coated paper
strips and cups of varnish are haked. These
are checked to see that they conform in
build up, dielectric strength and possess the
maximum acid, alkali, moisture and oil
resistance.

The thoroughness of the DOLPH Lab-
orateries is your assurance of the highest
quality electrical insulating varnishes. Next
time specify DOLPH'S.

JOHN €. DOLPH COMPANY

Insvloting Yornish Specialists

168-A Emmet St., Newark, New: Jerséy
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| the flow of electricity in a resist-
ance-capacitance circuit and the tran-
sient heat flow through walls or
other structures. Temperature cor-
responds to voltage, and heat tlow
per unit time corresponds to cur-
rent.

In utilizing this analogy, the
structure to be studied is considered
to be cut into a number of sections,
over 100 sections being possible
with the present apparatus. For
each section, the capacitance corre-
sponding to the thermal capacity and
the resistance commensurate with the
thermal conductivity are computed.
The resulting electrical values are

then set up in the apparatus, and a |

direct voltage is applied. If the
temperature applied to the structure
varies under actual conditions, the
applied voltage is likewise varied
during the test.

Current flowing through the en-
tire circuit along resistive paths
' corresponds to transmitted heat, and
current flowing into capacitors cor-
responds to heat being stored within

steady state.

Voltage values during the test
run are measured at carefully se-
lected points with specially-de-
veloped electronic voltmeters draw-
ing practically no current, and these
| values are interpreted in terms of
temperature. Two electronic ve-
corders are used to provide continu-
ous records on charts of voltages at
| four selected points which may be
of particular interest.

By appropriate choice of electrical
values, the time of a heat cycle
can be condensed or stretched as de-
sired. Thus, a heat cycle of 24
hours in a furnace can be condensed
to last only 15 minutes in the model,
or a fractional-second cycle during
welding operations can be stretched
to several minutes. Cooling condi-
tions are studied by applying a volt-
age for a definite time, then remov-
ing the voltage and measuring volt-
age drops across circuit resistors

as the capacitors discharge.

Desciription of Apparatus

The apparatus has 15 condenser
sections and 115 resistors sections
filling three walls of the room
with suflicient resistors, capacitors
and plug-board connections to du-
plicate electrically one section of the
heat - transfer structure being

WwWWW.americanradiohistorv com

the structure during the initial un-

Stratospheres

... for testing

| Aireraft instruments, radio
receivers, transmitters, batteries,
wire, metals and various devices
are (huh)ughl_V tested under pre-
determined levels of temperature
KOLD-HOLD

There is no need

and pressure with

Stratospheres.

to wait for “natural’” stratosphere

conditions produce them at
will in your own plant. Available
in six variations of model shown,
and in laryger sized units. Send for
complete details and new Catalog

No. 431.

Ball-hearing sus-
Dension and
wuldo -arm make
doars easy to op-
erate and keep |
in perfeet align-

ment.

Cold-Elner in-

terior of KOLD-
HOLD Strato-
sphere,  showing
rugged, heavy-
duty construe-
tion.

New York — 234 W. 31st St. — PE 6-1161
‘ Chieago — 201 N, Wells — RAN 3986
Los Angeles — 1013 W, 2nd St. — MI 4089

Phitudelphin «— 24314 Clover Lave —
Upper Durby — SHErwood 0622

44,

KOLD-HOLD MANUFACTURING CO.

446 N. Grand Ave., LANSING, MICH.,US.A,
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studied. It is possible to secure in |
each bank a capacity anywhere
between 0.1 and 152 pf in steps
of 0.1 uf. All condensers have an
accuracy of 1 percent or better, and \
a leakage resistance higher than
15,000 megohms per microfarad.
Selector switches and jacks provide
resistance values ranging from 100
ohms to 1,111,000 ohms for each
section. Thirty-six buses run at the |
tops of the sections, to simplify
connecting instruments to sections.
The arrangement is such as to per-
mit changing the values during an
experiment to duplicate changes in
thermal conductivity and thermal
capacity with temperature. A motor-
driven sequence timer has been con-
structed to imitate complex processes
requiring considerable switching.

The applied d-¢ voltage is obtained
from a 110-volt a-c power pack pro-
viding a constant output voltage at
any desired value from 286 volts
down to zero. An electronic con-
stant-current source is used when
it is necessary to duplicate the con-
dition of constant heat input with
varying input temperature,

The facilities of the Heat and
Mass Flow Analyzer at Columbia
University are available to manu-
facturers for technical investiga-
tions on heat flow in solid materials,
however complex the shape and how-
ever irregular the heating cycle.
Dr. Paschkis is in charge of the
technical and scientific work of the
laboratory, and Prof. C. F. Kayan,
as Executive Secretary, is responsi-
ble for its administration.

Investigations already carried out
with th eapparatus include studies of
thermal phenomena in the wheel and
brakeshoe of an express train loco-
motive during emergency braking,
temperature distribution and heat
losses in intermittently operated
furnace walls, summer cooling load
and heat absorption of building walls
under solar radiation, heat loss in
intermittently heated steam pipe in-
sulation cooling rates in arc welding,
and permissible loading of intermit-
tently operated underground cables.

Standards are Released
for Home Radio Parts

SIMPLIFIED STANDARDS for “War
Model” home radio replacement

parts have been prepared by the

ELECTRONICS — April 1943

SHALLCROSS ROTARY TAP SWITCHES
USE SOLID SILVER CONTACTS,
BECAUSE SOLID SILVER...

1. Has the highest conductivity of materials available.

2. Is superior to silver-plating which wears off, re-

sulting in high resistance contacts.

3. Should it corrode the sulphide formed does not

appreciably increase the contact resistance.

Let Shallcross answer your switch problems
Address Dept. C3

T

=

‘ This Is the non-shorting type

arm ls"rokne.d. from one po {

no'h.e;, the arm lifts vp, and .only

one contact is touched at a time.

ACCURATE RESISTORS—SWITCHES—SPECIAL EQUIPMENT AND
SPECIAL MEASURING APPARATUS FOR PRODUCTION AND
ROUTINE TESTING OF ELECTRICAL EQUIPMENT ON MILITARY AIR-
CRAFT...SHIPS ... VEHICLES ... ARMAMENT... AND WEAPONS

anuS W

HALLCROSS MFG. CO.

COLLINGDALE, PENNA.
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IDEAS WANTED

for Peace-time Products

® If you have an idea for an electronic or radio
product which can be placed on the market after
the war is over, we want te hear from you.

Today our factory is busily engaged in making
communications devices for America’s armed
forces. But we are looking forward to the time
when the world will again be at peace and will
be in a position 1o buy a larger number of
products than ever betore. We believe that now
is the time to get busy on post-war planning—
and we invite you to come along with us.

We will pay a good price for worth while
ideas on new products and developments. Please

tell us what you have in mind. Send your letter
to Max L. Haas, President, Bud Radio, Inec., 2118

East 35th Si., Cleveland, Ohio.

8P

CLEVELAND, OHIO

BUD RADIO, INC.

. - . an exclusive safety feature of—

) SELF-LOCKING

HOLLOW SET SCREWS

When the "Unbrako" (screw) is tightened as usual, the
. . prevents vibration from working
It's easily removed and can be used over and

Order "Unbrako'" Self-Lockers.
Sizes: No. 4 to |/4"' diameter

\ANY

Reg. U. 8. Pat. Of.

knurled point digs in .
it loose.

over. So play safe.

STANDARD PRESSED STEEL Co.

JENKINTOWN, PENNA.

——— BRANCHES ——
BOSTON « DETRO!IT o IKDIANAPOLIS » CHICAGO + ST LOUIS

BOX 596

SAR FRARCISCO

Knurling of Sock-
et Screws orig-
inated with ""Un-
brako'' years ago.

WRITE FOR
“UNBRAKO"
CATALOG
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| American Standards Association in

. former,
| transformers.

cooperation with OPA and WPB, and
production of these parts is sched-
uled by manufacturers to start in
April. The parts will be covered by
price ceilings, will be constructed ac-
cording to ASA performance and
quality standards requiring mini-
mum use of strategic materials, and
will carry no private brand names. A
special symbol consisting of the let-
ter V above the Morse Code V inside
a circle will appear on all parts.
The list of replacement parts con-
stitutes a radical reduction from the
thousands of different types of each
item made before the war. The ASA
list contains but nine paper capaci-
tors ranging from 0.00025 to 0.25
pf, all with a d-c working voltage of
600 volts. Dry electrolytic capacitors
are reduced to seven single units and
two dual units, in various voltage
ratings. There are eleven volume
control values, six power transform-
ers, two chokes, two interstage audio
transformers, one driver audio trans-
and three output audio

Detailed data on “War Model”
parts is given in the following three
American War Standard bulletins:
C16.8-1943—Simplified List of Home
Radio Replacement Parts; C16.6—
1943—Fixed Paper-Dielectric Capac-
itors (manufacturing specifications

for home receiver replacement
types); C16.7-1943—Dry Electro-
lytic Capacitors (manufacturing

specifications). These are available
at 20 cents each from American
Standards Association, 29 West 39th
St., New York City.

New Signal Corps Radio Sets
A COMBINATION WEATHER AND RADIO

| station no larger than a steamer

trunk is one of many Signal Corps
radio developments shown to news-
men at Fort Monmouth recently by
Major General Dawson Olmstead,
Chief Signal Officer. The unit can
be buried on a hostile shore where
weather observers could not stay,
and will transmit reports every few
hours on temperature, humidity and
barometric pressure. Batteries pro-
vide two to three months of
operation.

A combination transmitter-receiver
weighing only 5% pounds with bat-
teries is now being furnished to
parachutists by the Signal Corps so
they can talk to each other while

| descending or after landing.
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Another new Signal Corps radio
set is designed to be attached to a
parachute for the purpose of bring-
ing aid to aireraft personnel in dis-
tress. It weighs 23 pounds, is
powered by a hand-cranked genera- |
tor, and is modulated by a code SOS |
signal recorded on a disc inside. |
The unit is sealed to the distress|
frequency to which all receiving
stations with direction finders will
listen the instant an airplane is re-
ported as missing. Operation of the
set requires no knowledge of radio|
code or theory. The normal coverage |
is 25 miles, but the signals can be
received 500 miles away on favor-
able nights.

Duplication of Telephones |
In Philadelphia To Be Ended

TENTATIVE FCC APPROVAL of absorp- |
tion of properties of the Keystone
Telephone System by the Bell Tele- |
phone Co. of Pa. and the New Jersey |
Bell Telephone Co. paves the way for |
elimination of the last major com-
petitive telephone installation in the
United States. The Keystone sys-
tem operates approximately 50,000
stations and 14 exchanges in Phila-
delphia and surrounding counties,
and approximately 5000 stations in |
southern New Jersey. |

Keystone service has been popular |
with Philadelphia business concerns |
because of special rate schedules
which permitted unlimited service
without message charges. The ex-|
istence of two telephone systems in
the same community made it neces-
sary for many firms to have dupli-

MANUFACTURED FROM
STANDARD PARTS . . .

cate telephone service, however. Custom designed transformers can often be assembled from
1t is estimated that the merger standard parts found in the large variety of types and sizes
will release for war use about 1500 available to Chicago Transformer's customers.

tons of copper, 47 tons of zinc, 8 tons
of tin and 2.5 tons of aluminum,
salvaged from Keystone’s under-
ground cable system in Philadelphia
and other duplicated facilities. Given the application, dascription and the electrical results
desired, the Chicago Transformer organization should best be
able to solve your new and difficult transformer problems.

e//kzn(r/hc/www 0/ all /é//wé 0/
Fransformers ufe lo 10 K Vod

CHICAGO TRANSFORMER
CORPORATION
3505 WEST ADDISON STREET « CHICAGO

Where entirely different designs are necessary, it's modern
| and complete plant and laboratory facilities are equipped
to handle the most unusual assignments.

Telephone Inquiry Service
Is Set Up in Washington

To ELIMINATE CONFUSION and delays
when businessmen seek information
in Washington on war production
problems, WPB has set up a Tele-
phone Inquiry Service. The tele-
phone number is REpublic 7500, Ex-
tension 73011, Washington, D. C.
Competently trained specialists will |
answer the questions or refer the
caller to the proper WPB official.

|
L

— - = Sasn ORI
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FOR ELECTRONIC PERFORMANCE

Controlling electrons to a useful purpose
requires transformers of exact performance
characteristics. Acme precision-built trans-
formers for electronic applications, when
submitted to unbiased tests, invariably win
tophonorsfor performance. If your electronic
application is out of the ordinary, let Acme
transformer engineers help in its solution,

EXAMPLE

Acme com-
pound- filled
transformers
for short &

waye communication, public address systems
and other radio applications are preferred for
their serviceability under temperature vari-
ations from —40° to 41200,

And preferred for rugged construction,
trouble-free long-life. Typical, high voltage
plate supply transformer for transmitter.
33,000 volts, 1.8 ampere secondary.

bl s Rl s

ISOLATING TRANSFORMERS

For use wherever radio, communication, or
other electrical equipment must be tested
with complete freedom from outside inter-
ference. Shielded secondary winding and
shielded secondary cable isolate primary fluc-
tuations and interference. Write for details.

THE ACME ELECTRIC & MFG. CO.

31 WATER ST. CUBA,N.Y.
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New Television Station
Begins in Hollywood

EXPERIMENTAL OPERATION by tele-
vision station W6XYZ in Hollywood
began recently under the direction
of Klaus Landsberg. The station uses
100 watts on television channel No.
4 (79.25 Mc) for video, and 200
watts on 83.75 Mc for the audio car-
rier.

W6XYZ is owned and operated by
Television Productions Inc., a sub-
sidiary of Paramount Pictures Inec.
DuMont cameras and transmitting
equipment are being used with sev-
eral custom-built units and a spe-
cial experimental antenna system.

To conserve equipment, only two
programs weekly are planned at
present. These programs will be
confined almost entirely to Civilian
Defense activities. Civilian defense
workers assembled in Hollywood po-
lice stations and some 200 television-
equipped homes will receive instruc-
tion via television.

WPB Orders 11,000,000
Tubes for Civilian Receivers

A PROGRAM CALLING for the manu-
facture of eleven millior radio tubes
in 114 different types by July 1 of
this year for home radio receivers is
now under way, according to a WPB
announcement. The seven tube man-
ufacturers cooperating in the pro-
gram are: Hytron Corp., Ken-Rad
Tube & Lamp Corp., National Union
Radio Corp., Raytheon Production
Corp., RCA Victor Division, Syl-
vania Electric Products and Tung-
Sol Lamp Works. No manufac-
turer’s names will appear on the
tubes.

CBC Uses Relay Transmitters

ISOLATED REGIONS in western Can-
ada are being provided with radio
service by means of 20-watt relay
transmitters connected to railway
telegraph repeater stations. Six
such low-power transmitters are in
operation in British Columbia, and
plans are under way to extend the
service to all isolated communities on
the 3000-mile network system of the
Canadian Broadcasting Corporation.
CBC field engineers found that the
railway telegraph circuits acted as
carriers for r-f signals, providing
adequate radio reception within a
radius of over 15 miles from the re-
lay transmitter.

wwWw americanradiohistorv com

CERAM/C RES/ISTORS

Be sure your circuit actually requires
dose tolerance resistors before you
specify them

CERAMIC or composition type resistors are not
normally supplied as precision devices. So please
specify resistance tolerances as wide as possible so
that production facilities may be made to yield
maximum quantities of acceptable resistors. To do
otherwise, lowers production, slows deliveries,
wastes critical materials.

Production facilities for Giobar Brand Ceramic
Type Resistors are being utilized to the utmost to
maintain deliveries to the most essential Electronic
needs. When the present crisis has passed we will
be able to serve those industries whose needs at the
moment must be subordinated to the war effort.

Today when demands upon us are heavy and de-
liveries are scheduled according to priority and date
of order, your indulgence is appreciated. We pledge
our untiring efforts to those who have come to de-
pend upon us as well as others who may need our
help.

Below is a condensed table of specifications of the
more commonly used types of Globar Brand Re-
sistors. Resistors having special characteristics are
also available.

Type ‘ I A ‘ B CcX
‘ Min. tym I Wy
Length ‘
Max. | 18" | 18" 18"
| Min. W [ L
Diameter
'Max., 17 | 1”
25 5 1
Resistance Min. | ohms [ ohms ohm
Per Inch
Of Length 15 15 1000
| Max. ‘mcgohms‘mcgohms ohms
Y b be
*Qverall Min. watt | watt watt
Watt |
Rating ‘ 54 [ 54 150
Max. | watts watts watts
*Normal
Rating 1 1 214
W./8q. In. of watt watt watts
Radiating
Surface
Maximum I
Voltage 400 V. | 400 V. See
Per In. of ‘ Note
Length

*These ratings may be substantially in-
creased by artificial cooling.

Characteristic Coefficients:

Type A: Comparatively Straight Line Tem-
perature and Voltage.

Type B: Negative Temperature and Voltage.
Type CX: Slightly Positive Temperature.

Terminals: All types: Metalized ends for clip
mounting or with wire leads.

Type CX Resistors have a low specific resist-
ance and cannot be subjected to voltage
stresses permissible with Types A and B.
Maximum allowable voltage is that required
to yield maximum watt rating.

Globar Division

THE CARBORUNDUM COMPANY

REG U ;S PAT. OFF.
NIAGARA FALLS, N.Y,

(Carborundum and Globar are registered trade-marks of and
indicate manufacture by The Carborundum Company)
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Radio Business News |

ELECTRONIC CORPORATION OF AMER-
ICA is the new name of the Trans-
former Corporation of America. Of-
fices and plant have been moved to
45 West 18th St., New York City.

THE ScOPHONY CORPORATION OF
AMERICA, with offices at 527 Fifth |

Ave., New York City, has been
formed by Television Productions
Inc.,, a subsidiary of Paramount |

Pictures, Inc., and General Preci- |
sion Equipment Corp. The new en-
terprise controls the western hemis-
phere rights for the supersonic sys-
tem of television developed by the
British Scophony company in 14 ‘
years of research. Arthur Levey, |
president and general manager, an- |
nounces that his new firm will soon
make available in this country a
large-screen television projection |
system which is easily adaptable to
color.

ADDITIONAL PLANT FACILITIES for
Ken-Rad Tube and Lamp Corp. will
be constructed in Indiana and Ken-
tucky under a $1,300,000 Defense
Plant Corp. contract.

BUDpD INDUCTION HEATING, INC. an-
nounces that its new plant in Detroit,
Mich. is now at full production, fill-
ing war orders for vital induction
heating equipment.

FOLLOWING COMPLETION of a pro-
gram of plant expansion providing
additional facilities for electronic
research, Hazeltine Service Corpora-
tion changed its name to Hazeltine
Electronics Corp.

THE G-E RADIO, Television and Elec-
tronics Department will henceforth l
be known simply as the Electronics |
Department. ‘

RADIO AND DETECTION equipment
production for military and civilian
use—chiefly military—exceeded $1,-
200,000,000 in 1942 according to
WPB Chairman Donald M. Nelson.
This was more than three times the
volume of 1941.

EmBY Propucts Co., INC. announces
a change in name to Selenium Corp.
of America. The firm manufactures
Emby photoelectric cells, selenium

rectifiers and other electronic prod- [

ucts, and is located at 1800 West

Pico Blvd., Los Angeles.
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e FASTEST Method of

BLACK AND WHITE RECORDING ...

This Alden recorder was |
specially designed 10 pro-
duce facsumiles up 1o
8" width.

Anything conrertible 1o an
electrical impulse may be
reproduced by Alden re-
corders such us these exam-
ples shown aborve.

ALDEN PRODUCTS CO. INC.

117 NORTH MAIN ST.

ALDEN

FACSIMILE RECORDERS

THESE COMPLETE terminal recording units
reproduce typed marter, charts, maps, pic-
rures, fingerprints, writing or text of any sort.
Speeds of 48 square inches or more per
minute are within the recording capabilities
of the paper and equipment. Reproduction
is crisp and clean and operation of the
machine is simple and trouble-free.

Alden facsimile recorders are designed in
conjunction with Faximile, Inc., engineers,
and built by Alden Products Company. They
are based on the Jobn V. L. Hogan system,
that is proving highly successful on transcon-

tinental and international press circuits.

Alden recording units are custom-built to
meet your requirements of speed, width of
recording, size and operation with other
equipment, or to meet the characteristics of
any wire or radio circuit.

For further information, write for booklet A,
“The Last Word on Facsimile and Electrolytic
Recording”’. No obligation of course.

wAKERS O

rro0uUCHS

Licensces under patents and patent applications of Faximile, Inc.
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FOR EVERYTHING IN
ELECTRONICS AND ‘RADI'OQ

CENTRALIZE YOUR PROCUREMENT

‘ ) SAVE TIME...SPEED DELIVERY
FREE

Get this latest Allied Buying
Guide for everything in Elec-
SEND FOR
YOURS..

tronics and Radio. Procure all
your needs from this ONE cen-
tral source. Our large complete
stocks of over 10,000 items as-
sure you of prompt attention and
quick delivery. Ourstaff is trained
to help you with your problems

. write. wire or phone Haymar-
ket 6800, today!

NEW. .. aALLiED’S RADIO

» Mostessential formulas, charts, ;;zfé";‘:u
OVER 10,000 tables, standardsdand technical ~2ho
data on radio an
WARTIME ITEMS electronics....... 25"/

fl Condensers  Switches Rectifiers A
Relays Resistors Sockets ALLIED RADIO CORP. / """-u,. |
Tubes Rheostats Wire Dept. 22%33“’ Jockson]Bivd. Chicago s
Test Equip. Public Address Generators
Transformers  Coils Receivers
Photo Cells Tools Speakers
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DATA HANDBOOK N\\

Acro ELECTRIC Co0., manufacturers
of Aecro snap switches, has moved
linto a new plant at 1305 Superior
|Ave. in Cleveland. Manufacturing
| facilities and space have been en-
'larged 300 percent for increased pro-
| duction.

INTERNAL REVENUE Tax collections
for radio sets, parts, phonographs,
manufactured in Jan. 1943 amounted
to only $186,688, as compared with
$2,650,829 for Jan. 1942. Interstate
communication revenue for the same
periods remained essentially the
same, but taxes for local telephone
service jumped almost a million dol-
lars, from $4,280,926 in Jan. 1942
to $5,033,317 this January.

Data on New Tubes

!2021 High-vacuum heater-type twin
triode with small 7-pin base 7BH
and ST-12 glass envelope. E;, = 6.3
v; I, = 0.6 amp; max E, = 250 v;
'max power = 2.1 w; [, = 8.3 ma;
{r, = 7600 ohms; ., = 20,000 ohms;
E 16.5 Vi, u = 10.4; gn = 1375.

3B23 High-vacuum heater-type full-
wave rectifier with 4-pin medium
|bayonet base 4AN and S-19 glass
|envelope. £, = 25 v; I, = 8 amp;

max a-c E, = 1250 v per plate;
E.. = 3500 v; max d-¢ I, =0.2 amp;
[, = 0.6 amp per plate.

[6SH7GT High-vacutum heater-type
'1-f pentode with 8-pin octal base
|8BK and glass envelope. Single-
|ended, with sharp cut-off. E, = 6.3
|v; I, = 0.3 amp; max E, = 300 v;
max power = 3 w; g,. = 4900; r, =
[0.9 meg.

[1005 Gaseous ionic-heated-cathode
[full-wave rectifier with 8-pin octal
base 5AQ and MT-8 metal envelope.
{ For starting, £, = 11.0 v and I, =
0.125 amp; continuous, £, = 4.0 or
6.3 v and I, = 0.08 or 0.1 amp. Max

peak voltage per anode = 225 v
;max peak inverse voltage = 450 v;
average tube voltage drop = 20 v;

max d-¢ anode current = 70 ma.

8020 High-vacuum filament-type
half-wave rectifier with 4-pin medi-
um bayonet base 4P and T-18 glass
envelope. E;, = 5 v; I, = 6 amp;
E.., = 40,000 v; average I, = 100
ma; [,... = 750 ma.

] 0B3/VR90 Gas-filled cold-cathode
regulator tube, now assigned a reg-
ular RM A number. Double branding
is employed in view of long usage of
the older designation VR-90-30. The

ELECTRONICS
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operating voltage drop across the| *

tube is 80 to 100 volts (design cen-
ter value is 90 volts).

0D3/VR150 Gas-filled cold-cathode
regulator tube, now assigned a reg- l
ular RMA number. The operating
voltage drop across the tube is 145 |
to 160 volts (design center value is
150 volts). |

CoLoNIAL Rapio Co.
Buffalo, N. Y.

CORNING GLASS WORKS
Corning, N. Y.

ELECTRONIC LARORATORIES, INC.
Indianapolis, Ind.

FArNSWORTH TELEVISION & RADIO
CoORP.
Marion, Ind.

Formica INSurLaTION Co.
Cincinnati, Ohio

C. O. JELLIFF MFG. CORP.
Southport, Conn.

P. R. MarLory & Co., INC.
Indianapolis, Ind.

REPUBLIC STEEL CORP.
Cleveland, Ohio.

Sorar Mrg. Corpr.
Bayonne, N. J, and West New York,
N. J.

SPRAGUE SPECIALTIES Co.
North Adams, Mass.

WINCHARGER CORP.
Two plants
Sioux City, Iowa

Personnel

Dr. Joseph Slepian, associate di-
rector of research at Westinghouse,
has been selected by the AIEE to re-
ceive the 1942 Lamme Medal. The

A

award is for ‘“contributions to the

ELECTRONICS — April 1943

S dtz'sfdctar)/

Radio and Electrical equipment is being tested in Tenney
units by leaders throughout the country.

Uncle Sam’s Inspectors are passing it after exacting tests
with words of highest praise to the Electrical Engineers—

“PERFORMANCE SATISFACTORY™

Tenney units reproduce any atmospheric condition from
the ground to Stratosphere.

Tenney Engineering, Inc. equipment is used by the Avia-
tion Industry and the United States Government for all

types of test.
Stratosphere Chambers and Rooms to 60,000 feet.
Humidity Chambers to 95%.
Constant and Variable Temperature Baths to #0.1° F.
Temperature Cabinets to —100° F.
Accurately controlled by exterior instruments.

w A »

Our Engineering staff is at your service

TEN NEY
Ilusirated und descriptive booklet on reqiest
For Precision Control, 1write—
TENNEY ENGINEERING, INC.

Dept. E-4, 8 Elm Street Montclair, N. J.
Telephone: Montclair 2-5535 Oapor®

www americanradiohistorvy com
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% You can count on
Wincharger Anten-
na Towers. They
combine strong effi-
- cient coverage with
built to last quali-
‘ ties that insure you |
years of service.

Add to these ad- |
vantages their strik-
ingly attractive ap-
pearance plus a sen-
sationaliy low initial
cost and it's easy to
see why an ever in-
creasing number of
Wincharger Anten-
na Towers are being
used for:

Commercial Broadcasting
Police Work
Signal Corps  Air Lines
Ordnance Plants

Tobe sure for years ahe;d
—be sure to specify Win-
charger Antenna Towers.

=

sc

Makers of -n
R0 R0
INC/‘MQC[R .

FARM ELECTRIC
SYSIEMs /

DYNAMOT QRS i
WikCHARCER

VERTICAL
RADIATORS :
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development of circuit-interrupting
and current-rectifying apparatus.”

I. R. Baker, one of radio’s best-
liked pioneers, died suddenly of a
cerebral hemorrhage on Feb. 19
while at his office at RCA Mfg. Co.
in Camden. From 1929 to the out-
break of the war he had been head
of broadeast transmitter sales at
the Camden plant, and since then
had been devoting most of his time
to research in applying high-fre-
quency radio current to speed up
war production.

T. A. Willard, storage battery in-
ventor and former president of the
Willard Storage Battery Co., died
Feb. 3 at his home in Beverly Hills,
Calif. at the age of 80. After more
than 30 years spent in inventing de-
vices for storage batteries, for which
65 patents were awarded, he retired
from business and devoted his time
to a study of Mayan culture and to
frequent trips of exploration to
Yucatan. His four books on Mayan
culture have made him an authority
on the subject.

William Fay and Fred C. Young,
vice-president in charge of broad-
casting and vice-president in charge
of engineering respectively, are
among the newly-elected directors
of Stromberg-Carlson Tel. Mfg. Co.

Dr. W. R. G. Baker, G-E vice-
president, outlined the future of
electronics in a talk before a re-
cent New York section meeting of
the American Marketing Associa-

G-E vice-president Dr. W. R. G. Baker
(center), who warned against expecting an
overnight flood of new products after the
war, is shown here with AMA radio group
chairman George H. Allen (left} and Dr.
H. S. Hettinger of OWI in Washington,
other speakers at the American Marketing
Association meeting

tion. He cautioned against expect-
ing f-m and television sets to sell
for $9.95 after the war, and pointed
out that it will take time to apply
war-acquired knowledge to peace-
time practice.

www americanradiohistorv com
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An electrical conductor

Low in photoelectric
sensitivity

Diamagnetic
A black body

Low coefficient of
expansion

Gas absorbent
Opaque
Chemically inert

A conductor of heat

Vacuum tubes

Ray focusing anodes in
cathode ray tubes

Shields
Grids, radio
Plates, radio
Electron guns
Nonmetallic electrodes
Glow discharge tubes

Luminous gaseous discharge
lamps

Experimental cells

Converter and output tubes
Electron multipliers
' Half wave rectifiers

Three element discharge
devices |

Photoelectric cells |
Counter electrodes
Resistances

l Thermopiles

ACHESON

COLLOIDS CORPORATION

PORT HURON MICHIGAN

o I -
cétibmng
PRODUCTS
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W. C. White, engineer in charge
of the G-E Electronics Laboratoryl
at Schenectady, has been named a
member of the IRE board of direc- |
tors. He has plaved a leading part|
in all G-E radio tube developments,
and from 1929 to 1941 was in charge
of the Vacuum Tube Engineering
Department.

|

Dr. L. Grant Hector has joined
National Union as Director of En- |
gineering, and will direct all elec- |
tronic tube research and engineer-|
ing activities for laboratories and

The dynamotor specially designed t‘lo

insure maximum efficiency at all operatin§
altitudes ‘and temperatures.

manufacturing plants of the com- | ; wrur veurs (N aves R
pany in Newark, N. J. and Lansdale, °“m;°éﬁn”ggn’
Pa. Previously he had been en- LT RN SR
gaged in electronic development
work for the Office of Scientific Re- |
search and Development.

S. Caplan, after nine years as
research chemist with Ilarvel Re-
search Corp., has become research X
manager and acting technical di-
rector of Irvington Varnish and
Insulator Co. of Irvington, N. J.
He succeeds C. F. Hanson, who has
been appointed chief consulting
engineer and will be responsible
for expediting technical work on
war production.

Quality Built WINCO DYNAMOTORS Insure
*COMPLETE DEPENDABILITY
*PERFECT BALANCE
*MINIMUM A. C. RIPPLE
*LOW VOLTAGE REGULATION
*COMPACTNESS and LIGHT WEIGHT

....And, whatever your power problem,

Radio and Radar Advisory Com-
mittee, under the direction of
WPB radio and radar officer Ray‘
Ellis, now includes the following
members from industry: Max Bal-
com of Sylvania, M. Cohen of F. W. = Sin? 3
Sickles Co., W. P. Hilliard of Ben- ¢ SR - : AN Y %
dix Radio, W. F. Hosford of West- 3 2 Cglh VAL g4 = RAoA Fons
ern Electric Mfg. Co., E. . Lewis [ -

of RCA, Percy L. Schonen of Ham- DY AM nTn n 5 .

ilton Radio, and Al Wells of Wells- || WINCHARGER CORPORATION —~ S10UX CITY, IOWA
Gardner Co.

Winco Engineers will be glad to help you
solve it. This service is free and without obliga-
tion. Why not consult us?
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Just off the Press!

IT'S VALUABLE
IT'S INDISPENSABLE
IT'S TIMELY

So Send TODAY for Your Copy!

Complele Injormation
on Timing Molord

FOR USE IN:

Butomatic ResetTimers
—Time Delay Relays—
Vacuum Tube Circuit—
Controls, etc.

Extensively used in Plate
Circuit Time Delays for
Communication Equip-
ment.

MANUFACTURING COMPANY
* INCORPORATED *

NEW PRODUCTS

Month after month, manufacturers de-
velop new materials, new components,
new measuring equipment; issue new

technical bulletins,
month descriptions
will be found here

Variation Fatigue Test
Equipment

MODEL 25 VIBRATION fatigue testing
machine was designed for heavier
vibration fatigue testing equipment.
Its table load capacity is 25 lbs. and
its horizontal table movement fre-
quency range (adjustable) is rated
10 to 60 cps. Table area is 12x15
inches. Total displacement (adjust-
able) is 0 to 0.125 inches. Maximum
acceleration is approximately 14 g.
The machine is mounted on a sturdy
cast iron base measuring 19x38
inches. Base mounting hole dimen-
sions are 16x25 inches. The table
top over all height is 11 inches from
the bottom of the base, and provides
adequate clearance above the ma-

10

chine to permit handling of parts
larger than the table dimensions.
Total net weight of the machine is
365 lbs. It is powered by a 1-hp,
220-volt, a-c motor. No keys or
wrenches are needed to make an ac-
curate adjustment of amplitude.
Rugged Timken and SFK bearing
are used in the machine. The manu-
facturer states that the machine
runs cool, will operate unattended
for hours, and will not spill oil. An
accurate electric tachometer is pro-
vided for frequency readings, and
the machine is guaranteed for one
vear against defective material and
workmanship.

All American Tool & Mfg. Co.,
1014 Fullerton Ave., Chicago, Il

wwWw americanradiohistorv com

new catalogs. Each
of these new items

Kilovolimeter

SPECIFICATIONS of No. 760 kilovolt-
meter include a low current con-
sumption (not more than 1 ma);
all multiplier units are an integral
part of the self-contained instru-
ment; three ranges are 5, 10 and 20
kv; plus or minus 2 percent accuracy
at full scale; and sensitivity of
movement, 1000 ohms per volt.

The instrument is rugged and
portable and 1is obtainable from
Shallcross Mfg. Co., Collingdale, Pa.

Double Armature Relay

THIS RELAY is a double action inter-
locking control unit with balanced
armature control. It is ruggedly
built to withstand vibration and sud-
den shocks of mobile applications,
and can be custom built to fit into
designs where light weight and small

size are essential. It is available in
various contact arrangements or
with Micro switches (in place of
spring pile-ups). Capacities are rated
up to 5 amps, 110 volts a.c. Coil re-
sistance is 10,000 ohms. Contact
tact forms or assemblies have up to
12 springs on each side.
Cook Electric Co., Chicago, Ill.
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SURE--

What with rating requirements and prioritics,
aspirin has become an important part of our
office equipment. But we swallow them cheer-
fully and tackle our extra work with enthusi-

asm, for, in spite of the headaches, we've

developed a betrer Audiodisc, we're filling
more orders than ever before in our history
—and Audiodiscs arc actively helping the
war effort. Naturally, we realize too that these
priority restrictions are essential. Audiodiscs
do contain some critical materials. Proper con-
trol enables us to get these materials and thus
maintain the superior quality and dependa-
bility found only in Audiodiscs. Recently the
preference rating procedure on recording
blanks and cutting points has been greatly
simplified. So help us speed up your deliv-

cries by sending in your preference rating

extensions with your orders. Thanks a lot!

1 A SUBSTITUTE

EMENT—NO £S
AN ‘MPROV PR‘OR‘T‘ ineers,
T“ AN KS To Audm’s record'mg ;:‘\i;‘i‘od'l“

table, tass base /M
oyt 4-hole, Bia in 4
With no ™oL developed the supenior ) lgh-delity £ECOCL e erio-
stepped 10 A0S TU T tures €3
P

ich contd e
::‘:ior coating (on_nula :
3 ¢ ;
¢ raﬁngc.;fmic.—\onge; playba cem"( ho‘l: fet
wa h-to-welg c e
o hippi inser T
: : ST inum-base type
i alum
S s with pre-wat SEe W
s

hangeability ity L reshipping L.
¢! spec . ",(/ (l}ll/ /lll(‘(’(/

packing €as¢
; $C desd
i THERE'S AN AUDIOD! A Y?UR SPECIFIC NEEDS
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This war may be bringing us headaches, but
there is a lot of satisfaction in knowing that
Audiodiscs are doing their part for Victory
... bringing messages and music to boys at
the front and training camps . . . reaching
millions of our allies and friends in Axis-
conquered countrics . .. presenting the truth
to thousands who listen even in enemy coun-
tries . . . recording important speeches and up-
to-the-minute news . . . transmitting messages
and instructions in war plants ... releasing
wires for wartime communications, and per-
forming many other highly important roles

on both the home and fghting fronts.

Whatever your particular application, Audio-
discs will serve you with the same character-
istic dependability, under the most exacting
conditions, that wins for them universal
acclaim, wherever they go on a turntable.
Audiodiscs are readily available through a
coast-to-coast network of distributors. Call
your nearest one — or wire us for complete
information today. Audio Devices, Inc., 1600
Broadway, New York City.

\T/Agy J/waé /{ﬂ lhemselreos

@ RED LABEL - YELLOW LABEL - MASTER
_REFERENCE RECORDING AUDIODISCS

www americanradiohistorvy com

PREFERENCE RATINGS DRIVE US NUTS TO0O
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Voltage Regulator

NOW
@ & W A NEW TYPE VOLTAGE regulator con-
Q Q Q trols the voltage delivered to a vi- | | g really high-powered
CARBONYL brator used for airplane service, by |
the use of an automatic thermal
IRON POWDER switch whieh automatically turns on MDIO
any auxiliary circuit ten seconds

after the vibrator is started. (Sim- :NGIN:EBING

ilar regulators can be designed to
control the current and voltage ap-

plied to any load, providing the total LIBBHRY
wattage consumed by the regulator
itself is not more than 40 watts.)
With a battery variation of 20 to 30

SE"ING volts (50 percent), the voltage on the

vibrator is kept between 6.0 and 6.3
A NEW HIGH volts (5 percent) variation. With a
10 percent change in current through

the regulator, the voltage drop in-

IN | creases 200 percent. | The Library comprises
| A a selection of books
| Amperite Co.,, 561 Broadway, New culled from leading

| McGraw-Hill publica-

IRON CORE YOl‘k, N Y. | g:lr:;. in the radio
pERFORMANCE Time Delily Relily D especially selected by radlo speolalists of

McGraw-Hill publications

IN THE ED-DESIEN Of AgaStat (an to glve most oomplete, dependable oov-
At present available || detropematic tine ey seay | | [ 5l L S B
in three types, G. AW, | | coite at o oo cectrical o
n I’ee YpeS/ . . . cuits at pl'e-determined intervals) ‘ D avallable at a speclal price and terms

Cc[rbonyl Powder — the basic design and principle of op-

eration were adhered to, but the L T e L LT e

Comblnlng hlgh effeC' newer model Weighs 11b and 6 ozs subjects—give 8specialized treatments of all

highest Q V(Ilue—is weight being 1 1b and 6 oz) and it is to often. If you are a practical designer, re-

hundreds of problams throughout the whole

mCII‘lLIfCIC’[ureIS Sup tastman's FUNDAMENTALS OF
edition

where the highest ef- . Hund’s HIGH FREQUENCY MEASURE-

theory, networkas,

g aqe filelds of practical de.sign anq application. They
tive permeab1l1ty and less than its predecessor (actual ?Jﬁeﬁ’gg‘gkgfyr:lf°§?l’f°r§fgfst‘g“;“né"b:hie}‘:f;:&

- ) : | only 4 inches high in comparison to e ent rhons Booie tor 1he Lein thay ive 1§
of INCredsing 1mpor- | | the older model’s 5 inch height. An- | feld of radio engineering.
tance to leading core ‘ 5 volumes, 3559 pages, 2558 illustrations

VACUUM TUBES, 2nd edition
plying the carrier and Ferman's RADIO ENGINEERING, 2nd
hi 1 Fveritt’s COMMUNICATION ENGI-
gh frequency flelds NEERING, 2nd edition

m . B . MENTS
ficiency is required. | Henney’s RADIO ENGINEERING HAND-

BOOK, 3rd edition
SPECIAL LOW PRICE ® EASY TERMS

Special price under this offer less than cost
of books bought separately. In addition, you
bave the privilege of paying in easy install-
ments beginning with $3.00 in 10 days after
receipt of books, and $3.00 monthly thereafter.
Already these books are recognized as standard
works that you are bound to require sooner or
later. Take advantage of these convenient

Other powders now
being developed. We
will appreciate your
letting us know your

quuirements. ! terms to add them to your library now.
| other difference is in the housing and | FOR 10 DAYS EXAMINATION SEND THIS
5 component parts which are made o yeuseseesON.APPROVAL COUPQOMN=asassss,
Write for further pnent spacts: £l _ :
N X substitute materials, although heavy | & McGraw-Hil Book Co.. 330 W. 420d St.. N. Y. .
information brass is used in the operating @ %f%?ﬁ;:;gn“;g“gu‘;;‘:;;‘f”‘;‘,f {:9";{,;3% fl‘"wﬁl’ll‘;:{ﬁ :
mechanism. A simple serew adjust- | & 30 0aii or tein books Dostpaid.  (We pay 8
ment permits a delay ranging from | & fo isalmenc, CCoupanied by remittance of g
< < " - .
GENERAI— ANII-INE WURKS a fraction of a second to several min- | = Name ... :
A DIVISION OF | utes. The relay is unaffected by heat, | & Liaess ..o :
General Aniline and Film Corp. cold or variations in operating vol- i = . L
435 Hudson St. New York, N. Y. tage, temperature or humidity. 4 ]
Manufac’urers and SOIe dis’ribu’ors An]erican Gas ACCL‘m'Ll]atOl‘ co.’ ‘ E (8 [ 1) ¢ R T T T e E
Elizabeth, N. J. i e e et D

194 April 1943 — ELECTRONICS

www americanradiohistorv com


www.americanradiohistory.com

Mechanic’s Protractor F——

ESPECIALLY DESIGNED for the man on |
the job is a mechanic’s protractor
which gives readings for outside an-
gles (such as angles of bend or de-
flection), or inside (inclusive) an-
cles, or inches-per-foot against
degrees up to 24 inches-per-foot (63 |
deg.—26 inches). All of the above
mentioned readings can be taken
with one setting. The more difficult w
angles can be measured by using a
bevel in conjunction with the pro- |

SHE’S
FIGHTING
TOO:

Making Parts Without Dies

Nodelay waitinglordies—parts ready
quicker—deliveries speeded up—all

(]';RI:KESd to bring the Victory sooner! \Women are
ustrate . - . . . .
Di-Acro lBrake forms non- rapidly taking a major place on the industrial
stock angles. channeis or . ¥ E o g

“Nees Right or tert nand  front. DI-ACROQO Precision Machines—Shears,

- . Tolding width — . o
ke No. 126" “Brake No.  Brakes, Benders— are ideally suited for use
- 12% Brake No. 3—=18% 1}, women in making duplicated parts accu-

BENDERS i ” N . NS
Di-Acro Bender hendsangle, Tdl€ tO .001 Dic-LEsSS DUPLICATING.

channel, rod, tubing. wire, Thousands of DI-ACR() Machines are now
moulding, strip stock, etc.

Capacity — Bender No. | in use i War plants.
5", round cold rolled steel
bar. Bender No. 2 — 14" cold Send for Catalog

rolled steel bar.
SHEARS METAL DUPLICATING WITHOUT DIES

Di-Acro Shear squares and  [U's an eye-opener on what you can
sizes material, cuts strips, (g without dies, shows typical parts,

makes slits or notclies. trims ; . = .
duplicated stampings. Shear-  and gives sizes and capacities ot all

ing width — Shear No. | i . Q -s. Brakes
B e 2 5 ghear  MOdels of Di-Acro Shears, Brakes,
No. 3 - 12" Benders.

tractor. The calibrations are located

at the extreme of the radius, assur- ”'nE’l_ ’Hu]’n rﬂl:Am'l @m 321 8th Avenue So.,
ing accurate, clear reading to a frac- y %‘czs,o,, mc“\“& mFE. E”. Minneapolis, Minn.

tion of a degree. The protractor is
printed in red on + inch-thick

phenol-resin laminated birch. It - g

is light and durable and is unaf- STABILIZED 7AQ C. Vo LTAGE

fected by grease or water. Prices . ’

are $1.00 for one protractor, 90¢ UP'TO .25 KVA

each for two, 85¢ each for three,

and 80¢ each for twelve or more, to

be remitted when ordering, from

the Interstate Sales Co., 1123 Broad- 5 _

way, New York, N. Y. Varying Input Valtage | S 3 P /Constant  Output an!age
: ; 115 VOLTS + %%

Pilot Light Assembly

JEWEL LIGHT assembly, No. 675 |
Type, has a one-inch Jewel and 1s

designed for horizontal mounting INSTANTANEOUS ACTION NO MOVING PARTS
on panels measuring up to one-half
inch thick. Its outstanding features
are heavy-duty construction, and

When a precision electrical device or a critical process is powered from
. an AC line, a Raytheon Voltage Stabilizer will permanently eliminate
double cor‘ltact‘ candelabl'a bayor‘let| Il of the detri p db I | ﬂ .
g Lin Bouaer he A Aheio all of the detrimental effects caused by AC line voltage fluctuations.
black Bakelite base. Any double con- Made for all commercial voltages and frequencies, single or three

tact, candelabra-sized bayonet base phase.

lamp with C7, G6, S6, or T43 bulb- , . . .
Jise can be iged. The assembly is Raytheon's twelve years of experience in successfully applying the

available in jewels of smooth, color- | Stabilizer to hundreds of perplexing voltage fluctuation problems is at
less frosted-back glass—with a re- your service. It will pay you to take advantage of our engineering skill.
movable color disc or a diamond-cut
(faceted) colored glass. A Dbezel,
which holds the jewel permits easy

removal of lamp from panel front. ‘ R AY T H E O N M A N U FACTU Rl N G CO .

Drake Mfg. Co., 1731 West Hub- | 100 Willow Street WALTHAM, Massachusetts
bard St., Chicago, Il

Write for Bulletin DL48-71 JE describing Raytheon Stabilizers.
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$7.50
160 Pgs.
92 x 12 in.

CATHODE

EVERY “WAR-TORN"
ENGINEER NEEDS!

A-C CALCULATION CHARTS

By R. LORENZEN

This new Rider Book greatly reduces the time required
for alternating current engineering calculations — speeds
up the design of apparatus and the progress of engineer-
ing students. Two to five times as fast as using a slide rule!
Thousands of enthusiastic users.

A-C CALCULATION CHARTS are designed for use by
civilian engineers and engineers of the armed forces who
operate in the electrical —communication — power — radio
—vacuum tube—telephone—and in general, the electronic
field. Invaluable for instructors as well as students, and
ixlsp administrative officers who check engineering calcu-
ations,

RAY TUBE AT WORK

The Cathode Ray Tube at Work is the accepted
authority on the subject. The cathode ray tube in
the Oscillograph and its application to electronic
and industrial work is fully discussed. Profusely

illustrated. 338 pages .

- $3.00

JOHN F. RIDER PUBLISHER, Inc. v

404 FOURTH AVENUE, NEW YORK CITY ‘#
Export Division: Rocke-International Elec. Corp.. 100 Varick St.. M. Y. C. + Cable: ARLAB

www americanradiohistorv com

Vacuum-Creating Outfit

A UNIT WHICH produces and main-
tains vacuum or pressure needed to
test delicate instruments, such as di-
rectional gyvros, artificial horizon in-
struments, altimeters, etc., is a mo-
tor-driven rotary pumping unit

which is furnished with full auto-
matic controls and automatic lubri-
cation. The vacuum or pressure may
be adjusted to any degree desired.
The machine is slow-running and

quiet in operation.

Lieman Bros., Inc., Christie St.,
Newark, N. J.

Throat Microphone

IF'OR USE IN AIRCRAFT, submarines,
military tanks, defense plants and
other noisy places, this is an im-
proved throat microphone which is
placed around the neck, over the
larynx. Words spoken by the wearer
are picked up and may be amplified
and transmitted through a PA sys-
tem. No surrounding noise is trans-
mitted through the microphone. Any
standard amplifier designed to use a
crystal or other high impedance
microphone may be used with the
microphone. The microphone is con-
structed on the inductor-dynamic
principle, and is rugged and com-
pact (weighs 2 ounces). It is leather
covered and equipped with an ad-
justable neck strap.

Miles Reproducer Co., Inc., 812
Broadway, New York, N. Y.

Electronic Armament Gauge

AN ELECTRONIC GAUGE capable of
indicating differences as small as
0.00002 inch in metal objects up to
eight inches in diameter or length
is announced by Televiso Products,
Inc., 6533 No. Olmsted Ave., Chi-

| cago. Indications appear on a four-

inch meter scale having ranges of
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' plus or minus 0-0.0005, 0-0.005, and |

0-0.05 inches. Ranges are changed
by means of a selector switch. In
use, a standard work piece is placed

strument is adjusted to give a zero
reading (at mid-scale). Deviations
of production pieces from standard
can then be read directly on the scale
by unskilled operators as fast as
parts can be placed under the feeler
point. The instrument is known as

available on priority only.

Phenolic Plastics

PHENOLIC MOLDING material, BM-
13017, is designed especially for the
production of aircraft and automo-
tive ignition parts. The material is
natural colored and is suitable for
extrusion molding around inserts.

Type BM-16034 phenolic molding
{ plastic was developed for long flow
| extrusion work. It may also be
used for transfer molding.

Physical and electrical molded
properties are available from the
manufacturer, Bakelite Corp., 30
East 42nd St.,, New York, N. Y.

Screw-On Type Wire-Nuts

| NO RUBBER, tin or lead are used in
these “Wire-Nuts” (solderless, tape-
less wire connectors) which consist
of a cone-shaped spiral spring insert
which is imbedded in a molded insul-
lation. The nuts utilize insulation
which will not melt and is puncture-
proof at 10,000 volts. Five sizes are
available for making all combina-
tion of wires from 2 No. 18 to 3 No.
10, solid or stranded. The nuts are
approved by Underwriters’ Labora-
tories, and Factorv Mutual Labora-
tories.

Ideal Commutator
| Sycamore, Il

Dresser Co.,

www americanradiohistorv com

under the feeler point and the in- |

the Model 11 Micrometron, and is

a-hunting
we will go

With scarcities of critical radio
materials developing everywhere,
we’ve become an emergency “pro-

| curement’”’ agency for many manu-
facturers and branches of our
| military services.

In normal times, we were a
distribution channel for radio equip-
| ment manufacturers. Today, we
| still maintain our valuable con-
| tacts with practically all reputable

suppliers—though our function has
’ changed somewhat. We are
| trained to locate sources of sup-
’ ply . . . to purchase . . . to speed

deliveries of material that you may
’ need urgently.

| Let us hunt ‘'em down. We'll
deliver the goods to you.

L RVEY!

RADIO COMPANY|

103 WEST 43 ST. NEW YORK,N.Y.
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NEED
DESIGN
WAIT

On "Critical”
Materials?

WANTED . . New Openings

Highest grade Electrical Insulating Papers combining Tough-
ness, Flexibility, and High Dielectric seek additional applica-
tions! Long recommended by the foremost MOTOR and
Transformer design engineers! Have you an opening for our
well qualified product in your needs of today

. or tomor-
row? Economical in price, Cotirell Papers pave the way to
other economies in production time and materials.

Submit Your Insulating Paper Problems
Both Old and New To COTTRELL Engineers.

COTTRELL
PAPER CO., INC.

FALL RIVER. MASSACHUSETTS
Factory: Rock City Falls. New York

198

Order ROLLS or
30x40 SHEETS

COPACO
100% RAG

COPAREX-S
100% RAG

NUNGRA
High RAG Cont.

*

First two guaranteed
300 volts per mil
NUNGRA usually
tests 300. All tough
yet flexible, Non-
chem., Standard
Thicknesses ,005 .007
.010 .015 .020 .025
.030, Others if quan-
tity wadrrants.

Samples on Request

www.americanradiohistorv.com

Voltage Stabilizer

THIS INSTRUMENT provides a con-
stant output of 115 volts from cir-
cuits varying between 95 and 130
volts. It is insensitive to load power
factor, and is not affected by varia-
tions in load from no load to full
load, or by changes in power factor
from unity to 0.8 lagging. Com-
pletely self-protecting, it will oper-
ate continuously throughout the
range from open circuit to short cir-
cuit without damage. Ratings from
50 volt amps to 5000 volt amps are
available. The new stabliizer can be
applied wherever close voltage regu-
lation is needed, such as in radio
transmitters, electron tube appar-
atus, motion-picture sound equip-
ment and projectors, x-ray ma-
chines, etc.

Publication GEA-3634 which de-
scribes the stabilizer in detail is
available from General Electric Co.,
Schenectady, N. Y.

Tube Stud Connector

A NEW TUBE STUD connector (called
Hystud) has been developed for use
in joining flexible leads to filament
studs of large electronic tubes. It is

., v

-

an indent-type of connector and is
compact. The connector is assembled
to the stud by means of a knurled
thumb screw.

Burndy Engineering Co., Inc., 459
East 133rd St., New York, N. Y.

Modern War Sound Effects

AUTHENTIC SOUNDS of warfare such
as the sound of Spitfires, Messer-
schmitts, and other modern fighters
and bombers in various flight maneu-
vers, dogfights, dives, and ground
battles with tanks, falling bombs,
machine-gunning, etc., are available
on Super-Sound Effect records.
These sound effects are pressed on
Victrolac. A catalog supplement giv-
ing descriptions of other effects may
be obtained from Standard Radio,
45 West 45th St.,, New York, N. Y.
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Fuse-Bond Process

MACHINE COMPONENTS and similar
metal parts may be prepared for
metallizing electrically by a new
process called ‘“Fuse-Bond”. It is
claimed that this process affords an
adequate bond on the hardest sur-
faces, and it also simplifies prepara-
tion of narrow edges, flat areas, and
cylindrical parts having keyways and
other interruptions in their surfaces.
Available with this process is a unit
(Type C is illustrated) which oper-
ates on any 110 or 220 volt, single
phase power line. The equipment
fuses a rough deposit of electrode
metal onto a surface to be metallized.

The Unit is compact, and is con-
tained in a cabinet measuring 24
inches high. It weighs, conmiplete, 170
lbs. All cables and attachments fit
into a bin in the top of the cabinet.
The unit is mounted on casters and
can be wheeled right to the job with
ease. A complete instruction man-
ual provides all operating data. The

manufacturer states unskilled labor .

can operate the unit efficiently within
an hour or so.

Further information on the proc-
ess and its equipment contained in
Bulletin 44, is obtainable from the
manufacturer, Metallizing Engineer-
ing Co., Ine., Long Island City, N. Y.

Instrument Washer

AN INSTRUMENT WASHER which is
electric and portable is available for
washing and cleaning aireraft, tank,
automobile and navigation instru-
ments, as well as indicating and con-
trol units, carburetors, gear trains,
mechanism. It may also be used for
production cleaning of small parts

ELECTRONICS — April 1943

AZIMUTH NAVIGATION DIALS

Now Made of Bakelite
Could Not Tolerate Costly
Time-Consuming Engraving!

ROGCAN

DID THE JOB
% IN RECORD TIME
% ON PLASTIC

% QUICKLY CALIBRATED
Famous ''DEEP RELIEF"

using the
BRANDING

Y Months ago, questions arose on how to quickly produce the famous
Azimuth Dial from plastic.

A search of the plastic industry brought the problems before Rogan's
engineering staff. Then quickly, faster than that, Rogan "deep relief"
branding on laminated bakelite provided the solution. As a result, only
Rogan . .. Rogan alone, has been entrusted with this important job . . .
marking the Azimuth Dial accurately, and with a permanence unaffected
by salt water, extreme heat or Arctic cold.

BAKELITE PROTRACTOR used with the Azimuth Dial, is also an

exclusive Rogan Branding job.

Get details on Rogan's combination Molding and Branding service.

ROGAN BROTHERS

2003 South Michigan Ave. Chicago, Il

ment
n find BbPOtt AP e shock
You'll 1 exposed o ateria .
of tough SPO™ here M€ ¢ omPIe e - TR-4, © ot ov!
trad : tamind BBOTT act and &
el gess extrd € This 18 00 fojg —a COPP T ansmilter
must POSS ctondard MOCE B Toquency. G giion of
dependablht‘{‘ “ient ultid g s © ““ o nd
and ecel"f‘ par \h.d ma Oi
the tyPe ° {acilitied |0 m within
do prod Cei e. i
gssistar ‘i b ctiviies
the scoP

8 WEST 18 STREETeNEW YORK, N. Y
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HAIRSPRINGS
FOR

Electrical Equipnn-nl
Aircralt Instruments
Spt-ml Indicators

Accurate (umuvs

Made from appropriate materials se-

lecied forelectrical resistance, minimum
drift requirements, and endurance life.

Furnished with or without collets—and
with ends bent as desired. HA IR
Bl i SPRINGS
F‘ (. ‘7'

’r‘
F-N- /{|ANROSS & SONS

DIVISION OF ASSOCIATED SPRING CORPORATION
{ BRISTOL CONNECTICUT U-S-A

As in the First World War, BRACH

radio and electrical equipment is

once again proving its excellence
and dependability under the most
exacting conditions...the products of
36 years’ experience in “QUANTITY-
plus-QUALITY" manufacture.

L. 8. BRACH NFG. CORD.

World’s Oldest and Largest Manufacturers of Radio Aerial Systems

55-65 DICKERSON STREET » NEWARK, N. J.
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such as screws, small electrical units,
distributor and relay parts, and other
odd and complicated shapes of vari-
ous materials. The material which
is to be cleaned is put into any one
of the four to six separate trays. The
trays (which serve to keep disassem-
bled parts together) remain sta-
tionary while a cleansing liquid cir-

| culates through the washer. Any of
| the trays may be removed without

stopping or disturbing the other
work in the machine. The compart-
ments may be lifted out to accommo-
date larger parts which may have to
be cleaned. A drain well is contained
at the bottom of the machine for dirt
elimination.

The machine measures 26 inches
high x 18 inches in diameter. The
weight is 50 lbs.

Naxon Utilities Corp., 2101 Wal-
nut Street, Chicago, Ill., are the

manufacturers.

Induction Heating Units
NEW INDUCTION heating units for

'surface hardening, brazing, solder-

ing, and other heating applications
requiring localized heat are avail-
able in sizes of 16 kw and 32 kw.
Each machine is a completely en-
closed unit readily adaptable for low
cost hardening and heating of many
parts which are manufactured in
small lots, or they can be incorpor-
ated into any production line. The

machines are easy to operate and in
changing from one job to another,
the operator simply changes the
work-holding fixture and heating
coil and resets the heating cycles to
meet the new requirements. The en-
tire heating operation is automatic.
Bulletin  2-1-42-5M  describes the

! units in more detail. Quenched spark

gaps are used.
Van Norman Machine Tool Co.,
Springfield, Mass.
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Are You Playing

With Your Future?

GET THE BETTER JOB YOU
WANT! CREl technical #raining

| Hole Punching Units

WALES CD UNITS are sets of punch
units for use in conventional die sets.
The punch half of the unit contains
a punch with a pilot, a holder, a
stripping spring, and a guide. The
die half of this set consists of a
holder with a slug clearance chute,
and a die. Each unit is self-con-
tained and may be independently
mounted to either the punch or the

£

enables you to go after—AND
GET—the jobs that will mean
something when the war is over.

® Are you, like many other profes-
sional radiomen, so wrapped up in
your present routine work, that you are
losing sight of where you will be
“tomorrow”? Jobs that provide secur-
ity—jobs that will mean something
when the war is over—must he won
and held on ability. Now is the time
for you to make your present job an
investment in a secure future. Why
not investigale what CREI home-study
training in Practical Radio Enigneer-
ing can do for you? This practical
course plus the personalized insiruc-
tion service provide a proven formula
for more rapid advancement.

You have a jump on the other fellow
because your radio experience is a
valuable asset, if supplemented with
this modern training. It’s worth tak-
ing time now to find out how CREI
offers you a planned program which
will hasten your advancement in radio.

e Write for free 32-page booklet

Let us prove o you we have
something you need to qualify
for o better radio job. To help
us intelligently answer your in-
quiry-——PLEASE STATE BRIEFLY
YOUR BACKGROUND OF EX-
PERIENCE, EDUCATION AND
PRESENT POSITION.

CREl Students, Graduates — ATTENTION!

The CREI Placement Bureau is flooded with
requests  for radiomen. Ewmplovers 1in  all
branches of vadio want trained men. Your
Government wants every man to perform his
job, or be placed in a job that will allow him
to work at mavimum productivity. If you
are or will be in need of re-emplovment write
vour CREI Plucement Burcau at once.

CariTorL Ranio
ENGINEERING INSTITUTE

Howme Study Courses in Practical Radio
Engtneering for Professional Self-Improvement

Dept. E-4, 3224 — 161h Streei. N.W.

WASHINGTON, D. C.

Contractors to the U.S. Signul Corps—U.8. Coast Guarid
Producers of Well-trained Technical Radiomen for Industry
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die shoe. Broken or dulled parts may
be changed easily without breaking
down the entire die set. Punch and
die alignment is automatically as-
sured through the use of a pilot pin
which is centered on the punch or
die.

These units may be used in either
punch presses or press brakes to
punch holes from & to 1% inches di-
ameter in metal which measures up
to 11 gage.

ANOTHER UNIT is the flexible Type
| E unit designed for punching a ser-

{
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Small and Tough
THERMADOR

ATED
Taramatiie 1t

TRANSFORMERS

Engineered to lick extreme

temperature and humidity

problems on the firing line,
Thermador Transformers are
effectively Thermatite treated.
Thermatite is the time tested
process of accurate heat-
controlled vacuum impregna-
tion, developed and improved
exclusively by Thermador

during the last decade.

THERMADOR
Electrical Mfg. Co.

5119 S. Riverside Dr.
Los Angeles, Calif.

Seven [eafm Ahead”
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In high-speed switching, you want

sharp, positive action that is free from
chatter and bounce . . . that's just what
you can get with SIGMA Sensitive
Relays.

With total operating delay held in
the vicinity of one millisecond, SIGMA
relays permit up to 200 contacts per
second, even in the presence of se-
vere vibration, and at extremes of tem-
perature and pressure.

We cannot state general conditions
under which such results can be at-
tained. Submit your problems to us

. security of all information—

military or commercial—is strictly

assured.

70 FREEPORT ST.
BOSTON, MASS,, U. S. A,

ies of holes in extruded shapes on
press brake. Nothing is attached to
the press. Each unit is made up of
punch, die, holder, stripping spring
and guide. The punch and die are
held in perfect alignment. A line-up
of units may be set up to punch over
200 holes at the same time on a rail.

The Strippit Corp., 345 Payne
Ave., North Tonawanda, N. Y.

Gage Blocks

DoaLL MASTER GAGE Blocks are
available in a standard set (Set 400)
and consist of 81 blocks. The 81
individual blocks range in length
from 0.050 inches to 4.00 inches.
These precision gage blocks are pro-
duced in “AA” grade (accuracy
0.000002 inch), “A” grade (accuracy
0.000004 inch), and “B” grade (ac-
curacy 0.000008 inch). kach gage
block in addition to being accurate
in length, has its measuring surface
lapped to a flatness of less than the
quarter wavelength of light, and is
produced with a mirror finish. These

two factors enable the blocks to be |
| wrung together in combination, en-

| abling the user to secure practically

any dimensions in steps of 0.00001
inches from 0.1000 inches to 12.00
inches.

The illustration shows Doall gage
bloeks in a mahogany case supplied
with the gages. The inspector is
checking a 4 inch micrometer. The
manufacturer states that precision
optical measuring instruments are
used to check the accuracy of gage
blocks produced, and this equipment
is also available to users for re-
checking their gage blocks after
they have been in use. The used
gage blocks sent in will be recali-
brated and gages that have been
worn beyond tolerance of the orig-
inal set are replaced to maintain
the required standards of accuracy.

Savage Tool Company, Savage,
Minn.

wwWw americanradiohistorv com

Y Engineers, executives, and
manufacturers responsible
for the design and develop-
ment of electrical products
and equipment, are aware of
the numerous electrical and
dimensional advantages of
these specialized resistors.
The performance of all
IN-RES-CO units has been
proved in actual use, in ord-
nance and essential indus-
trial applications.

For fixed and adjustable re-
sistors, meter shunts, choke
coils, meter multipliers, so-
lenoids and special coils—

specify IN-RES-CO.

TYPE LL (at top) stacked as a
series multiplier, !4 Watt, induc-
tively wound, standard tolerance
/2%, maximum resistance 200,000
ohms, size %'' diam. x l4"" high.

TYPE ML (center), | Watt non-
inductive, standard tolerance
/4%, maximum resistance 500,000
ohms, size 1" diam. x 2" high.
TYPE LL (at bottom), shown as
a single unit.

INSTRUMENT
RESISTORS COMPANY

25 AMITY ST., LITTLE FALLS, N. J.
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Stamping Equipment

TWO PRODUCTS AVAILABLE from The
Acromark Co. (323 Morrell St. Eliza-
beth, N. J.) includes a foot-operated
stamping machine and a holder for

stamping with steel type.

No. 1-F FOOT-OPERATED name plate
and parts stamping machine is a
pedal-operated unit which allows an
operator’s hands to be free for feed-
ing. This pedal feature is available
in Models 1, 5 and 7 which may be

used to mark steel, brass, bronze,
zine, tin, fibre, celluloid and plasties.

The size and height of the machine
permit installation in a production
where the machine may be

line

needed. Thickness adjustment ranges

from zero to % inch.
sizes range from &
inch in size.

inches to

Standard die

3
16

Each machine comes

with a marking head (any specified
size), with a full alphabet and set of |

figures and punctuation marks.

For marking multiple characters
that change, the Heavy Duty Her-
cules holder is available for stamp-
ing with steel type. A holding clip
allows type to be quickly changed

by thumb pressure on the top of the

clip as shown by the illustration.
The type used is a heavily built |

shoulder style type. The holder

is

made from heavy tool steel bar stock

and is available in larger sizes.
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MONARCH MFG. CO.

2014 N. Major Ave. " Chioago, lil.

L Fhlossaze
TO YOU !

Monarch developments in production and

man service for the leading radio manufac-

) laboratory instruments have performed yeo-
\

turers of America. Now, in wartime, we are
cooperating with these same customers in de-
veloping and producing radio and electronic
devices used in our war effort all over the

o A

FINAL INSPECTION! Tested at every
stage, eachNational Union Electronic Tube
passes a rigid final test before shipment.

If you need assistance in the
field of radio or electronic develop-
ments, either for war production or,
if you are now thinking of peace-
time possibilities, we will be very
glad to talk things over with you.

With an established reputation for
quality and precision, National Union
engineers have been in the forefront
of electronic tube development in the
past. Today, their war research is de-
veloping new applications of the elec-
tronic tube for the future. Tomorrow,
they will be ready to help you apply
the new science of electronics to your
production problems.

NATIONAL UNIONRADIO CORPORATION
NEWARK, N. J. LANSDALE, PA.

NATIONAL UNION

ELECTRONIC TUBES

www americanradiohistorv com
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W) o VARIABLE
INTENSITY

Shutter Type

PILOT
LIGHT

Gothard No. 430 (Faceted Jewel) and No. 431 (Plain
Jewel) Pilot Lights are particularly adapted to air-
craft, marine, signal and similar applications where
various intensities of light are desired under con-
stantly changing conditions. Permits gradation
from bright light, thru intermediate glows to total
dark within a 90" rotation of the shutters. Also
available with polarized lens. Red, green, amber,
blue or opal lens.

Request complete information

' and prices.

MANUFACTURING COMPANY, 1310 North Ninth Street, Springfield, lllinois

VW Ms INAIRCRAFT,TAns

WITH

AMPERI TE

BATTERY CURRENT & VOLTAGE ©

REGULATORS

Features:—

1. Amperites cut battery
voltage fluctuation from
approx. 50% to 2%.

*Erc.

. Hermetically sealed —
not affected by altitude,
ambient temperature,
or humidity.

. Compact, light, and
inexpensive. VOLTAGE OF 24V i WITH AMPERITE

Now used by U. S. Army, VARIES APPROX.
Navy, and Air Corps.

Send us your p‘roblem.
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Standardized Flash-Welders

THE FIRST OF A SERIES of standard-

ized flash-welders, recently an-
nounced, further expands the manu-

| facturer’s line of products which

now includes all forms of resistance
welding equipment from guns and
fixtures to seam, projection, rocker
arm and pedestal type welders, etc.

Progressive Welder Co., 3100 Outer
Drive, Detroit, Mich.

Inter-communicating

System

“CONVERS-O-CALL” is the name of
an intercommunicating system
which is available for ten to thirty
stations. It is designed as an all-in-
one master system to facilitate fac-

tory and office inter-communications.
The system is easy to install and to
operate and may be utilized, if neces-
sary, for music transmission to
employees.

Fred E. Garner Co., 53 E. Ohio
Street, Chicago, Il

Liquid Coating Prevents
Adhesion of Welding Spatter

| A LIQUID COATING called “No-Spat”
| resists rust, will not freeze, and may

be used over the full welding range
of amperage and voltage. Adhesion
of welding spatter is prevenfed when
the coating is brushed over the seam
and area where weld spatter may
fall. After welding the spatter may
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STEATITE|
GERAMIG’

CHARACTERISTICS
Specific gravity of only 25 to 2.6.

Water absorption S, [.5-0.001 per
cent. Per cent power factor.

S. 1.5 to 80 cycles was only 0.0165.
Dielectric constant at &0 cycles
was 5.9-1000 KC 5.4,

Makers of electrical and radio apparatus des-
tined for war service are finding in LAVITE
the precise qualities called for in their
specifications . high compressive and
dielectric strength, low moisture absorption
and resistance to rot fumes, acids, and high

heat. The e¢xceedingly low loss-factor of
LAVITE plus its cexcellent workahility
makes it ideal for all high frequency appli-

cations.
We will gladly supply samples for testing.

D. M. STEWARD MFG. COMPANY |
Muain Office & Warks: Chattannoga, Teun.
New York Needham, Mass,

Chicago Los Angeles
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be wiped away and no chipping or
¢rinding is necessary. Two other
features claimed for the coating is
that it fuzes with the molten and
maintaing maximum tensile strength

| by floating off impurities and pre-

and that it
and thus mini-

venting  porosity,
stabilizes the arc
mizes rod spatter and saves rod
metal. Another application sug-
gested by the manufacturer is that
of coating the jig to prevent spatter
from throwing the production job
out of alignment.

The Midland Paint & Varnish Co.,
Cleveland, Ohio.

Relay

DEVELOPED FOR AIRCRAFT as well as
other uses, 3PDT Type 27 relay, No.

| 12814, measures 2 x 1§ x 2§ inches

Its character-
Acceleration,

and weighs 5 ounces.
istics are as follows:

15 g plus; nominal coil voltage, 12
volts, d-c; pick-up, 6.5 volts (0.92
watt) at 20 deg. C.; coil wattage at
is 3.2 watts;

12 volts d-c contact

pressure, 60 grams; contact eapacity,
10 amps at 30 volts, d-c; and tem-
perature rise 32 deg. C., at 12 volts,
d-c. Free samples of this relay may
be had if requests designate specifi-
cation number 12814 and if accom-
panied by a priority rating of AA-4
or better.

G-M Laboratories, 4326 N. Knox
Ave., Chicago, Il

Signal Indicator

“SIGNALETTE” is the name of a new

signal indicator for use in aireraft |

or wherever a signal light is used. 1t
is designated as No. 1534. Indica-
tion is entirely by reflected light and
radio activity. Indications are made
in sunlight or daylight, black-light

www americanradiohistorvy com

THE
FIRING LINE

..Without a dud!

.. . and every shot
a direct hit

There are no near misses with
tungsten contacts—aim is true,

and every closing and opening
is dead center. Outside ele-
ments disturb  the
"bead', because highly-fused
pure tungsten
cessive pitting or oxidation.

Where operation vital,
where ordnance and essential
industrial equipment must be
kept running, tungsten
| tacts will "carry on'.

cannot

eliminates ex-

is

con-

Take advantage of the perfect
firing power of METROLOY
contacts when
sumes its normal occupation.
‘ They're proving their worth in
all corners of the world, Met-
‘ roloy Company, 53-57 E. Al-
pine Street, Newark, N. J.

MEBTIROLO Y

industry re- x

NEAREST TO RESISTANCE-FREE OPERATION
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Photamaph by Office of War Information

GLAD HE'S ON
OUR SIDE!

Glider pilots have a job to
do. They have to set them
down at a certain place at
a certain time, slug the
enemy where it hurts him
most, and hold till rein-
forcements arrive. Coordi-
nation with other arms
must be perfect, and radio
makes this coordination pos-
sible. It’s a tough job for
tough men, and we're glad
this Marine Lieutenant is
on our side. . . . Wondet

where he 1s now?

NATIONAL COMPANY, INC.

MALDEN, MASS.

<>
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'BUT?E’"U"’ VaNES CBUTTERFLY” VANES
CLOSED
N SIGNAL INICATING
or no light. It is available with
red, amber, green or white butter-
fly vanes. The overall length is 2%

inches and is available for mounting
on panels up to § inch thickness. The
gadget may Dbe interchanged with
signal indicator (AC 42B3529) now
used in aircraft. The indicator is
protected against shattering by the
use of a transparent plastic cap
which withstands shock or explo-
sion and which permits free pene-
tration by ultraviolet rays.

Littlefuse, Inec., 4757 Ravenswood
Ave., Chicago, IIl.

Electronic Conirol for Resis-
tance Welding of Aluminum

ONE OF THE FEATURES of this weld-
ing control is its simple construc-
tion which facilitates thorough in-
spection and servicing. The control
utilizes the energy-storage principle,
and provides very high currents and
short welding time. The control con-
sists of a charging circuit,
charge circuit, control station,
Pyranol capacitors, and sequence con-
trol. All this equipment is mounted
in one cabinet-type enclosure with
full-length front doors and remov-

ey r
=L ®

a9
i ] [ ] 1
e

e I

:i
b
able rear covers. The enclosure is

ventilated by filtered air which cre-
ates a positive pressure within the
cabinet and minimizes the infiltra-
tion of dust and dirt. The main
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"Demand the Best!"

S.STAEOTLER,INC.

53-55 WOARTH STREET

1 J.
I
| NEW YORK,N.Y.
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anode transformer and tubes are
air-cooled. The charge and discharge
tube circuits are mounted on a sin-
gle base that can be swung out read-
ily for servicing. The control sta-
tion may be removed from the cab-
inet and attached to a welding
machine at any remote point.

General Electric Co., Schenectady,
N. Y.

Literature
Radio Servicing and Buying
Guide. A pocket-sized manual,

written by Major J. G. Tustison,
U. S. Army Signal Corps, describes
practical methods for serving elec-
tronic and radio devices. This
manual includes color code infor-
mation on resistors, speaker lead
and plug connections and a con-
version table of fractional inches to
decimal and millimeter equiva-
lents. The price of this manual is
ten cents, requests on firm letter-
heads from engineers maintenance
and serviceman will be sent free.
A 1943 Buving Guide covering
radio and electronic materials and
parts includes detailed listings of
transformers, resistors, condens-
ers, rheostats, relays, switches, rec-
tifiers, electronic tubes, tools, wire
and cable, batteries, sockets, gen-
erators, power supplies, converters

and other types of equipment in |

this field. One section is devoted to
sound equipment and accessories
and another section contains a
technical book section on radio,
electronics and electricity.

Both the radio servicing manual
and buying guide may be obtained
from Allied Radio Corp.,, 833 W.
Jackson Blvd., Chicago, 1.

Solders. In a 6-page folder sub-
stitute solders, regular solder and
the solving of solder problems is
described. A lead-tin fusion graph
is included. Among solders de-
scribed are fusible alloy, or low
melting point solder; wire solder,
for automatic processes and special
operations; ribbon solder, for the
sweating of parts; foil, for joining
two flat surfaces; acid and rosin
cored solders; drop solder and spe-
cial solders. Alpha Metal Rolling
Mills, Inc., 363 Hudson St., Brook-
Iyn, N. Y.
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I

OF FLEXIBLE SHAFTS

In both the power drive and remote
control types of flexible shafts, S. S.
White offers a large and comprehensive
selection of sizes and physical character-
istics—a selection that makes it possible
to meet a wide range of operating re-
quirements and conditions. The same is
true of the selection of flexible casings
and shaft and casing end fittings, which
are essentials of practically every appli-
cation.

INDUSTRIAL DIVISION

Department E, 10 East 40th St.,

AND ACCESSORIES

CONSULT S. S. WHITE when
flexible shafts or when you have a power
drive or remote control shaft application
problem. At present, S. S. White products
and services are necessarily confined to war
production work.

DATA FOR ENGINEERS

BULLETIN 1238—Power Drive Shafts.

BULLETIN 38-42—Remote Control Shafts.

BULLETIN 641—How to Make the Most of
Flexible Shafts.

Copies Mailed on Request.

S. WHITE

The S. S. White Dental Mig. Co.

you need

New York, N. Y.

I Bovtior o Sisonsion

!L-—_J

lubnut your
reason for this recognized preference.

The latest catalog of Carter Dynamotors, Converters, Permanent Mugnet Generators
and: Dynamotors, and specul rotary equxpment will be sent upon request.

N '
. '-I'~ o — hivcage, Hloweds—=— M\
1606 Milwaukee Ave. Carfer, a well known name in radic for over twenty years. Cable: Genemofor
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X By special arvangement with
the original wmakers of the
“Megger’” Testing Sets, our
vew iustrument Carvies the
U. S registered trade mark
name “MEGGER.

THE

NEW

“MEGGER”
INSULATION
TESTER

The first U.S.-made *“Megger’ Instru-
ments for testing electrical insulation
resistance are now being built in our
Philadelphia factory and we expect to be
in full production by about June 1st of
this year.

These new ‘“Megger”’ testers are of the
same hand generator and direct reading
ohmmeter type, and the same high qual
ity, as our time-tested “Meg"’ and “‘Super-
Meg" instruments, which are so well-

JAMES G. BIDDLE CO. -

-.-'na;a,:.,l L ] F* =

known for their great ruggedness and
durability. They are housed in molded
cases of high impact-strength plastic
material.

Our manufacturing facilities are com-
plete, and we now offer these new U.S.-
made “Megger” testers for delivery as
soon as your priority and our expanding
production will permit. We invite your
orders for them. Write for new Bulletin
Number 1735-E.

1211-13 ARCH STREET
PHILADELPHIA, PENNA.

VICTORY

SPLIT SECOND COMMUNICATIONS
ARE VITAL TO OFFENSIVE ACTION
ON THE BATTLE FRONT.

VALPEY CRYSTALS
BY THE THOUSANDS ARE
INSURING RELIABLE
TRANSMISSION OF
TACTICAL ORDERS
AT THE BATTLE

FRONTS

AlLL

OVER THE
WORLD.

Crystals
Manvufactured
Exclusively
Since 1931

THE
VALPEY CRYSTALS

HOLLISTON
MASS.

Established 1931

*
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Electrical Connectors. This AN
Electrical Connector bulletin con-
tains general information and tab-
ular matter which meets Army and

| Navy specifications. The following

types of AN connectors are shown:

AN3100, wall mounting unit;
AN3102, box mounting unit;
AN3106, straight connector;

ANS3108, angle 90 deg. connector;
ANDI10066, integral mounting and
special plugs adaptable to points of
high vibration. 167 insert arrange-
ments with wire data are included.
There are also pages on junction
shells, AN cable clamps, dust caps,
dummy or stowage receptacles and
cannon bonding ring. The Cannon

| catalog condensed supplements are

included in a separate section. Cop-
ies from Dept. U, Cannon Electric
Development Co., 3209 Humboldt
St., Los Angeles, Calif.

Pilot Light Assemblies. The pilot
light assemblies for marine, air-
craft, Signal Corps and industrial
applications illustrated in this 8-
page catalog are standard items
made by this company. A complete
range of the various types and sizes
are covered; included also are di-
mensional diagrams and prices.
Special assemblies are designed and
built for specific requirements.
Gothard Mfg. Co., Springfield, IIl.

Transformers. Bulletin 159 lists
standard specifications and mount-
ing means of audio, driver, inter-
stage and microphone input trans-
formers and reactors for aircraft
equipment and transmitter trans-
formers and reactors for mobile
equipment. Specifications covering
each unit are included. Bulletin
159 available from Acme Electric
and Mfg. Co., Cuba, N. Y.

Blind Rivets. A handbook which
tells how to save time on difficult
riveting jobs. The book tells how
rivets are used for airframe con-
struction, field repair and airframe

salvage. Methods of specifying
rivets, grip length, handling and
storing rivets, preparation and

drilling material, operation and
care of riveting guns, gun acces-
sories and interchangeable pulling
heads are given in the handbook.
Charts on material thickness and
standard rivet sizes are also in-

cluded. Copies from Dept. 29,
| Cherry Rivet Co., Los Angeles,
Calif.
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EXTENDED RANGE (|
SIGNAL SHIFTER! /)

.,
s

With Meissner’s newly devel-
oped general corverage series
plug-in colls...cover frequen-
cles from 1000 ke. to 16300 k.

MFEISSNER SIGNAL SHIFTER per-
mits instant frequency change in any given
band . . . right from the operating posi-
tion. Your crystal procurement problems
are solved when you install a Meissner
Signal Shifter! . . . provides continuous
coverage of a frequency range from 1000
ke, 0 16500 kc. without any sacrifice in
stability...NO CRYSTALS REQUIRED!

The Meissner Signal Shifter is a vari-
able frequency cxciter of exceptional sta-
bility . . . may be used alone as an auxil-
iary or "'Short-Haul” C-W transmitter,

All tuned circuits are gang-controlled by
a high quality precision vernier dial. #

(o \
W,M
MT. CARMEL, ILLINOIS

“PRECISION-BUILT PRODUCTS” |

o -{::_» / 3

h
)
/

(/7

§

TELEGRAPH and RADIO

Telegraph Keys to Signal
Corps Specifications

Types now in produciion include

J-12, J-18, J-28, J-29, J-30
J-31, J-37, J-38, J-40, J-41-A
J-44, J-45, J.46, J-47, J-48

Quotations upon reqiiest

THE WINSLOW COMPANY

INCORPORATED
9 Liberty Street, Newark, N. J.
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| which

| the

Backtalk

This department is oper-
ated as an open forum
where our readers may
discuss problems of the
electronic industiry or

comment on arlicles
ELECTRONICS
has published

Stroudsturg, Pa.

Condensers at R.F.

| WHY DOES AN electrolytic condenser
have a relatively high impedance to
{ r.f.?

4+ An electrolytic capacitor has a rela-

| tively high value of impedance at r.f.
| because at these frequencies it no
| longer functions as an electrolytic ca-
| pacitor. Furthermore, the impedance
at r.f. is not a function of definite
values of capacitative reactance and
resistance but rather the impedance of

[ a somewhat complex network containing
inductively reactive elements as well as
capacitative reactance and resistance.
In the basic construction of an elec-
trolytic capacitor, one conductive sur-
face is metallic and the other conduec-
tive surface is an electrolyte. The
electrolyte has appreciable resistance

trolytic path is by ionization, the re-
sistivity of such a path is subject to
considerable change under varying
conditions of both frequency and tem-
perature. Under conditions of extremely
low temperatures the mobility of the
ions is greatly reduced with resultant
large increase in resistivity. Also, at
high frequencies, the relatively large
mass of an ion is too great to permit
requisite speed of movement
through the electrolyte path to provide
proper conductivity. In other words,
the specific rvesistivity of the elec-
trolyte increases with increase in fre-
quency, until a condition is reached
where the electrolytc becomes sub-
stantially non-conductive and begins
to function as a dielectric.

During this transition there has been
an increase in the equivalent series
resistance of the electrolytic capacitor
structure with proportional increase in
power factor and impedance. At the
point, however, where the electrolyte
becomes effective as a dielectric med-
ium, the normally operative dielectric
(the anodic film of aluminum oxide) no
longer is effective in determining the
capacitance of the structure. Under
these new conditions the structure now
becomes a purely electrostatic device
and the cathode foil, normally em-

www americanradiohistorv com

and as conduction through such an elec- |

ployed to only make contact with the |
electrolyte, becomes the other condue- |

COOPERATION

in the Study of Permanent
'Magnetism and Its Practical
Application

have been in this busi-
ness a long time

long enough to realize the in-
dustrial possibilities inherent
in properly designed and ap-
plied permanent magnets.
Today's metals are far superior
to yesterday's. Methods for
turning these magnet steels in-
to permanent magnets have
been greatly improved. Oppor-
tunities for utilizing permanent
magnets in practical ways are
expanding daily.

Our engineers will be glad to
cooperate in any study you are
making in the field of perma-
nent magnetism. We have ex-
tensive laboratory and experi-
mental facilities.

We are licensed to produce perma-
nent magnets of ALNICO and NIPER-
MAG, two superior steels.

4-CC-3

CINAUDAGRAPH

CORPORATION

STAMFORD, CONNECTICUT
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CHEMICALLY RESISTANT PLASTIC
TUBINGS AND FITTINGS BY

HODGMAN

The number of uses to which Hodgman
Saran Tubing can be put are limited
only by your own requirements. Its elec-
trical properties make it suitable for most
insulation work. Its physical properties
provide an ease of handling hitherto un-
known. Saran is non-corrosive and, being
impermeable to water, provides absolute
waterproof protection. Available in O.D.
sizes from 13" to %" with walls of vary-
ing thicknesses.

for Technical

WC/ Data Sheet

No. P-4 for fur-

ther information about this

remarkable plastic tubing

. Specily O.D. size of

free sample you would
like us to send you.

Pat. No. 2160931 *

HODGMAN RUBBER CO.
FRAMINGHAM, MASS.
261 Fifth Avenue

412 South Wells St.
. 121 Second St.

NEW YORK . . .

CHICAGO . . .
SAN FRANCISCO . .
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| shunted with a mica dielectric or other |

| pedance coupling also sometimes result

Impedance,
0000~
QMNP OO

o
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0123456 7891011121314151617181920
Frequency, Megacycles

Radio frequency characteristics, dry elec-
trolytic condensers, etched anodes
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Audio frequency characteristics of dry.
etched anode electrolytic condensers

tive surface of the electrostatic strue- |
ture. This electrostatic structure now
consists of: two metallic conducting
surfaces separated by two dielectric
mediums in series, namely; the alum-
inum oxide film and the now non-con-
ductive electrolyte. The effective ca-
pacity is now determined by the geom-
etry of the structure if other factors do
not have to be taken into consideration. |

At the higher frequencies, the foil
surfaces represent appreciable values
of inductive reactance. Also, the now
non-conductive electrolyte represents a
polar-molecular dielectric structure of |
extremely poor dielectric properties.
These two conditions prevent the ca-
pacitative reactance of this electro-
static structure from closely following
the requirement that X, equal 3wfC, |
with the result that a given electrolytic |
capacitor structure does not appreci- |
ably change impedance with change in
frequency. The graph of impedance vs |
frequency illustrates this character-
istic.

In almost all filter and by-pass cir- |
cuit applications, the dry electrolytic
capacitor has a sufficiently low value
of r-f impedance to meet circuit sta-
bility requirements but should the oc-
casion arise where such is not the case
then the electrolytic capacitor must be

type of capacitor which will provide
the requisite low impedance path.
Circuit instability is frequently en-
countered in very high gain amplifiers
where the r-f impedance of an elec-
trolytic capacitor represents an im-
pedance common to all parts of the cir-
cuit and thereby provides sufficient
coupling from output to input to cause
effective feedback. The correction for
this condition has already been men-
tioned.
Similar

conditions of common im-
where three or more capacity sections
are concentrically wound with a com-
mon cathode foil member in the elec-
trolytic capacitor. In such cases of
multiple capacitor structures, the com- |
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J.P.is in New York -
with his O. K, we

can go ahead!

it's O. K. with me -
go ahead and
start building.

HARVEY - WELLS

equipment will hold a vital position in

communications

the world of tomorrow . . . because we
are preparing today.

At the present time, we're doing a
tremendous war-time job . . . helping
to produce the finest communications
instruments in the world. The skill and
experience learned through this war
production will be reflected in the
ultra-modern equipment of tomorrow
... for police, plane or plant . . . in the
. and on the

home . . . in the auto . .

train.

OUR POLICY

To anticipate the need and
keep the lead . . . to develop
the finest military communica-
tions equipment . . . so that
after victory is ours, the Com-
munications fantasy that isn't
so today . . . will be so to-
morrow! —

*

HARVEY-WELLS COMMUNICATIONS
Are Helping to Win this War

*

RVEY-WELLS
nmunicaliond we.

HEADQUARTERS
For Specialized Radio Communications Equipment

SOUTHBRIDGE, MASS.
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mon cathode foil itself is the source of |

common impedance coupling. The

corrective measure in such instances is |

to employ separate electrolytic capaci-
tor sections.
Paur McK. DEeeLEY

Feedback

IN DERIVING a formula for the improve-
ment in signal-to-noise ratio when neg- |

ative feedback is applied to an ampli-
fier, it appears that a serious error in
logic has been made and as a result
the formula generally stated in all the
standard texts is entirely erroneous,
even though mathematically it may be
correct.

The fact is, and mathematical analy-
sis shows, that the application of nega-
tive feedback to an amplifier reduces
the output signal voltage and the noise,
but it reduces the signal more than it
reduces the moise, and the ratio of the
resulting output signal to the resulting
noise is less than without negative feed-
back.

The statement that the signal-to-noise |
ratio in an amplifier is better with |

negative feedback than it is without it,
for the same output voltage, is true but
ridiculous. It is exactly the same as
saying that the signal-to-noise ratio in
an amplifier is improved by increasing
the signal, which statement is also true,
and equally ridiculous.

In effect, the standard derivation de-
pends upon the comparison of two dif-
ferent amplifiers having two different
amplification constants. The output of
the amplifier having the greater ampli-
fication constant is then reduced by
applying negative feedback until the
output of both amplifiers is the same
for a given input. Now, if a noise vol-
tage is introduced into both ampilfiers
near the output, it can be shown that
the signal-to-noise ratio is better for
the amplifier with feedback.

But! Had the output of the amplifier
having the greater amplification con-
stant been reduced the same amount by
merely putting an attenuator across it,
the signal-to-noise ratio would have
been still better!

The mathematical demonstration of
the above is quite simple and it shows
that signal-to-noise ratio is impaired by
negative feedback in the proportion,

Signal-to-noise ratio with feedback—

Signal-to-noise ratio without feed-

back = (a,/a,) (1/1-BM)

where:—

A is the amplification constant of the
whole amplifier.

a, is the amplification constant of the
portion of the amplifier included be-
tween the point at which noise is in-
troduced and the output.

a,1s the gain, with feedback, of the
same portion of the amplifier.

B is the feedback propagation constant
(usually assumed a negative quan-
tity, numeriecally, for negative feed-
back).

F. S. MACKLEM

Research Fnterprises I.imited
lLeaside, Ontario

ELECTRONICS — April 1943

THIS NEW
TRADE MARK
23 YEARS IN
THE MAKING

Here's a simple and direct
symbol to know us by! Back
of it stands over 23 years of
experience in the inventing,
designing, manufacturing of
relays for every conceivable
purpose. But the biggest
thing it stands for is con-
fidence. “You can buy a
Kurman Relay with your
eyes shut,” is what many of
the biggest relay users will
tell you. That—cohfidence in
Kurman—is valuable insur-
ance to safeguard the repu-
tation and performance of
your products—be they low
cost volume production
units or costly experimental
developments.

Transformers
for Combat

In Active Service
Over the Entire Globe

DINION COIL COMPANY

CALEDONIA, N. Y,
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WHEN LIVES ARE AT STAKE

.~

KENYON TRANSFORMERS
ARE A "MUST”

'KENYON TRANSFORMER (0., iy
84_0 BARRY S_TREE_T,»- AN NFW YORK. N.

- S i <. &
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WAR PRODUCTION BY

Lhosthesn odistiial’
%MI(M ﬂﬂllgﬂ(lﬂy

7-11 ELKINS STREET SO. BOSTON, MASS.

35 YEARS OF PLASTIC
MOLDING EXPERIENCE
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| Radio Parts for Schools

WITH REFERENCE to an item in “Cross-

| Talk” of the Nov. 1942 issue regarding
radio parts desired by schools I would
like to offer a suggestion.

This project of supplying representa-
tive equipment to the schools would
definitely be a war contribution. As
you point out, it is desirable not to
sidetrack new material nor rely on
priorities if possible.

I would suggest that this problem
be turned over to the “ham’” organiza-
tions to carry on. I am not a member
of that order myself, but had planned
to carry on some development work and
do have a number of radio items stored
away for the duration that could well
be put to use now as you point out.
Many of the ham fraternities must also
be in the same condition. Therefore,
why not call on the radio, amateur or-
ganization.

Could there be a more fertile source
of miscellaneous and representative
radio parts and equipment? Equipment
that can be turned over without priori-
ties or red tape and certainly at nom-
inal cost.

S. SOLOMON

Directional Drainage Relay

Mr. HaroLp P. HELLER'S letter in ELEC-
TRONICS September 1942 issue refers
to an error in the application of the
directional drainage relay, the article
on this subject being previously ab-
stracted in the June and March 1942
issues of KLECTRONICS.

I would like to point out that this
material was abstracted from the com-
plete article appearing in the Proceed-
ings of the Pacific Coast Gas Associa-
tion (Vol. 30, pp. 163-165) and that the
theory advanced in the original article
is correctly stated. The authors did
not make or edit the abstracts in ques-
tion, and, therefore, are not responsible
for the error which has occurred in
stating the direetion of current flow.
Underground pipes which are elec-
trically positive to rails or to other
underground structures will experience
a current flow from pipe to rails or to
the other struetures and, ordinarily, an
accelerated corrosion rate. On the
other hand, if the pipe system is suffi-
ciently mnegative to the surrounding
medium, current will be accumulated
by the pipe system and corrosion will
be mitigated.

Mr. Heller states that the applica-
tion of the directional relay does not
constitute cathodic protection. I can-
not be in complete agreement with this
statement in a practical sense. By the
use of the relay a lower resistance path
is provided for the return of stray
currents to the negative rails, therefore
the current pick-up on the pipe system
may be increased. Increased cathodic
protection will then ensue to areas of
negative pipe potentials just as if an
additional source of outside power had
been provided. Now if the potentials
reverse on the pipe system on account
of train or street-car movements, the
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CORPORATION

6327 Guilford Avenue
INDIANAPOLIS, IND.

-~

e NUMBERALL o

NUMBERING and
LETTERING PRESS

MODEL 40

Quickly stamps serial numbers
details

plates, names and numbers on

and other on name

tags, etc. Can also be fur-
nished for HOT
Write for catalog.

stamping.

NUMBERALL
STAMP & TOOL CO.

Huguenot Park Staten Island, N.Y.
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area of positive potential may now be
negative, and the relay blocks the re-
verse current flow causing the current
to be accumulated via the soil paths.
Another relay at the newly positive
area will then operate to provide the
metallic return path.

1t will be noted that more than one
relay must be used ordinarily to take
advantage of the shifting negative
areas. In practice certain areas are
found to be predominantly positive for
considerable periods, and these loca-
tions are then taken as the drainage
cable locations. If the pipe potentials
merely increase or decrcase without
change of direction, fixed drainage
cables may be installed and the relays
eliminated. This is not always the case
however.

It is quite possible that, by a properly
arranged system of relays and drain-
age points, cathodic protection can be
achieved on a system over a large per-

| centage of the time without the use of

additional current sources other than
the local electric railway system. How-
ever, as Mr. Heller mentions, additional
forced drainage using separate ground
beds and separate current sources is
in many cases desirable inasmuch as
railway currents may be insufficient to
provide complete protection against
corrosion at all times. This presents a
problem in economics and engineering

| which is separate from the problem of

controlled pipe system drainage. The
latter involves controlling stray soil
currents such that (1) they may be-
come less detrimental, and that (2)
they may
under certain conditions.
Ray M. WAINWRIGHT,
Engineer

Toledo, Ohiu

Medical Electronics

CERTAIN PHYSICIANS arc using elec-
tronic machines in an attempt to diag-
nose diseases. Their contention is that
such a machine measures vitality of
organs and tissues. The operating
physician places an electrode on the
leg and another on some other part of
the body. With one hand he turns
switeh after switech. The other hand
is used to rub a diaphragm which looks
like cellophane.

Is such a machine more or less ac-
curate in diagnosis? If so, what does
it actually measure?

C.A.S.

Van Nuygs, Cali

4+ The machine described is undoubt-
edly etfective only in transferring
money from the pocket of the patient
to the pocket of the quack operating
it. I am quite sure that the machine
could not effectively dilTerentiate be-
tween a live patient and a dead one.
although the quacks use some machines
which are of value to the physician
trained in their use, such as x-ray.

The machine is probably a dummy,

| in other words is composed of meters
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ALMOST
LIKE MAGIC!..

The SPEED of W-

INDUSTRIAL EMERGENCY SERVICE
ON RADIO AND ELECTRONIC SUPPLIES

e MAGIC could weork ne greater
miracles than our technicians often
accompli~h in shipping a b'g variety
of sorely neecded parts and equip-
ment (o buvers who MUST HAVE
THEM NOW! Urgent war develop-
ment work can tolerate no delays.
That’s why we have estahlished a
special  department  and  technical
stafl to give speedy. eflicient, emer-
gency service to electrical industries
thruout the middle west. Exira large
and diversified stocks ave constantly
maintained. Thev include thousands
of items . . . all of the leading lines,
No matter what the items. or who
makes them. we’ll shin faster than
von ever thought possible nunder tryv-

ing wat conditions

This indispensable
ence ook and buver’s puide
will prove a vaiuable as-
set. Mt's packed with i
formation on  Radio and
Fleciranic  products.  Senl
free te Purcha:ing Agents
and others respousibnle for
Buving and speei ying, who
weile for a cogy on com-
pany stalionery.

WALKER-JIMIESON, INC.

311 South Western Ave., Chicago, lll.
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THE ADVANCE MICRO RELAY|
IS DOING A GREAT JOB »

TIME-TESTED in hundreds of applica-
tions from aircraft to signal-corps com-
munications, the Advance Micro Relay
has that vita! qualification—RELIABIL-
ITY. One of the first small relays on the
market, this dependable unit is doing

a great job on all fronts. Maybe it is
exactly what YOU need.

ADVANCED MICRO RELAY HIGHLIGHTS
* Available from Single Pole, Single |
Throw to Four Pole, Double Throw. *
Capacity: 2 to 220 Volts A.C,, and ]
to 60 Volts D.C. * Stationary Contacts
mounted on heavy copper terminals

minimize maladjustment. % All Con-

tacts insulated, positioned above

Ground. * Lug Terminals well spaced

for easy soldering of connections. * |
Good
permits control of higher voltages. * |
Weight: 3 oz.; Dimensions: 1%’ x|
1% x 17, % All metal parts A & N |
plated. % All Bakelite parts are wax- |

clearance between Contacts

impregnated to prevent moisture ab-

sorption.

OTHER ADVANCE RELAYS

are made for general circuit control applica- |
tions. They include: Ceramic Insulated Relays
(Double Pole, Double Throw, with extra Single
Pole, Single Throw if desired) for antenna
changeover or other R. F. Circuits. |

Each Advance Re-
lay receives individual
adjustment and in-

spection. Close atten- Q.
tion is given orders. =
. B P dt eSS
Write for details to- /'\\‘A\
day "%‘k
O\

% Z'lllrezﬁ'/l/l

ADVANCE ELECTRIC COMPANY
1260-1262 West Second Street, Los Angeles, Californi
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| nent

| original

and dials without function, but may
have thermocouples and other devices
which will produce a reading which
differs on different parts of the body.
This reading would be equally mean-
ingless. The business of rubbing the
cellophane diaphragm speaks quite
eloquently of charlatanism.

The only practical application of
recording potentials of the voluntary
muscles was described by Juacobson in
the Review of Scientific Instruments
in the last 3 or 4 vears. This or a
similar device, would be applicable only
where there is a definite disease af-
fecting the muscles, such as infantile
paralysis or myasthenia gravis or
spasticity, and then it is largely of
theoretical interest.

The only electronic devices which
can be used safely by the layman for
treatment are the ultraviolet genera-
tors and hearing aids.

W.E.G.

Wave Analysis Schedules

SINCE THE SCHEDULES published by
Col. Denman in September 1942
ELECTRONICS furnish tools of perma-
value for the engineer, they
should be free from errors. After
hearing from Mr. Corrington (a
reader of FELECTRONICS) who has
found errors in the article as pub-
lished, I have found it necessary to
rederive the analyvsis schedules from
the beginning. This has been a tedi-
ous and time-consuming job, but it is
finished and I am ready to report.
The errors, noted below are of three
sources: those occurring in typesetting
and printing; two errors made by me
in redrawing the schedules to fit them
into the publication space available;
errors which are in Col. Denman’s
article. Mr. Corrington’s
findings are correct at every point, and
I think his services in this connection
should be publicly noted. He must
have done a lot of work on the
schedules.
The list of errata follows.
FREDERICK W. GROVER,
Schenectady, N.Y.

Page 44, column 2, in the equation.
I'or y,, read y.

Page 45, 86 Ordinate Schedule:

In second row of ordinates ¥, Y
Yar - « - Yss Should be omitted.

At bottom of page, for 4, read 0, —
T ST TICr

Page 46, first column:

In equation for d, for +(A4.+4.),
read (4,—A4.).

Page 46, second column:

Line 2, check for d,, for — (A, A4,),
read (A, 1+A4..).

Second line of check for
(Als—A’:)y read (Am' 'A:r )

Iifth line of the check for S, should
read (D,+B,) + (Bx=+B23) + (Byut
B.) + (Byt+B) + (ButDBy).

Sixth line of check for S,, for (B,—
B.) sin 85°, read (B, —B.,) sin 35°.

www americanradiohistorv com
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PyroFerric Cores of powdered
Iron or Copper have no limita-
tions in size, shape or insert.
PyroFerric are specification cores
to fit any circuit.

PyroFerric Cores are being
made in quantity for the electronic
industry’s war effort.

If you require Cores to speed
the war cffort send us your spe-
cifications and we will rush sam-
ples to you.

PYRO ERRIC CO.

175 Varick Street, New York, N. Y,

PHOTOVOLT
Electronic Timer

tor
TUBE PROTECTION
® For DC or AC, various voltages

and frequencies

No mechanically moving parts
Immediate automatic resetting
Delay periods from 1/10 sec. up

Standard units can be combined for
sequence of several timing periods

Inquiries regarding special timing prob-

ve_rs

lems invited. State ‘g

PHOTOVOLT CORP.
95 Madison Ave. New York City

Also: DC Amplifiers
Electronic Photometers

requirements.
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72 Point Schedule, page 46:

Bottom of the page. u, A — A
Atd A — AL A AL

For o, = R (R,—R.), read «,

R, — (R,+R,). ‘

For e, R, — (R,—Ry), read o, \

A

b

B, — (BEA4Ry).
For Ya 0, — 05 + Ty ~— Oy T Opy |
read v, = o, T + Ti Ty 018
Page 47: ‘

Column for A,, and A, in the line |
for sin 80°, the symbol is not clear. It
should read —oy,.

Table for Cosine Terms:

Column for B. and B,, line for o
30°. For —3,, read 4,,. ‘

Column for B, and B, line for a
50°. For —T,T,, read T, T, |

Column for B, and B, line for «
70°, for T, Ty, read —T, —T..

Column for B,, and B.;, line for a
20°, for 4, read A,

Column for B, and B, line for &
55°, for A,, read —3..

Column for B, and B, line for 157, |
symbol is correct, but not very clear. |
Read —4,,. |

Column for B, and B,, line for « ‘

Fvery SECOND Counts

e Astatic Multi-contact Plugs and Soc-
kets and Co-axial Cable Conncctors not
only speed up the operation of connecting
and disconnecting electrical circuits for
military radio equipment but what is more
important, they guarantee positive circuit
contacts for uninterrupted radio com-
munications. Government approved, Asta-
tic Plugs, Sockéts and Connectors are
highly praised by radio manufacturers for

° e o g o .
45°, for 2, read —3, uniform quality and expert workmanship.

Editor’s Note.—Colonel Denman was killed
in active service in November 1941.

It CANADA
CANADIAN ASTATIC. L1D
TORONTO. ONTARIO

T THE ASTATIC CORPORATION

YOUNGSTOWN, OHIO

—

MAGNET WIRE

® Much of the success of |
this Hudson Wire product is .
> due to a new coating method that gives
a smooth, permanently-adherent enameling. Mercury-process tests
guarantee perfect uniformity; great tensile strength assures per-
fect laying even at high winding speeds. Especially adaptable for |
reduction in coil dimensions without sacrificing electrical values.

4 Qur engineering and design facilities are af your i

.-;é
ENAMELED = 3

R A e e

TS

Leo Sadowsky of New York has overcome
his physical handicaps to become an
amateur radio operator, licensed by the
FCC. He was born deaf, and never
learned to speak, was blinded by an ac- l

disposal—details and quofofions on request. b
B

WIRE COMPANY

cident when two years of age. He showed
an interest in radio and was encouraged \

by instructors at the N. Y. Institute for the
Education of the Blind. He learned to dis-
tinguish radio signals by means of a ‘

T AR

buzzer, feeling the vibrations through his
hands. He is now a licensed ham
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TRIPFPLETT

/7ze INSTRUMENTS

ion s
S[fﬂﬂo
Lze. Note
a\e and

Th‘s 1““
Yy actua‘ s

inimu
n‘;ln‘ . R
space require

A WORD ABOUT DELIVERIES

Naturally deliveries are subject to necessary priority
regulations. We urge prompt filing of orders for delivery
as expeditiously as may be consistent with America’s
War effort.

TRIPLETT ELECTRICAL INSTRUMENT CO. . .

. « . BLUFFTON, OHIO

broadsc paﬂe\

RADIO MANUFACTURERS
AND PARTS SUPPLIERS FOR PRESENT AND POST-WAR

EXPORT REPRESENTATION

Qur facilities for handling every type of foreign transaction enable us to offer a
superior export service. As specialists in all phases of export, we seek a few well-
established radio and radio parts firms interested in present and post-war repre-
sentation. We invite inquiries regarding our ability to relieve manufacturers of
all the intricate details pertaining to the handling of export matters. Reliable
radio manufacturers and radio parts suppliers who wish to avail themselves of
responsible, efficient and experienced overseas representation are requested

To write
RCBURN AGENCIES, INC.
11-E Warren Street, New York, N. Y,

ALL SHAPES — ALL SIZES

FOR ALL PURPOSES

Stamped, Formed, and Cast; Chrome, Tung-
sten Cobalt and ALNICO** (cast or sin-
tered) under G. E. license.

THOMAS & SKINNER
STEEL PRODUCTS COMPANY

1116 E. 23rd STREET INDIANAPOLIS, INDIANA

Laminations for Radio Transformers — Tools
Dies — Heat Treating — Stampings
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" PERMANENT MAGNETS

=—=42 YEARS EXPERIENCE ==

NEW BOOKS

Mathematics of Modern
Engineering

! By ERNEST G. KELLER. John Wiley
and Sons, New York, 1942, Volume

| 1T (mathematical engineering), 309
pages. Price $4.00.

WRITTEN IN THE INTEREST of the

Advanced Course in Engineering of

the General Electric Company this

second volume follows by six years
the tirst which was written jointly
with R. E. Doherty. Volume II is

relatively independent of Volume I

and may be read by itself.

The book is divided into three

nearly equal length chapters. The
| first treats the classical methods for
setting up the differential equations
for studying the dynamics of com-
| plicated mechanical systems such as

the suspension system of an electric
locomotive. The approach is to start
with energies and then use Hamil-
ton’s principle to derive Lagrange’s
equations or to use Lagrange’s equa-
tions directly.

The second chapter is divided into
| two parts, the first containing an

introduction to matric algebra and

tensor analysis, and the second an
| introduction to the use of these tech-
niques in the formulation of the
electromechanical differential equa-
tions for rotating electrical ma-
chines. The final chapter is con-
cerned principally with methods for
solving nonlinear and variable-co-
efficient linear differential equations
analyvtic in a parameter. Such equa-
tions arise in difficult electrical and
mechanical problems. A fairly ex-
tensive treatment of elliptic and
hyperelliptic functions is included.

As this survey of the contents
indicates, except for the intro-
ductory material in the first part of
Chapter 2, the book was not intended
for and is not suited to the needs
of the beginner. It is essentially
written for engineering graduates
who are interested in formulating
and solving mathematically difficult
mechanical and electrical problems
associated with lumped-parameter,
i.e. discrete physical systems. Vol-
ume 111, which is vet to appear, will
deal with continuous systems.

For Volume II it is presupposed
that the reader will be thoroughly
familiar with the usual undergradu-
ate mathematics through ordinary
differential equations. Volume I,
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which assumes a knowledge of
calculus, would be appropriate
toward the end of such a preparation.

Unfortunately the first printing
is full of misprints which even
occur in important equations such
as (42) on page 44. The necessary
corrections are not obvious in some
cases. More serious than these are
a number of careless and erroneous
statements on important points. An
indication of the type and distribu-
tion of these is as follows.

Chapter 1 is carelessly done in
places. For example, the last part
of the stutement of Rayleigh’s Prin-
ciple on page 87 is vague and mis-
leading if not incorrect.

Chapter 2 is definitely below the
level of the other chapters at many
points. The following samples will
illustrate this. A large number of
unsubstantiated claims regarding
the contributions of G. Kron and
their power, form the introduction
to this chapter. The tvpe of co-
ordinate transformation considered,
Eq. (13), page 114, is not well de-
fined. The historical remark on
page 132 is incorrect. The credit
should go to a 1919 paper by Pro-
fessor Rosebrugh of the University
of Toronto. The generalization

postulates are too vague to be sig-

nificant. In obtaining the equations
of a stationary network the trans-
formation from branch to loop cur-
rents is trivial and unnecessary.
These equations may be written
down at once in the ordinary way
by using the network diagram
labeled with loop currents. Conse-
quently matrix transformations are
not required for setting up the
equations. The network chosen for
the main illustrative example, Fig.
2.13, page 143 (also Fig. 2.15, page
148), is found on redrawing to be
the trivial five-leaf clover.

Chapter 3 is rather
written and is to be recommended
to those who wish to solve difficult
non-linear and variable-coefficient
linear equations of the types which
arise in electric control circuits em-
ploying iron-core inductors, in the
theory of frequency modulation, in
the theory of super-regeneration,
and in non-linear vacuum tube prob-
lems. The book does not mention
the last three applications, but
stresses applications to electrical
rotating machinery.

In general, numerous interesting
examples illustrate the text, and

ELECTRONICS — April 1943

carefully |

|

ELECTRONIC APPLICATIONS

“The Eves and Ears
of our Armed Forces v

..AROBOT!

The electronic tube is carving a niche in
posterity. .. its part in achieving victory in
World War Il has
importance, for the hundreds of military =
applications are the differential between
modern and medieval warfare.

DANIEL KONDAKJIAN tungsten ond elec- -
tronic tube components are prominent in
this rapidly expanding field . .
specified in all vital phases.
When the job is done, our engineering
experience and facilities will be devoted
to human betterment.

THE ENGINEERING CO.

27 Wright Street, Newark, New Jersey

D-H Nickel and Nick:l alloys have
the following advantages:

Ease of welding and forming

High emissivity

Non-corroding

High strength at elevated tem-
peratures

D-H technical control due to close ac-

quaintance with application assures
you of an excellent maierial.

DRIVER-HARRIS C
HARRISON, NEW JERSEY

*TRADE MARK REG. U. 5. PAT, OFF,
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DANIEL KONDAKIJIAN

backbone of coordination

OUND is the

in this World Wide War.
squadron approaches a battleship . . .
o . and in no time
all guns are going full blast. Atlas Sound
Equipment . . . clear, reliable, weather proof
. is lending its voice in all theatres of war,
doing an exacting task dependably. # Our
craftsmen and machines can handle minor con-
version of our regular precision line . . . we
will be glad to discuss your problems with you.

An enemy
‘calling
all men to their stations

Complete Atlas Sound Catalog
on request

1443 39th Street, Brookiyn, N. Y.
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Wonderful things! :
. Instruments

| many practice problems, with hints |

(TEST—:

Bt
e
L E e
= Tl

e

They go through thick and thin with
our pilots.

They're shock resisting and highly
accurate in all temperatures, alti-
tudes, attitudes.

3 \ ”
P, 3N .
They've got to be in this man's war.

Making them that way is one of the
war-time jobs of

%Jy}cm/ Qa/l‘on, Cieo.

| realized. Another contribution which |

|

Manufacturers of Electrical and Nariga-|

tional Instruments for Aircraft.

k4 / k4

Is there a dollar in your pocket that
should be in the fight?
BUY WAR BONDS

218

‘ alternating current circuits.

for solving the more difficult ones,
are placed at the ends of sections.
A valuable set of well classified

references appears at the end of

each chapter.
In brief then, although Volume II
cannot be uniformly recommended,

its good features constitute a valua- |

ble contribution to the literature of |

advanced mathematical engineering.

—J.L.B. |

A-C Calculation Chart

By R. LORENZEN, John F. Rider, Pub-
lisher, New York. (166 pages, price
$7.50.)

THE CHARTS CONTAINED in this vol-

ume have been prepared primarly |
for increasing speed and minimizing |
the amount of labor required in mak- |

ing certain types of calculations of
All ex-

of the reactance-frequency-induc-
tance-capacitance type of chart orig-
inally prepared by the Bell Telephone
Laboratories and available as a
standard graph sheet from the Keutf-
fel & Esser Company. This type of
chart contains four logarithmically
ruled scales; values of reactance and

\

frequency being plotted as the ordin- |

ates and abscissa, respectively, while
another set of logarithmically ruled
scales at a 45 deg. angle contain
values of inductance and capacitance.
Any point on such a graph serves to
correlate four factors: X, f, L and C.

In the introduction and also in the
explanation of the use of the chart,
the author makes a contribution in
outlining the history, theory, and de-
velopment of this type of chart. Sev-
eral pages are devoted to the use of
the charts in convenient form, and
illustrating the use of the charts in
conditions which are not always

has been made is in the inclusion of
a number of charts with inverted
scales so that values of susceptance
rather than reactance are plotted as
the ordinates, with the necessary in-
version in the logarithmic scales of
inductance and capacitance. Two
charts at the end of the hook deal
with @ and phase angle, the latter of
which is a double scale device sim-
ilar to two scales of a slide rule.

In all, there are seventy-two sep-
arate charts of frequency against re-
actance, and seventy-two charts of
admittance plotted against react-
ance. In each case supplementary
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{Secondary Frequency Standard)

% Transmits EXACT frequency carriers
simultaneously every 10 KC and every
100 KC: aiso marker carriers every
1000 KC between 100 kilocycles and
60 megacycles. 1000 KC carriers us-
able from 1 megacycle to 150 mega-
cycles, accuracy .05%.

% The ideal Crystal Controlied Signal
Generator for I.F. or R.F. Alignment.

* Checks Factory or Field Test Oscil-
lator Accuracy.

% Checks Receiver and Transmitter Cal-
ibration. Unexcelled for setting Elec-
tron-coupled Oscillator Transmitter
Frequency to Close Tolerance, subs#i-
tuting for Spot Frequency Crystals.

% Modulation "'ON-OFF'' Switch.

% No calibration or tuning charts re-
quired.
% Size 5'° x 8" x 8Y2"". Weight 12 Ibs.

Operates on [15 130, 150, 220 and 250
volt 25 to &40 cycle A.C. Supplied com-
plete with Bliley 100 and 1000 K.C. duo-
frequency crystal and one &Vé oscillator
one 6N7 harmonic generator, one 6L7
harmonic amplifier and one 6x5 rectifier.

Manufactured by
FRED E. GARNER CO.
41 E. OHIO ST. CHICAGO, ILL.

®The country’s largest exclu-
sive wholesale distributor
of radio and electronic
parts offers you the benefit
of its well-trained organiza-
tion, long experience and
exceptional factory connec-

tions, in filling your PRIOR-
ITY requirements.

®Try Dalis — write,
wire or ‘phone . ..

H. L. DALIS, Inc.

Distributors of
RADIO & ELECTRONIC SUPPLIES
17 Union Square o New York, N.Y.

Phones:dALgonquin 4-8112-3-4-5-6-7
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scales are printed at the bottom of

the sheet giving the relationship be- :
tween any number and its square
root, as well as the reciprocal rela- |
tionships between ohms and mbhos.
Each chart is well printed in green
and red and is 6% in. square. This |
scale size is sufficiently large so that

results of engineering precision may |
be easily achieved. Each of the in-

dividual charts is devoted to one de- |
cade (a 10 to 1 ratio) of reactance l
and frequency, and the multiplicity {
of charts is required to accommodate |
the wide range of reactance and fre- '
quency encountered. In effect, all
the information of 144 charts could
be placed on two charts, with the ex-
ception of the location of the appro-
priate decimal point. It appears to
this reviewer that a single chart
with appropriate notation for the
location of the decimal point would
be as quick to use as 144 separate |
charts. It would also appear that the |
price of $7.50, while a fair price for |
a book of this size and type of con-

struction, is somewhat high for the ’
convenience of locating a decimal|
point. Nevertheless, those who have

occasion to make frequent use of |
such calculations of the type for
which the book is intended, may not
show this point of view. Certainly
the charts cover a very wide range of
circuit parameters. Conductance
from 0.1 micromho to 100 mhos (cor-
responding to a range of from 0.01
ohms to 10 megohms) may be found
on the chart. The frequency range
extends from 10 cps to 1,000 mega-
cycles.—B.D. \

Principles of Aeronautical
Radio Engineering

By P. C. SANDRETTO. McGraw-Hill
Book Co., Inc., New York, N. Y. 41} |
pages. P'rzce $3.50.

PRIOR TO HIS ENTRY into the Army, ‘
Major (now Lieutenant Colonel)
Sandretto served as Superintendent
of the Communications Laboratory
of United Air Lines, and his work
in aircraft radio extends over many
years. It is not surprising there-
fore that he has written, in this re-
viewer’s opinion, the best book yet
to appear on the engineering appli-
cations of radio to flying. The book
is well-written and well-arranged; it
is complete; the author knows what
he is talking about; and it keeps
close to the engineering realities of
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DYNAMOTORS

\ Z;Y;//n e dll¢’/009'ﬁ9ﬁf$.'

The men in the planes can tell you
that it takes perfect coordination of
every factor—of manpower, plane and
instruments—to come outon top ina dog-
fight. Dynamotors don’t do the shooting
—but they furnish the necessary power for
radio communications, direction-finding,
radio compass and other instrument controls
¥ which enable our men to find the enemy, attack
and come back safely. Eicor Engineers are proud
of the job Eicor Dynamotors are doing today
in fighters, bombers, trainers and transports.

E&@'& IREC. 1501 W. Congress St., Chicago, U.S. A.
DYNAMOTORS * D. C. MOTORS * POWER PLANTS CONVERTERS
Export: Ad Auvriema, 89 Broad $t., New York, U. S. A. Cable: Auriema, New York

For VIBRATION FATIGUE TESTING of VITAL AIRCRAFT PARTS

You Caw’t Go Wrong with the Improved
All-American Portable
MODEL 10

ELECTRIC TACHOMETER
sures accurate readings. Model 10
will reproduce vibration conditions
exactly as they exist in actual
service. Meet Government test
requirements with Model 10.

as-

Write for Engineering Data and Quotations

ALL-AMERICAN TOOL & MFG. CO. 1014 Fullerton Ave.  CHICAGO, ILL.

DESIGNERS AND SOLE MANUFACTURERS

TAYLOR

LAMINATED PLASTICS
Vulcanized Fibre « Phenol Fibre

SHEETS, RODS, TUBES, FABRICATED PARTS

TAYLOR FIBRE COMPANY
NORRISTOWN, PA.
Pacific Coast Headquarters: 544 S. SanPedro St., Los Angeles, Cal.
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WEe Have Buur.

Integrating Vt. Voltmeters, Vibration Analysis
Amplifiers, Multi-stage (bridge stoges) D.C.
vt Voltmeters
(.01 v. full scafe;

5,000,000 ohms

ey e | MAYBE WE CAN MAKE

ity Amplifiers. SOME INSTRUMENT FOR YOU
E=NSS 1

We have knowledge, obility and ingenuity.

trouble - shoot
equipment. Try
us!

HATRY & YOUNG

203 Ann Street

Hartford, Connecticut

WAXES « COMPOUNDS for
ELECTRICAL INSULATION

Zophar offers prompt service on Insulating Compounds for
a wide variety of electrical applications, including:
. . . insulation for CONDENSERS, TRANSFORMERS, COILS, power
packs, pot heads, sockets, wiring devices, wet and dry batteries, etc.
.

Also WAX SATURATORS for braided wire and tape. WAXES for
radio parts.
Special compounds made to your order.

ZOPHAR MILLS IN

130-26th St. Brook!yn, N. Y.

FOUNDED 1846
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the subject. It is a thoroughly read-
able book. All of which is fortunate

| because in this war, as never before,

engineers must assimilate quickly
what has gone before in engineering
radio equipment for aireraft.

The book begins with a chapter on
the evident need of radio in air-
craft, and then launches into
detailed ftreatments of the low-
frequency radio range (“A-N"
beacon, (with comments on its
shortcomings as well as its capabili-
ties), the u-h-f radio range beacon,
aireraft loop divection finders,
marker beacons, the various forms
of instrument landing developed
prior to the war, the absolute alti-
meter, ground (Adcock) direction
finding, medium and ultra-high fre-
quency radio communication. Treated
also is that neglected subject, air-
plane power systems. The conclud-
ing chapter treats the system-engi-
neering aspect of aeronautic radio,
which is so often neglected by the
equipment designer.

Unlike most other books on the
subject, this volume does not take
a self-consciously elementary ap-
proach. It assumes that the reader
already has a basic understanding
of radio technique and confines itself
to the application of this technique
to the aircraft problem. Mathe-
matics 1s used, where needed, but
simply so. The author has added to
his own authority, by submitting
each chapter to a specialist, such
as Andrew Alford, Lt. Col. R. R.
Brunner, W. K. Jackson, F. C. Mec-
Mullen. Harry Diamond, Charles R.
Burroughs, and A. F. Trumbull,
names which are well known in and
out of aircraft radio cireles.

The book treats all the subjects
which military exigencies permit.
It is to be hoped that, when censor-
ship is lifted and the behind-the-
scenes developments in this field
become publishable, the author will
not delay in preparing a second,
enlarged edition.—D.G.F.

Frequency Modulation

By AucusT HUND. MeGrow-Hill
Book Co., Inc., New York, N. Y.
375 pages. Price $4.00.

THE READER HAS A RIGHT to expect,
on the basis of his previous work,
that any book by August Hunt
should be sound and comprehensive,
(Continued on page 221)
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LRADIO & RADAR
~7 EQUIPMENT

'BIRTCHER Siainless Steel, locking-type tube
clomps ore flying with Allied Aircraft all over
the world. Made in o voriety of sizes to fit

any size tube base. Precision workmonship.

FOUR-RANGE ADA .
RHEOSTATS "You con'bfluuo tube out of a BIRTCHER clamp!”
FADA models manufactured ) . The
i
10c for our latest Replace- B * B‘&tChe&

Lubricated SERVICE DEPT. PROMPT DELIVERY
Contacts has replacement parts for all SAMPLES AND PRICES UPON REQUEST
during the last 10 years.
Cail, write, phone or send
ment Parts Catalog. k

Corporation

FADA OF NEW YORK RADIO & AIRCRAFT SPECIALTIES

PLASTIC FABRICATION & MOULDING
928 Broadway, New York, N.Y. 5087 -HUNTINGTON DR. + LOS ANGELES, CALIF,

GRAMERCY 7-0851.

KIRKLAND

We manufacture a complete line of equipment

SPOT WELDERS, electric from % to 500 KVA ,}C ARC
TRANSI“UIIL\I S, special and standard types WELDERS INDIC TI NG LIG HT
INCANDLEN LAMID® manufacturing equipnient From 100 10 A
FLUORES! T TUBE MAKING EQUIUMENT 400 Amps.
LLECTRONIC EQUIPMENT, vacuum pumps, erc. . : i
WET GLASS s?("mg and cutting machines for laboratory use P N o NOTE

GENERAL GLASS working machines and burners
COLLEGE GLASS working units fo students and laboratory
EISLER ENGINEERING CO.

751 So. 13th St. (near Aven Ave.) Newark, New Jersey

The socket is

P T TR . the thi that
PURCHASING AGENTS! PN STEATY souREE 0F AUl makes fhe big
ELECTRONIC difference

EXPEDITERS!

A molded bakelite

manufacturers and we carry

Try HARRISON first e 1 o
for your Radio and Electronic ‘““‘“ L " A4) §ockle|;_ wil}l; a Yy
X X b insulation barrier
Parts requirements. 1 ‘.\.P\;onti “. A | and two 6-32 ter-
We are Factory Distributors of all leading \.}“ﬂ St minal screws with
AN " cup washers.

OVER TWO MILLION PARTS
IN STOCK! o1

#600 Unit Un:;;x:or;:zrs,

FOR ACTION-

HARRISON RADIO CORP. X PHONE! WIRE! WRITE! e e
12 West Broadway ° New York ND CATALOGS ON REQUEST !
L e e “WOrth” 2-6276 - %ﬁ“llﬂms A ! 0 H. R. KIRKLAND CO. MORRISTOWN, N. J.

-

INE RIBBONS ELECTRON TUBE MACHINERY MICROMETER

of Tungsten and Molvbdeunm of vrery tuype——standard, and specinl design FREQUENCY
"~ KAHLE ENGINEERING COMPANY

for
checking
transmitters.

Molvhden in widths 006" 1 o =
S0 it m ,:: lhi‘cl'nsees ) ‘110“15 Specialists in Egquipment far the Manutacture o METER from 1.5 to 56 mec..
T Ribb THEE . o Nadin "Tuln Cathode  Ray Tube Fluareseent within 0.01 per cent,
ungsten ibbon tu specitication Lamips,  Ineandescer Lamps. Neon Tubwe 1"
11. CROSNS Cells, NX-ray Tubes and other gl etronie LAMPKIN LABORATORIES
- B products, on production or laboratery basis.
Bradenton. Fla., U. S. A.

15 Beekman St New York 1307-130) Seventh St.. North Bergen, NoJ.

RADIOLAB'S Inc. |  [uhaigiid o =N
HARVEY oo | PENRELORVZERRY A] o oosionuawrs | g

ELECT Thousands of vital transmitting i . ! "

Ro NIC AP PARATU S tions rely on the accuracy an gd:;;:«::g:- LOUD SPEAKER DESIGN

447 Concord Ave. Cambridge, Mass, bility of Hipower Precision Crystal are necessary due t ;
units. With recently enlarged facilities, e L '-
Hipower is maintaining greatly increased UNCLE SAM'S WAR NEEDS ﬁ

] production for all important services. Uni it Refl =

Make it a HABIT . . . o check this When essential demand begins to return baing) Presed inta non and am

page— EACH ISSUE ‘v?itio;:::'c}z;‘:f:l’ex w;!l be glad to help % usual appﬁca’{iolnn everywdg;. o

THIS WIHERE TO BUY SECTION supplement Sy UNIVERSITY LABORATORIES

efficient and cconomical operution in the feld of (%Y
Sales Division—205 W. Wacker Drive,: Chicago
Factory——2035 Charleston Street, Chicago, fif.

B ot Uroincts it senthoct: sty HIPOWER CRYSTAL CO. 7‘*@5 225 Varick Street,  N. Y. C.
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Bringing you . . .

F M FUNDAMENTALS

AND PRACTICES

in a well-organized
up - to - date ftreat-
ment for radio and
communication
engineers

Now August ITund, writer \
of widely-used radio en-
gineering books, has pre-
pared this thorough, de-
pendable text to aid vou
in handling the special-
ized problems of design-
ing and working with fre- \
quency modulation appar-

atus.

What are the special theoreti-
cal aspects of frequency modu-
lation? 1Jow are they applied
in existing apparatus? What
short cuts in calculation may be
safely employed? These and similar
questions are answered in this book,
in a way to give you a working knowl-
edge of this important branch of ra-
dio technique.

\_

FREQUENCY
MODULATION

By August Hund, Consulting Engineer

375 pages, 6x9, 113 illustrations, $4.00
Radio Ilere is an engineering
o treatment of frequency
cummumﬂatlﬂﬂ modulation, covering both

basic principles and the de-
sign of commercial appa-
ratus, The phenomena and
features of frequency and phase modula-
tion are described in a thorough approach

Series

that included comparison with customary |
amplitude modulation, following which ap- |

plications in FM transmitters, receivers,
auxiliary apparatus, and antennas are fully
discussed. The use of tables and curves
to simplify design is emphasized.

THiS NEW BOOK

® demonstrates in numerical and gradual steps how
mathematical formulas may be applied readily to en-
gineering solutions by the use of tables or curves.

® gives many explanations directly in the illustrations,
s0 that flgures can often be used without consulting
the text.

® glves information to help in employing sSpecial design
formulas in connection with band width character-

. lstics of networks.

® gives methods of testing. useful both in designing and
maintaining FM recelvers.

10 DAYS' FREE EXAMINATION

McGraw- Hill Book Co., 330 W. 42nd St., N. Y. C.

Send me Hund’s Frequency Modulation for 10 days’
examination on approval. In 10 days I will send you
$4.00 plus few cents postage or return book Dostpaid. (We
pay postage on cash orders.)

Address .........

City and State......... v

Position .............

COMDANT < 50 vne « wmvramss 5 smmrrs o 3 s omomsnst @

TRODUCT

} Professional Services |

HAROLD J. McCREARY
Mem. A.l.E.E. & W.S.E.
Consulting Engineer

Laboratory Facilities

Research Electronies
Detclopment Television

Design Radio

Tactory Practice Rdllmads Signalling
Patent Studies hony

105 W. Adams St. Phone STate 4003 Chicago, 11l

STANLEY D. EILENBERGER
Consulting Engineer

JOSEPH RAZEK, PH.D.

Consulting Physicist
Tlectrical and Mechanical Engineering Trohlems

Comuplete General Electronics Instruments and Control Devices Electronics
Laboratory Communications Specialist in Colorimetry, Spectophotometry and
and Shop Electro Riology Industrial Color Control
Facilities Patent Development Laboratory and Shop Facilities
6309 25th Ave. Kenashi, Wis. 202 Darby Road Lianerch, Pa.
Teleplione 2-4213 Thone ITilltop 6910
(Classified Advertising)
EMPLOYMENT : .'OPPORTUNITIES" : EQUIPMENT
BUSINESS : : USED OR RESALE
UNDISPLAYED RATES DISPLAYED
10 CENTs & Wonrp., MiNtuvs Cuangi $2.00 Individual Spaces with border rules for
Pogitions Wanted (full or part time salavied prowminent display of advertisements.
employment only) the ubove rates pay The advertising rate is $6.50 per inch for
able in widvance. all advertising appearing on other than
Lorx Numhbers—Care of publicaition New a contraet hasis. Contruct rates quoted
York, Chieago or San [Francisco offices on request.
count as 10 words, An advertiging inch is measured %" vec-
Digeount of 10% if full payvment is made tically on o column 3 columns — 30
in advance for 4 consecutive insertions, inches to a paze.

POSITIONS VACANT
DEVELOPMENT ENGINEER —

Appliance manufacturer has long-tenure
opening for man wilh industrial experience,
technical knowledge and creative ability.

(T. B.) Swartzbaugh Manufacturing Company,
Toledo, Ohio.
ELECTRONIC ENGINEERS—Ilectrical 1Sngi-
neer to design elecironic devices as applied
to Industrial Control, welding and similiar
applications. Also an electrical engineer wwith
knowledge of electronies for application work
Write Westinghouse Electric & Manufuacturing
Comipany, Room 1415. Union Bank Huilding.
Pittsburgh. Peansylvania, for application blank.
(\(l(hlmn.ll Positions Vacant Advertisements
on opposite page) ~
POSITION WANTED
RADIO ENGINKIER., 27, U. S citizen. married
1 child. Draft classification 3-A. Seven vears
experielce design speciiil apparatus, communi
cations equipment. Desire position with U. 8

firm in South Ameriea or Mexico. PW-518,
Electronies, 520 N. Michigan Ave., Chieago. 11l.

Elecerical, Electronic, and Mechanical Engi-
neers (men or women) with at least some
development laboratory experience. Recent
graduates also considered.

Old established plant located in Central
Indiana, normally manufacturing precision
parts for wide range of industrics, including
aviation, automobile and electrical. At pres-
ent devoted 1o developing and producing
war equipment.

Excellent post-war opportunities for those
who qualify. If not employed in war pro-
duction to highest skill, write, giving full
details of expericnce, education, age, draft
status and salary expected. Address

P-509, Electronics
330 W. 42nd St, New York, N. Y.

PERMANENT POSITION

ELECTRONICS DESIGN ENGINEER
WITH WELL ESTABLISHED,
GROWING CHICAGO COMPANY

Men selected will be trained for im-
portant duties on present developments
and a far reaching after-the-war pro-
gram.

In first letter state training, education,
experience and age. Salary offered
commensurate with ability, experience
and performance. Minimum $250 to
start.

P-513, Electronics
520 N. Michigan Ave., Chicago, Il

ENGINEERING
POSITIONS
VACANT

The following engineering positions
with Bendix Radio, Division of Bendix
Aviation Corporation in Baltimore,
Maryland are open. The salary is
open and depends only upon the abil-
ity and experience of the engineer.

1. Electronic and radio engineers to
design electronic navigation and
communication equipment for air-
craft.

Mechanical engineers familiar with
and interested in the design of small
precision equipment and familiar
with shop practice and tools.
Engineers familiar with the design
of components for electronic equip-
ment.

Technical men able to write techni-
cal material for instruction books.

[

-

These positions are not for the dura-
tion only, and can be permanent for
the right men. There are excellent op-
portunities for advancement.

Engineers with experience as outlin-
ed are preferred, but the right persons
do not need experience if they have
the ability to learn and the required
aptitude. Applicants may be male eor
female. Persons already engaged in
war work cannot be considered. Write
directly to Chief Engineer, Bendix
Radio Division, Baltimore, Maryland
giving complete details of education
and experience.

BENDIX RADIO

DIVISION OF BENDIX AVIATION
CORPORATION

BALTIMORE, MD.

1 e 1o
WISHL TO CONTACT MANUFACTURER inter-
esteti in acquiring about 25 Datents in the elec-
tronie field, some of them basie. Covering grid-
controlled gaseous tubes, a Power type of photo-
cell, a new Igniter tube, voltage regulators of
several tihes. basic ratents of irradiation of foods,
haeis patent on present forms of ultra-violet lamps,
gencrator Tegulators. Many additional patents pend-
ing. Some already licensed to leading manufactur-
ers; some in production,
B0-515, Electronies
330 West 42nd St., New lork City
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@ SEARCHLIGHT SECTION @

3800 Harvard Avenue

ELECTRICAL ENGINEER

preferably some experience or education in

ELECTRONICS

To any one with this experience or educational back-
ground we can give an excellent opportunity in
research and development in our

TOCCO HEAT TREATING

industry. A satisfactory applicant will have a very
good future in work that will probably be in higher
demand after the present war effort.

Good salary and future for right party.
APPLY AT ONCE

OHIO CRANKSHAFT COMPANY

Cleveland, Ohio

CONTRACT WORK

Skilled radio man-hours avail-
able for the duration

A radio maintenance and rebuild labo-
ratory located within a short distance
of Portland, Oregon offers its services
and facililies to anv radio manufac-
turer or concern engaged in war pro-
duction. Competent engineer in charge.
Organization is small and flexible. Can
set up immediately for most any job of
assembly, wiring, rebnild, final testing
or maintenance. A large number of un-
skilled and semiskilled workers avail-
able within walking disiance of plant.
Adequate equipment and plenty of iloor
space. Special equipment installed if
necessury.

A subcontract with this firm will help
vou maintain your promise to Uncle
Sam. Quality of all work gnaranteed to
exceed your specifications. You furnish
ns with the materials and specifications
and we return a sample of our work at
our own expense. Wrile us your propo-
sition. It will receive prompt and care-
ful attention, and an immediale answer.
Business and per-onal references of firm
operators submilted upon request.

CW-514. Electronies
68 Post Street. San Francisco. Calif.

WANTED

SUB-CONTRACTS ON
ELECTRONIC DEVICES

S Complete Radio Tahoratory has facilities to work
: on electronic clevices used in war work.

THE STERLING ELECTRONIC LABORATORY
521 West 13Ist Street New York, N, Y.

"M

INSTRUMENTS
WANTED

The Signal Corps, Aircraft
Radio Laboratory, Wright
Field, Dayton, Ohio, and asso-
ciated critical war industries,
have nced of meters and test
equipment for use in training
programs.

Write stating type, condi-
tion of equipment, and price
desired to

Director, Aircraft Radio
Laboratory,
WRIGHT FIELD, Dayrow, Owio

FOR SALE
4 element Oscillograph with two types of hhoto-
graphic attachments. plits concurrent visible traces.
Self-contained shunts aned multipliers. Cost $:3000:
sell for $2500: good as new. Also I3 tube '‘Bom-
barder”” for inductive hearing of tube or lamp
parts; 10 KVA size: cost $2500: sell for $2000.,
with tubes. Never used excent for test. Also three
30 KVA distribution Transformers 2400/240,120
volts. Cost about &00 each: sell for $180 each
NVEX CORPORATION
820 Fifth Ave., New York. N. Y.

BEST QUALITY, USED
ELECTRON TUBE MACHINERY

Cquinment for the manufacture of all kinds of
electron tubes, radio tubes, incandescent lamps,
neon tubes, photo electric cells, X-ray tubes, etc.

AMERICAN ELECTRICAL SALES CO., INC.

65-67 East 8th St. New York, N. Y.

s

WANTED
ANOTHER POSTWAR
PRODUCT

AND A PRODUCTION
EXPERT TO MAKE IT!

Before the war halted production of
"non-essentials.” we manufactured and
marketed, for several years, a phenome-
nally successful line of small electrical
household appliances. And we plan to
continue as soon as the war is won.

Our customers—electrical and hardware
wholesalers. retailers, and four of the
largest national chain groups—believe in
us. They bought over $1.500.000 worth
of our products yearly, and that volume
was increasing by 259 annually when
the war hit us.

For the future, we have big plans—
and here's why. Our outstanding
strength is a sales, promotional and
advertising organization that doesn't take
its hat off to anv other in American
business. What we want to do is harness
this organization to a bigger job in the
postwar years. ‘e have enough money
to handle an extra million in sales, and
our credit is excellent. We want to
branch out by broadening our line and
increasing our volume.

That's where you may fit into our picture.
Specifically, here's what we're looking for:

1. A new electrical household or hard-
ware product that can add another
million or two to our volume. It
might be of metal, or it might be
of plastic. It should be something
for the retailer to sell to the house-
wife—something for the millions of
new homes to be built after the
war, as well as for present homes.

2. An outstanding electrical engineer-
ing, research, product development,
and production expert who can
equal, in the calibre of his work,
the selling power of our organiza-
tion. He may even have a plant
of his own that would be useful in
manufacturing the new product for
which we are searching.

In your case. maybe those two points go
together. You may have the product
we're looking for, and you may be the
man, too. Perhaps you just have a
product that's a ’‘natural,” and that
you'd like to sell. Or maybe you're the
man we need, but merely have ideas for
new products that deserve development.

If this advertisement applies to you in
any way. let's talk it over . confiden-
tially. What each of us has to offer may
make a grand combination that will
benefit us both.

ADDRESS

THE PRESIDENT
P. O. BOX 531
CHICAGO, ILL.
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“"O BRAVE NEW WORLD...”

Tomorrow’s new world lies in the
palms of the draftsmen of today.
They are linking country to country,
continent to continent. And in this
tremendous project, as in every
other important blueprinting work,
Typhonite ELDORADOS lead all other
drawing pencils with their decisive
clarity, uniform degrees, opacity and
speed.

Pencil Sales Dept. 59-J4

Joseph Dixon Crucible Company
Jersey City, N. J,

TYPHONITE

ELDORADO

JONES 500 SERIES
PLUGS and SOCKETS

6 contact
Plug and
Socket

5000 volts and 25 amperes. Fulfills every

electrical and mechanical requirement.
Polarized to prevent incorrect connec-

Easy to wire. Sizes: 2, 4, 6, 8, 10
12 contacts.

tions.

and

Thousands of uses.

Write for Bulletin 500 today.

HOWARD B. JONES

2300 WABANSIA AVENUE,
CHICAGO {LLINOIS
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| useful for obtaining a basic under- |

standing as well as for reference.
“Frequency Modulation” is no ex-
ception. It is the first thoroughly
sound treatment of the subject on
the level of the designing engineer.
It is not an easy book to read, partly
because the concepts on FM are not
easy in themselves, and partly be-
cause of the author’s styvle. But,
hard or easy, it is book which
should be read by every engineer
who aspires to a basic understand-
ing of the art and who despairs, as
this reviewer does, of obtaining
such understanding from periodical
publications.

The author wisely adopts the

policy of introducing the mathe-
matics of the subject hind-end-to.
| The unalyses of Lord Ruyleigh, van
| der Pol, and Carson are presented
F in the first chapter as the familiar
series of Bessel functions. The
derivation of the series is confined
to an Appendix, where it rightly
belongs. This appendix should not
be neglected by the reader. It will
serve to disabuse anyone of the idea
that the derivation is a simple and
logical tracing of cause and effect.
It is an adventure in mathematical
compromise and judicious simpli-
fying assumptions. It proves what
many have already guessed: that the
gsideband theory of FM is truly
abstruse, a delight to the mathe-
matical physicist, but something less
than delightful to the practicing
radio engineer,

The end result, the Bessel series,
is a powerful engineering tool (lead-
ing directly to the ‘zero” method of
checking deviation, for example).
The author makes immediate use of
the series as an engineering tool in
the first 25 pages of the book, und
it is never completely out of sight
for the remaining 325 pages of the
text. This does not indicate that the
approach is theovetical onlyv. Over
100 pages ure given to practical ap-

a

plications, with detailed discussions |

of transmitters, (which, praise be,
are uactually identified with the
manufacturers’ names) receivers
and antennas.

The first chapter, which consti-
tutes nearly half of the book, treats
the fundamental relationships from
the standpoint of the Bessel series,
and painstakingly compares ampli-
tude-, phase-, and frequency-modu-
lated waves. A great many numerical

| examples and basic numerical con-

www. americanradiohistorv com

MATHEMATICS
e MILLION

By Lancelot Hogben

“1 find MATHEMATICS FOR
THE MILLION superb in laying
a foundation for the specialized
mathematics of the
field. Hogben's handling of trigo-
nometry makes it too easy to be-
& lieve. The book reads like a novel
and is enjoyed in just that way.
Both my pupils and my customers
have been very appreciative to me
of my recommendation of the
book."—L. W. Hatry of Hatry &
Young. Electronics Specialists.

$3.75

Revised edition with answers

W.W.NORTON

electronics

Over 20C
illustraticns.

TECHNIQUE |

£

o T

TWICE Electronics has reprinted “U-H-F
Technique,”’ a series of papers as follows:
“Electrical Concepts at Extremely High Fre-
quencies,” “Radiating Systems and Wave
Propagation,’’ ‘Generators for U-H-F
Waves,'” ‘‘U-H-F Reception and Receivers.”
““Wide Band Amplifiers and Frequency
Multiplication,” ‘‘Measurements in the
U-H-F Spectrum,”” "’Applications of Cathode-
Ray Tubes,” “Wave Form Circuits lor Cath-
ode-Ray Tubes.” Stock is running low, and
because of paper shortage we do not wish
to reprint unless there is sufficient demand.
This is a b64-page book—price 50¢ single
copies, or 35¢ each for 26 covies or more.
Readers are requested to tell us the num-
ber of copies of this widely-used symposium
on u-h-f they are likely to need during
1943.

P.S. An abbreviated edition of this “U-H-F
Technique reprint containing the articles
“"Electrical Concepts at Extremely High
Frequencies,” "'Applications of Cathode-Ray
Tubes,” and "‘Wave Form Circuits for
Cathode-Ray Tubes” (in two parts) are
available at 25¢ each, post free.

ELECTRONICS EDITORIAL

330 West 42nd St. New York, N. Y.
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SELECTIVE
SERVICE

“RELAYED-FLUX"”
Microdyne

“*The Standard by Which Others
Are Judged and Valued®

<
EQUIPMENT for the war effort,—

(1.) MUST perform up to highest
standards.

(2.) MUST continue to perform ir-
respective of climatic variations.

That is why AUDAX magnetically
powered pickups are selected for war
conlracts. In building pickups under
such contracts, we do nol have to
change our peacelime specifications be-
cause such MUSTS have always been
a basic requirement in AUDAX Instra-
ments.

The sharp clean-cut facsimile repro-
duction of MICRODYNE — regardiess
of climatic conditions—is a marvel to
all who have put it to the only test that
really counts . . . the EAR TEST.

WITH OUR COMPLIMENTS

A copy of “PICKUP FACTS” is yours
for the asking. It answers many ques-
tions concerning record reproduction.

BUY WAR BONDS

If there information

you wish, do not hesitate to

is any

write us.

AUDAK COMPANY

500 Fifth Ave. New York City

“Creators of High Grade Electrical
and Acoustical Apparatus since 1915.

226

| stants in this section help the reader

to link the theory with familiar
practice. Every available approach
is taken: the series, tables of side-
band distributions, vector diagrams.
This chapter is truly the work of a
scholar and a gentleman. It is
worth a solid month of midnight oil.

The second chapter, on auxiliary
apparatus, discusses circuits for
transmitting (the Armstrong mod-
ulator, reactance modulators and
center-frequency stabilizers) and
receiving (r-f and i-f amplifiers,
limiters and frequency detectors).
The universally-used Seeley dis-
criminator is given a thorough going
over. Frequency pre-emphasis and
de-emphasis networks are discussed
and typical examples (with circuit
constants!) are given. The remain-
ing chapters are devoted to practical
embodiments of the circuits in com-
mercial and laboratory equipment.

This book is an exceptionally com-
plete treatment of a most important
specialized branch of radio engineer-
ing. Its current appearance 1is
fortunate, since it permits engineers
to catch up on the subject, while the
industry marks time pending the
end of the War.—D.G.F.

© ® L

A.S.T.M. Standards and Data
on Electrical-Heating and
Resistance Alloys

By A.S.T.M. COMMITTEE B-4, American
Society for Testing Materials, 260 S.
Droad St., Philadelphia, 1942. 160
pages, with heavy paper cover. Price
$1.50.

TWENTY-THREE SPECIFICATIONS AND
TESTS of interest to radio and elec-
tronic engineers are here combined
with four pertinent technical papers
in a single convenient volume. A
large portion of the book covers ma-
terials used in the manufacture of
radio tubes and lamps, such as nickel
and nickel-alloy wire and ribbon,
mica stampings, grid wires, electrode
support wires, strip and sheet metals
for tube electrodes, and sleeves and
tubing for cathodes. Methods of test
and specifications are given for alloy
resistance wires, alloy wires used
for electric heaters, electric-furnace
alloys, heat-resisting alloys, and
thermostat metals. The papers cover
a contact-testing machine, surge
tests on contact materials, design of
devices using thermostat metal, and
methods of testing thermocouples
and thermocouple materials.—J.M.

\
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Complete equipment and staff
of specialists for the continuous
electroplating of fine wire. We
can now plate a wide range of
metals either on your own wire
or on wire supplied by us . ..

Your inquiry is invited

SIGMUND COHN & CO.
A NEW YORK

@ 1901

GON HELIUM
NEON XENON

44 GOLD sT.
SINCE

KRYPTON
MIXTURES

R are Gases
\ anD MIXTURES

ara 8 S/)eclrosco/)im/ly Pure
dod G Easil)r removed from bulb

without contamination
Scientific uses for Lindc rare gases include—
1. The study of electrical discharges.

2. Work with rectifying and stroboscopic
devices.

3. Meallurgical research.

4. Work with inert atmospheres, where heat
conduction must be increased or decreased.

Many standard mixtures are available.
Special mixtures for experimental purposes
can be supplied upon request.

The word ""Linde " is a trade-mark of

THE, LINDE AIR PRODUCTS COMPANY
Unit of Union Carbide and Carbon Corporution

30 E. 42d St., New York m Offices in Principal Cities
In Canada: Dominion Oxygen Company,Ltd., Torcalo
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With a brief departure from our customary advertising message, we salute

the men and women of our laboratory and our factory. Work clothes are
their uniforms.

Their diligent efforts have enabled us to produce the most complete line

of precision attenuators in the world . . . in sufficient quantities. They know,
and we of the management know, there’s only one job that really is impor-
tant . . . production!

Ordering standard components and equipment may facilitate deliveries.

THE DAVEN COMPANY

158 SUMMIT STREET NEWARK, NEW JERSEY
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- Modern Measurements ..

without mechanical movement or its limitations

Perhaps no single type better illustrates
the indispensable nature of the Electronic
Vacuum Tube throughout science and in-
dustry than RCA Cathode-Ray Tubes.

Used in Oscillographs, these tubes are
pacing the way to new, higher standards of
measuring anything or any phenomena that
can be transformed into electrical impulses
—and doing it without mechanical movement
and the limitations inherent in such move-
ment. Every day, RCA Cathode-Ray Tubes
are proving unexcelled in the development
and production of war materiel. They are
being used in such widely diverse fields as
acoustics and vibration studies . . . studies of
magnetic phenomena . ., . water-leak tests
-. . geological and geophysical investigations
- .. manufacturing operation tests . . . ignition
timing and adjustment work . . . medical and

biological research . . . engine-pressure in-
dications . . . power plant maintenance . . .
aeronautical engine synchronization . . . and
a host of others, including their better-known
applications in communications, radio and
servicing.

Other RCA Tube types, from Phototubes
to Power Tubes, are doing equally important
jobs contributing to the war effort along
entirely different lines—and doing them so
well that today’s “Do It the Electronic Way"
becomes far more than a slogan. It stands as
a challenge to every civilian and war industry
to handle countless tasks faster, more ac-
curately, or more economically than they
have ever been handled before!

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

Do Things Faster,
More Accurately,
More Economically

THE ELECTRONIC WAY!

Communicating » Measuring ¢ Checking
Analyzing « Actuating Protecting
Testing + Detecting « Matching o Sorting
Controlling Magnifying Heating
Rectifying « Counting « Transforming

"Seeing’ « "Feeling”

The following RCA Tube publications are avail-
able from Radio Corporation of America,
Commercial Engineering Section,Harrison,N. J.

RCA PHOTOTUBES (booklet on request)
RCA POWER AND SPECIAL PURPOSE
TUBES (catalog on request)

RCA TRANSMITTING TUBE GUIDE
(Guide 35¢ net)
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