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Interstage filters lend themselves to effecting gain simultaneously with their frequency
discrimination. The unit illustrated is a band pass unit which provides a 2:1 step-up ratio,
with band pass attenuation of 40 DB per octave. This unit employs a dual alloy magnetic
shield which reduces inductive pick-up to 150 Mv. per gauss. The dimensions in its hermet-
ically sealed case are 1Y2x2%: %2Y,. Filters of this type can be supplied for any band

pass frequency from 200 to 10,000 cycles.

May we cooperate with you on design savings for your application . . . war or postwar?

&

' (.4
150 VARICK STREET NEW YORK 13, N. Y.

EXPORT I 1SI0ON: 13 EASY 40th STREET. NEW YORX 16, N. Y, CABLES: “ARLAR"
WWW.americanradiohistorv.com g
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* STABILIZED to keep its tough-
ness and transparency — that’s
Albanene Tracing Paper. Because
it is treated with crystal-clear
Albanite, a new synthetic solid
developed in the K&E laboratc-
ries—Albanene will not oxidize,

become brittle or lose transpar-

ency with age. Albanene’s im- :
4>
or pencil fluently, erases with ease reADE A ,

.« . Ask your K&E dealer. KEUFFEL & ESSER CO - Est 1867

CHICAGO . NEWYORK - HOBOKEN, N. :l + MONTREAL
ST.LOUIS « SAN FRANCISCO + LOS ANGELES - DETRQIT
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*k The Pan American World Airways
routes shown below are those in exis-
tence on December 7th, 1941. Present
routes cannot be shown.

“"“-‘“-

PRECISION RADIO

Kansas City, Kans.
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])AN AMERICAN WORLD AIRWAYS continues to perform a vital
wartime service by speeding men and materials to every U.S. front

and outpost...and AAC Precision Radio Products play an important

i part in this service. |

|

Ui As the giant Clippers spread their wings across the world, AAC
1 Products help to maintain communications along the lifelines of this |
vast system which flies to every continent on the globe. These products
are in use at operations bases, both here and overseas.
This is just one example of how the engineering and production i
| skill of Aircraft Accessories Corporation serves the world’s great air- |
! lines—as well as various branches of the armed forces. As one of
' America’s largest producers of transmitters and other precision radio
equipment, AAC offers the services of its Engineering Department in
designing special equipment for you, without obligation.

Erecrronics Division

KANsAs CiTy, KANSAS !

I —_——— =

In war as in

peace the PAA
Clippers serve hu-
manity.Here 1810
pounds of medical
supplies go aboard
atLaGuardiaField.

(E-54)

LA CCESSORIES /ORPORATION

and EI.EC'I'RONICS ° ENGINEERED POWER CONTROLS
New York, N.Y.

SN amerlcanradlohlstorv com




THE GIANT TORTOISE, belicved to
outlive all vertebrac. Its usual life

span

show

years

hy
i TE . . . . . . . ... . OM  SHUNT RESISTANCE
e RATINGS .05 to 2.0 mfd. 600 V. D. C. .05 to 0.1 mfd. 20,000 megohms
¢ 05 mfd. to 1.0 mfd. 1,000 V. D. C.  -25 to 0.5 mfd. 12,000 megohms
STAKDRRD CAPRCITY TOLERANGE . . . 109 L0 to 2.0 mfd. 12,000 megohms
. oLt Tei ) POWER FACTOR
. TEST VOLTAGE . . . Twice D.C. rating At 1,000 cycles—.002 to .005
L GROUND TEST . . . 2,500 Volts, D. C. CONTAINER SIZE
. OPERATING TEMPERATURE . . 55°F to 185°F Width %", length 154", ht. 2%
L MOUNTING HOLE CENTERS . . . . . 1%”
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=
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is up to 100 years, but records
one to have heen at last 152
old and possibly 200.

What you want most in a capacitor is what you are
sure of getting in TOBE Capacitors: . . . long life!
Your proof is in Tobe’s enviable record of practically
no “returns’. Frequent, rigid inspections eliminate
uncertainty. Constant research brings constant im-
provement. The original capacitor with hold-down
bracket, Tobe OM-601, offers many definite advan-
tages. This capacitor is strong, compact and space-
saving. The hold-dJown bracket permits the use of
either inverted or upright terminals, with wiring
underneath or on top of chassis. Write for details
and samples (1.0 mfd and 2.0 mfd). Tobe engineers
are glad to be of service.

. g = 3 o s
o N G

SPECIFICATIONS TOBE OM-601 CAPACITORS

LONG LIFE ASSURED !

=
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Fapar LION Lt

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

WWW americanradiohistorv com

June 1944 — ELECTRONICS



ﬂddéd to meet the exacting

specifications of battle communications

in the air, on the surface and under the

sea . .. Jacks are but one cf the many precision
mcde elecironic essentials that National Fabricated

Products will supply for your post war requirements.

v il
FABRICATED PRODUCTS
2650 WEST BELDEN AVENUE. CHICAGO 47, ILL

Manufaciurers. of SOCKETS, TERMINAL ASSEMBLIES, ]ffCKS‘;AND
CONNECTORS for use in every field of electronics.

%t

-
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“‘SPECIA

This “special” solved an urgent problem

‘ 87 E are equipped, with our hundreds of basic types,
to quickly design and produce “Specials” to meet every
conceivable requirement. If it’s a variable condenser

problem we have the answer.

Q‘ 0“‘"]’, THE HAMMARLUND MANUFACTURING CO,, INC.
460 West 34th Street, New York, N. Y.

June 1944 — ELECTRONICS
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UNIVERSAL MOTOR COMPENSATED
14 H.P. 3400 R.P. M. TYPE AD

TUNIVERSAL MOTORS FOR

When concentrated power must be built into
a machine, the ordinary problems of motor
application are multiplied.

Westinghouse Types AD and ADS Universal
Motor parts are built to satisfy this condition,
for every conceivable application. They are
universal, not only in the sense of operating on
either a-c or d-c, but “universal” in that they are
universally adaptable to any space limitation
confronting the machinery manufacturer.

These Westinghouse motors are also available
as completely assembled special frame units,
built to your specifications.

PICK THESE MOTORS

® Where a-c—d-c operation

is desired MOTORS

® Where motor parts must be

2 UNIVERSAL—a-c or d-c
integral with the machine

e Where power must be con- CYCLES—O (d=) to 60 (a-c)

centrated in small space
HORSEPOWER—1/150 to 1

e Where high torques and

high speeds are desireable SPEEDS—3000 té 12000 rpm

ELECTRONICS — June 1944

TYPES AD AND ADS UNIVERSAL
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TORQUE IN OUNCE FEET

A wide variety of ratings in sizes from 1/150
to 1 hp assures dependable power to fill any
motor need.

ASK FOR APPLICATION HELP

Small motors have gone to war—some on wartime
applications of peacetime products—many others on
specialized war applications. For condensed informa-
tion on Westinghouse Small Motors, the Westinghouse
Small Motor Selector (Form B-3075-A) summarizes
the data presented in these “Torque Talks”, Write
today for your copy of this helpful four-page aid to
proper motor selection. Westinghouse Electric &
Manufacturing Co., Dept. 7-N, East Piusburgh, Pa.

J-03207

o S

é'jg"eées. e E
ATk i A N

Westin

PLANTS IN 25 CITIES...

OFFICES EVERYWHERE

www americanradiohistorv com



3 mlihianding_
INSULATORS GIVING BETTER &

VACUUM TUBE PERFORMANCE!

™

Vacuum tubes today operate under a wider variety
of conditions than ever before. Insulators of qual-
ity and durability must meet all load and tempera-
ture requirements,

General Ceramics offers for your choice three
types of insulators to obtain better results in meet-
ing specified tube performance.

T on \

These insulators can be supplied by General
Ceramcis in pressed or extruded shapes for every type
of vacuum tube requirement. The same excellence of
material, design, and workmanship that has won
General Ceramics a wide reputation in the ceramics
field, has been put into these insulators to meet your
most exacting requirements.

GENERAL CERAMICS AND
STEATITE CORPORATION

- KEASBEY . NEW JERSEY
@ 5908

June 1944 — ELECTRONICS
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THE AP Solderless
KNIFE-DISCONNECT

~ SPLICING \&9‘3{‘ TERMINAL % i’

| |
| ONLY 2 PARTS
| BOTH IDENTICAL

/ STAV~TOGETHER UNTIL
INTENTIONALLY TAKEN APART

AND _NOW an AQA[P-
: el — KNIFE-DISCONNECT
SPLICING SYSTEM,

The basic design of the AMP Splicing Terminal, using identical
ends with a knife-switch wiping action, has proven so superior
to conventionol splicing methods that AMP now introduces o
disconnect splicing system to cover a wide variety of adapta-
tions. Typical examples are shown here. Each of these incor-

porates the same exceptional electrical and mechanical charac-
teristics inherent in the basic design. All current carrying paris
are integral stampings of pure electrical copper, having mini-
mum weight. No reduced conductivity alioys.
Write today for your copy of AMP Bulletin 31

“PRECISION ENGINEERING APPLIED TO THE END OF A WIRE”

0 1521-53 )
AIRGRAFT-MARINE PRODUCTS INC. 'i5\Stcisstnes it i vecios st sisoons s

wWwWw americanradiohistorv com



Componels that help you

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

Under newly encountered operating conditions in combat service,

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

 Many electronic components of equal importance, and even wider
application, are constantly being developed by General Electric. In
“accordance with long-established practice, every one ol these new
items is thoroughly engineered and precision-built of the finest materials

GENERAL ELECTRIC LINE
OFFER BROAD DESIGN available, and cach is subjected to stringent laboratory and field tests
' before it goes into production.

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

NEW anp unusuaL
ITEMS CONSTANTLY
BEING ADDED TO THE

June 1944 — ELECTRONICS
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Smooth Power Control

AT THE TURN OF A KNOB

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

GENERAL (%) ELECTRIC

ELECTRONICS — June 1944

Constant Dutput Yoltage...

FROM VARYING INPUT

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

BUY WAR BONDS

Bag. )

wwWw americanradiohistorv com



SMALLEST PAPER
CAPACITOR - - -
yet 100%
MOISTUREPROOF

FEATURES

. Bakelite Resinoid Ends. Lead wire cannot
pull out, even under hot conditions.

. Non-Inductive.

. Excellent Temperature Coefficient.
. Very high leakage Resistance.

. Fine Power-Factor.

. Range from 20 MMFD to .25 MFD.
From 150 volts to 600 volis.

. Types P4N, P5N for 100% humidity opera-
tion.

. Types P4, P5 for 95% humidity operation.

Samples and price list on Request

BUY EXTRA WAR BONDS . ..
. 'Til THE WAR IS OVER.

DUMO

ELECTRIC CO.

MFR'S OF
CAPACITORS FOR EVERY REQUIREMENT

34 HUBERT STREET NEW YORK, N. Y.

June 1944 — ELECTRONICS




McELROY designed... built

FOR MORE RAPID, MORE ACCURATE, MORE EFFICIENT TRANSMISSION

OF DOTS AND DASHES

McELROY ELECTRONIC CODE TAPE PERFORATOR PFR-443-A

For improved radiotelegraph communications from
ship-to-ship, shore-to-shore, point-to-point. Entirely
mechanical, the PFR-443-A comprises two units. The
Keying Unit which includes an assembly of two keys,
space bar and punching mechanism . . . plus the
Electronic Unit which relieves the keying contacts

of high current voltage, and provides for ease in
operation. Experienced operators can easily main-
tain an accurate speed of more than 40 words per
minute . . . in all Morse combinations assigned to
the Russian, Turkish, Greek, Arabic and Japanese
languages.

McELROY MODEL XTR-442 BM AUTOMATIC TRANSMITTER

An essential where transmission must be regulated
to a given number of words per minute. The Keying
Unit consists of the McElroy keying head coupled
to a newly designed drive. The speed is adjustable
at any rate from 10 to 200 words per minute, and at
any given setting, the rate cannot vary. The Elec-
tronic Unit responds to the keying head to produce

either tone for keying a radiotelegraph transmitter,
or to key a transmitter through the medium of a
heavy duty pivotless relay. The tone can be im-
pressed on a radiofrequency carrier current, sent
to a remote tromsmitting station, filtered and used

. to operate a transmitter without requiring relay

action.

Bequests for additional information will be handled promptly

W

YOU CAN MAKE NO GREATER PERSONAL CONTRIBUTION TO

ELECTRONICS — June 1944

MANUFACTURING CORP.

82 BROOKLINE AVE. BOSTON, MASS.

www americanradiohistorv com
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Unlimiied Styles and Sizes . ..

PREC'S’QN MADE INSULATORS of Steatite and other materials —

\\ - glazed or unglazed—to your exacting specifications.
Years of experience——wide technical and engineering
u “:‘?;VESEQTT knowledge—modern manufacturing facilities enable
— - o .
} J‘ F<\) rk G ! STUPAKOFF to produce every type of ceramic for

¢ 2 ; the electronic industry.
I

)/ S
r I_J_l, _] X_J J_R_,J Let’s All Back The Attack— Buy EXTRA War Bonds

STUPAKOFF CERAMIC AND MANUFACTURING C€O., LATROBE, PA. _ a

16 June 1944 — ELECTRONICS
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\EAVY DUTY ecscillater tubes are a very desirable

nucieus for every electronic RF heating generator.
- The tubes should be specially designed to withstand the
{ widely varying conditions of ioad and frequency which
: are encountered in thé many specific applications of

this equipment.

UNITED has been the leading producer of such tubes
for the most widespread field of RF heating—namely,
Diathermy. The fluctuating load conditions in this field
‘are extreme, and have necessitated endless study of
tube design. This company therefore is a front line

pioneer in tubes for High Frequency electronic heating.

UNITED mercury rectifiers for the power supply are
also well known for their rugged design and depend-

able service life.

The UNITED tubes illustrated are all popular among
users of High Frecquency heating equipment. Write for
technical data and interchange information where it is

desired to r:eplace other makes cf tubes.

www americanradiohistory com



TEMCO CRAFTSMANSHIP
INSURES THE

oA AE

T T e

SRS

A 2-way radio telephone system, comprising 6 TEMCO Mo‘dgf:'
100 MS 100-watt output transmitters and Model 630-SG 600-
watt transmitter, both for telephone and telegrapa operation

How a Transmitter Earns a Reputation

Only by delivering the utmost in dependable performance / :
over sustained periods of service under adverse operating : ( 4
conditions, does a transmitter give convincing proof of its l"-M

worthiness. To accomplish this it must be expertly engineered -~

and perfectly constructaed.

Excellence in TEMCC equipment is derived from rigid appli- y
" RADIO COMMUNICATION

cation of proven engineering ideas—exacting workmanship
and exclusive use of nationally recognized component parts.

EQUIPMENT
Proof of TEMCO'S built-in efficiency continues to mount as
the use of TEMCO units by every branch of the Armed Forces,
by Government services and Municipal Police expands. TRANSMITTER EQUIPMENT MFG. C€O., INC.
Make it a point to compare the merits of a TEMCO unit 345 Hudson Street o New York 14, N. Y.

before you place your next communication equipment order.

WWW.americanradiohistorv.com



MODEL J31A

(for high ambient temperatures)

400 Cycles, 115 Volts.
1/100 H.P. Weight 15
oz. Diameter 115",
Length 225",

MODEL J31

{for general applications)

400 Cycles, 115 Volts,
1/50 H.P. Weight 15 oz.
Diameter 113{3”. Length
22945" .

MODELS J36
AND J36A

Voltage Generator,
Weight 20 oz. length
3", Diameter 214”. Qut-
put voltage is linear
with speed to within
+1% and voltages are
equal with +19% of
rotation.

MODELS J49
AND J49A

115 Volts, 1/250 H.P.
Weight 16 oz. Diometer
134”. Length 2114”7,

J49—60 Cycles
J49A—400 Cycles

MODEL J31B

400 to 1200 Cycles
variable frequency 115
Volts. 15 oz. Diameter
1154”7, Length 2285”.

J36—FromZeroto S000 R.P.M.
J36A-—under 200 R.P.M.

MODEL J61

28 Volts D.C. Torque
unit. Developes 5 oz. in.
throughout 90° swing.
Diameter 134”. Length
2144”,

-EASTERN AIR DEVICES, INC.

d Goat Co., nc., Est. 1893

an Affiiate of The Fre€ 00 L IYN 17, N. Y.

585 DEAN STREET, BRO

ELECTRONICS — June 1944
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hear its warm, stirring tones on an

AUDIODISC

4 3 Listet - ‘_t~-’—'tﬁe vibrant rotés
Sy I ' - e, <[ the French Horn' Now, low and
; : ~ plaintivz, yet crystal clear. Suddenly, a rich

do, 503 _'foxﬂ; with tonal purity.

the range an Audiodisc recording is bezter because
Aud-Eagineered developements have made it

_|_r_.: ~ so. Typxal is the
,-"" ' formla which

~ solutely smocthtecording

exclusive coating

insures an ab-

surface.

For any spp.ization, instrumertal or vocal, if it
deserves recording, it deserves an Audiodisc.

© Audiopoints for cutiing and playback are carefully designed and made to assist
you in better recording. As critical metal restrictions are lefsed, Andio will bring
to those wha want them, more and mere aluminum base discs.

IO = S Sl

18 June 1944 — ELECTRONICS
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24-HOUR TESTS FORECAST
15 YEARS

OF SUSTAINED
OPERAT]

What will happen in 1959 nobody can fore-
tell. One fact is clear, however, The Delur
potentiometer that you buy today is so de-
_ signed and constructed as to provide at least
- 15 years of efficient operation. This figure

. and it is a conservative one . . . is based
on simulated production-line tests in our
laboratory as well as reports from the field.

Operating at half-cycle, at -as many as
2,500,000 revolutions over a 24-hour period,
a specially-developed rotation tester checks
the endurance of Delur potentiometers. The
wiper travels from minimum to maximum
resistance at rates stipulated in American
Standards Association specifications. Me-
chanical and electrical characteristics are

D Rl Tt O

checked under abnormal as well as normal
conditions. Effects of day-in and day-out per-
formance are analyzed. Out of these tests

N 4

come Delur potentiometers whose depend-

w4 tf:e ;-

ability can be counted on for extended
period of time. Duata sheets upon request.

Support the Fifth War Loan Drive

De JurAmsco (

MaNUFACVURERS OF- DaJUR METERS, RHEOSTATS, POTENTIOMENERS - AND. OTHER PRECISION- ELECTRONIC COMPONENTS
SHELTON, CONNECTICUT

NEW YORK PLANT: 99 HUDSON STREET, NEW YORK 13, N.Y.
CANADIAN SALES OFFICE: 560 King Street West, Toronto

b i TN
oy

re N

cD

-
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After two years of intensive research and development, the Mycalex Corpo-

ration of America, with pardonable pride, introduces MYCALEX 400.

7% «« MYGALEX 400

For 25 years, MYCALEX has served in thousands of insulation applications. Its machinability to extremely
close tolerances coupled with a low loss factor and high dielectric strength have made it invaluable. Frequently,
no other suitable insulation was available to perform functions specified by engineers. Military demands sincé
1941 have become more exacting. Time after time, MYCALEX has made possible the production of equipment
vitally needed by the Armed Forces.

However, as ultra and very high frequencies were employed, and insulation requirements became more exacting,
it was evident to our engineers that an even better MYCALEX was imperative. This belief was strengthened
as reports on insulation problems filtered back from the Solomons, New Guinea, Burma, from ships at sea and
bombers over mountain tops.

In our search for a better insulation, startling and gratifying results were obtained, and, consequently, the pace
of development was accelerated. Not only had we the problem of climatic conditions to overcome, but we were
also aware of the demand in the electronic industries for a material of Grade L-4 characteristics which could
be machined to close dimensional tolerances. Formerly the only insulators with Grade L-4 characteristics were
made of ceramics. However, these materials could not be machined to precision requirements.

MYCALEX 400 . . . the All-Purpose MYCALEX . .. successfully meets both challenges. We have no hesitancy

" in recommending MYCALEX 400 as the finest glass-bonded mica insulation ever offered. In hot, moist air . . .
in snow and ice . . . high altitudes . . . and sub-zero temperatures, MYCALEX 400 remains constant . . . unaf-
fected by any changes in temperature and application whatsoever. Here you have an insulator that functions
faithfully and well in the absolute dead heat and dampness of the jungle as well as in the frigid atmosphere of 3
the Arctic Circle.

In addition, MYCALEX 400 exhibits all the characteristics and qualities sought by the electronic industries.
It is mechanically more desirable in tensile, compressive, flexural and impact strength. It is interesting to note
that the decrease in loss factor over that of present glass-bonded mica occurs throughout the range from 50 kilo-
cycles to 10 megacycles. With many other insulating materials considerable improvement may be shown at high
frequencies but only slight improvement at low frequencies. MYCALEX 400 is truly the All-Purpose

#PATENT PENDING “‘;\

LB S50 8% Rogee 6 DAE R 00 AR RERETEEELS

G 557 ey A R Sy o S O N T T T

MYCALEX CORPORATION OF AMERICA
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The electronic industries are now provided with an electrical insulator of

Grade L-4 characteristics ... plus machinability to close tolerances.

oo oo the All-Purpose Mycalex

MYCALEX . .. for all climates, all frequencies, all applications. We hope
that users of ultra-high frequency insulation will try this new material in
those assignments which have required frequent replacements of insulation.

Remember . . . MYCALEX is not the name of a class of materials. It is
the registered trade-name for low-loss insulation manufactured in the
Western Hemisphere by the Mycalex Corporation of America.

Immediate deliveries! Sheets and rods available for fabrication in your
own plant or by us!

\:|| (Measured. at Ambient Temperature |||} | |

e

PARTIAL LIST
OF APPLICATIONS

Radio Transmitters

Radio Receivers

Television

Radar Detectors and Locators
Relays

Gunfire Control Equipment
Radio Remote Control Equipment
Radio Compass

Radio Frequency Terminals

...in fact, all radio and elec.
tronic equipment for com.
munications, industrial and
electro-medical applications

70°F. and Humidity 70%)

CLIFTON « NEW JERSEY
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C.C. #50.394-)
Signal Corps #M-359

C.C. 50.392-1
Navy #Cl-49192

Signal Corps #50-239

C.C. =50.393-1
Navy #Cl-49194

C.C. -50.399-1
Navy =Cl-49195

Signal Corps *PL-259

Lonnector Lomporarion |

401 NORTH BROAD ST, PHILADELPHIA, PA.
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NO LIMIT TO CALLS—IN JAP WRECKAGE

HE ruins of shattered Jap buildings on captured

Namur lay around these Marine Signalmen as they
hurriedly set up communications. There’s no limit to
calls here—the advance moves on—thanks to the skill
of our signalmen and the high efficiency of our com-
munications equipment. Important in the dependable
operation of these instruments are the countless parts
made of plastics like National Vulcanized Fibre and
Phenolite, laminated Bakelite. < .

The electronic engineers of America are fi o

doing a great job at the battle front—and
on the home front. &

WILMINGTON
Offices in

Parts of National Vulcanized Fibre and e ’ =
Phenolite, laminated Bakelite are vsed | i

widely in'communicafion instrumentis of

every description. This is because of “heir

greatdielectric strength-lightnessin weight

and exceptional wearing qualities.

DELAWARE

Principal Cities

4 “ e 12 l.d: - - .
e WWw americanradiohistory com
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EMPIRE CLOTHS are carefully selected to
facilitate impregnation, canvas and duck be-
ing used where greater thickness and higher
mechanical strength are required; silk, rayon
or fine cambric where insulating space is at
a premium. EMPIRE varnishes are especially
formulated under laboratory supervision for
specific uses, and are chosen for their ability
to penetrate the base material and provide a
smooth surface. ~ |

EMPIRE BIAS-CUT TAPES have elongation
properties not possessed by standard straight-
cut tape. They are ideal for application to
conductors and coils, conforming more readily
to irregular surface. Extra stretch avoids the
coning etfect produced when wrapped helically.
Available in yellow (suitable for continuous
oil immersion,) or black (for higher dielectric
strength). g

g1
x
w

EMPIRE VARNISHED FIBERGLAS, in both
full-width cloths and in straight-cut tapes, is
impregnated with either yellow or black var-
nish to rrovide a highly flexible, mechanically
strong class “B” insulation, permitted to
withstand a “hottest spot”’ temperature of
266° F. May be slit into any tape width spec-
ified by the customer. An ideal slot insulating
material for use in the presence of humidity,
oil, grease, dirt and frequency of overload.

BRANCH OFFICES

For convenient and expert service, call upon the Mica Insulator Company representative
at the following branch office addresses.

Chicago: 600 West Van Buren Street « Cleveland: 1276 West 3rd Street « Detroit: Book

Building - Cincinnati: 3403 Hazelwood Avenue . San Francisco: 235-241 San Bruno

Avenue . Seattle: 2122 Fourth Avenue « Los Angeles: 449 South San Pedro Street

WWW.americanradiohistorv.com
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MECHANICAL LAMICOID offers high me-
chanical strength, dimensional stability and
resistance to moisture and shock. Strong,
dense and nonhygroscopic, it is easily punched,
sheared, sawed or machined into intricate
shapes. Available in rods and tubes with a
wide range of diameters, and in sheets (36 x 42
standard size) in all thicknesses.

ELECTRICAL LAMICOID is manufactured
particularly for applications requiring low
power factors and low dielectric loss at high
frequency ranges. Widely used in the manu-
facture of insulating components in the elec-
trical manufacturing and electronic fields, it
is suitable for both high and low voltage uses.

ENGRAVING LAMICOID —A combination
sandwich-type opaque laminated sheet which
permits pantograph engraving or sandblast-
ing. Also furnished in translucent form for
uses requiring “rear” illumination of diai,
signs or indicia. Ideal for uses requiring
small quantities.

Fabrication facilities for all types of elec-
trical, mechanical and engraving Lamicorp
applications are available through our fabri-
cators at the addresses below:

FABRICATORS

Mica Insulater Company, 200 Varick Street, New York 14, N. Y. Insulating Fabricators,

Inc., 12 East 12th Street, New York 3, N. Y. « Insulating Fabricafors of New England,

Inc., 22 Elkins St., S. Boston 27, Mass. - Lamicoid Fabricators, Inc., 3600 Potomac

Avenuve, Chicage 51, lllinois « The Kirby Company, 13000 Athens Avenue,
Cleveland 7, Ohio

INSULATOR COMPANY

200 VARICK STREET, NEW YORK 14, N. Y.

ELECTRONICS — June 1944 ‘ 25
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acilitate the study of microsecond pulses containing

DscusoErs. »
T - L~
el T B oo
. o

s vish B ten mesusysles /.
T LA AN (%4

.

Wide banc¢ vertical axis amplifier usable
fo 10 MC.

4000 volts acceleraling patential applied
1o cathoderay :ube, allowing observation
of fast-wrising--ate phenomena.
Extremely flex:ble time-base generator to
display sigrals which herstofore required
special sweer circuits.

Delay netxork in vertical channel, per-
mitting obsarvstion of entire wave shape
of short deraticn phenomena.

Useful timing oscillator for guaatitative
analysis.

Trigger output signal useful for “synchro-
scope’’ applications.

Optional low capacitance probe input to
vertical amplifier.

Convenient mechanical design which per-
mits placing separate- powe: supply on
floor or shelf beneath lab beaca.

Storage space for all cables pacvided in

power unif.

Design is such that modifications o stand-
ard specs. can be accommodated to spe-
cial order in the following respects: (1)
Driven sweep durations; (2) Marker oscil-
lator frequencies; (3) Trigger pulse rates.

Both metal cabinets, with carrying han-
dles, measure 14”x18"x21" deep. Power
supply weighs 80 lbs. Oscillograph, 30
Ibs. Units connected by 6-foot shielded
cable. Standard A-N connectors used.

ALLEN B. DUMONT LABORATORIES; INC

’ Still another DuMont “first”’. Incorporating the
most advanced features, this latest oscillograph is
now available at moderate cost as a standard com-
mercial instrument. It will be especially welcomed
by the investigator heretofore restricted in his
work by the inadequate performance or the pro-
hibitive cost of existing equipment.

Type 248 is a portable instrument. Two units
facilitate handling and installation. Either transient
or recurrent phenomena can be displayed. Also
accommodates phenomena of inconstant repeti-
tion rate. The leading edge of short pulses is not

. Write for Literature...

i 0 e e A———— S A -

obliterated. The accelerating potential applied to
the cathode-ray tube is great enough o permit
study of extremely short pulses with low repeti-
tion rates, usually observed only with specialized
and costly oscillographic equipment. Timing
markers are available for quantitative or calibra-
tion purposes.

In short, this instrument removes the very no-
ticeable deficiencies in commercial test equipment
performance brought to light by recent advances
in electronic technique. And itis equally useful as a
general-purpose or as a production-testinstrument.

PASSAIC, NEW JERSEY » CABLE ADDRESS: WESPEXLIN, NEW YORK

June 1944 — ELECTRONICS
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OUT OF TODAY'S RESEARCH...
TOMORROW 1S ENGINEERED

RECORD BREAKING HEAT WAVE

NDUCTION HEATING through powerful high-frequency radio waves is
I breaking records in speeding up production of bonded plywoods, tin
plating and in other industrial applications.

Of prime importance to the efficiency and stability of such high-
frequency circuits is insulation whose composition and strength is master
of both power and heat.

Permanent in their hardness, strength and rigiditv, AtStMac Ceramic
Insulators are not subject to distortion warping or shrinking.

ALSIMAG bodies, each with its particular characteristics, are available
to meet all insulating requirements. Our engineering and research people
will gladly cooperate in today’s design—tomorrow’s production.

AMERICAN LAVA CORPORATION

CHATTANOOGA 5, TENNESSEE

Army-Navy “E

First Awarded July 27. 1942

Second Award: “Star” February
13. 1943

Third Award: “Star” September
25, 1943

WWW_americanradiohistorv.com

CHARACTERISTICS OF
ALSIMAG INSULATORS

High Mechanical Strength

Permanent Rigidity
High Dielectric Strength
Low-Loss Factor
Will Not Absorb Moisture
Chemically Inert




THE SECRET OF TOP QUALITY FASTENERS

AR ARARNANARAAARARARANENAARRRAR

EVERY EIGHTH WORKER IS AN INSPECTOR

AARAARAARAARARARGARRAFANARNEAGRAR

As a principal source of supply for aircraft fasteners, National Screw produces an exceptionally complete line of AN and NAS bolts,
nuts, screws, rivets and other headed and threaded products, including many “specials™ designed by individual aircraft manufacturers.

Because we know that rigid inspection is the best insur-

ance of quality, our inspection department comprises 12
SPECIAL AIRCRAFT PRODUCTS

per cent of our factory personnel. This results in a stand- NATIONAL aviation products

include many special parts, such
as carburetor studs, motor mount -
ing holts, stainless eyebolts, brake
adjustment screws, gyroscope

ard of uniformity and freedom from rejection that is

extraordinary in the industry.

National’s engineering and metallurgical experience, struts, dome nuis——to name jusl

. . o a few. Our engineers will be glad

modern manufacturing and heat-treating facilities, large to work with you on any fastener
problem and give you the benefit

capacity and closely integrated production layout, includ- of National’s wide experience.
ing our own wire mill, equip us to give our cuslomers
exceptional service.

Substantial savings to our customers have been effected

in many cases by cost cutting methods which we have

[ 4
developed, particularly in adapting cold heading to many ‘ a ll 0” a

HEADEFD AND THRFADFD

parts previously made miled from bar.
P RO DUYVCT S

THE NATIONAL SCREW & MFG. CO., CLEVELAND 4, 0.

28 ' ' ' June 1944 — ELECTRONICS

www americanradiohistorv com



1
i

BLASTING OFF THE BARNACLES

WATH 40,000 VOLTS

Ip protec: Gammatpons against filament bombard-
men:, one X the mcst common ciuses of untimely
tube failure. Heintz and Kaufman Ltd. employs an
exhaust poccess so ruzged that only tubes made with
tzntalum elements can survive it.

“Blasting off the barnacles” occurs just before
Gammatrons are sealed off. Already these tubes have
been run at 3,000° F. for more than half an hour,and
have been exhausted to 1/10,000,000,000 of atmo-
spheric pressure.

A red light flashes, and a warning bell rings as
40,000 volts are applied between grids and plates.
A blue-white flicker marks the passing of the last bit
of gas.

Before a tube can endure such punishment it must
be built like a Gammatron —clean and sturdy, with-
out internal insulators or chemical getter. Then it
will take the kind of exhausting that insures its stay-
ing on the air for thousands of hours.

ELECTROMICS — June 1944

THE HK-304H Gammatron is a high-voltage, low-impedance
tube capable of passing large amounts of current. This unu-
sual combination of features is made possible by the use of
four separate sets of tube elements operating in parallel
within one glass envelope. Max. plate dissipation, 300 watts.

* BUY AN EXTRA WAR BOND THIS MONTH X

HEINTZ Ano KAUFMAN 11D,

SOUTH SAN FRANCISCO e CTALIFCRNIA, U. S, A.

9
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In 1932, fog and low-hanging
clouds lost many of their terrors. For then, with
air travel well beyond its pioneering phase, the
newly-improved radio communication system
was making it possible for pilots to talk back
and forth with ground station personnel. .. to
get their bearings at all times . .. to-bring their
passengers safely through on days when air-
ports were invisible.

In that year pioneering in electronics was
yielding a rich harvest. Many developments long
in preparation were being completed. One ex-
ample was the aviation radio equipment

CLOUD-BLINDED PILOTS

port planes to keep pilot and port in close touch
...to bring the liner to the field straight as a hom-
ing pigeon...on the beam every mile of the way.
In back of this accomplishment were 48 years
of experience . . . years of experiment, and of
many tough jobs licked . . . years of making
many kinds of communications equipment, pre-
cision instruments, X-ray apparatus and other
products where close tolerances put a premium
on technical skill and exactness.
The facilities which produced these units
and which are now serving war needs will be
available again on V-Day. But don’t

then manufactured by Foote, Pierson, . 7 wait until that day to talk with us and
among the first of its kind used on trans- | 7 plan with us.
-7 ,,._/\

F'OoOoOTE FPIERSON & COoOo -INC

MANUFACTURERS OF PRECISION INSTRUMENTS SINCE 1896

75 Hudson Streetﬁ Newark 4, N, ].

@ 5883
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THE
Hen/éd] MEMBER OF ALLIED’'S
A TELEPHONE TYPE RELAY LINE
MAXIMUM MAGNETIC EFFICIENCY... MINIMUM SIZE

TKL, latest of the Allied telephone type group, is an unusually compact
relay with double contact pile-ups especially developed to meet the
insistent demand for a small feather-weight relay of high magnetic

-' efficiency. Afﬁ
|
!
3
|
|
!
|

T A A R

/ TKL has a maximum rated power consumption of 1.5 watts for con- Al
tinuous duty. . . . Maximum sensitivity with a single A or B contact
arrangement is 0.3 watts.

The unit illustrated features the use of Mycalex insulation for high
frequency, low loss operation. It is also available with varnish
impregnated bakelite insulation for standard switching service.

OPERATING CHARACTERISTICS

[ 3
— 4
— Contact Pile-ups—To o maximum of ]
four "'C'* (SPDT} combinations. b
! Contact Material—Normally of palla- .
| 4 dium or fine silver; special alloys are avail- y
f /. able for unusual applications. y
¥ Coil—Cellulose ocetate sealed against hy-
E "midity.
’t Meets all standard salt spray specifications. y
£

£

Withstands shock and vibration to 10 Gs.

Designed to conform with Army, Navy and
CAA specifications,

Dimensions—1-7/16 by 15/16 by 1-1/16
inches (minus confact pife-ups).

i Weight—1/; ounces (minus contact pile-ups).

"KW N————

i S

ALLIED CONTROL COMPANY

INCORPORATED

2 EAST END AVENUE * (AT 79th STREET) » NEW YORK 21, N. Y.

FACTORIES: NEW YORK CITY o PLANTSVILLE, CONN. o CHICAGO; L.

ELECTRONICS — June 1944 3t
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FIXED RES}STDR§

 WRITE
FOR YOUR
COPYy!

SWITCHES

(Line, Slide, Rozary-Action)

...for today’s needs
...for post-war planning

USE this new 1944 Stackpole Electronic Com-
ponents catalog as your guide to up-to-the-minute Fixed
or Variable Resistors; Iron Cores; and inexpensive line,
slide, or rotary-action Switches. In addition to complete
information and dimensiondiagrams on the components,
you'll find data pages and charts that will prove mighty
handy in your daily work. Please ask for Catalog RC6.

STACKPOLE CARBON COMPANY, ST. MARYS, PA.

STACKPOLE

BRUSHES FOR ALL ELECTRICAL ROTATING EQUIPMENT < CONTACTS

WELDING. RODS, ELECTRODES, AND PLATES ¢ CARBON PIPE * BRAZING BLOCKS ° RHEOSTAT PLATES & DISCS
CARBON REGULATOR DISCS * PACKING, PISTON, & SEAL RINGS <« SINTERED IRON COMPONENTS, ETC.

32 June 1944 — ELECTRONICS
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2 3 4

1 For reliable primary power control, 5000-volt air-break con- 3 The power amplifier assembly is simple, compact, and troublefree.

tactors are used for plate “start’” and “ryn.”” These contactors are For quick frequency changing, the inner cylinders of the concentric

designed for highly repetitive operation, and for single-shot automatic plate capacitors are raised and lowered by a motor-driven carriage

reclosure. These contactors can be safely connected to a 150,000 kva to pre-set positions. All parts of this assembly are readily accessible

power system, as they handle all overloads on the secondary side of the from an ample aisle completely surrounding the tube-and-circuit unit
connected transformers and are backed up by silver-sand fuses. within the cubicle.

For effective inspectlon and mainfenance, ready access is pro- Water-cooling troubles ended! These modulator tubes, and the
vided to all electrical and mechanical parts. Heavy-duty cubicle con- tubes for other high power stages, are water-cooled through semi-
struction permits mounting of components on walls, front panel and fiexible plastic insulating tubing, transparent throughout jts entire
roof. The audio-driver cubicle ilustrated shows typical construction. length. Transmitter cubicles are pressurized with filtered air for cooling
Cubicle fioors are covered with long-life inlaid linoleum. and cleanliness.

Z

(P |

e Tune in General Electric’s "'The World Today"
and hear the news from the men who see it happen,

o v . every evening except Sunday at 6:45 E.W.T. over
COME TO SCHENECTADY: —to see the pattern of tomorrow’s transmitters . . . R e “On Sunday evening listen to the

to see G. E.'s proving-ground stations— FM, AM, and Television . . . to discuss G-E "All Girl Orchestra' at 10 E.W.T. over NBC.
how you can reserve the equipment you want for prompt post-war delivery.

STATION AND STUDIO EQUIPMENT - TRANSMITTERS « ANTENNAS - ELECTRONIC TUBES < RECEIVERS

GENERAL {3 ELECTRIC FM-TELEVISION-AM

MVYW american histo om



lAPP-DESIGNED, LAPP-BUILT—TO DO A SPECIFIC JOB

This is an antenna base insulator for use on a communi-
cations center transmitter. It is one of several Lapp de-
signs for transmitter and receiver mast bases for military
vehicular radio—on jeeps, halftracks, tanks and other
rolling equipment.

Whether or not this special-purpose gadget has appli-
cation to anything you build or propose to build, there’s
a moral in it for you. In this case, as in hundreds of
others, an original and impractical design was modified
by Lapp engineers—to provide a part that meets all elec-
trical and mechanical requirements, and that Lapp can
build economically and efhciently.

Lapp engineering talent and Lapp production methods
are such that we can say, “If it’s an assembly that can be
made of porcelain or steatite and metal parts, tell us what

ELECTRONICS — June 1944

the requirements are and how you think it might be made;
Lapp will tell you how it can best he made—and will
make it.” Our right to that claim has been proved over
and over in military electronic production; it’s going tc
be a competitive advantage to smart post-war electronic
producers. Lapp Insulator Co., Inc., LeRoy, N. Y.




YOUR NEW “STUDIO ONE”

...something to think about, now that you're on
the threshold of full-scale commercial television

No top-flight broadcasting station will be périences. are summed up in amply illus-
without one...a year after victory. trated guide-books, now on the presses.
The big question now is "How soon can “Planning Your Television Station” tells
a television studio be operated profitably?” you how to have a low-cost telecast opera-
The DuMont organization can help you tion...describes the compact equipment
answer that one...through a new service units that make it possible for you to expand
which makes DuMont’s extensive telecast- without replacement losses.
ing background yours to command. Also discussed is the DuMont Equipment
DuMont has pioneered in designing and Reservation Plan that helps you become
equipping three television stations...has “first with television” in your area.
operated its own station —W2XWV, New Plan now for your new “Studio One”...
York — for more than three years. your place in the sun with television. Write
These invaluable, ‘tried-under-fire” ex- us at the address below,

Copvtight Allen B. DuMont Laboratories. Inc., 1944
— S e } i
TTECLI LG C:t%ma et Jeliviacive.

' ., AVENUE, PASSAIC,
TELEVISION STUDIOS AND STATION W2XWV, 515 MADISON AVENUE, NEW YORK 22, NEW Yonx

34 June 1944 — ELECTRONICS
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Slvetno-Hice DIFEERENTIALZMICROPHONE
Model T-45 is its U.S. ARMY DESIGNATION

Developed by Electro-Voice engineers in collaboration with the Fort
Monmouth Signal Laboratory, this Differential "Lip Mike" carries the
voice clearly and distinctly above the roar of battle. Ambient sounds
and reverberation are reduced to negligible levels.

Frequency response substantially flat from 200-4000 cps.

Low harmonic distortion

Cancellation of ambient noise, but normal response to user’s voice
Self-supporting, to free both hands of the operator

Uniform response in all positions

Usable when gas mask, dust respirator or oxygen mask is required
Unaffected by temperature cycles from —40° F. to 4185° F
Ability to withstand complete immersion in water

Physical strength to withstand 10,000 drops

Weight, including harness, cord and plug, less than 2 ounces.

%ama%we MICROPHONES

Our full line includes Carbon, Dynamic and Velocity models . . .
at popular prices . . . for public address, industrial sound.

LA A 4 4 & o 4 4 & 4

sound recording and speech transmission applications.

Consuli your local radio parts jobber.

ELECTRO-VOICE MANUFACTURING CO.,INIC + 1239 SOUTH BEND AVENUE - SOUTH BEND 24, INDIANA
Export Division: 13 Ecsf 40th Street, New York 16 N. Y. — U.-S. A. Cables_. ARLAB

ELECTRONICS — June 1944 8
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AMPERES
RF.
WESTON
< '}a;:'é:gc.:‘ "
Gl
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MILLIAMPERES
o.C,

WESTON

At WESTON, production finally has outstripped the overwhclming
war demand for panel and other instruments . . . making WESTONS
again obtainable on a basis to mect most war production schedules.

To cxpericnced instrument users, this means they again can obtain the
instruments whose design and manufacture incorporatc the broadest
instrument experience in surmounting the requirements of exacting
applications. The instruments whose consistent, uniform performance
simplifics their problems of inspection, handling and other burdensome
procedure . . . and whose dependable, long-term accuracy assures better
operating performance from the devices into which they’re built.

Why not discuss your instrument schedules with WESTON, today
...and be surc of obtaining the added product efficiency which authen-
tic WESTONS provide.

e Panel & Switchboard Instru-
ments (DC, AC, and Thermo)

e Prccision DC and AC Portables
e Instrument Transformers

¢ Specialized Test equipment

¢ Laboratory Standards

o Sensitive Relays

» Light Mcasurement Instruments
e Aircraft Instruments

e Electric Tachometers

Weston Electrical Instrument Corporation e Dial Thermometers
618 Frelinghuysen Avenue, Newark 5, New Jersey

; g-rﬂ" : f - ”’& e -&§ﬂ T—w—‘ 5, -.?@_ % —:__r; '.w'ﬂ_ﬁg‘%ﬁ"." ‘W"“&?M """ I e U .:&?“' e
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G-E mvcaLex washers, spacers and other small parts are now being fabricated
by punching at a much faster rate than by the regular methods of cutting
and drilling. As a result, greater quantities can be produced at savings both
in time and money to you. In one instance, production of a C-E mycalex part
was quadrupled by the use of the punching process . . . unit cost being
decreased by 709. .

Because G-E mycalex is outstanding in its ability to meet severe recuire-
ments of high mechanical and dielectric strength, high arc resistance and low
losses at high frequencies—many manufacturers are today economically using
thes= small G-E mycalex parts as electronic insulation in variable condensers
and similar applications with exceptional results.

Eut there are many other reasons why G-E mycalex has for more than 21
years helped solve the toughest insulation problems. For instance, metal parts
may be inserted or combined with G-E myecalex during the process of mold-
ing, so—if you are looking for a suitable insulator that is flexible and unique

. . investigate G-E mycalex. ’

And—if you prefer to have G-E mycalex fabricated for vou, there are
specialists in this field. A list of these fabricators and detailed information
about G-E mycalex, including a free sample, will be sent at your request.
Just @l out the coupon.

Remember, behind G-E mycalex is General Electric’s unequaled experience
in electronics. . . . General Electric, Schenectady, N. Y.

TUNE IN General Electric’s “The World Today” and hear the news from the men who
cee it happen, every evening except Sunday at 6:45 E-W.T. over CBS. On Sunday
evening listen to the G-E “All-Girl Orchestra” at 10 E-W.T. over NBC,

FREE— o
[
G-E MYCALEX | ‘{ﬂ\“m .
BULLETIN ,\m \
F———————— \ ‘14—1
I | o b
[  ELECTROM'CS P |
| DEPARTMENT ] i
| GENERAL ELECTRIC CO. |
| Schenectady, N. Y. |
l Plense send me a free sample of G-E :
| mycalex ond yvour descriptive booklet
i explaining the methods and tools to use |
| for machining G-E mycalex, I
I (If you wish a list of fabricators of I
| G-E mycalex, check here o) :
: Name____ _ |
|
| Coxnipary___ |
I Address_ - |
| |
| == —
| |
| — |
b e e s 4

Over 21 Years of Mycalex Experience—Your Assurance of Quality GE NERAL % ELE CTRIC
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SO YoU would like a sewsitive relay for that
remote control circuit!

Sensitivity is important for many relay applica-
tions. And if that is «// you want, there’s no prob-
lem. It’s easy to build a relay that will “operate”
on a small amount of power.

But sensitivity without contact reliability is use-
less. So what you rezlly want is a relay that is
not only sensitive, but also has the contact pres-
sure needed for reliability under actual service
conditions.

Sensitivity and contact reliability are opposing
factors. To get a high measure of both qualities
in one relay calls for an exacting balance be-
tween electrical, mechanical and magnetic design
factors. We’ve been building such relays for years
—to meet hundreds of requirements, from com-
plex telephone switching circuits to simple con-
trol functions on aircraft and radios.

Next time you need a sensitive relay, let the
Automatic Electric field engineer show you how
to get sensitivity plus contact reliability. No
matter what the nature of your problem, there is
an Automatic Electric relay that will give you both.

elnys

AND, OTHER GO&NTROL DEVICES

AUTOMATIC
ELECTRIC

The Autematic Electric Class B Relay shown bere combines high sensi-
tivity and contact reliability. It bas a highly efficient magnetic circuit,
long wearing mechanical structure, independent twin contacts, and
capacity for any number of sgrings up to 26. Conlact pressures average
20 grams per contzct. Compare this with “sensitive’”’ releys Laving con-
tact pressares of less than five grams.

For high sensitivity and contact reliability in small space, your best bet
is the Class S Relay sbown hsre. Especially designed to meet the severe
conditians of aperation en fast modern aircraft, it is also recommended
where space is at a premiunt. Because of the great dentand for Class §
Relays for vital war products, we urge that yon avoid its use except
where no vther relay will serve.

LAt

AUTOMATIC ELECTRIC SALES CORPORATION

1033 West Van Buren Street ¢ Chicago 7, 1L

In Canada: Autematic Electric
{(Canada} Limited, Toronto

38

June 1944 — ELECTRONICS

www americanradiohistorv com



soldiers in mufti

0ne of the most important men on the production
front is the electronic engineer. Working long and
hard hours, his time is spent devising and planning
electronic equipment that will give the Allied forces
overwhelming superiority on the batilefront. He was
“drafied” early in the war and has devoted his special
skills unstintingly to the successful prosecution of the
war eflfort, The electronic engineer is truly a soldier
on the homefront,

Ao

ARMY-NAVY “E'* WITH STARS
Awarded All Four Divisions of Raytheon
for Continued Excellence in Preduction

ELECTRONICS — June 1944

Ilaytheon engineers are continually devising new elee-
tronic products which contribute to the immeasurably
important rele that advanced electronic equipment is
playing in winning the war, Raytheon electronic tubes
and equipment are built to more than meet severe
wartime requirements, The “Plus-Extra” quality,
dependability and stamina of Raytheon products have
established Raytheon as one of the leading manufac-

turers in the electronic field.

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

www americanradiohistorv com
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No. 539 Portable
Recosder

Fifteen minute transcriptions play back with split-
second accuracy.

Where seconds count, maintaining broadcasting
schedules or dubbing sound to synchronous-driven
movie films, you're offered the perfect timing of the
Fairchild Portable Recorder turntable drive.

The motor is synchronous. The drive is positive.
Two speeds: 33.3 rpm by worm and gear; 78 rpm by
precision friction-ball-race stepup. The only necessary
interlocking device to other synchronous equipment
is the A.C. line.

88-06 VAN WycKk BOULEVARD, JaMalca 1, N. Y. -

i MBAMERA

INSTRUMENT CORPORATION

AND

&

f1mine

With professional use in mind, all Fairchild portable
recording instruments are built to meet the exacting
requirements of the radio and communications fields.
To electronic skill Fairchild has added the plus of
exceptional mechanical skill — skill long practiced in
.0002” tolerance production of aerial cameras, aircraft
sextants and aircraft computing gun sights.

The result of persistent research to provide studio-
quality recording in the field is the Fairchild No. 539
Portable Recorder. Descriptive and priority data are
available.

New York Office: 475 TENTH AVENUE, NEW YORK 18, N. Y.

SOUND EQUIPMENT—-PRECISIONIZED —mechanically and electronically~FOR FINER PERFORMANCE

June 1944 — ELECTRONICS
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THIS BIG 28 PAGE BROCHURE IS ““MUST’’ READING FOR ENGINEERS

sulation, including many useful charts and graphs.

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

Here is a wealth of information about advanced in-

Name, = IS L e L

Company

Here are results of tests, and the official ratings.

This book will show you why we can solve your
insulating problems and help to improve the effi-
ciency of your product. It will show why our plant
and facilities have been increased more than
40009, and that there is NO SHORTAGE of MYKROY.

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

70 Clifton Boulevard,

NIE cHAN e
lfcrpo £ ’ Clifton, New Jersey, U.S. A.

Gentlemen: Yes! | want the book of facts about the advanced
electrical and mechanical properties of MYKROY insulating material.

... Title.

Alddres it a0 L e

CHICAGO 47: 1917 NORTH SPRINGFIELD AVENUE

EXPORT OFFICE: 89 BROAD ST., NEW YORK 4, N. Y,
www americanradiohistorv com



SPECIAL PURPOSE
ALLOYS SINCE 1899

Typical wire wound units
contained in Bureau of
Standards type resistors

Because resistance values, in precision apparatus, must
not change with age or temperature variations encoun-
tered in normal operation, Driver-Harris Manganin is the
most widely used.

Originally imported, because no domestic process had
yielded a comparable grade, D-H Manganin of vastly
superior physical and electrical characteristics is available
today . ... the result of unceasing Driver-Harris research.

Technically advanced, exclusive D-H drawing and
ageing methods produce Manganin of such fixed stability
that it is not subject to "drift”. Special “tempers” and
mechanical properties are allied with the perfect electrical
characteristics of D-H Manganin to make it the most
dependable resistance alloy for precision bobbins,
Wheatstone Bridges, decade resistance boxes, poten-
tiometers and National Bureau of Standards type resist-
ance standards.

If fixed stability and constant resistance under nor-
mally variable operating conditions are "musts” in your
resistor design considerations, use Driver-Harris Man-
ganin to meet these more exacting specifications.

Write today for the special Manganin bulletin con-
taining complete engineering data. wire and shunt
applications.

Driver-Harris

COMPANY
HARRISON, N. J.

BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisco, Seattie

www americanradiohistorv com




A leak in a cathode ray tube is a disaster . . . so the time to stop
it is before precious man hours and material have been expended
on final assembly. Tiny as it is, this terminal cap performs a vital
function and must be structurally perfect if the vacuum is not to
bleed through it. Routine x-ray examination sees to that by
disclosing internal wea«<nesses, such as porosity or faulty welds,

which would affect per‘ormance, before assembly.

In the electronic industries, radiography also provides spot-weld
control . . . checks on accuracy of filament and grid alignments
. . . discloses imperfect joints, broken leads, and similar common
defects in condensers, resistors, assemblies. The Picker 150 KV
X-Ray Unit, either stationary or portable, rated at 150 KV, 8 MA
operation, has been found ideal not only for such inspection, but

also in hundreds of other applications where continuous produc-
o

tion x-ray inspection is required. -
o e
P s
= d u St SH

~

©

/s

@KER sets the pace in
Ry

$XM™E  PICKER X-RAY CORPORATION ¢ New York. N. Y.

‘‘er this inspection,

quizkly loaded tray jigs
@reusedin conjunction
w th the Picker 150 KV
ndestrial Unit. This effi-
ci21- operation was
werged out by Picker en-
gimeeis in collaboration

withk plant engineers.

“X=ra ' 4

X ray - WAITE MANUFACTURING DIVISION ¢ Cleveland, Ohio

\

YOUR LOCAL PICKER ENGINEER WILL BE GLAD TO DISCUSS YOUR OWN INSPECTION PROBIEMS WITH YOU

ELECTRONICS — June 1944

www americanradiohistorv com

41



l
¢
i
§
!

Induction Ceremony

This is an X-ray photograph of the final
_ step in the stiff pre-induction examina-
tion which National Union engineers
are giving many of the N. U. Tubes now
headed for combat duty.

Why X-ray? Because with great objectives
and priceless lives at stake, it is a military
necessity to know that critical-type N. U. Tubes
.are sound through and through—equal in every
way to the ordeals they’ll face in battle. Even
tubes which have passed scores of operational
tests with flying colors, are scrutinized by the
searching eyes of the X-ray engineer. X-ray
examination of the finished tubes—after all

processing has been completed—helps our
scientists to know that there is »o hidden weak-
ness anywhere.

This insistence upon leaving nothing to
chance typifies the uncompromising scientific
standards which prevail at National Union. It
is assurance that every tube which carries the
N. U. trademark can be counted on to do its
duty, always. And for post-war industrial needs,
it is a safe and sure guide to electronic tubes
of known performance characteristics and de-
pendability. Count on National Union.

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

June 1944 — ELECTRONICS




TYPE YAT

compact,

low capacity Dykano! "'G"
bypass capacitor;
hermetically sealed:
in specially-treated,
drown metal
containers.

Range at 600V,

.05 mfd. to | mfd.
Range at 100V,

05 mfd. to .5 mfd.




SOLID
MAGNET

L} ...THESE SPECIFICATIONS MEET
YOUR D-C METER REQUIREMENTS...

G-M’s production facilities can now serve a few additional
volume users of meters . .. and assure deliveries in keeping
with today’s wartime needs « Over 100,000 meters have

been supplied for one aircraft application alone... . if the

Avail yourself of both our
engineering and produc-
tion facjlities for quick
attentiop and expefi-
enced service.

specfications below meet your requirements . . . and if your

problem is quick delivery...write, wire or phone today.

General—Designed to conform to "American War Standards
C39.2-1944" for Electrical Indicating Instruments.

Size—215", Round, Flush Mounting, Panel Type.

Case—Standard case is of moulded bakelite. Available also in metal
(brass) case.

Solid alloy-steel magnet (not laminated). .

Range, D-C—Available from 0-200 micro-amperes to 0-10 amperes,
or 0-3.0 volt to 0-200 volts, D-C.

®O0d00Q

LABORATORIES [NC. |Bug war sonos & stames

4313 NORTH KNOX AVENUE, CHICAGO 41. ILLINOIS

“ June 1944 — ELECTRONICS
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poly yrene bead cable b study and

endless ‘laboratory work. It took the place of
ceramic and fibre insulated lines. Thus, Amphenol
became the pioneer in low-loss ‘cable mmufacs-

“Tture =g~ logical“development " of “lzadership in
qua’ity radio equipment—firmly established with
radio experimenters and “ham" operators long
before war developments required the mass pro-
duction of UHF. cable.

Since that first polystyrene bead cabls Am-
phenol has worked shoulder-to-shoulder wih
the designers and developers of equipmen: for
radio, frequency modulation, television 3 .
since 1941 at the right hand of Army and Navy
engineering officers playing an important part
in wartime electronic developments. '

Today, Amphenol’s R G Polyethylene stand-
ard—Army-Navy type— cables feature qual-
ity materials, Amphenol workmanship in
every inch . . . product of Amphenol's
latest type extruding equipment, skilled per-
sonnel, seasoned staff and second-to-none
laboratory.  Write for the catalog of
AMPHENOL RG Cables.

MVYW american

L+ I

AMPHENOL

Clean, smoolh, properly centered polyethylene covered
wire is exiruded by this machine.

By o dozen different searching tests Amphenol
RG Cable is proved before it is shipped.

§ Connecto™®
Fittings.
col\d\l“




CHALLENGE!

As you look through the ads in this magazine...

FIND THE GLASS PARTS NOT MADE AT CORNING

T’S really not much of a gamble on our part. The
truth is that most of the electronic glass equip-
ment built today comes from Corning Glass Works.

Bulbs, flares, insulators, transformer bushings, tub-
ing, resistor tubes, coil forms, are just a few of the
hundreds of electronic glassware products produced
under our Army-Navy “E” flag. Here you will find
glasses with high electrical insulating qualities; glasses
with an expansion coefficient practically equal to that
of fused quartz; glasses extremely resistant to mechan-
ical shock; glasses that can now be made into intri-
cate shapes formerly considered impossible. And be-

means——
Research in Glass

hind them all, 75 years of pioneering in glass research
and experience gained in the development of more
than 25,000 glass formulae.

We hope this doesn’t scare you. All it means is tixis:
If you have a problem you think glass might be help-
ful in solving. feel free to call on Corning! Everything
we know about glass is at your service. Just to get
started we’d like to send you a copy of an informative
new booklet, “There Will Be More Glass Parts In Pos:-
war Electrical Products.” If interested, write Electronic
Sales Dept. E-6, Bulb and Tubing Division, Corairg
GlassWorks, Corning, New York.

-
SYigay

CLINTI

SIHRING)

“PYREX” and “CORNING?” are registered trade-marks of Corning Glass Works

46
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7/1/5% and Ol

T0 PERFORMANCE SPECIFICATIONS

You can't tell
from the outside
how well the
inner surface
is plated.

So <ite> inspectors resort to surgical instru-
ments, using the cystoscope for critical
scrutiny of the entire inside surface of this
metal bellows . . . for the performance spe-
cification requires complete silver plating—
inside and out—to protect the thin metal
against corrosien that would cause
service {ailure of vital equipment.

But, more important than the inspection
technique, <@Ifp> engineering originated
also the specialized production method

‘ that ensures adequate silver plate in

- every crevice and corrugation of this
INSTRUMENT cO. N |

‘ » Your difficult problems also will yield

NORT=S AWENUE * WAKEFIELD, MASSACHUSETTS to <@Ify> experience and ingenuity in
the industrial application of silver and
gold plate. At your request, our repre-

sentative will furnish detailed informatjon

about available <#FZR> services.

ELECTRONICS — Jure 1944 v
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AEROVOX CORPORATION, NEW BEDFORD. MASS., U.S. A.

Export: 13 E. 40 St.. NEw Yorx 16, N. Y. -

www americanradiohistorv com

Smaller Type ‘38: 300, 500 and 600 v.
D.C.W., .001 to .01 mid.; and 800 v., .001
to .005 mid.

Larger Type ‘89: 400 v., .015 to .5 mid.:
600 v., .015 to .25 mid.; 1000 v., .006 to .1
mid.; and 2000 v., .006 to .05 mid.

Unless otherwise specified, units are sup-
plied with Aerovox Hyvol oil impregnant
and fill. Available also with mineral oil.
Type ‘38 tolerances up to but not includ-
ing .01 mid., minus 20% plus 50%:; .01
mid., minus 10% plus 40%.

Type ‘89 tolerances up lo .009 mid.. in-
clusive, minus 20% plus 50%: .01 o .09
mid.., minus 10% plus 40%;: higher than
.09 mtd.. minus 10% plus 20%.

e .

SALES OFFICES IN ALL PRINCIPAL CITIES

Cable: 'ARLAB’ In Canada: AEROVOX CANAOA LTD., HAMILTON, ONT.

June 1944 — ELECTRONICS



BY ANALYZING YOUR FAS'!EHM@.A@@IKAEMN&

Smmuju ENGINEERS

DN

REG. U S. PAT, OFF,

FASTENER UNITS

This modern fastening provides a
Shakeproof Lock Washer and Screw
pre-assembled and delivered as a
single unit. The lock washer can’t
drop off —but is free to rotate. No
time wasted putting lock washer on
screw. Kasy to handle —assures fast
driving. No chance for green work-
ers to “forget the lock washer!

WRITE FOR FREE TEST KIT No. 23

Plants at Chicaga and Elgin, lllinois

SHAKE PP
aslesncisg

ﬂ
ey

Substantial economies in both production costs
and assembly time have been achieved by reducing
fastening operations. Through ingenuity in utiliz-
ing the advantages offered by modern fastening
devices, important changes are possible which
will actually improve product performance as
well as reduce costs. Shakeproof engineers, by
means of thorough technical research and a
wide experience with mass production assembly
methods, are able to offer metal product manu-
facturers a specialized fastening service that is
certain to result in increased assembly efliciency.

Investigate this special Shakeproof Service. Write
today—a Shakepreof field engineer will contact
you immediately!

OF inc.
eavilens

Distributor of Shakeproof Products Manufactured by ILLINOIS TOOL WQRKS
2501 North Keeler Avenve, Chicago 39, Winois

Shakeproof
Lock Washers

Shakeproof

Type 1 Thread-Cutting
Screws for Metals

In Canada: Canada lllinois Tools, Ltd., Toronte, Ontario

Sllauenmof Shakeproot Cowl
Tyne 25 Threzd-Cutting

Screws for >lastics

www_americanradiohistorv. com

g
Fasteners *'The Quick - '
Gpening Lock™’

IEEP YOI.I EI.IMIHF'I‘!’ MANY
TIME-WASTING ASSEMBLY OPERATIONS!




ELKHART « INDIANA

As specialists for over sixteen years in the production of variable resistors, Chicago Telephone
Supply Company is now employing its knrowledge and skill in manufacturing electronic
materials for the military. When peace is restored, production will be devoted to meeting the
demands of the electronic industries for quality, master craftsmanship and unequalled service.

VARIABLE RESISTORS, PLUGS, JACKS, SW!TCHES, TELEPHONE GENERATORS, RINGERS

BRANCH OFFICE REPRESENTATIVES IN CANADA
S. J. Hutchinson, Jr. R. W. Farnis Frank A. Emmet Co. C. C. Meredith & Co
401 North Broad Street 2600 Grand Avenue 2837 West Pico Boulevard Streetsville, Ontario
Philadelphia 8, Pennsylvania Kansas City 8, Missouri Los Angeles 8, Califernia
Phone: Walnut 5369 Phone: Victory 3070

mwams ojgtaﬂty %ma Mechassical W sutee /596
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{anyamo 57 apaa't’ou CariTake It!

Sangamo Type A capacitors have been manufactured continuously since 1925. As
the first mica capacitor to be moulded in bakelite, it has been incorporated into
the designs of many transmitters and receivers. Designated under the War Standard
as Case Styles CMS55 and 60, this unit is available in all characteristics from B
through F and in the entire range of voltages and capacities listed in these stan-
dards. While comparatively small in physical size, the "Type A" has been called
upon to do an exceedingly big job in low-powered, medium, and quite often in high-
powered transmitters, where the ability of a capacitor to stand «p and handle
comparatively large amounts of RF current is of paramount importance. The
continued application of the Type A capacitor in these transmitters is adequate
proof of its ability to meet these requirements. Manufactured under War Stardard
specifications calling for severe immersion tests, extreme temperature ranges, definite
retrace or drift characteristics, this capacitor is an outstanding erample of the
advanced enginering design and manufacture inherent in the entire line of Sangamo

Mica Capacitors.

SANGAMO ELECTRIC COMPANY
SPRINGFIELD, ILLINOTIS

www americanradiohistorv com



Rheostats and potentiometers in wire-wound
and composition-element types.

Midget controls in both fypes. Matched in
external appearance and dimensions. Me-
chanically interchangeable.

Large line of controls for sound systems—con-
stant-impedance attenuators, L-pads, T-pads.
faders, mixers, etc.

25 and 50 watt power rheostats featuring
exceptionally rugged construction.

Greenchms — well-known green-colored ce-
ment-coated power resistors tound in the
most rugged assemblies.

Glasohms—glass-insulated miniature power
resistors and heaters. Also flexible resistors.

Etc. ote.

52

“THE HOUSE OF RESISTORS”

% Builders of rugged equipment specify CLAROSTAT for resistors. con-
trols and resistance devices as a matter of habil. They know through
years of experience. especially out in the field. that Clarostat compo-
nents are tough —electrically and mechanically. Thus one more clause
in their insurance against equipment failure and excessive servicing.
Today Clarostat is engaged 100% in the war effort. The facilities of
two large plants are concentrated exclusively on meeting the require-
ments of our armed forces. But after Victory is won “The House of
Resistors” will convert back to civilian production, with vastly in-
creased capacity to meet the needs of its many business friends.

% Submit Your Problems ...

1f they have to do with resistance — fixed. adjustable. or ballast -
send them along for our engineering collaboration. We either have
standard items in our extensive line that will meer your needs,
or we can build special units. Let us quote on your requirements.

CLAROSTAT MFG. CO., Inc. - 285-7 N. 6th St., Brooklyn, N. Y.

June 1944 — ELECTRONICS
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Hydent

CONNECTORS

Connecting 5222 wire or
2000 mcm eable . .
can do it with one-piece
HYDENT Connectors,

. you

using the simple Burndy
Indenting Tools which
range from small hand
HYTOOLS (pliers). to
hydraulic HYPRESSES.

Tree Modoor Way

... to make permanent electrical connections /W/

On circuits everywhere, you now see mod-
ern Burndy HYDENT (Indent Type)
connections like those above . . . in place
of- old-fashioned connections made by
methods which were time-consuming and
uncertain..

The Indent connection has been widely
adopted because the indenting principle
removes all uncertainty over the strength
and permanency of the connection. Fur-
ther, the HYDENT connectors used are of

one-piece, pure copper construction .
assuring highest electrical conductivity.
And they are installed in a fraction of the
time . .. another feature industry likes, too.
Pioneered and proved by utility engi-
neers, the HYDENT connection has been
a significant aid to our war effort . . . and
will contribute materially to product and
production efficiency in the days to come.
Bulletin on HYDENT Connectors gladly

sent on request.

BURNDY ENGINEERING CO., INC., 107 Bruckner Boulevard, New York 54, N. Y.
IN CANADA: Canadian Line Materials, Limitad, Toronto 13

ELECTRONICS — June 1944
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FEELING
FOR

SCIENTIFIC
PROGRESS

« T VERYBODY talkin’ ’bout heaven aint goin’ there””. No more will mere
" talk secure a ticket to Post War’s “promised land”, where big profits
may depend on low production costs. Why not, then, ride through with a
contract manufacturer who has the peace-time cost-conscious skill and ability?

We’ve been “Man-Friday” to American Industry since it was in swaddling
clothes. . . ever since Thomas Edison shed light on the world with his carbon
filament electric lamp.

We’ve had a hand in shaping scientific progress...we've fabricated many
component parts of pace-sctting mechanical and electrical products for
other manufacturers since 1888 . . . our experience spans more than a half-
century of precision manufacturing developments. All hands at Lewyt’s are
cost sensttive.

TLewyt is not a war baby. Lewyt is a*“*Manufacturer’s Manufacturer” with
56 years’ experience. We'd like to talk with production engineers up against
today’s wartime requirements, and those thinking ahead to peace-time
problems. Maybe we can’t figure on your job now, but we can quote on
WAR BONDS. They start at $18.75.

LET LEWYT

DO IT

www americanradiohistorv. com

ESTABLISH AN ACQUAINT-

ANCE WITH OUR
PRODUCTION SKILLS

We specialize in electric and
electronie instruments, chassis
2nd housings; mechanical and
clectrical assemblies; highest
j.recision machine work; sheet
n.etal fabrications; all types of
welding, product finishing, etc.
Consult Thomas Register for
Lewyt listings. Write on your
business stationery for illus-
trated 48-page book, “Let
Lewyt Do It”" ... nocharge, no
oblization. LEWYT CORPORATION
62 BROADWAY, BROOKLYN 11, N. Y.

June 1944 — ELECTRONICS



’I:me relglonship between packyderms omd JENSEN specks:s is; of couzse,
= obscuze. It will take cmotker huncred thirty-Eve years or so to datermine Ecsitively
. . whether JENSEN speakers actually kave the ruggedness and the songevity of
an elephant, but w2 do kncw of many JENSEN speakers ir use fifteen ¥ears
and more that still are 3parating rmore than adequately JENSEN emginears have
asver designed o §pedker thee Tidn't have durability as on= of its maicr- qualifications:
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BAKELITE

TRADE-MARK

PAPER-BASE LAMINATED PLASTIC SHEET

FOR HIGH-FREQUENCY INSULATION

Recommended for high-humidity conditions

v

Low water absorption

v

Easily machined or punched v

Low loss factor

FOR HIGH PERFORMANCE AT HIGH FREQUENCIES

Laminated Plastic Sheets made with BAKELITE Laminating Plastics -

Increasing need for high-frequency equipment has
called for vast increases in the production of paper-base
laminated plastics known as XXX and XXXP grades.
These plastics are made with a higher percentage of
BAKELITE resins than other grades of laminates, pro-
viding much higher electrical values for the exacting
demands of H.F. applications.

Type XXX, recommended for high-humidity con-
ditions, possesses minimum cold-flow and excellent
machining characteristics. Type XXXP has lower di-
electric losses and is more suitable for hot punching
work. It is also recommended for high-humidity appli-
cagons Its cold-flow is greater than that of the XXX

type. The loss factor of these materials is as low as .12 at
1,000,000 cycles (4.S8.T. M. D-150-39-T); water absorp-
tion is as low as 1.0 per cent (4.5.T. M. D-229-39).
ASK YOUR LAMINATOR about the special grades of
paper-base laminates for high-frequency use. If you
have a problem involving an essential product, our field
engineers and development laboratories are at your
service. Or write for Booklet 7-L,*Bakelite Laminating

Plastics.”
TKADE MARK

BakeLITE CORPORATION, 30 East 42nd St., New York 17, N. Y.
Unit of Union Carbide and Carbon Corporation [

ting Plastics
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W. A. PATTERSON, President of United Air Lines

“+ee YOU SAY VIBERATOR POWER SUPPLIES CAN
INCREASE SAFETY AND COMFORT IN PLANES?”

R R B RS R I e

MR. W. A. PATTERSON, President of United Air Lines, recently said — f’

E-L STANDARD POWER SUPPLY %%

“It is our belief that the war bas advanced publ.ic acceptance of the airpla.ne MODEL 307

as a mode of tramsportation by 20 years. The airlines, like every other service

that caters to the public, must anticipate their passengers’ expectations of new For the operation of standard 110 volt AC equip-
facilities for greater comfort and safety. United will put in service new, buge ment, such as radios andd small motors, from a 6

volt battery. Chasacteristics: Input voltage, 6 v.

-50 passenger Mainliners affering comforts, conveniences and thoughtful
#450 p & fering forts, ghif 5 DC; Output voltage, 115 v. AC; Output power,

appointments surpassing anything heretofore known, and flying from coast to

; ] . ; 100 watts: Outpur frequency, 60 cycles.
coast in 11 hours with new devices to assure safe flight.” t P S y

Dimensions: TV2x8%x10% in. Weight: 232 pounds.
E-L is ready right now with Vibrator Power Supplies to bring passengets the greater
comfort of fluorescent lighting as well as the convenience and safety of radio and

radio-telephone. E-L- Black Light equipment is available as a safety device for
instrument panel illumination at might to eliminate blinding interior glare and to

Write for farther
information cf this
and other models
of the extensive ]
E-L line. g

provide cleat, sharply defined instrument calibration. Engineered to specific space
and voltage requirements, Electronic Laboratories products are used wherever cur- ,
rent must be changed in voltage, frequency or type. E-L engineers invite inquiries. b

-
N e W

ND OTHER EQUIPMENT

Lr=da

VIBRATOR POWER SUPPLIES FOR LIGHTING, COMMUNICATIONS, AND ELECTRIC MOTOR OPERATION « ELECTRIC, ELECTRONIC A

“WWw americanradiohistorv com™



NEW LETTER CONTEST
for SERVICEMEN!

ELEVEN 1st PRIZE WINNERS IN 5 MONTHS IN CONTEST No. 1!

Yes sir, guys, the hundreds of letters received were so swell that double first prize winners
had to be awarded each of the first four months and there were ftriple first prize winners the
fifth and last month ...

SO-HERE WE GO AGAIN!

Get in on this NEW letter contest — write and tell us your first hand experiences with alf types
of Radio Communications equipment
built by Hallicrafters including the
famous SCR-299!

RULES FOR
THE CONTEST

Hallicrafters will give $100.00 for
| the best letter received duri.ng each
of the five months of April, May,

June, July and August. (Deadline:

Received by midnight, the last day
2 \ of each month.)...For every serious

\ ' $1.00 so even if you do not win a
7—\9,%*@ big prize your time will not be in vain.

e ... Your letter will become the prop-

Pt e

~— |etter received Hallicrafters will send

erty of Hallicrafters and they will
have the right to reproduce it in a
Hallicrafters advertisement. Write as
many letters as you wish. V-mail let-
ters will do. . . . Military regulations
prohibit the publication of winners’
names and photos at present...
monthly winners will be notified im-

mediately upon judging.

BUY A WAR BOND TODAY!

hallicrafters ranio

THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A.

wWWwW americanradiohistorv com



see % %de ‘/DW THEY'LL BE WORKING

TO A DIFFERENT SET OF BLUEPRINTS
e

HAND BOOK
OF SPECIAL STEELS

Newly revised and reprinted—
a comprehensive book on the
properties, uses, and best meth-
ods of handling, treatment, etc.
of tool, stainless and other alloy
steels. Plenty of tables to facili-
tate quick reference and selec-
tion. 136 pages, pocket-sized,
latest data.

SEND FOR
YOUR coPY

Address Dept. E-22

- —— —_—— ————

AGREAT many companies—
yours probably included—al-
ready have a clear idea what items
those new blueprints will cover.
One thing’s sure: whether your
future products stay in familiar
fields or enter new markets, they’ll
have to be as modern and value-
packed as your engineers can make
them. Improved design, and the
use of better materials, are the
means to the end.

You’ll find a lot of your “better
materials” answers among the vari-
ous Allegheny Ludlum families of
special, high-alloy steels. If you're
looking for such qualities as im-
proved electrical characteristics,

finer appearance, greater strength,
resistance to heat, wear or corro-
sion, etc., we have the design and
production data you need. Let our
Technical Staff help with your plans.

Allegheny Ludlin

GENERAL OFFICES: BRACKENRIDGE, PENNA

W&D A-9330

S ———
T S o
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BODY (302)

BODY (400)

CENTRALAB occupies a distinctive place in the industry with its Coil
Forms of Steatite and Centradite*. Countless new uses for these cera-
mics are being developed daily in industry. The unique electrical and
physical characteristics of these ceramics are being combined in var-
ious ways to form new applications. Our laboratory and engineering
facilities are at your disposal. Write for Bulletin 720.

www americanradiohistorv com
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WHAT EQUIPMENT IS NEEDED
FOR ELECTRONIC HEATING?

HERE'S SIMPLIFIED INFORMATION BASED ON YOUR QUESTIONS

Many questions about electronic heating of non-metals come to
the attention of RCA engineers. A few, dealing with equipment,
are summarized and answered briefly below.

Q. What equipment is needed for an electronic heating in-
stallation?

A. Briefly: an electronic generator, a “load-tuning” unit, and the
electrodes. (See Fig. 1.) In some cases, special high-frequency
transmission line is required to carry power from the genera-
tor to the electrodes if the distance is more than a few feet.

Q. What are the functions of these units?

A. The electronic generator (see Fig. 2) converts power from the
60-cycle power line to high-frequency power. This is done by
means of electron tubes and associated equipment. The load-
tuning unit is a device which electrically ‘‘gears” the high-
frequency power to the load. In a sense it corresponds to the
transmission in an automobile. The electrodes are the means
of applying power to the load; they usually consist of two
flat plates. The work is placed between them.

Q. How does the electronic generator work?

Fig. 2 shows a simplified diagram of the electronic generator.
The oscillator is an electrical circuit containing one or more
large electron tubes. These tubes and the circuit components
convert high-voltage d-c (supplied by the transformer and
rectifier) to high-frequency alternating current (frequencies
up to 20 million cycles per second or more are not uncommon).
There are no moving parts, of course, The efficiency is usually
50% to 75%. In some cases the high-voltage transformer is
mounted outside the generator cabinet.

e

Q. Do tubes last very long?

A. Yes. A good average figure is 5,000 hours of operation. Many
tubes give much longer service when operated with ordinary
care.

Q. Is equipment available?

A. Yes. RCA can supply—on priority—standard electronic heat-
ing equipment rated at up to 100-kw, output (340,000 BT'U per
hour). Descriptive bulletins are available on request (see
coupon) .

RADIO CORPORATION OF AMERICA

ELECTRONICS — June 1944

g City

RCA, Electronic Apparatus, Sectiopn, 1
SEND THIS TODAY! Camden, N.J. -
Please send me the booklets checked, which tell more about economical
electronic heating. ]
[ “Heating Wood with Radio-Frequency Power” I
7 “R-F Heating Speeds Plastic Molding”
1 “RCA Electronic Generator 15-B” l
INAMED S bl s msmas s T ey oo X e o o ey AT |
COMPANY Finfioine i dna e i ol sttt s s :
AQATESS vt sttt et b aen i
L Staten e ]
LY -l

r-<——-———-—

Q. What materials can be heated?

A, Many non-metallic materials can be economically heated
by electronic means. For example: wood, rubber, plastics,
resins, chemicals, glass, ceramics, foods, textiles, paper,
(Metals can also be heated electronically, but are not con-
sidered in this discussion.)

Q. Is the equipment hard to operate?

A. No. Once the process has bzen “set up,” any intelligent
worker can operate the equ pment without difficulty.

Q. How is equipment maintained? i

A. The RCA Service Company makes regular inspections of
RCA installations on a yearly contract basis. Tube
replacement is included in the contract.

For further information, address: RCA, Electronic Appa-
ratus Section (70-46H), Camden, N. J.

LISTEN TO "The Music America Loves Best' on the RCA program every
Saturday, 7:30 P.M., EW.T., Blue Network

* BACK THE ATTACK ...BUY MORE THAN BEFORE

GENERATOR

Fig. 1. Elements of an electronic heating installation. Standard 60-cycle
power is converted by electron tubes to high-frequeney (radio-frequency)
power for heating. e

OSCILLATOR
(TUBES&
CIRCUITS

HIGH-VOLTAGE ELECTRONIC
(PLATE) RECTIFIER
TRANSFORMER FILTER

| LOW-VOLTAGE
(FILAMENT)
] TRANSFORMERS

Fig. 2. Simplified block diagram of an electronic generator. In large units,
the transformer is located outside the generator enclosure.
L
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Carefully designed to provide maximum
strength and rigidity with 2 minimum of
weight, Sterling Switches have high current
carrying capacity, particularly in the power
frequency range. The use of pure silver elim-
inates the need for high spring pressures,

required to cut insulating oxides on the
electro-plated contacts commonly used.
With Sterling Switches, turning torque

is reduced to a minimum.

STERLING
SWITCHES

In both standard models (Nos. 86S and 88S)
a carefully planned arrangement assures max-
imum voltage flash-over between contacts and
between rotor and frame. A multiplicity of
rotor and detent combinations permits a great
variety of wiring arrangements on No. 868S.

Front and rear views of No. 86S Sterling
Switch are illustrated, the diagram showing a
typical rotor style. d

@
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CP STANDARDIZED COAXIAL TRANSHISSION LINES incorporate several significant refinements

in design. They are available in a number of sizes, ranging from a flexible }4* line

insulated with spun glass, to large size, high power, ultra high frequency lines. A

complete assortment of standardized fittings, together with maintenance equipment

is made for each size line, including: HF and UHF end seals, Magicseal solderless

couplings, junction boxes, elbows, anchor joints, difterential expansion joiats, etc.
P

ANTENNAS AND RADIATING SYSTEMS made by Communication Products include standard
high frequency rotary beams, half-wave “foldbacks,” vertical and horizontal coaxial
radiators and ultra high frequency fixed and mobile directive arrays. Illustrated at right,
a half-wave coaxial antenna.

AUTO-DRYAIRE, a completely automatic device
for maintaining pre-set pressures of moisture-
free air in coaxial transmission lines. It is
independent of critical gases and heavy
cylinders and will function for indefinite
periods, providing 1,000 cubic inches of
conditioned air per minute.

Q-MAX A-27 R.F. LACQUER is a new, fast-drying
lacquer having extremely low loss, for use
in the treatment of radio frequency com- By
ponents. It is available in 1-, 5-, or 55-gallon i (I ol
containers shipped directly from our factory. | W HCe

744 BROAD 5T., NEWARK, N. J. FACTORY: 346 BERGEN AVENUE, JERSEY CITY, N. J.
Coaxial Transmission Line and Fittings - Sterling Switches . Avto-Dryaire

Antenna and Radiating Systems . Q-Max A-27 Radio Frequency Lacquer '
ELECTRONICS — June 1944 ]
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HIS unretouched photomicrograph, approximately
50 times actual size, shows pretty clearly what we
mean by the value of experience, when it comes to the
making of electrical instruments and testing equipment.

Pivots play an important part in determining an in-
strument’s life and accuracy. In the Simpson-made pivot
above, you have what is truly a masterpiece of its kind
. . . perfect in contour . . . all surfaces brilliantly pol-
ished to prevent rusting . . . rounded end properly cor-
related with radius of jewel to minimize friction and
withstand vibration and shock . . . heat-treated for an
unusual combination of strength and hardness.

The obvious explanation for. this excellence rests in
the fact that Simpson employs some processes others do
not, and safeguards every step of manufacture by the
finest and most complete control modern science can
provide. But in the final analysis, it is only Simpson’s
long experience which makes such a pivot possible.

That experience reaches back more than 30 years,
From it has come new shortcuts in manufacture, new
refinements in design, which today permit Simpson to
make “instruments that stay accurate” in greater volume
than ever before. From this long specialization has come
too a sound basis for further advance; in your postwar
Simpson Instruments you will see still more forcefully
the value of this experience.

SIMPSON ELECTRIC CO.

5200-5218 Kinzie St., Chicago 44, Ill,

INSTRUNE-NTQ THAT STAY ACCURATE
Buy War Bonds and

Stamps for Victory

62
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% no 3
with new produ.ob

tion methods result-
‘ing in still greater
tube efficiency and
length of life: Every-
where, it’s Federul
tubes for -superior
transmitting and
industrial power
performance,

Transmitters built by Federal are de-
signed for smdoth adjustment over the

full frequency range. They are made in

a great variety of frequency ranges and

vww americanradiohisto

mnrme Or mobtle statlons

Look to Federal for the finest in radio

communications equipment. .

in the future!

. now and




&/ uperior facilities are devoted exclusively to the production

of small metal tubing. Long before the war we set our maxi-

mum size at %" OD because experience has shown that only by so doing could we

maintain high quality in the smaller diameters. As a result, we have a mill, operating
- . - o

at top speed, equipped to produce in a routine manner what formerly was known as

‘“specialty’ tubing. So, if you need cold drawn tubing in any metal, and the OD does

not exceed % "“— then the inhereat benefits of our specialization are yours for the using.

FOR EVERY SMALL TUBING APPLICATION FROM 3" 0D DOWN

SUPERIOR 8282 Scamless in various analyses. WELDRAWN < 5. Welded and drawn Stainless, **Monel™ and **Inconel’*

v 1

SEAMLESS and Patented LOCKSEAM Cathode Sleeves

June 1944 — ELECTRONICS
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any manufacturers of naval, aircraft and land
communications equipment know that they have
better assurance of meeting exacting delivery
schedules when the High Voltage Rectifiers are
made by AmerTran. Acceptance is also assured
through our familiarity with special applications,
including navigating and locating devices.

AmerTran Rectifiers can be made to conform in
general appearance with other apparatus with
which they may be associated.

Delivery is assured by our access to stable mate-

Pioneer Manufacturers
of Transformers, Reactors
and Rectifiers for Electronics
and Power Transmission

ELECTRONICS — Jure 1944

rial sources, plus a proved, fast production sys-
tem that employs certain recently developed
technigues.

In spite of the pressure of war production,
AmerTran Rectifiers are built to the same quality
standards that have characterized AmerTran
products for forty-three years. Quotations will
be forwarded promptly upon receipt of your
specifications.

AMERICAN TRANSFORMER CO.,178 Emmet St., Newark 5,N.J.

MANUFACTURING SINCE 190V AT NEWARK, N

85
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BRUSH SURFACE ANALYZER

means lo +Fim

Surface smoothness on the vital moving parts of his plane
has been measured to one-millionth of an inch by the
Brush Surface Analyzer. Such precision assures his safety.

The diamond stylus of this instrument explores surface

finishes, and its movement is amplified up to one hundred

thousand times, then immediately recorded on a moving
paper chart for permanent record.

If accuracy is essential in your business, write today for
a fully illustrated bulletin on what the Brush Surface
Analyzer can do for you.

THE BRUSH DEVELOPMENT COMPANY

3423 PERKINS AVE. o CLEVELAND 14, OHIO

66 June 1944 — ELECTRONICS

www.americanradiohistorv.com



Here’s Where
“CREATIVE” Came In

"'CREATIVE" INSULATING GROMMETS

Five important characterss-

tics seve t’me and labor in

wiring cperations:—1. All
holes are concentric .. 2. All threads are
clean and lubricated .. 3. All parts have
geared collars and are n.att= finished for quick
handling . . . 4. All corners are chamfered to
protect against fraying .. . 5. Four standard
sizes, all immed:ately avanlable from stock.
Send for free sample card.

* ELECTRONICS — June 1944
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E-E POWER AMPLIFIERS for use as oscillators, amplifiers and modu-
lators offer maximum efficiency plus lifetime stability of operation.
The rugged construction of these tubes immediately suggests their
applicability to industrial processes such as induction.heating or use

in mobile equipment where vibration is a factor.

The high quality and uniform characteristics of E-E tubes are attested
to by their widespread use in the Armed

Forces throughout the globe.

llusteation of

Engineers, designers and manufacturers are L EE-200 Power Amplifier

Osdillater, Class B Modulator

invited to add the informative E-E data book

0 Plate dissipation
to their files. Write for your copy today— 120 te 160 Watls

no obligation of course.

ELECTRONIC ENTERPRISES, INC.

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

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

ERPRISES \

= (

——
€N
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LONG LIFE, STABILITY
AND HIGH EFFICIENCY...
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HOW SZize EXiziomiin.

Electronic heat can surface harden gear
teeth or localized areas in seconds in-
stead of hours . . . with precise control
over depth and degree of hardness.

Electronic heat can bond glass to
metal faster with finer control of heated
area. Often increases production units
from hundreds to thousands per hour.

Electronic heat is revolutionizing brazing
anc soldering operations, Speed and
efficiency are increased and wasteful
after-cleaning,operations are eliminated.

Elec:ronic heat is Ideal for soft metal
melt ng pots. lowers operating costs.
Assures longer life of pot. Reduces gas
inclusions of the smeit, Ends fire hazards.

HEATING EQUIPMENT CAN

improve production ... save time and money

Electronic heat reaches through glass
walls to degas metal’ elements in radio
and fluorescent tubes without affecting
the envelopes. Action is instantaneous.

Electronic heat seals packages rapidly
and completely in matters of seconds on
continvous production lines. Packaged
goods containing foods are sterilized.

This company has been designing and bailding Electronic heatine ¢
pany 2 & & S =

units (induction and diclectric) since 1921. We have the advantage of
23 years of pioncering knowledge and experience in this specialty. 3.

stk

Our equipment (known as “bombarders”) has been used with sat-

isfaction by the nation’s leading electronic tube manufacturers for

g

. . =7
almost a quarter of a century, for exhausting and testing tubes.
Our apparatus has been time-tested for high efficiency and economy

b PP o

of operation, and is built 10 minimize maintenance problems., Our
greater variety of models permits choosing the unit which is exaetly
suited to your application, and offers the correct combination of
power and frequency which your jobs demand. You cannot get a

e p—

power-wasting “misfit” machine from us. Before selecting any elec-
tronic heater, it will pay you to write us.

=t
0 e
T RS TN

2 e
| #f  rey
Our equipment of-
fers you a selection
of frelqt'.len.cies up to
300 megocycles —
and the follow

power'vonge, with
steplesscontrol from

i
:
[

DIVISION OF “S" CORRUGATED QUENCHED GAP COMPANY

119 Monroe Street

AL JCSIKS

Garfield, New Jersey

zero to full load:

Designers and Builders of High Frequemcy Converters Since 1921

ELECTRONICS — June 1944 69
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To help you now with your post-war plans, we have created
and manned a Post-War Development Department. This
Department has no duties other than those of discussing
with forward-looking manufacturers the contributions that
Vulcanized Fibre, Phenol Fibre, or Phenolastic Fibre*
can make to the performance and economy of the products
of tomorrow.

Before you decide that a product or a part can best be made
from aluminum or glass, steel or wood, or any other mate-
rial, it will pay you to find out whether or not that product
or part can be made better, cheaper, or faster in laminated
plastics. Consultation on such problems with the engineers

in our Post-War Development Department is yours for the
asking, without cost or
obligation. Write us, in
complete confidence,
about your plans and
problems.

A new development by
which finished sheets of
Phenol Fibre can be re-
heated in your own plant
and formed permanently

Mass-produced by machining from tubes
of Phenol Fibre, this radio part combines
light weight, high dielectric quality, low
moisture-absorption, and the ability to
stand severe shock. Whatever combination

1 h . of qualities you require, it’s a rare case
Fo a mo§t any s ape' m indeed that can't be solved by Laminated
inexpensive, wooden dies. Plastics.

POST-WAR DEVELOPMENT DEPARTMENT OF

LAMINATED PLASTICS: VULCANIZED FIBRE - PHENOL FIBRE * Sheets, Rods, Tubes, and Fabricated Parts
NORRISTOWN, PENNSYLVANIA - OFFICES IN PRINCIPAL CITIES « PACIFIC COAST HEADQUARTERS: 544 S. SAN PEDRO ST., LOS ANGELES

70
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:%‘-j' vH o
TRANSMITTING
TUBES '

g
STANDARD TYPE
RECEIVING TUBES

o :
SYLVANIA “LOCK-IN"
RECEIVING TUBES

o

_ o ; D !
MINIATURE RADIO
- RECEIVING TUBES

- CATHODE RAY
TUBES

-~
STROBOTRONS

Ul

GAS VOLTAGE

REGULATOR TUBES

MINIATURE AND
STANDARD SIZE

 FACSIMILE
RECORDING
TUBES

o

THERMOCOUPLE RADIO TUBE
TUBES - PARTS

WELDS AND LEADS

C
.
S

2%~ SPECIFY SYLVANIA AND BE SURE

‘“To Serve an Electronic World"

SYLVANIA

ELECTRIC PRODUCTS INC.

500 FIFTH AVENUE, NEW YORK 18, N.Y,

AN ELECTRONIC DEVICE is no better than its most vital part—the
electron tube. A reputation for high quality manufacture
won many important wartime assignments in electronics for
Sylvania. A few of the electronic devices, tubes and parts made
by Sylvania are shown here. There are many more, some of
which are military secrets. For information about Sylvania
quality electron tubes and products, write Sylvania Electric
Products Inc., 500 Fifth Avenue, New York 18, New York.

ELECTRONICS — June 1944 71
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The molded Baksalite bobbins, upon which

_the chokes ittustrated cre wound, are car--

" ried in stock te these dimensions.

i,

it

MJLLIQNS of precision Radio Frequency Chokes of
standard and special design are used in military and naval
communications equipment. Because these vital components
are required in enormous quantities, all on rapid delivery
schedules, AUTOMATIC is a dependable source of supply for
the Army and Navy. é

Whether small or large, precision adjusted or wound
to turng, AUTOMATIC can meet your need for quantity pro-
duction of RB-F Chokes as well as R-F and I-F Coils of any
design, audio and power transformers, or complete assemblies
incorporating them. '3t

You can rely on AUTOMATIC for prompt service and
large volume deliveries. '

KEEP BACKING
\ THE ATTACKI
BUY MORE

UTOMATIC = 5

ja bYiseRe WINDING €O. INC.

COMPLETE ELECTRONIC ASSEMBLIES & COMPONENT PARTS
V

900 PASSAIC AVE.

EAST NEWARK, N. J.

3 i = _:....J_M
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sttt INSTRUMENTS

DI - in development, research, design and
production of radio and allied equipment

TYPE 160-A

Frequency Range: 50kc. to 75me. may be extended
with external oscillator down to 1 ke.

Range of Q Measurements, Coils: 50 to 625.
Accuracy: In general = 5%
Range of Q Tuning Condenser: 30-450 mmf.

(Vernier Condenser: = 3 mmf.)

Q.METER : TYPE 170-A

Frequency Range: 30mc. to 200 mc.
Range of Q Measurements, Coils: 100-1200
Accuracy: In general = 10%

Range of Q Tuning Condenser: 10-60 mmf.

TYPE 110-A

The factory counterpart of the Q-Meter. Compares

fundamental characteristics of inductance or capa-
citonce and Q under production line conditions
with a high degree of accuracy, yet quickly and
simply. Insures uniform parts held within close

tolerances. Frequency range 100 kc. to 25 mc.

TYPE 150 SERIES

ODULATE Type 150 A—Frequency 41-50 mc. and 1-10 mc.
oR D Type 151 A—Frequency 30-40 mc. and 1-9 mc.

Type 152 A—Frequency 20-28 mc. and 0.5-5 mc.
Type 154 A—Frequency 27-39 mc. and 1-7 mc.

Developed specifically for use in design of F.M.
equipment. Frequency and Amplitude Modulation
available separately or simuitaneously.

Beay TYPE 140-A
GEN REQUEN . : : " :
™ ERATOR CY A single compact instrument which provides wide fre-

quency and voltage coverage of generated signals.
Frequency Range: 20 cycles to 5 mc. in two frequency
ranges.

Output Voltage Range: 1 millivolt to 32 volts.
Accuracy: = 3%.

Output Power: One watt into external load.

‘RADIO
VW BOONTON, NEW JERSEY,

wwWw americanradiohistorv com



LABORAT, ORY REPORT
SUBJECT-

Of course, this is a simulated laboratory report. But the
conclusions reached are real and true, whether obtained
by testing instruments or by actual duty.

One important reason for the performance of *LEXEL
insulated wire and cable is the fact that the insulation is
CENTER-SEALED. *LEXEL forms a continuous helical
tube in which the conductor is automatically and perma-
nently centered through every inch of its length. The tube
seals itself by heat. Insulation is uniformly effective at all
points.

*LEXEL Insulation Wire is an approved military speci-
fication for compact installations in low-tension service,
such as controls, instruments, lead-in and hook-up wires
and electronic circuits.

Ask for additional information and names of manufac-
turers who supply *LEXEL (cellulose acetate butyrate) in-
sulated wire.

CUSTOM-MADE INSULATION

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

*“LEXEL” is a recistered trade-mark of The Dobeckmun Company.

AU

CLEVELAND, OHIO OAKLAND, CAL.
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Automatic Control Is

Really Automatic with

Adlake Plunger-type
Mercury Relays

Put Adlake Plunger-type Mercury Relays of correct
capacity and rating on your control panel and
you've really got automatic control. No inspection.
No cleaning. No servicing. Here’s why . ..

The contact mechanism of Adlake Plunger-type
Mercury Relays is hermetically sealed inside a glass
or metal cylinder.

Dirt and dust can’t get inside to *'gum up” oper-
ation. And, because contact is made by liquid metal

"Back the Attack—Buy Bonds"

OPERATING

I} voLTAGE
! CONTACTS SECONDS
§ NORMALLY OpeRATE

THE ADAMS & WESTLAR :
| chicaGO, EUKHMART.INO.. NEW

For panel mounting. Can be supplied with quick or
time delay action; normally open or normally closed;
and for A.C. or D.C. ¢nergization. Contact rating #p
to 100 amps. A.C.; proportional D.C. ratings.

J

(mercury), it is positive, chatterless, silent and
impervious to burning, pitting and sticking.

For many kinds of service, particularly those
considered “difficult,” there is no other type of
relay that can give such dependable service.

There’s a lot more about Adlake Relays that every
engineer should know.

Our complete bulletin tells the story. Ask for it
—no obligation.

Tur Apans & WESTLAKE Company

ELKHART, INDIANA NEW YORK : CHICAGO

ESTABLISHED 'IN 1857

MANUFACTURERS OF ADLAKE HERMETICALLY SEALED MERCURY RELAYS FOR TIMING, LOAD, AND CONTROL CIRCUITS
74 June 1944 — ELECTRONICS
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PLERCENT OF TUBLS 7ES57ED

“Right On The Button”

MUYTYAL CONDYCTANCE
DISTRIBUTION CURVE —TRANSCONDUCTANCE

Conscientious  electronic  equipment
manufacturers avoid special selection of
tubes. When a battlefront tube replace-
ment is made, they want “'on the button”
performance. They allow for possible addi-
tive effects of tolerances for other compo-
nents — and for the many minor differ-
ences of equipment assembly, wiring, and
adjustment. Also they realize it is imprac-
ticable to manufacture all electronic tubes
of a given type exactly alike. Yet they
demand and deserve close observance of
their tolerances for each tube charac-
teristic. (See A and C on the distribution
curve.) Hytron insists on still tighter fac-

tory specifications. (Compare A’ and C’)

Hytron goes still further. Based on past
experience — its own and others’ — when-
ever practicable a “bogie’’, or desired
goal, for each characteristic is set. (Com-
pare B.) Controlled design and production
aim at producing the majority of tubes with
this preferred value, which is not necessar-
ily and arbitrarily midway between toler-
ances. It is rather the ideal for peak per-
formance—dictated by experience and at-
tainable if exact duplication were possible.

Specifty Hytron for tighter specifications
—for ‘“bogie'’-controlled production —
for uniform performance.

BUY
ANOTHER
WAR BOND

ELECTRONICS — June 1944
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WHITAKER

has the experience and facilities to produce

* WIRING HARNESSES * BONDING JUMPERS
% CABLE ASSEMBLIES % AIRCRAFT and RADIO CABLE PRODUCTS

Roll up your blueprints and specifications
— dictate a letter outlining your needs—
and dispatch your wiring problem to the
nearest Whitaker plant. We welcome in-
quiries covering either war-time or post-
war production . . . Backed by a quarter of
a century of specialized experience pro-
ducing wire and cable products, Whitaker

has the facilities for large-scale production

— plus the ability and “know-how" for

quickly turning out cable assemblies to
meet rigid specifications.

In addition to an engineered wiring
service, Whitaker also offers a quality line
of standard cable products. There will be
no obligation involved in your getting the

facts, so why not write today!

WHITAKER CABLE CORPORATION

(Formerly Whitaker Battery Supply Company)

Kansas City, Mo. - St. Joseph, Mo. - Philadelphia - Oakland

B L e e o
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I“ || |I I] NTENNAS

" The year before Pearl Harbor, WARD PRODUCTS CORPORATION manufactured and
sold better than 9o% of all aerials used by leading manufacturers of automobiles, radios and
portable radios. That commanding position was made possible by superior designing ability,
manufacturing knowledge and production efficiency.

5l S I

That expertness of antenna manufacturing is today being totally applicd to the war effort
. and in wartime, as in peacetime, WARD is the leading manufacturer of antennas. The
name WARD is found on aerials used on command cars, tanks, planes—on communica-

_@,@ tion units of all kinds—on battle fronts all over the world. . . . The knowledge that is
‘im/ﬂ""lllﬂ’ being gained from this wartime effort will mean new and improved products in peacetime.
=S

If the use or specifying of antennas is included in your post-war planning, look to WARD!

@‘ THE WARD PRODUCTS CORPORATION, 1523 E. 45TH STREET, CLEVELAND, OHIO

ELECTRONICS — June 1944
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OPERATES

POSITIVELY FROM
A MOMENTARY

IMPULSE

A SMALL “MEMORY-TYPE" RELAY

wit R-F INSULATION

Originally designed for aircraft services, this new Struthers-
Dunn 50XBX “Memory” Relay is ideally suited for numerous
other applications as well. It is of two-coil, latch-type construc-
tion, having radio frequency insulation on its double-pole,
double-throw main contacts. These contacts operate immedi-
ately upon receipt of a momentary impulse from a push button,
limit switch, or any other source of brief or extended impulses.

The coils are practically universal in that they will operate on
voltages as low as 12-volts D.C. Since they are in the circuit only
momentarily, they cannot overheat on much higher voltages, nor
will they hum or overheat on A.C. as each coil may be connected
to de-energize itself as soon as it has performed its function.

Struthers-Dunn Type 50XBX ‘“Memory” Relays will operate
in any position, are shock-proof to 10 G’s, and set new standards
of eficiency on applications where the contacts must ‘“remember”
unfailingly which coil was last energized—by remaining latched
in position until they are released by energizing the other coil.

STRUTHERS-DUNN, INC., 1321 ARCH ST., PHILADELPHIA 7, PA.

ONE OF THE FAMOUS

STRUTHERS DUNN

DISTRICT ENGINEERING OFFICES: ATLANTA .
DALLAS « DENVER .
NEW YORK » PITTSBURGH + ST. LOUIS « SAN FRANCJSCO .+ SEATTLE . SYRACUSE . TORONTO . WASHINGTON

BALTIMORE . BOSTON . BUFFALO « CHICAGO « CINCINNATI . CLEVELAND
DETROIT . HARTFORD .+ INDIANAPOLIS . LOS ANGELES . MINNEAPOLIS « MONTREAL
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Partners
For
Greater
Production

and America’s leading Tube Manulfacturers

The task of further increasing electronic produc-
tion this year necessitates, more than ever, the
pooling of knowledge and resources. Manufac-
turers, who ordinarily would not go outside their
own organizations for components, today find it
practical and expedient to call in specialists.

We, at Callite, are such specialists.

We have long enjoyed the confidence of leading
electronic and electrical parts and equipment
manufacturers. We have devoted many years to

Specialists in hard glass leads, tungsten and molvb-
denum wire, rod and sheet, formed parts and other com-
ponents for electronic tubes and incandescent lamps

PIONEERS IN TUNGSTEN METALLURGY OVER

ELECTRONICS — June 1944
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ol

pioneering and development work in this field
and we have extensive facilities for fulfilling
your metallurgical requirements.

For several years, RCA has entrusted a part of
its requirements for certain special components
such as tungsten and molybdenum wire. tungsten
leads for hard glass, tungsten filaments, and
tungsten and molybdenum powders to Callite.

Working closely with many industries keeps us
in touch with design trends and new develop-
ments. Our engineers will be glad to advise on
your current technical problems or assist in
working out your postwar plans. If you are in
the market for metallurgical components. inves-
tigate our specialized abilities. Callite Tungsten
Corporation, 544 Thirty-ninth St., Union City,
N. I. Branch Offices: Chicago and Cleveland.

25 YEARS

www americanradiohistorv com
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Standard of
Excellence

Bliley Crystal Units are doing a great wartime job. Increased
engineering knowledge, expanded facilities, and improved
production techniques have emerged from this effort. This
wartime experience will be reflected in peacetime application.
Bliley Crystals will again take their rightful place with their
pre-war record of dependability, accuracy and user accept-
ance. Not counting applications covered by wartime secrecy
necessities, there will be Bliley Precision-made Crystals for
diathermy, ultrasonic generators, pressure gauges, carrier-
current communications systems, radio frequency filters, and
precision interval timers. And, of course, in greater quantities
than ever before, frequency controlling crystat units for all
radio communication necessities, F. M. or A. M., fixed, portable,
, mobile or air borne. As always, Bliley Engineers are ready to

17 extend their assistance to you . . . call on them freely. \

- rl""-‘%:_, :
OFFICIAL S GNAL CORPS PHOTC.
SCR-299 MOBILE RADIO STATION

o June 1944 — ELECTRONICS
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Westinghouse Eiectronic Tubes . . . doing" a job on every front, in every battle, in every war industry

To help meet the sky-rocketing

demand for Westinghouse FElectronic
Tubes, Westinghouse has devised a simple but ingenious time-
saver. When welding certain filaments, instead of inserting a piece
of steel into the filament coil to keep it in alignment, we use a

strip of spaghetti. The spaghetti is then burned out and the whole

job completed in 114 minutes instead of 5. This is but one

example of how Westinghouse resourcefulness has enabled us to
increase production 30 times. Today, we're not onl v meeting time
and quality “musts” on Government contracts—we’re also con-
tinuing to supply the heavy demands of war industry. Your nearest
Westinghouse Office or Distributor will he glad to receive your
inquiries for Westinghouse Tubes.

Westinghouse Electric & Munufactur-

ing Company, Bloomfield, N. J.

These Westinghouse
Tubes Now Available

in Limited Quantities

WL-195.
WL-196.

W L-163.
KU-610.
KU-627.
KU-628.
KU-629.

W EL-632A
W L-6517656
WL-652/657
W L-655/658
WL-672.
KU-676.
WL-677.

W L-681/6806
WL-710.
WL-788.
WL-857B
WL-892.
WI.-895.
WL-896.

N

Pliotron
Pliotron
Pliotron

. Thyratron
Thyratron

. Thyratron
I'hyratron
Thyratren
Ignitron
fgnitron
lgnitron
Thyratron
Thyratron

. 'Thyratron
Lgnitron
Ballast Tube
Ballast Tube
. Phanotron
Pliotron
Pliotron

Ballast Tube

Westinghouse

PLANTS IN 25 CITIES , .. OFFICES EVERYWMERE i l

Quality Controlled ELECTRONIC TUBES

ELECTRONICS — June 1944 si
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FLEXIBLE VARNISHED OIL
TUBING:

EXTRUDED TUBING:

resistant to sub-zero temperatures

VARNISHED GLASS TUBING:

resistant to extremely high heat

WIRE IDENTIJFICATION
MARKERS:

saty to stond up against general

moisture obsorption, and the general
deteriorating  influences coused by
ncids, alkahs. et

This TURBO insulation meets the Where the effects of extreme low
diversity of requirements neces- .

tempecatures are apt te induce
insulation embrittlement, TURBO Ex-
truded Tubing is especiolly suited
Sudden dimatic changes, wide flucty
ations in temperature, or refrigerant
opcrating conditions will not eflect
the dependability

impairment  through

The extensive use of this TURBOR The faclitating of production and
. .unembling operations, with ¢or-
responding intreases in tunctional
efficiency. are effected .with thes
TURBO insulation product Available
in any size, length or color
TURBQ markess are strictly in cecord
with Army, Navy ond Air Corps

product is direchiy attributable 1«
its excellent characteristics undec high
heat conditions. Heavy duty operot-
ing con: s, confined areas where
ventilat is minimized and othe
similar problcms ‘are solved

TURBO

VARNISHED TUBING e

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

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

WILLIAM

i

GO

SATURATED SLEEVING

This means increased protection from com-
bustion hazards—more essential even than
“slow’ burning. It means the fire never
gets a chance to start. Conversely, em-
brittlement temperatures—the antidote to
cracking—are being constantly lowered.
TURBO looks ahead.
* * *
Write for sample board and list of standard

sizes. It's a ready reference and handy
gauge—free without obligation.

BRAND and €O.

5 276 FOURTH AVE, N.Y. - 325 W. HURON ST, CHICAGO, ILL.

MANUFACTURERS OF MICA PLATE, BLOCK MICA, VARNISHED TUBING & CAMBRIC

June 1944 — ELECTRON!CS
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cast enclosed

R T CONTROI. THE AUTOMATIC CYCI.E OF THE
“ L GILMAN ,HYDRAULICvTURNING MACHLNE 9

The scsic Micro Switch is a thumb-size, feather-
light plastic enclosed, precision, saap-action
switch, Underwriters' listed and rated at 120)
V.A. at 125 to 440 voits a-c. Capacity on d-¢
depends on load characteristics. Accurate re-
peat performance is experienced over milliors
of operations. Wide variety of basic switches
and actvators meets requirements varying
from high vibration resistance to seasitivity oF
operating force and motion as low as 2/106C
ounce-inches.

Many types of metal housing

are available,

THE hydraulic turning machine, manufactured by the
Gilman Engineering Works of Janesville, Wisconsin,
makes use of the long lite, dependability, and accuracy
of repeat performance of the Micro Switch to control its
entire operating cycle automatically,

2

Actuation of the Micro Switch at the exact point in the
movement of the hydraulically driven slide when the
Elgin Head has completed a cut swings the slide away
from the work. This motion actuates a second Micro
Switch which controls automatic return of the slide to its
starting position.

The die cast enclosure of the Micro Switch, mounted on
the apron of the machine, provides rugged conduit con-
nection, and a synthetic rubber bellows on the operating

Let's All Back the Attack
Buy EXTRA War Bonds!

Branches: 43 E. Ohio St., Chicago (11) e
11 Park Pl, New York City (7) « 1709 W. &th 3t

plunger protects against the entrance of coolant, oil, chips,
and dirt chroughout the switch life of millions of operations.

The small size of the Micro Switch and a wide selection of
easy-to-use actuators and enclosures has fitted it into
many special additions to machines already installed, as
well as to new designs. The Micro Switch has electrical
capacity, at line voltage, to control many classes of single
phase motors directly, without intermediate relays or con-
tactors, providing accurate, pasitive, trouble-free control.

Send for Micro Switch Catalog-Handbook No. 60 for
complete details on the wide range of housings, actuators,
and electrical characteristics in which Micro Switches are
available. If the switch is desired for aircraft use, also
ask for Handbook-Catalog No. 70.

Micro Switch Corporation, Freeport, Il

4900 Euclid Ave., Cleveland (3)
Los Angeles (14) » Sales &
Engineering Offices: Bostan - Hartford

The trademark MICRO SWITCH is our property and ldentifles swilches made by Micro Switch Corporation

TRADE

MADE ONLY hY MICRO SWITCH CORPORATION FREEFORT I"LL., U.S. A

i i - i i i
i i T i G
i i i i - s G
2 i 5 o y 3 &

www americanradiohistorv com
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YOU CAN PROVE TO YOURSELF
IN FIVE SECONDS. ..

1 That new BH Fiberglas “extra

|

Flex''Sleeving is more flexible
than saturated sleeving

WE'VE TOLD YOU about the non-fraying quality of
the new BH Sleeving. But don’t forget the extra
2. | ' e flexibility we’ve built into it. You can prove this

. R to yourself with the five-second test of sleeving
“ s fexibility:

i Obtain from us a sample of BH Extra Flexible
. Fiberglas Sleeving equal in size to the saturated
g sleeving you use now.

i e Following Figure 1, hold eight-inch lengths of

i both BH Extra Flexible Fiberglas Sleeving and
saturated sleeving between the thumbs and fingers
of both hands. Stretch both sleevings to make
them straight.

iy et Now release the sleeving ends held in your left
wj hand. Instantly, the new BH Fiberglas Sleeving
. will fall limp, proving its extra flexibility. The

saturated sleeving will remain straight, practically
inflexible. The comparison is shown in Figure 2.

NON-FRAYING - FLEXIBLE « HEAT-RESISTANT
NON-INFLAMMABLE - WATER-RESISTANT
NON-CRYSTALLIZINGatLOW TEMPERATURES

The new BH Extra Flexible Fiberglas Sleeving is
woven from the choicest continuous-filament Fi-
berglas yarns. It possesses high dielectric strength,
is water-resistant and, like all BH Sleeving and
Tubing—is non-inflammable.

All sizes from No. 20 to 83”, inclusive, are avail-
able. Write for samples of this radically new and
different sleeving today—in the sizes you desire.
Seeing is believing! Bentley, Harris Manufactur-
ing Co., Dept. E, Conshohocken, Pa.

THIS~NOT THIS

NON-BURNING IMPREGNATED MAGNETO TUBING  NON-BURNING FLEXIBLE
VARNISHED 7UBING SATURATED AND NON-SATURATED SLEEVING

PREDUCTS

BENTLE%, I'II-IRRIS MANU!‘ACTURING CO

Copshohocken, Penna.

84 June 1944 — ELECTRONICS
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TRANSFORMERS
lo meel acvbowne commendcalions
ek b sthocilicads

Cansolidated Radio Products Company specializes in 400 cycle transformers to
meet Army and Navy specifications on airborne communications equipment, and
alko, supplies prime contractors of the Signal Cosps and Maritime Commission.

Greatly expanded production facilities on a wide range of small and mredium
transfoimers include Pulse Transfo-mers, Solenoid Coils, Search
Coils. Other products include Range Filters and Headse-s.

Consolidated Engineers will also design transfaormers
for special applications or will build te your
specifications.

ELECTRONICS — June 1944




MAKERS OF THE

Let THEM do the Talking

On land and sea, in the air and under the sea,
success in combat rests heavily on Communi-
cations . . . the ability 70 talk over distances of
a few feet or many miles. But here at home, the
success of our effort depends greatly on the
ability of all of us not to talk . . . to keep to our-
selves the things we are doing and the things

we are going to do.

We in the Electronic Industry have been asked

greatly to increase our output of many types
of Communications equipment. We’ll do zbat
job, but its effectiveness must not be hurt by
any careless conversation on our part. Let the
man with the “mike” do all the talking.

THE ROLA COMPANY, INC,, 2530 Superior
Avenue, Cleveland 14. Manufacturers of Trans-
formers, Coils, Headsets and other Electronic
parts for Communication Systems.

ROLA

Let's do more

L'iﬂr
IN SOUND REPRODUCING

FINEST

> in foriy-four!

June 1944 — ELECTRONICS
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4 Corona and Dielectric Strength
* Frequency Cut-off

* Ultra High Frequency Loss

* Insulation Resistance

* Characteristic Impedance
 Power Factor

* Capacitance

Users of Sherron test units are equipped to find the answer
to the knotty problem of reduced cable production. They rely
on Sherron equipment to help achieve and maintain quality
controll Sherron’s complete laboratory facilities, practical engi-
neering skill and years of manufac-uring experience are avail-
able to cocxial cable manufacturers for design, development
and production of appropriate testiny equipment.

E 1 # o “Where The Ideal is the Standard
) ecironics Sherron Test Units are S‘andard Equip

Sherron

S“ERRON ME BROOKLYN 6, N. V.

1201 FLUSHING AVENUE
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Combined Operations Demand
Noise-Free Radio Channels

Upon reception and transmission of radio
commands . . . upon freedom from local
static’s message-mangling crashes . . . may
depend the timing which makes combined
operations successful.

On every front, Solar Elim-O-Stat Filters
are keeping speech channels clear . . . absorb-
ing local interference where it starts . . . at
motors, generators, contacts.

Severe seasoning under combat conditions
gives Solar engineers war-proved products
to study, helps prepare for industry’s “com-
bined operations” when world skyways,
seaways and railways again are routes of
neighbor-to-neighbor trade. Let Solar advise
you on radio-noise suppression. Solar Manu-
facturing Corporation, 285 Madison Ave.,
New York 17, N. Y.

CAPACITORS &

: ELIM-0-STATS
Gp os43

88 June 1944 — ELECTRONICS

WWW.americanradiohistorv.com




THE COST OF
Tomorrow’s Peace

Today peace-loving Americans are united with
thirty-three other nations in a conmmon objective
of destruction.

Millions of our fine, young men and women
find themselves invading foreign lands in order
that their own shores may be spared, and their
frec way of life preserved.

Their sacrifices will be great. Their job will
be well done.

But what of the job they will expect of us
when they have finished theirs. . . the job of
turning their hard-won victory into a lasting
pattern of peace?

Can we come up to their great expectation?
We must realize that this is the last opportunity
of our generation. We must do a better job of
it than we did in the Tiventies and the Thirtics.

We have our backs to the wall, and the scars
of World War I and a thirteen-year depression
still are upon us. The final test of our way of life
is at hand!

As we look over our shoulder into the im-
mediate past, we sec little to encourage us. But
we also see much to make us pause. We sce a
tremendous fighting machine, created in a mat-
ter of months by the miraculous organization of
OUr Tesources.

We, the largest of the peace-loving nations,
have overnight become masters at the business
of waging war. Today, as a result of the co-
ordination of industry, labor, and govemment,
we are producing for war alone as much as our
total normal production for peace.

% % *

We have amply demonstrated our ability to
harness the vast productive capacity we possess.

Why cannot these resources, which we have
organized so efhiciently for the destruction of
life and property, be directed toward the
destruction of the causes of war?

May not the patriotic and emotional strength
and the unity of action which have been stimu-
lated for the purpose of winning the war be
directed, at least equally well, toward the attain-
ment of world peace and international harmony?

If they are not so directed, what lies ahead but
another war? And how can America, in a world
that is so rapidly shrinking in size, avoid involve-
ment in any of tomorrow’s conflicts?

International peace is an ambitious dream
and its price is high, but the price of war is
even higher. Our world cannot long survive the
periodic waste of its human and material
resources.

Our country can be the most potent single
force in bringing about the international under-
standing that leads to peace, in developing the
unity that will make the most of the ample
resources nature has provided everywhere.

% b ]

There is no unity in selfishness. There can be
no unity if any one of the great powers fails to
do its part in determining and eliminating from
the world the basic causes of aggression.

These basic causes stem from greed and the
suppression of opportunity for individual prog-
ress; for self-preservation is the first law of
nature.

Mussolini’s dramatic march on Rome in 1922
was made possible by disillusioned veterans of
World War I who could find no jobs and whose
future held no promise. Some of Hitler’s most

wWwWw americanradiohistorv com



determined followers came from the same ranks.

Men denied the opportunity to make a living,
for themselves and for their children, are casy
prey to false doctrines and dangerous “isms.”

In any realistic appraisal of our domestic
problems—economic, labor, racial—it is clear
that we can solve them, not by waiting until we
reach some utopian accord, but by making a
series of compromises. We do this because we
know how discord can impair the very roots of
private enterprise, self-government, and self-
discipline—the essentials of a dynamic democ-
racy.

Similarly, peaceful reconstruction of our world
economy depends on the ability of nations to
reconcile their differences in a series of working
agrecments.

If we in the United States want lasting peace
and if we want to preserve our democratic way
of life, we must take over our full share of the
task of initiating these compromise measures.
Acknowledging our inescapable responsibility as
the greatest economic and military power in the
world, we must attempt to insure the free flow
of world trade, and develop—with profit for
both parties—backward arcas abroad as well as
at home. And we must do this by making all
nations share the responsibility, not by allowing
ourselves to be manoeuvered into being an inter-
national Santa Claus.

With our allics, we will have to see to it that
the devastated portions of the world rehabilitate
themselves as quickly as possible; that practic-
able and realistic trade and economic relations
between nations are developed; and that the
cnergies and productive capacities of these na-
tions are set free to function in a climate that is
favorable to the growth of free enterprise and
individual initiative. As the most powerful
economic force on carth, we have the most to
gain and the most to lose at the peace table;
and we must never forget that with our power
comes responsibility.

We cannot hope to solve all of the problems
of all nations—nor even all of our own—but our
way can become the way for more of the world’s

humanity. Our strength can become the guiding
spirit of the smaller nations.

¢ & »

In the development of a sound American
foreign policy, let us take care not to attempt
to control the destinies of other nations. Let us
remember that we must set the example of self-
determination of independent, free peoples.

Freedom is essential to international peace;
and free competition—whether it be between
individuals, between businesscs, or between na-
tions—is the mainspring, the synchronizer, and
the preserver of freedom. For competition always
is synonymous with private enterprise.

We are not a covetous nation. We have no
territorial ambitions. Our international commer-
cial aspirations are dominated by the conviction
that we have a great stake in world unity and
world prosperity. We know that we can no
longer live apart from other nations and that
we cannot ignore the fundamental elements
which affect the well-being of other countries.

Our foreign policy must encompass a world
of trade, and help develop it.

We dare not blunder in the execution of that
forcign policy if the American way of life 1s to
survive. A democracy resolved upon isolation is
doomed in the world of tomorrow.

Let us resolve that out of this devastating
catastrophe we shall emerge with fuller under-
standing and greater determination to build the
kind of world which can materialize only if this
country has the vision and the will to see it
through.

We still are free to decide our own fate—still
free to shape our own future. We still are free to
preserve the liberty and happiness that has made
our country the hope of the world.

President, McGraw-HHill Publishing Company, Inc.
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Here are 8 special purpose
Vacwum Tubes originated, developed
‘and quantity-produced by Eimac
during the past few years

(3-300G )™

~ *The desigpatidas on these tubes afe.new Eimac
type nﬂﬂi#::-s which are descriptive efithe tube
characteristics. For example (3- lO(’G%) the first
digit 3 indicates triode, the figure 100 indicats
plate dissipation, the letter "G” indicates physical
type and the last digit 3 is a code indication of :
the mu of the tube. o

Get Your Copy of Eiectronic Telesis—

a 54 page discussion of the fundamentals of clectronics,
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UICK CHANGE ARTIST

“Quick Change Artist” may be a somnewhat {anci-
ful title, but it helps 1o describe this Mallory
multiple push button switch which was originally
designed to perform lightning changes in network
progrums. Installed in the broadcasling studio
.console, several circuits could be completed
instantaneously.

There’s another way in which this switch lives
up to its name. It’s adaptable to many other
applications—particularly those having to do
with testing equipment for vacuum tubes and
other electronic parts. It has a capacity of up to

Multiple Push
Button Switch
designed for
the highly
effective RCA

console desk.

eight butlons—with up to twelve jack assemblies
on each. Iere are some other busic features:
Case hardened parts throughout.

Low-resistance —achieved by silver conlacis
that have a wiping, self-cleaning action.
Adaptability 1o audio and DC cireuits, relay
and  meler switching, monitoring, public
address and studio console switching.

Availability in laiching or non-latching types.
You are inviled to check these features against
vour own requirements—and to call on Mallory’s
exlensive experience in meeting unusual switch-
ing needs. I’s amazing how often Mallory prod-
ucls, already serving one phase of indusiry, can
be readily adapted to other phases, solving the
most difficult problems. Just send a sketch or de-
scription of the installation you have in mind.

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA
Serving the Aviation, Electrical, Electronics and Industrial Fields

M

P.R.MALLORY & CO.inc.

ALLOR

¢/ The Best War Buy
> Is War Bonds

Y

Approved Precision Products
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CROSS

» BATTLE . .. The lines are now being drawn for
the next battle of television.

Heavy artillery, and smoke screens, are being
brought to bear on the followings points of view:
(1) Television should start off at the end of the war
with present-day standards and on present-day fre-
quencies. (2) Television should wait another year
or two for further research to make sure that the
ideal system has been developed. (3) Television
should go to much higher frequencies so that greater
detail and color will be possible.

Manufacturers of radio receivers in general are on
the side which feels that the soconer television gets
going, the better. Enthusiasts for FM are on the side
of those who say “Wait. The final system has not
vet evolved. Put television on the higher fre-
quencies.” CBS prefers that television go back to the
laboratory (See New York Times May 3, letter to
the editor from Paul Kersten.) NBC prefers that tele-
vision get on the air quickly and that the future be
allowed to take care of itself.

Very little is said about the effects of multipath
transmission within cities where such anomalies be-
come very troublesome as the frequency is raised
and as the band width is increased. FM enthusiasts
cannot speak without bias—they have their eyes on
at least one of television’s present channels. Opin-
ions of eminent psychologists or color experts who
state that color will add immeasurably to the value of
television can be discounted. The movies got along
for many years without color, and many effective
movies are presented in black-and-white today.

No one can doubt the desirability of a 1000-line
picture, brighter, bigger, steadier than is possible
today. Full color is desirable. No one can doubt that
manufacturers will be hungry for television sets to
sell; nor that many citizens returning from the war
will want jobs designing, building, selling and serv-
icing television receivers or working in television
stations. No one can doubt that the public will not
wish to buy an expensive receiver likely to be .ob-
solete the following year.

TALK

The questions that must be decided are: (1) If
television goes back to the laboratory, what will be
its status in one, two or three years? (2) Will the
delay be worth it? (3) What happens to frequency as-
signments in the meantime? (4) If television is put
on 300-1000 megacycles, will the transmission diffi-
culties ruin the advantages gained by use of the
wider bands available? (5) What is the chance that
television receivers operating on present standards
will become worthless within one, two or three years
because of further research? (6) Will television sales
on present standards inhibit further progress?

Such questions must be studied by the RTPB and
then by FCC before the television battle is finally
won.

» MCRSE ... On May 24, 1844, just 100 years ago,
Samuel Finley Breeze Morse tapped out his historic
telegraph message, “What hath God wrought!”
Within the century that followed the entire world has
been tied together with wires, tenuous but sure
avenues of communication between peoples of differ-
ent races and lands. In spite of great skepticism and
ridicule the inventor brought his work to a successful
conclusion.

In the general acclamation over this centenary of
Morse’s invention of the telegraph and in the general
criticism of the Kilgore bill which puts the govern-
ment in the research business, no one seems to have
remembered that only through a grant of $30,000 to
Morse by the Government was the development ac-
complished. Commercial companies saw no prospect of
profit in the idea of connecting cities together by
wires.

Not only is this a precedent for Government finane-
ing of research, but the reported $135,000,000 per year
which is being spent by Government through NDRC
for wartime research is another precedent. Only the
post-war revelations of NDRC accomplishments will
enable us to assay the benefits therefrom.

wWwWw americanradiohistorv. com



Fungus-Proofing

Electronic equipment used in the tropics frequently fails because serious leakage-paths

are introduced by molds thriving under conditions of high relative humidity. Fungicides

suitable for use in protective sprays for chassis, and the organicehicles which hold them

in place, are discussed. Protective methods for component parts are also suggested

Interphone amplifier section of Signal Corps SCR-528 radio set,
showing fungus growth on cabling, and close-up of twisted-pair

TROPICALIZATION, or the moisture
and fungus-proofing of elec-
tronic equipment, has been under
investigation for many years. It
is of considerable immediate im-
portance and will also have much to
do with the performance of Ameri-
can apparatus in the post-war
period.

A pin-hole in the protectiva coat-
ing of a capacitor or coil may
cause no difficulty in a dry climate.
But in countries where the normal
relative humidity ranges around
90, with the thermometer hovering
close to the 100 deg mark and con-
densation taking place each night,
such an opening is certain to repre-
sent trouble.

It cannot be pointed out too
strongly that moisture-proofing
alone is rarely adequate protection
in tropical climates. The material
used for protecting equipment
against moisture -must not itself
provide a home and food for fungus.

92

This fact has frequently been over-
lcoked. Many growths alfecting
equipment performance in, say, the
South Pacific, may not be native.
They may be transported in a dor-
mant state from the United States,
becoming active when encountering
a favorable combination of humid-
ity and temperature.

Common Equipment Failures

Among components that give
trouble are:

Paper Capacitors—Wax coating
frequently ruptures, and moisture
lowers the insulation resistance.

Metal-Case  Capacitors — Some
seals do not adequately withstand
moisture, and seepage occurs.

Transformers—Absorption of wa-
ter sometimes takes place through
cracks in the impregnation, thus
lowering insulation resistance. Re-
sistance between windings may
drop from several thousand meg-
ohms to a few thousand ohms in

WWW.americanradiohistorv.com

less than a week. A heavy rain-
storm may cause this in one night.

Cotton-Braided Wire—Unprotec-
ted insulation becomes saturated
with moisture and creates propaga-
tion places for all types of mold.
Growth takes place rapidly and, as
fungus retains water, the surface

TYPICAL VEHICLES

Nitrocellulose Lacquers

Mixed Cellulose Ester Lacquers
Natural Gum Varnishes
Phenolic Varnishes

Vinyl Lacquers

Urea and Melamine Enamels
Styrene Lacquers

Alkyd Enamels

Hydrocarbon Resin Lacquers
Rubber Resin Lacquers
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Procedure

By R. PROSKAUER

Vice-President
The Insl-x Company, Inc.
Brooklyn, N. Y

insulation may develop a resistance
of a few ohms per yard.

Molded-Phenolic  Pieces—Many
fillers absorb considerable amounts
of water, causing the parts to swell
and at times to break up. Short cir-
cuits may also occur through the
pieces.

Laminated-Phenolic Parts—Can-
vas or cotton-base laminated sheet,
due to wick action of the textile,
may aborb water at a rapid rate,
causing the adhesives to loosen, and
the laminations to separate.

R-F Cotls—Leakage paths often
occur between terminals when lam-
inated phenolics are used to support
the terminals, and the “Q” of the
coil is sometimes seriously affected.

Research Approach

Much of the difficulty experienced
with sets in use in tropical climates
is caused by wax, a material which
offers food and lodging to most bae-
teria. As many component parts
are wax-filled or wax-coated, a toxic
over-coating for completed assem-
blies had to be devised which would
not appeal to fungi, and which

Close-up of two capacitors in Signal Corps SCR-610 equipment,

showing how moisture-proofing material provided a home and

food for molds in one case while the other component part
was unatfected

would at the same time moisture-
proof all parts.

It appeared that tropicalization
must be divided into two phases;
one, the overall treatment of as-
sembled sets, and two, the coating
of individual component parts (es-
pecially those in reserve stores).
Research work was undertaken and
the program was divided into the
following headings:

(1) Investigation of Protective
Lacquers

(2) Investigation of Fungicides

(3) Investigation of Specific
Component Part Insula-
tion

(4) Investigation of Protective
Methods Other Than the
Use of Organic Coatings

Organic Vehicles

After consultation with manufac-
turers of raw materials, 39 types of
organic vehicles were selected for

TYPICAL FUNGICIDES

Bordeaux Mixture
Copper Phosphate
Cuprous Oxide
Copper Acetate
Mercuric Chloride
Ethylene Chloride
Carbon Disulfide
Ethyl Mercuric Chloride
Phenolg
Hydrocyanic Acld
Copper Oleate
Copper Naphthenate

Mercuric Oxide

Copper Thiocyanate
Phenyl Mercury Oleate
Phenyl Mercury Acetate
Phenyl Mercury Nitrate
Phenyl Mercury Borate
Silver Chromate

Ethyl Mercury Oleate
Para-Formaldehyde
Para-Dichlorbenzene
Chlorinated Phenols
Ethylene Oxide
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test, together with 29 fungicides.

The main goals sought after in
vehicles were:

(a) Low Vapor-Permeability.

The maximum practical diffusion
constant should be, we believe,
2.5x10® with a film thickness of
about 0.003 in. Beyond that figure
there appears to be danger of vapor
penetration.

As a check on vapor-diffusion
tests, 6 by 2-in. low-carbon steel
panels were coated and, after thor-
ough drying, were immersed for
two weeks in distilled water. Some
of the vehicles so tested fell by the
wayside within 48 hours. Eight of
those with 15-minute drying-time
prevented corrosion of the metal,
including two showing the best
vapor-diffusion constant. On a few
panels the results of the immersion
tests were at variance with vapor-
diffusion tests. Of the vehicles with
satisfactory moisture - resistant
qualities and fast-drying perform-
ance, the investigators selected one
that had minimum variation be-
tween wet and dry dielectric
strength.

(b) Minimum Solvent Action.

Many organic vehicles require
strong solvents that would irrepar-
ably injure certain component
parts. Among these solvents the
most severe are ketones and esters.
Alcohols and hydrocarbons are the
least severe.

(¢) Rapid Drying-Time.

Minimum drying time is ob-
tained from lacquers, several hav-

(Continued on page 224)



FREQUENCY MODULATION

receivers and 2000 transmitters expected to pro-

HERE ARE NOwW on the horizon.
two new services for the broad-
caster to offer to his audience.
One of these is frequency modu-

lation, the other is television.
Both of these had some start be-
fore the war and f-m, in particu-
lar, made considerable progress.
The impact of the war on televi-
sion, plus its relatively unsettled
state before the war, can result
in a re-examination of television
after the war to the point where
it may not become an immediate
public service.

Frequency modulation is not
encumbered with any problems
which will affect service now be-
ing rendered to the public or
which will delay or hold up its im-
mediate post-war expansion. Since
frequency modulation is nearest on
the horizon, it is proposed to dis-
cuss its possible practical effects
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on the broadcaster and some of
the reasons why the broadcaster
should not only do post-war think-
ing, but post-war planning on f-m
in the interest of maintaining him-
self in business.
The Federal Communications
Commission promulgated a com-
plete set of rules for f-m which set
it up as a business on the same
substantial level as a-m broad-
casting. All available channels
were snapped up quickly in some
parts of the United States by far-
seeing interests both in and out of
the present broadcasting business.
It is very likely that additional
channels will be provided. F-M
channels now are situated be-
tween 42 and 50 Mc. It is possible
that this space may be extended
to 56 Me, which would almost
double the present number of
channels. This would make pos-
sible a great expansion in the
numbers of broadcasting stations
in any one locality. It would also
make possible the entry of new
people into the broadcasting busi-
ness and could also remove in-
equalities of assignments which
some broadcasters feel exist in the
older a-m structure. Many broad-
casters, now having what they re-
gard as inferior assignments, and
anxious to improve their position,
would have the opportunity to do
so. The soundness of this reason-
ing has already been proven in at
least one large city.

Evaluation of Post-War Broadcasting
Industry

To evaluate properly the post-

war broadcasting industry, it will

be necessary to estimate, as well

as one can, the number of f-m re-

ceivers and the number of f-m sta-

wWwWw americanradiohistorv com

Analysis of the probable post-war growih of f-m
broadcasting in the United States. Twenty million

vide high-quality nation-wide coverage, with equal
day and night service, five years after the war ends

tions which may reason.ably be
expected to be in operation five
years after the war. It will be
necessary to make some estimate
of the burden which f-m will place
on the electromagnetic spectrum.

To be able to convey our pro-
posals for f-m service in terms of
a-m service with which the aver-
age man is already familiar, some
comparisons between the two
types of service will also be in
order. To orient our thinking in
this matter, consider the present
status of frequency modulation as
given in Table I. Scattered and
uncorrelated as this data is, it
nevertheless indicates the begin-
ning of a pattern which may be
followed in our quest for data on
f-m broadcasting.

Based on the experience of a-m
broadcasting, Fig. I and Table II
provide some clue as to the degree
to which United States homes may
be provided with radio receivers.
Because of the difference in prop-
agation characteristics between
the a-m band and the channels
available for f-m service, Fig..1
and Table II cannot be used di-
rectly to provide comparable data
for f-m broadcasting. If, however,
we assume that we can conven-
iently and economically serve all
of the population in the North-
eastern States, all in the North
Central, all in the Pacific and one
half of those in the Southern
States, 105,000,000 persons or 28,-
000,000 homes will be available as
a market for f-m broadcasting.
This represenis the market which,
under present conditions, can be
served economically.

Not all of the 28,000,000 homes
can be served by f-m broadcasting
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and Its Post-War Future

B y J a E . B R 0 W N Assistant Vice President, Zenith Radio Corporation, Chicago, Ili.

in the period immediately follow-
ing the end of the war. Economic
consideration indicates that the
large metropolitan areas will
probably be provided with service
first.

Estimate of Number of F-M Receivers

Approximately 67,000,000 per-
sons (or 51 percent of the popula-
tion of the country) live in
metropolitan areas and, from a
marketing point of view, will be
ready for widespread f-m service
as soon as it can be provided. This
represents 17% million homes.
About 10 percent of these homes
will probably not have radio re-
ceivers, leaving a total of about
16,000,000 dwellings as an imme-
diate potential post-war market in
metropolitan areas. Within five
years after the end of the war, the
28,000,000 homes in the regions
designated above should be sup-
plied with adequate f-m service.

Within a five year period two-
thirds of these families may be ex-
pected to own f-m receivers. It
may be noted that approximately
90 percent of these homes are al-
ready equipped with a-m receiv-
ers. A total of 18,600,000 receivers
appears reasonable at the end of
five years on the basis of a static
population. The Census Bureau
predicts a 14 percent increase in
the number of families from 1940
(for which our statistics apply)
to 1950. By 1950 as many as 21,-
000,000 families may be expected
to own f-m receivers. From this
reasoning we arrive at a figure of
between 18,000,000 and 22,600,000
f-m receivers in American homes
within five years after the war.*

There is another factor to take
into account which will probably

* Data for calculating the number of f-m
receivers is taken from the 1940 census.
Data for estimating the number of trans-
mitters is taken from population figures for
1943 ration book, Series P3, No. 38, “Esti-
mated Population as of March 1943".
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place the figures calculated above
on the conservative side. By 1933,
after about ten years of a-m broad-
casting, more than 20,000,000
homes had radio receivers. This
growth took place in a period
when the average production of
radio sets was about 2,630,000 re-
ceivers per year, and when the
cost of radio receivers (particu-
larly in the early part of that dec-
ade) was relatively high. As a
result of considerable develop-

ment in f-m equipment for war
purposes, and more than adequate
and well organized production fa-
cilities, the cost of f-m receivers
in the period following World War
1I will be far less than the cost of
a-m receivers produced after
World War 1, and they will pro-
duce infinitely superior results.
Furthermore, Table III shows a
pronounced tendency to have more
than one radio set in American
homes, which would further tend

stations

are now on file with the FCC

North Carolina

population

support f-m stations

broadcasting stations

TABLE I—PRESENT STATUS OF FREQUENCY MODULATION
l- There are 51 f-m stations operating on a commercial program basis

2- There are at least 10 experimental and educational stations on the air

3_ More than 50,000,000 people reside in the areas now served by fm
4_ Approximately 120 applications for construction permits or re-instatement

5_ A recent survey indicates that 144 companies plan to open f-m stations
as soon das possible after the war

6_ Applications for f-m stations cover districts ranging from the 2500 square
miles with a population of 500,000 proposed for Springfield, Massachu-
setts, to the 69,400 square miles with a population of 4,346,000, eventu-
ally to be covered by the Gordon Gray station on Clingman’s Peak in

7- There are more than 600 principal trading centers in the U. S.

8_ There are 137 metropolitan areas, made up of densely populated divisions
in and around cities of 50,000 er more inhabitants.
237 metropolitan counties which contain more than half

9. There are over 1000 cities of 10.800 population or more. At least two-
thirds of these are sufficiently distinct from the metropolitan areas to

lo_ Power-for-power, an f-m station will frequently provide superior coverage
up to and somewhat beyond the primary service area of regular a-m

ll_ The service area of a 250-watt f-m broadcasting station is more than 4
times that of a 250-watt 1000 kc a-m broadcasting station at night

These areas include
the nation’s

www americanradiohistorv com
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TABLE 11— GEOGRAPHICAL DISTRIBU-

TION OF POPULATION

Northeastern States. . . ... .. .. 35,914,000
Notth-central States. ... ... ... 40,094,000
Southern States....... ... .. 41,504,000
Pacific States. .. .... ... .. .. 9,675,000
4,133,000

to make the above estimate con-
servative.

Outlook for F-M Transmitters

Certainly there will be no f-m
receivers in operation if there are
no transmitters available for orig-
inating program material. This
brings us to a discussion of the
number of f-m transmitters which
can be profitably placed into serv-
ice. Such an analysis can be made
by considering only those factors
contributing to the public require-
ments for f-m service. However,
any estimates based on this as-
sumption alone must be guided by
the availability of suitable f-m
channels. Particularly at the pres-
ent time when problems of fre-
quency allocation are under con-
sideration, study of both of these
problems may be useful in ap-
praising the number of channels
which should be made available
for f-m service.

Based entirely on our present
view of radio broadcasting and the
services rendered by broadcast
stations, it is possible to look for-
ward to a continuous growth until
approximately 1,900 f-m broad-
casting stations are in operation.
Other estimates place this figure
at 2,000 stations. The major part
of this growth should take place
in the five year period following
the war. As shown in Table IV, a
total of 1899 f-m broadcasting sta-
tions (including 250 educational
stations) should be built during
this period.

Underlying these figures are the
following three assumptions
which are believed to be reason-
able and representative of good
engineering and economic prac-
tice:

(1) At the present time there
are 22 channels allocated to Class
B stations designed for coverage
of areas, comprising a basic trade
area and a “principal city”. Usu-
ally this area is composed of a
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principal city, one or more cities,
and the areas adjacent to these
cities. A Class B station would
serve such cities as Chicago and
New York.

(2) Assuming that a new band
of 6 Mc is added to the group of
Class B channels from 50 to 56 Mc
for example, a total of 52 Class B
channels will be provided, each
200 kc. wide. This is shown in
Fig. 2.

(3) Good engineering practice
dictates that stations in a given
area should be separated by at
least one channel. Thus, a maxi-
mum of 26 channels would be
available in any given area.

F-M stations in any given local-
ity are assigned channels on the
basis of 3 stations for national
network programs in addition to
a block of stations based upon the
population of the area to be
served. For the largest metropoli-
tan areas one station is allotted for
every 200,000 persons whereas in
the towns having from 50,000 to
100,000 persons, one station is al-
loted for every 75,000 persons. In
Table IV, the mean population is
taken as the basis for calculating

the number of stations, except for
the 12 largest metropolitan areas
and the towns 50,000 or less. Cal-
culations for the 12 metropolitan
trade areas having a population of
1,000,000 or more are given in

"Table V.

Of the 250 non-commercial sta-
tions, 100 stations are allowed for
various colleges and universities
throughout the United States. Ap-
proximately 135 stations for the
principal cities in the major met-
ropolitan districts and 15 stations
for smaller cities with active edu-
cational programs will be needed.

F-M -Stations for Complete National
Coverage

To give complete year-round
coverage of the United States
which will provide every listener
with a reasonable choice of pro-
grams, at least 800 f-m broadcast-
ing stations must be located in
cities having a population of less
than 50,000 persons. The geo-
graphical distribution of these
stations in the various states
should be made equitably upon
the basis of the rural population
to be served. This distribution

Total Sets
Year Sold
1937 ... 8,064,780
1938..... ... 7,100,000
1939, 10,538,000
1940, 11,150,000
1941, 13,100,000
1949 . 4,400,000
Total......oovn. ... 54,352,780

No. Est.

of Mean

Areas whose such  Popula-
population is: areas tion

1,000,000 or more 12

400,000 to 1,000,000 27 700,000
100,000to 400,000 86 250,000
'50,000 to 100,000 75,000

12
50,000 or less »

TABLE 1II—RETAIL RADIO SALES IN THE UNITED STATES

TABLE IV—ESTIMATE OF REQUIRED NUMBER OF F-M STATIONS FOR
U. S. SERVICE

(See Table 200,000
A\

Homes

With
Radio Sets
26,666,500
27,500,000
28,700,000
29,300,000
30,300,000
30,800,000

Increase in Homes

With Radio Sets 4,133,500

Popula- No. of
tion Stations
Served on Total
by Popula- No. of No.
Each tion National of
Station basis® Stations Stations
145 36 181
175,000 109 81 190
125,000 172 258 430
75,000 12 36 48
75,000 - - 800
Commercial Stations 1,649
Non-commercial stations 250
Total 1,899

wWwWw americanradiohistorv com
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1940 census indicated a population of
Number of dwelling units
Radio-equipped dwellings
Percent of dwelling units radio equipped
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131,324,000
34,955,000
28,838,000
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DEPARTMENT OF COMMERCE
BUREAU OF THE CEMSUS

FIG, 1—Home radio receivers in the United States, by States, 1940

may be most casily worked out by
subtracting from the total popu-
lation of each State that popula-
tion residing in concentrated
trade areas serving 50,000 persons
or more. Economic considerations
may make it difficult to apply this
method of reasoning to a few
sparsely settled areas, but, gener-
ally speaking, the proposed
method is believed to be sound in
principle and entirely practical in
its application.

The method of arriving at the
number of stations required for
rural population is based on the
assumption that adequate service
can be maintiained by alloting one
station for each 75,000 persons.
The total civilian population of
the United States, based on ration
book No. 2 registrations,** was
128,231,000. Of these 68,403,000
persons live in the metropolitan
areas of the United States; 59,-
829,000 persons live in the dis-
tricts which do not include cities
of at least 50,000 population. If
we allot one station for each group
of 75,000 persons of the 59,829,000

** This data was issued hy
of Census on October 31, 1D43.

the Bureau
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persons living in rural districts,
we arrive at the figure of 800 sta-
tions required for rural use.t
The above figures, which indi-
cate a rapid growth in the num-
ber of f-m stations until a total of
something like 1900 is reached, are
based on pre-war thinking in re-
gard to transmitter instailation
and operating costs, and program
availability and cost. Progress in
these fields would greatly increase
the number of stations which
would be practical for use in the
non-metropolitan areas. Under the
f-m  broadcasting system, the
ability of a trading district to sup-
port a transmitter, rather than the
availability of frequencies, should
be and undoubtedly will be the
majcr factor in determining how
many stations will exist in a given
area. The growth of f-m broad-
casting in the days immediately
following the war will be limited
only by the availability of trans-
7 The predicted number of f-m stations
required to serve rural arecas was originally
based on an analysis of population distribu-
tion and economic facrors existing in a
number of typical states. The value of
800 stations arrived at by simple allocation
of one station per 73.000 vural population

cheecks closely with the figure secured by
the more complicated methods of analysis.
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mitters and receivers. At least 60
percent of the predicted growth of
the number of transmitters should
take place in the first three years
following the war.

Comparison of F-M and A-M Service
Areas

Many broadcasters have failed
to become interested in frequency
modulation because of an opinion,
now thoroughly disproved, that
the transmission range of an f-m
station is limited to such a small
service area as to represent an un-
economical undertaking. The facts
of the case are that power-for-
power, an f-m station will fre-
quently provide superior coverage
up to, and somewhat beyond, the
primary service area of regular
a-m broadcasting stations on a
day-and-night, 365-day year basis.
In fact, at lower powers and in the
areas of low earth-conductivity,
the service is superior.

The service area of most a-m
broadcasting stations is now so
limited by heterodynes and inter-
ference that an f-m station will
offer better service, unless and un-
til the f-m structure becomes so
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FIG. 2—Allocations in present fm band and possible extension of the band

burdened with f-m stations as to
make proper operation impossible
from an engineering standpoint.
This can be proven by listening to
both services at night at some
point fifty to sixty miles outside
Chicago or New York, in which
cities there are a large number of
both f-m and a-m broadcast sta-
tions. In general, it will be found
impossible to hear the local 100-
watt, 250-watt and 1000-watt a-m
stations at these distances, or if
heard, signals will be burdened.
with heterodynes to the point
where they have no entertainment
value. The same situation will
generally apply to 5000-watt sta-
tions. It will be found, however,
that even those f-m stations oper-
ating on 1000 watts will give 100
percent service day or night, 365
days in the year.

Thus f-m stations can produce
an interference-free quality serv-
ice which even 50 kw clear chan-
nel a-m stations frequently fail to
produce. These facts all apply to
primary service areas — those
areas in which, presumably, the
broadcaster makes his living.
These arc the reasons why broad-
casters not occupying clear chan-
nels will consider seriously the es-
tablishment of f-m stations when
such installations can again be
made.

Field Strength Determinations

So far, consideration has been
given to a distribution of f-m sta-
tions on the basis of population,
without regard to primary service
area. Much has been written re-
garding the “line of sight” char-
acteristics of transmission on high
frequencies and it is logical to
reason that this limitation would
make the comparison even more
unfavorable for f-m. This reason-
ing may entirely fail to give the
correct answer, however, for it is
necessary to consider all of the
factors which influence transmis-
sion distances and which limit
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service areas. The more important
of these factors are power, an-
tenna height, directivity, soil con-
ductivity and nature of the topog-
raphy of the area to be served,
and the strength of man-made or
natural interfering signals.

Consider the case of the stand-
ard broadcast station operating,
for example, on 1000 ke with a
power of 250 watts and an antenna
200 feet high. Such a station could
be expected to produce an effective
field intensity of about 75 milli-
volts per meter at one mile. The
lowest signal strength that will
give satisfactory broadcast recep-
tion is, of course, a function of the
interference level at the receiver
and will vary through wide limits.
It has been general experience
that a signal strength of 500
microvolts per meter gives a satis-
factory signal-to-noise ratio in
average rural locations for per-
haps 90 percent of the time. This
level is used by the FCC as the
limit of good coverage.

If the figure of 500 microvolts
per meter is used as the limit for
satisfactory reception, and if we
assume that the station is erected

TABLE V—PROPOSED ALLOCATION OF
F-M STATIONS IN METROPOLITAN AREAS
OF MORE THAN ONE MILLION PERSONS

Number of
Stations
(3, plus 1
for each
Population 200,000
Atrea Served persons)
New York 10,991,000 26*
Chicago 4,532,000 25
Los Angeles 3,135,000 19
Philadelphia 2,962,000 18
Boston 2,692,000 16
Detroit 2,566,000 16
Pittsburgh 2,082,000 13
San Francisco 1,725,000 11
St. Louis 1,496,000 10
Cleveland 1,199,000 9
Baltimore 1,197,000 9

Washington, D. C. 1,179,000 9

_ * Maximum number of channels assumed
in this analysis. D

wWwWw americanradiohistorv com

where average soil conditions
exist, a non-directional antenna
will provide a service area within
a radius of about 39 miles, repre-
senting an area of 4,800 sq. miles.
Since there are only a very limited
number of broadcast channels
available, a station of this type
could not economically be given
exclusive use of a channel and it
would be necessary to assign other
stations to the same channel. In
so doing it is necessary to take
into account both nighttime and
daytime conditions.

Now, nighttime signals from a
standard broadcast station may
produce strong interferences with
.other stations at great distances.
A station which produces a useful
daytime signal at only 50 miles
may seriously limit the service
area of another station 2000 miles
away at night.

Interference Factors

In view of these facts, interfer-
ence limits have been adopted by
the FCC in an effort to make the
best possible use of the limited
number of channels which are
available. In the example which
just has been examined, the sta-
tion would fall in the local Class
III B group and nighttime protec-
tion would extend only to the 4,000
microvolt-per-meter contour. The
radius for the 4,000 microvolt-per-
meter contour is only about 11.5
miles, so that the nighttime serv-
ice area has been reduced from
4800 square miles to only 414
square miles. The range has there-
fore been reduced until the night-
time service area is less than one-
tenth of the daytime service area.

Let us consider the case of a 250
watt f-m transmitter operating
with an antenna also 200 ft. high
and having unity gain, and operat-
ing on a carrier of 46 Mc. Again,
the useful range of such a station
is partially limited by the prevail-
ing noise level. As a result of the
inherently low static level on 46
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Mc and due to the advantages of
f-m reception, a signal of 50 micro-
volts per meter has been found to
give good service. On this basis
adequate signal strength will be
laid down for a radius of 24 miles,
thereby serving an area of 1,800
miles either day or night, substan-
tially independent of static level.
The service area of the f-m station
is thus more than four times that
of the standard broadcast station
at night. In the daytime, the f-m
station would serve an area a little
less than one-half of that of the
standard broadcast stations.

In terms of completely depend-
able 100 percent coverage, this
comparison is by no means unfav-
orable to the f-m station. Perhaps
the most important consideration
here is that the range of the f-m
station can be extended by in-
creasing the power, increasing the
antenna gain, or by taking advan-
tage of available tall buildings
to obtain greater antenna height.
This extension of local coverage
can be obtained with negligible in-
crease in the ‘“‘nuisance range” of
the station. Such extension or
range for the standard broadcast
station cannot be obtained with-
out greatly increasing the sky-
wave signal and consequent inter-
ference caused at great distances.

Soil conditions and frequency
have a profound effect on the cov-
erage of standard broadcast sta-
tions. For example a low-power
regional station located in the cen-
tral plains area of the United
States and operating on a low fre-
quency channel may have greater
coverage than a 50-kw station in
the New England area.

The Question of Fidelity

Much has been said about the
fidelity of transmissions. There
are some who say that the public
is not interested in this fidelity.
There are others whose thinking
has been so superficial that they
claim that improvement in broad-
cast receivers and speakers can
make the a-m service the equiva-
lent to the f-m service from a fidel-
ity standpoint.

To those who question the pub-
lic’s interest in the higher fidelity
of the f-m service, it can be said
that enough practical f-m field ex-
perience is available to prove that
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higher fidelity does have definite
public interest, and that it is liked
and appreciated, and is a logical
natural advance in radio progress.

To those who believe that the
a-m service can be made to com-
pare with the f-m service from a
quality standpoint, it is pointed
out that unless FCC changes the
present a-m broadcasting struec-
ture, this can never be accom-
plished. Broadcasting stations
now operate on channels spaced
10 ke apart. Radio receiver manu-
facturers must design their re-
ceivers with enough selectivity to
separate one station from an-

raise our sights to that level where
f-m broadcasting can take over
the requirements of primary cov-
erage for broadcasting entirely.
This could mean that only super-
power stations would be licensed
in the broadcast band. Let us say
nothing less than 50 kw, and these

on clear channels onlv. This
would provide rural service
throughout the United States

which might not be generally
available everywhere from a-m
and f-m stations. The f-m service
would provide a primary service
in every locality in which it is es-
tablished.

other. The best of receiver cir- There are some who will say
TABLE VI—CLASSIFICATION OF BROADCAST STATIONS
Station Field strength
Classifi- ( u per meter)
cation for which
FCC protection
Designa- Power in is assured
Class tion kw Day Night
Dominant Clear Channel 1A 50 100 Not duplicated
Dominant Duplicated IB 10-50 100 500
Secondary ] 14 to 50 2500 Not operated
Regional A 1to5 500 2500
Regional 1IB 1/ to 1 night 500 4000
1 to 5 day
Local v 0.1 to 0.25 500 4000

cuits do not dare be broad enough
to accept the inter-station inter-
ference which exists half way be-
tween channels. This means that
the fidelity of a-m broadcast re-
ceivers is detined and limited to
something less than 5000 cycles.
Improvements in speakers or cir-
cuits or any part of the system
cannot overcome this limitation.
It can only be overcome by spacing
broadcasting stations  further
apart than 10 ke.

An engineering evaluation of
proper spacing would indicate
that stations ought to be at least
20 ke apart. Whether this can be
done with the present broadcast-
ing structure is extremely proble-
matical. It is not believed that it
can be done unless the number of
broadcast stations assigned to the
present a-m broadcast band is con-
siderably reduced.

Primary Coverage with "Super Power'

At this point we might want to
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that f-m is an expensive service,
that the receivers are complicated
and that they are not available in
small table models of a size and
price comparable to a-m sets. The
answer is clear. In the last five
years of the radio receiver indus-
try, nearly all receivers sold,
whether they were $9.95 models
or sets selling for hundreds of dol-
lars, were superheterodynes. The
initial comment made by the
people in the industry 15 years
ago, when superheterodynes were
first proposed, was that they were
complicated and expensive and
could not be manufactured
cheaply. There can be no question
but what f-m receivers will follow
this same pattern. Whether we
like it or not, the laws of econom-
ics cannot be circumvented.

The question will then be asked,
how can you produce high fidelity
in a $9.95 f-m receiver? The an-
swer to this one is that probably

(Continued on page 262)



AN ELECTRONIC

Tachometer, Accelerometer
and Vibrometer

Utilizing principles applicable to many industrial problems, unit cuts time of testing

gyroscope rotors to small fraction of that previously needed. Electronic device rapidly

and accurately measures rotational speed, acceleration, and vibration

BEARING
- _ADJUSTING TOOL

NCREASED SPEED of production,
I coupled with the need for
greater precision in manufactured
products of recent design, necessi-
tates improved methods of inspec-
tion. In the case of gyroscope rotor
assemblies manufactured by C. G.

Conn, Ltd., the units must be
tested without any appreciable
load being applied to them. In

such cases, electronic methods af-
ford an excellent means of carry-
ing out the necessary tests.

The Conn gyro test unit is de-
signed primarily to assist in adjust-
ing and testing gyroscope rotor as-
semblies and combines in one unit
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the functions of a tachometer to
indicate rotor speed, an accelero-
meter to indicate the rate of
change of rotor speed, and a vi-
brometer to indicate visually and
audibly the vibration present in a
rotor assembly. The principles in-
volved are applicable to a wide va-
riety of industrial problems.

A functional block diagram of
the essential elements of the test
unit are shown in Fig. 1. The rotor
under test is mounted in a fixture
and, by means of an air jet, is ro-
tated at a fairly high speed to simu-
late operation in a gyro-horizon in-
dicator or directional gyro. Two

WWW.americanradiohistorv.com

Bearing adjustments can be made to
permit a gyro to coast from full speed
to rest in a specified time, indicated on
the meter. Such adjustments can be
made in a few seconds, whereas previ-
ous practice was to medasure coast time
(in the neighborhood of ten minutes)
and then make successive adjustments
after the gyro had come to rest

pickups are mounted in the fixture
in such a manner that rotation of
the rotor produces varying voltages
in each of the pickups.

Voltage from the crystal pickup,
employed to operate the vibrometer,
is fed to a Class A amplifier whose
output feeds a peak-discharge cir-
cuit using a gas tetrode. The plate
circuit of the gas tetrode operates
a peak-vibration indicator lamp.
The output from the Class A volt-
age amplifier also feeds a Class A
power amplifier which operates a
speaker. The indicator lamp and
speaker are used to provide visual
and aural indications of the vibra-
tions occurring when the gyro rotor
is set in motion.

Voltage from the electrostatic
pickup is employed to operate the
tachometer and accélerometer cir-
suits. The tachometer, or fre-
quency indicating channel, meas-
ures the speed of rotation of the
gyro rotor. It consists of four elec-
tronic elements: (1) a Class A
voltage amplifier for increasing the
magnitude of voltage obtained
from the electrostatic pickup, (2)
a Class C limiter amplifier which
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FIG. 1—Block diagram illustrating functional elemenis of tach-

ometer, accelerometer, and vibrometer.

FIG. 2—Cut-away view of gyro rotor
showing probe pick-up arrangement

provides additional gain and intro-
duces some limiting action, (3) a
saturated Class C square-wave
clipper whose output is essentially
a rectangular wave, and (4) a
Class B metering-circuit amplifier
that produces a series of sharp
pulses or peaks of plate current.

The output of the tachometer is
fed to a range switch and when
this switch is on position L or H,
the tachometer is connected to an
indicating meter which averages
the energy of the pulses from the
metering circuit and reads low or
high wvalues of rotational speed.
The number of pulses is propor-
tional to the speed of the gyro rotor,
hence the meter indication is also
proportional to the gyro rotor
speed.

When the range switch is placed
on position C the output of the
tachometer is fed into the accelero-
meter, which measures the rate of
change of rotational speed. The ac-
celerometer consists of two elec-
tronic elements: (1) a differentiat-
ing circuit whose output is pro-
portional to the acceleration rather
than to the speed of the gyro rotor,
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The curves at upper

and
or amplifier whose plate circuit
feeds the indicating meter.

The wave forms at the top of
Fig. 1 indicate the voltage wave
forms existing in the various cir-
cuits with which they are ussoci-
ated.

(2) a vacuum-tube voltmeter

Electrostatic Pick-up

Considering the tachometer and
accelerometer portions of the cir-
cuit, rotational speed input is ob-
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left illustrate oscillographic wave forms observed in portions
of the circuit above which they appear

tained from an electrostatic pickup
placed close to the rotor vanes or
buckets.

- The rotor constitutes one elec-
trode of the electrostatic pickup
while the second electrode is a small
probe, shown in Fig. 2. As the rotor
buckets (or vanes) pass by the
probe, the change in capacitance
between the probe and the vanes
causes a displacement current to
flow through the series resistor R,
of Fig. 3. The voltage drop devel-

1ot



oped across R, is fed to the input
of the Class A voltage amplifier,
consisting of V, and V..

Yoltage Amplifier

The voltage amplifier circuit is a
conventional resistance-coupled type
with a gain of approximately 100
per stage. This circuit operates as
a Class A amplifier for input sig-
nals of less than about 10 millivolts
but V., clips off the top of the signal
and commences modification of the
wave shape for input signals of
more than 10 miHivolts.

Oscillograms of the voltage ob-
tained from the gyro vanes show
that the veltage varies consider-

ably from one cycle to the next be-
cause of irregularities in the bucket
strips. For this reason, rotational
speed cannot be determined ac-
curately from the frequency of
electrical voltages in the pickup,
but is preferably obtained by inte-
grating clipped pulses in the man-
ner to be described.

Limiter Stage

The output of the voltage ampli-
fier is fed to a limiter stage. This
stage contains a triode, V, with
fixed grid bias adjusted to approxi-
mately four times the cut-off value,
oir about 20 volts for a 6SF5.

The limiter stage functions to

Front-panel view of gyro test unil

Interior of gyrec test unit
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block out extraneous voltages,
thermal agitation and other noise
when no input is applied from the
rotating gyro. The high negative
bias on the grid of V, stops low-
level noise from actuating its grid,
thereby stabilizing the operation of
the circuit in the absence of sig-
nals from the gvro rotor. At the
same time, V., contributes some
squaring or clipping action since
all negative portions of signal volt-
age are cut off.

Clipper Stage

The signal obtained from the
outpt of the limiter stage is rela-
tively large and is fed to a satu-
rated Class C clipper. The func-
tion of the clipper is to produce a
wave of the same fundamental fre-
quency as that of the input signal,
but having a rectangular wave
shape whose magnitude is inde-
pendent of that of the input signal.

The signal voltage applied to the
grid of V, is of such magnitude that
on negative portions of the cycle
the ¢rid is driven beyond cut-off
and the part of the wave more
negative than that necessary to
reach cut-off is eliminated. On
positive peaks the grid is driven
positive so that plate saturation is
reached. The part of the wave
more positive than that required
to produce saturation is likewise
eliminated. The resultant wave ob-
tained from the plate V, is essen-
tially rectangular. Slight rounding
of the corners is caused by the
loading effect of the coupling net-
work to V. This rounding effect
becomes more pronounced at high
frequencies but does not interfere
with proper operation.

The magnitude and shape of the
square wave delivered by V. are
practically independent of the
magnitude or shape of the input
signals, provided the input is
greater than 2 millivolts. Most
gyro rotors produce a voltage of 5
millivolts or more when used with
the probe pickup already described.

Metering Circuit Amplifier

A study of the schematic wiring
diagram of Fig. 3 might lead to
the conclusion that the metering
circuit is a conventional amplifier.
There are important differences,
however, since the metering stage
further modifies the signal received
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from the clipper to form a series
of sharp pulse waves of plate cur-
rent of uniform height.

A fixed negative voltage, some-
what greater than cut-off is ap-
plied to V.. With no signal input,
therefore, V., draws no plate cur-
rent. When a signal is applied,
negative peaks merely make the
grid more negative, while positive
peaks cause V; to draw pulses of
plate current.

The time constant of the input
circuit to Vs, consisting of R, and
either C, or C,, is short, so that
the coupling capacitor becomes
fully charged at a time interval
which is short compared to the
period of pulses from the gyro
rotor. Therefore, the current which
flows through resistor R, reaches
its maximum value and drops to
zero in a period of time less than
the shortest half cycle of the input
signal. A pulse of voltage is pro-
duced by the surge of current
through R,. and this is applied to
the grid of V,. Pulses in a positive
direction cause V, to draw plate
current, while pulses in a negative
direction are eliminated by the
fixed -cut-off bias. Since the pulses
of grid voltage are complete before

ELECTRONICS — June 1944

the end of any half cycle, plate cur-
rent pulses will all be the same in
magnitude but, there will be a
larger or smaller number of them
per unit time, depending upon the
speed of the gyro rotor.

With the range switch set on
position L or H (Fig. 1), output of
V. in the metering circuit ampli-
fier is connected to the indicating
meter. The movement of the meter
has sufficient mechaniecal inertia so
that it cannot follow the rapid indi-
vidual plate current pulses of V..
However, it is able to produce a
reading which is proportional to
the integral, or average value of
the plate current pulses. Since
these pulses are of constant ampli-
tude but vary in frequency, the
meter reading will also be propor-
tioned to the frequency and may
be calibrated in terms of revolu-
tions per minute. Plate current
flowing through V. as indicated by
the meter is a measure of the in-
put frequency or speed of rotation
of the gyro rotor.

With switch on position L, the
meter indicates speeds of from 160
to 400 cps or 400 to 1000 rpm for
a rotor having 24 buckets. With
the switch on the high position H,
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frequencies from 2000 to 6,000 cps
or speeds of 5,000 to 15,000 rpm
may be meaL‘sured.

Accelerometer or Coast-time Meter

When the test unit is used to
measure coast-time (deceleration,
or negative acceleration) the range
switch is thrown to position C
(Fig. 1). This connects the output
of the tachometer to the differenti-
ating circuit and vacuum-tube volt-
meter of the accelerometer, while
at the same time the indicating
meter is connected to the output
circuit of the vacuum-tube volt-
meter, V..

Since the output of V, is propor-
tional to the frequency of rotation
of a gyro rotor, a differentiating
circuit is required to produce a
reading proportional to accelera-
tion. The differentiating stage is
intended to detect the slow change
in plate voltage of V. encountered
‘when a gyro rotor coasts.*®

For such low frequencies, any
reasonable coupling capacitor would
introduce a serious error in the re-

* Ordinarily the rotor would coast for
about ten minutes before coming to rest
from an initial speed of about 10.000 to
13,000 rpm and require one to two minutes
to coast from 1000 rpm to 500 rpm. the
speed range used for deceleration nieasure-

ments.
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sponse of -the differentiating stage.
Therefore direct coupling is re-
quired, and this is accomplished
by means of two neon glow—lamps,
connected in series, and marked
T-4} in Fig. 3.

The voltage drop across a glow
lamp is nearly independent of the
current through it, within certain
limits. This characteristic of the
glow lamp makes possible a reduc-
tion in the absolute value of the
voltage, from the plate of V. to the
grid of V, without altering the
magnitude of the voltage change.
For example, for the circuit as
shown, a change of plate voltage

of V. from 160 to 150 volts, will pro-
duce a change of from 40 volts to
30 volts at the grounded end of the
glow lamps. Since the voltage drop
across each lamp is approximately
60 volts, or 120 volts for the two
in series, in the example cited
above, it will be seen that the lamps
have been used to subtract a con-
stant value of approximately 120
volts from the plate voltage change
of V..

The voltage derived from V;
through the glow lamps is positive
with respect to ground. It is ap-
plied to the grid of V, in series with
a4 negative voltage derived from the

Horizon gyro fxture

Directional gyro fixture

104

WWW americanradiohistorv com

supply. The value of this negative
voltage is adjusted by means of
R, so that the grid voltage is
minus 0.5 volt at 500 rpm, or
minus 6.5 volts at 1,000 rpm of gyro
rotor. Thus, the plate current of 17
is relatively high at low rotor
speed and low at the higher rotor
speed of about 1,000 rpm. As a re-
sult, the voltage on the plate of V,
is high at high rotor speeds and
low at low rotor speed. It may be
said, therefore, that the voltage on
plate of V, is proportional to the
rotor frequency, at least within the
range of useful operation.

Differentiator

Capacitor C,, and resistor R, in
the plate circuit of V, constitute the
differentiating circuit, so that the
grid voltage applied to V. is pro-
portional to the deceleration of the
rotor.

The operation of the circuit may
be described in the following man-
ner: The signal voltage applied to
the grid of V, is proportional to the
voltage across R, or to the current
which flows through capacitor C.
and resistor R... If the resistance
of Ry is small compared to the ca-
pacitive reactance of C,, the cur-
rent through these two circuit ele-
ments is proportional to the time
rate of change of the voltage across
the. combination. However, this
voltage is the varying plate volt-
age of V,. The grid voltage on V.,
therefore, is proportional to the
rate of change of the plate voltage
of V,, which is proportional to the
speed of the gyro rotor. Hence sig-
nal voltage on V. is proportional to
deceleration of the gyro rotor.

Coast-Time Amplifier

The coast-time amplifier, V., is a
vacuum-tube voltmeter operated at
low plate voltage. With no signal
applied to its grid, V., draws suffi-
cient plate current to cause the in-
dicating meter to read approxi-
mately full scale. The voltage de-
veloped across R;; by a decelerating
rotor is negative and therefore re-
duces the plate current drawn by
V. The amount by which the plate
current of V. is reduced is deter-
mined by the voltage developed
across R.;, which depends upon the
rate at which the gyro rotor is de-

(Continued on page 310)
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Radiotelephone operators at No. 1 Wireless School in Montreal quickly -ecognize and correct
their own speech defects after hearing them played back by this Bell Laks ““Mirrophone’”

Speech-Training Machine

RCAF radiotelephone operators practice correct, clear and peppy speaking before a mag-

netic-tape sound recorder to prevent “washouts” due to misinterpretation of orders

A 100-foot endless tape of special magnetic steel called Speech instructor George L. Long uses a collection of elec-
“Vicalloy” (at A) provides a full minute of voice recording. tronic devices to demonstrate that articulation depends upcn
At B—wiping-out ccil; C-—rezording and playback coil full use ot the lips. tonque, teeth and palate
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OMMUNICATIONS agencles at-

tempting to use receiving
equipment in the downtown areas
of large cities have long been
faced with the problem of high
noise levels from electrical induc-
tion sources. This condition, to-
gether with numerous other
causes of signal attenuation, fre-
quently makes it desirable to
establish receiving stations in
more favorable locations and to re-
lay transmissions to the city via
radio.

Poor daytime reception from
100-watt medium-frequency sta-
tions located at isolated mountain
dams led to the development of an
ultra-high-frequency repeater for
the Los Angeles County Flood
Control District. A suitable loca-
tion was selected on 1900-foot
Flint Peak, near the center of the
heavily populated area of South-
ern California. This site is nine
miles visual distance from KFCD,
the headquarters station in the
city of Los Angeles, where trans-
missions from the various dams
must be received.
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A permit for the construction of

the repeater was issued by the
FCC on March 19, 1941, and the
call-letters W6XTFL were assigned.
The station was placed in service
in November of that yvear.

It was considered desirable to

arrange the equipment so that it
could be turned on or off at any
time by radio remote control from
Los Angeles. This was accom-
plished by means of an auxiliary
circuit and selective relays.
., Medium - frequency reception
was satisfactory at night so it was
also desirable to render the re-
peater inoperative during the
hours of darkness. This was ac-
complished by equipping the sta-
tion with a clock-switch.

W6XFE gear is shown in block-
diagram form in Fig. 1 and sche-
matically in Fig. 2.

Medium-Frequency Receiver

The repeater equipment utilizes
a conventional superheterodyne
for reception of signals on 2,726
ke.

The receiver incorporates one

WWW.americanradiohistorv.com

By
MAURICE E. KENNEDY

Conumunications Fngineer

Los Angeles, Cal.

Flint Peak repeater station,
showing a pole supporting the
2,726-kc receiving antenna,
the 312-Mc transmitting an-
tenna with square-corner re-
flector, the building housing
the equipment and a wind-
driven generator

stage of r-f preselection, two
stages of iron-core i-f amplifica-
tion, a crystal-controlled (Pierce)
oscillator for fixed channel recep-
tion, and one stage of a-f amplifi-
cation.

Automatic volume control vol-
tage is obtained from one diode of
a 7C6 tube. The output of the tri-
ode section of the 7C6 is coupled
to the grid of a zero-bias isolating
stage operating control relays and
to the transmitter modulator tube.

Relay Control

Coupling and filter networks
isolate automatic control circuits
from normal audio circuits.

One triode section of a TNT tube
is used as a zero-bias isolation
amplifier and the other section of
the tube is biased to operate as a
grid-controlled d-c rectifier. A
band-pass filter network is used to
prevent the automatic control
from operating on frequencies
other than the 1000-cps dial-tone
transmitted by a pulsing dial at
the Los Angeles station.

A 10,000-ohm sensitive relay is

June 1944 — ELECTRONICS
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REPEATER STATION

Transmissions on 2,726 ke from isolated mountain dams are relaved to flood-control head-

quarters during noisy daylight hours.

The centrally-located and unattended 312-Mc

equipment at WO6XFE may be turned on or off at any time by radio remote control from
KFCD. A clock-switch renders it inoperative after dark

connected in the plate circuit of
the 7NT7 rectifier section. This re-
lay serves to pulse the stepping
relay, which was constructed to
permit automatic re-set when the
last contact is reached. The fila-
ment and re-set relays have hold-
ing contacts which lock them in
place as the stepping arm passes
their contact. All holding circuits
are broken when the stepping re-
lay is dropped to its zero position.

A seven-dash dial-pulse from
the control desk at the Los An-
geles station lifts the stepping arm
to the contact which closes and
holds the filament relay. Filament
current is thus supplied to the os-
cillator and modulator tubes of
the 312-Mec transmitter. After a
30-second pause to permit the
tubes to warm up, a second seven-
dash pulse is transmitted and
plate poewer is applied. The circuit
is in operation as soon as plate
power is applied and reception of
the repeater channel is available
on a loudspeaker in the control
room in Los Angeles.

When service from the repeater
channel is not desired, a dial pulse
of gix dashes on the 2.,726-kc car-
rier of KFCD lifts the stepping
arm to the re-set contact and the
relay drops to zero. This proce-
dure gives the central station on-
erator control of the unattended
transmitter and serves to conserve
battery power when the repeater
channel is not used.

U-H-F Transmitter

Two type HY615 tubes are used
in a push-pull, tuned plate-tuned
cathode, oscillator ecircuit. The
heater supply leads are twisted
and pulled through the cathode

ELECTRONICS — June 1944

Rec. Ant. (2,726 kc)

I ‘|

! | RECEIVER | iTRANSMITTERi

: Det., : : §

1 Ave, AEL ]

1 e \ i Trons.

; —r’!ModHOSc. Ant.

H j { (312 Mc)
1 — R R J

B Vib, Auto]
Cont.
& =
T .
Charger — — Bort Arrows indicate signal poth

FIG. 1—Block diagram of WBXFE gear, comprising a medium-frequency super-
heterodyne automatically controlling and modulating an ultrahigh-frequency oscil-
lator. Details are given in the schematic of Fig. 2

Top view of repeater unit. The receiver is at the right, relays in the center and
transmitter at the left
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lines to keep heaters and cathodes
at the same r-f potential.

Very little difficulty was experi-
enced in obtaining strong oscilla-
tions at frequencies up to 325 Mec.
A marked reduction in output was
experienced above 325 Mc and it
was not possible to obtain satis-
factory oscillations above 350 Mc.

Frequency drift over a 24-hour
period was quite a factor in the
operation of the original 312-Mc
oscillator. The drift was traced to
extreme temperature fluctuations
encountered on the unprotected
mountain peak. It was necessary
to redesign the plate and cathode
lines to maintain the all-important
constant center-spacing of the
copper tubing. Heavy-wall, larger-
diameter tubing was used with a
single -point tuning - fork type
mounting. Flexible leads were
provided to connect the open ends
of the plate line to the tube con-
nections.

The transmitting frequency is
determined by the length of the
lines, spacing between the lines
and by the seiting of the shorting
bar at the closed end of the lines.
Adjustable ‘“‘penny size” plates
have recently been installed across
the tube end of the lines. Fre-
quency is measured by Lecher
wires and a General Radio type
758-A wavemeter. Approximately
3 watts output is realized.
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on ~ 4 ft. by 4 ft. frame. The ex-
cited element is 95 percent of a
half-wavelength. The active ele-
ment is current-fed by means. of
a short tuned transmission line
and “hairpin” coupling-link placed
in inductive relation to the plate
line of the transmitter.

All elements and feeder meas-
urements were calculated and
later checked by actual operating
measurements. The calculations
were found to be sufficiently accu-
rate. Standing waves on the feeder
lines are checked by moving a
metal rod or a finger along in close
relation to the line and watching
the dips on the plate meter of the
transmitter. Insulation problems
were greatly simplified by having
all points of mechanical contact
at ground potential.

The 312-Mc receiving antenna

Simple super-regenerative receiver used at KFCD in Los Angeles to pick up
signals from WEXFE, nine miles away on Flint Peak

The HY615's are plate-circuit
modulated by a 6K6G pentode op-
erated from the transmitter power
supply and driven by the associ-
ated receiver.

Antenna Systems

The receiving antenna for the
2,726-ke receiver is a conventional
single-wire type.

The radiating system for the
312-Mec repeater transmitter is a
square-corner reflector type with
the excited element near the focal
point and 0.5 wavelength in front
of the vertex of the reflector
frame. The 0.6-wavelength reflec-
tor elements are spaced 4 in. apart

wWwWw americanradiohistorv com

on the roof of the office building
in which the Los Angeles station
is located is similar in design. Be-
cause of the physical proximity of
this antenna to the tuning house for
the KFCD 2,726-kc transmitting an-
tenna, it was more convenient to
voltage-feed the active element to
the u-h-f receiver located in the
tuning house.

Field strength measurements
show a 30-db front-to-back signal
difference for the parasitic reflec-
tor type of square-corner antenna
used.

Power Supply

Power for the mountain-top sta-
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tion is developed by a heavy-duty
wind-driven Wincharger and a
600 ampere-hour storage battery.
Heavy-duty B batteries are used
for plate power on the modulator
and u-h-f oscillator. Plate supply
for the 2,726-kc receiver and the
relay control tube is developed by
a vibrator power unit.

Time Switch

A weight-driven time-switch
turns the 2,726-kc receiver and re-
lay control tube’s plate and fila-
ment power on at 8:00 A.M. and
off at 5:00 P.M. Satisfactory com-
munication is possible on the regu-
lar low-frequency channel during
the balance of the 24-hour day.
This procedure conserves battery
power at the repeater station.

Battery-Charging Problem

Current consumption of the re-
peater equipment is 43 amperes at
6 volts in the stand-by condition
and 5} amperes when transmit-

ing messages to the headquarters
in Los Angeles.

The wind-driven charger scheme
is not entirely satisfactory during
certain months of the year and
will ultimately be supplemented
with an engine-driven charging
system for prolonged periods of
calm weather.

The receiver used in Los An-
geles is a simple oscillator with a
single type HY-615 tube used as a
self-quenching super-regenerative
detector. Tuning is accomplished
by means of a dial-operated cop-
per wedge between the copper
tubes forming the resonant cir-
cuit, at the tube end.

U-H-F Receiver

One stage of a-f amplification ig
used at the receiver, on the roof
of the building, to feed a 500-ohm
audio line running down to the
control desk on the fourth floor.
An additional amplifier for the re-
peater channel is mouunted on a

channel rack in the control room
of KFCD.

Filament and plate power are
supplied to the receiver by a small
a-¢c power unit located within the
antenna tuning house. Relay con-
trol from the fourth floor turns the
receiver on and off.

An early attempt to locate the
u-h-f receiver in the control room,
with a concentric feeder to the an-
tenna on the roof, was not suc-
cessful because of high losses in
the transmission line at 300 Mc.

Performance Data

A routine service trip is made
to the station on the mountain at
30-day intervals.

Reliable average signal levels
over the 9-mile visual signal path
have been obtained for a period of
more than two years. Short dura-
tion fading and signal attenuation
of approximately 4 db has bheen
observed during periods of heavy
rain.

Fil.relay

;

Lo

]

656G onal | [ =
HY615 fils. T
63 V;D

(e}
o Stepping

AUTO.CONT. relay ’
R 2
1000cps band-pass filk 3 : X 30
N |
=i b = [ X035 4 p—
i
3 .:l- L%
§‘ Stepping coil” /A’esef
50000 15000 L ocking
oy : | ﬁe.j/ef relay
6C5 3 l osT g ‘ o
N 0.25 1 |
== I M
| i S60w L L 500,000
i L Crystal DET. AVC, A-F
! I-F I-F 100xuf,
i 787 é 787 Ll TS
] . ¢
%i =3 | S
it drs .t
= 0.05 or | aos| Lolor] o L
) o] S o BLTS S
> 251 > oy S
8 S T—< <3 %rLTir o338 {
= s pHlREsy YE L o
- 2O b 2
* 02 ~ [ [t
f {1 m 100unf 1
i L L Jclock
: . switch
Qs.s v.
Picg M :
S All £1/s. except ;
2.726 ke 6K6G ana HYE/5S
Ant 270v. 6v.
Yelefeh ]y LIL;
+ - -
i 7o
-
132670 RECT. B
b T 290 =/ T
[ 2500 J0h = &
T L

{ T

FIG. 2—Schematic of mountain-top radio repeater unit shown on a preceding page in block-diagram form
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Counter decade using four standard-size

tubes. The four neon indicating lamps

are mounted on the vertical front panel,
with their ends protruding

LECTRONIC COUNTERS have
been in use for many years,
principally for such research pur-
poses as counting cosmic rays, but
this essentially experimental equip-
ment has generally been both bulky
and costly. It was felt that a
simple electronic counter, economi-
cal to manufacture and dependable
under a wide variety of conditions,
would find definite applications in
industry and other fields where the
characteristics of electromagnetic
or mechanical counters place oper-
ating speed limits on associated
machinery or apparatus.

Rather than attempt to develop
all of the many applications, it was
decided to concentrate on the coun-
ter decade that forms the basic
unit for every application. With
appropriate input circuit acces-
sories and a suitable number of
these decades (one for each digit
in the maximum quantity to be
counted), the special requirements
of particular applications are read-
ily met.

After due consideration, it was
decided that the counter decade
should use a system involving a
minimum number of parts and
tubes to represent the numbers
from 0 to 9. Various combinations
of four numbers may be used to
constitute a full decade, such as

A Four-Tube

1-2-2-5, 1-2-3-4 and 1-2-4-8.° The
last combination, 1-2-4-8, is a
binary progression that may repre-
sent the numbers 0 to 16 if prop-
erly used.

The binary system is well
adapted to electronic counting. A
series of trigger circuits may be
connected in such a manner that
two -pulses from one circuit may
cause one operation of the succeed-
ing circuit. The binary system of
notation is difficult to interpret,
however, since all of us have been
educated to interpret numbers by

Power pack voltage divider

conducting

B+300v. 1+300V.
Rs Neon larmp

1 +150V, on

+260V.
Rq

+

= 150V,
R, R X%
\ +Q5V. ’x

i
Input R (b OQutput
B- oV Left-hand

I Ovtput
Input " &5
B- oV’ Right-hant
=)= triode ﬁi

triode
= conducting

FIG. 1—Simplified version of one stage of the counter decade, giving potentials
with respect to ground for the two possible operating conditions
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the decimal system. For this rea-
son it is necessary to introduce a
method of stopping the binary
counting progression at the count
of ten and resetting the electronic
counter to zero. This is accom-
plished easily and automatically by
two feedback capacitors, to be de-
scribed later.

Development of Counter Decade

During the development of the
counter decade, it became apparent
that if coupling tubes were to be
used between counter stages, much
of the economy of the binary sys-
tem would be lost and almost the
same number of tubes and com-
ponent parts would be used for a
decade as in conventional counter
circuits like the round-the-ring and
conjugate pair types.

After some experiment, it was
decided that two Eccles-Jordan
tvpe trigger circuits should not be
coupled directly from the plate of
one side of the first tube to the two
following grids through capacitors.
While this method of coupling can
be adjusted to operate, it was found
quite critical because the two coup-
ling capacitors required cancelled
the trigger action of the two grids.

What is believed to be a new
principle was evolved to accomplish
coupling. The final circuit for the
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Complete counter decade using four

miniature 6J6 tubes. Additional resistors

and capacitors are on the other side of

the vertical insulating strip. Neon indi-

cating lamps are remotely mounted on.
another panel

By
JOHN T. POTTER

Potter Instrument Co.
Flushing, N. Y.

COUNTER DECADE

Utilization of Eccles-Jordan trigger circuits in the binary progression 1-2-1-8, with ingeni-

ous use of two capacitors to give forced resetting at the count of ten, makes possible a com-

pact unit having many counting and measuring applications

counter decade comprises four
stages, each employing an ordinary
dual-triode vacuum tube (such as
a 6SN7, 6N7, 6J6, etc.) arranged
in an Eccles-Jordan trigger circuit
in conjunction with an indicating
neon lamp. The basic functioning
of alll stages is alike, and is depend-
ent upon shifting of operating po-
tentials back and forth between the
two sets of values indicated on the
simplified circuit for the first stage,
shown in Fig. 1.

Operation of Trigger Circuit

Note first that a fixed potential
of 4150 volts (with respect to B —
and ground) is applied to the
cathode of the tube at all times by
the power pack. Grid and plate po-
tentials are obtained from the re-
sistance network included in the
basic circuit, however, and depend
upon relative currents through the
two branches of the network.

Assume that the grid of the
right-hand triode is essentially at
cathode potential (zero bias) as in-
dicated in Fig. 1(a), and assume

ELECTRONICS — June 1944

that no signal pulses have yet ar-
rived. At zero bias, the right-hand
triode will conduct saturation plate
current, and its plate-cathode volt-
age drop will be low (actually it is
20 volts, lower than the extinction
voltage of the neon lamp connected
across this section). For this as-
sumed initial condition, then, the
neon lamp in the stage is extin-
guished.

The grid bias voltages should be
examined next, since they control
the switch-over from one triode sec-
tion to the other in a stage. These
bias voltages are obtained from
points a and b on the two branches
of the resistance network.

Redrawing the circuit in the
form shown in Fig. 2 will help to
show why points a¢ and b give dif-
ferent bias values. If the tube were
removed, each branch of the re-
sistance network would act simply
as a bleeder across the power sup-
ply (like left-hand branch R-R:-R.-
R in Fig. 2), and voltages would di-
vide in proportion to resistance
values. Under this condition point

www americanradiohistorv com
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FIG. 2—Diagram illustrating how cur-
rent drawn through Rs by the conduct-
ing ftriode section upsets potentials in
one branch of the resistance network

a and point b would be essentially
at cathode potential (4150 volts
above ground).

With the right-hand triode sec-
tion conducting, however, it draws
current through R, as shown in
Fig. 2, and greatly increases the
voltage drop across R,. This leaves
less voltage for R, and R,, and hence
drives point b in a negative direc-
tion with respect to the cathode. A



shift of 25 volts was found suffi-
cient to drive a triode section to
cutoff, and resistor values were ac-
cordingly chosen to give this dis-
tribution of voltages.

Returning to Fig. 1(a), note
that the grid of the right-hand
triode is connected to point «

(which is at cathode potential, as
assumed for this explanation and
as required for saturation plate
current in this section). The grid
of the left-hand triode goes to
point b, which is at +125 volts
with respect to ground and hence
25 volts negative with respect to
the cathode. This being essentially
the cutoff bias, the left-hand triode
is nonconducting under the initial
assumed conditions.

The stage is stable in this condi-
tion until a negative pulse (with
respect to ground) is applied to its
input circuit. Any positive pulse
fed into the stage has no effect, be-
cause 1t is dissipated in the low
impedance of the conducting triode
section.

Upon arrival of a negative pulse
at the input, both grids swing in a
negative dirvection (just as if a bat-

tery were connected across R with
its positive terminal going to
ground). There is no direct effect
in the nonconducting left-hand
triode since its grid is already at
negative cut-off, but the negative
grid swing of the right-hand triode
stops its plate current. The result-
ing redistribution of voltage drops
across R, R, and R. places boint b
at cathode potential as indicated
in Fig. 1(b). Thus the grid of the
left-hand triode swings positive to
zero bias, and the left-hand triode
conducts. Point a goes 25 volts
negative with respect to the cath-
ode, keeping the grid of the right-
hand triode negative once it 1s
driven negative by a negative in-
put pulse. Thus, original circuit
conditions with respect to right and
left-hand triodes are reversed.

With the right-hand triode non-
conducting, its plate-cathode volt-
age goes up to about 110 volts,
above the striking value of the neon
lamp, and the lamp glows.

Arrival of a second negative pulse
agaln triggers the stage, returns it
to the original conditions of Fig.
1(a), and extinguishes the neon

lamp. Also, the swing in the poten-
tial of point b from the +150 v of
Fig. 1(b) to the +125 v of Fig.
1(a) produces a negative pulse that
is transmitted through the output
capacitor of the stage to the input
of the next stage.

Summarizing, then, every nega-
tive pulse blocks the conducting tri-
ode section and makes the other
section conducting, every alternate
negative input pulse lights the neon
lamp, and the intervening alternate
negative input pulses put out the
neon lamp and simultaneously
transmit a negative pulse to the
next stage.

Operation of Counter Decade

A complete counter decade em-
ploys four identical stages of the
tvpe just discussed, connected to-
gether as shown in Fig. 3. The
stages are numbered 1, 2, 4 and 3
according to the binary syvstem; the
number assigned to each stage is
equal to the number of negative
pulses required at the input of the
decade to make the neon lamp in
the stage come on the first time.

In preparation for a count a

Reset sw. T

l Ry
O
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i
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FIG. 3— Complete circuit of the four-tube counter decade
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momentary displacement of the re-
set switch inserts a common drop-
ping resistor R. in the voltage sup-
ply line to all right-hand triodes.
This drives the grids of all left-
hand sections negative, so that the
decade is preset with all right-hand
triodes conducting and all neon
lamps extinguished. Each stage fol-
lowing the first receives a negative
triggering impulse upon every sec-
ond operation of the stage preced-
ing. Progression through a count
from zero to nine will therefore oc-
cur as shown in Fig. 4.

For its tenth operation, the de-
cade must transmit a negative
pulse to the succeeding decade and
must reset to its original zero con-
dition as required by the decimal
system. This means that the tenth
pulse must put out all lamps. The
count of 10 in the binary system
calls for lamps 8 and 2 being on,
hence lamp 1 (on for the 9 count)
will go out automatically. Forced
resetting therefore means putting
out lamp 8 and preventing lamp 2
from coming on.

After the ninth pulse, the left-
hand sections are conducting in
both stage 1 and stage 8 When
stage 1 is reversed by the 10th
pulse, a negative pulse obtained
from a tap on R, in this stage is fed
through capacitor C,s to stage 8,
causing point b of this stage to
swing negative. This drives the
grid of the conducting left-hand
section of stage 8 negative, causing
a switchover and putting out neon
lamp 8. (All points on R, of stage
1 are driven negative by arrival of
the tenth pulse; the magnitude of
the swing depends on the position
of the tap, and can be as high as 90
volts at the plate end of R, so the
magnitude of the pulse is readily
adjusted. It must be large enough
to cause switchover by itself, but
not too large because at the eighth
count it must be overpowered by
the negative pulse which comes
from stage 4 and correctly triggers
stage 8 to turn on its lamp.)

In an essentially similar manner,
a positive pulse obtained from a tap
on resistor R, of stage 8 during the
forced switchover of this stage is
fed through capacitor C.. to point
a of stage 2, where it completely
overwhelms the negative pulse fed
into this stage from stage 1. Since
the lamp for stage 2 was out after
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FIG. 4—Unshaded circles represent neon
lamps that are ON in a fourlamp decade
for a progression through a count from zero

- to nine. The tenth input pulse restores the

decade to the zero condition and sends one
negative pulse to the next decade. The
letter R means that the right-hand triode
in ‘that stage is conducting, while L has
the same meaning for the left-hand triode

the ninth impulse, it therefore stays
out. (Al points on E; of stage 8 are
driven positive by the forced
switchover of the stage; the mag-
nitude of the swing depends on the
position of the tap, and can be as
high as 90 volts at the plate end
of R, so the required pulse ampli-
tude is easily obtained.)
Switchover thus provides the cor-
rect potential shift for forced re-
setting of the decade, and the cor-
rect direction of shift is obtained
by making the capacitor connection
to the correct resistor (R, or R.).
As before, positive pulses getting
into stage 8 through €, during
previous counts have no effect be-
cause they are dissipated in the
low-impedance path provided by
the conductive section of stage 8.
A negative pulse from stage 8
through Ci. to stage 2 at the ar-
rival of the eighth pulse is not con-
trary to the normal input signal at
that time. For all lower counts than
8 there is no switchover in stage
8 and hence no pulses are sent
through Ci., to cause trouble. Ca-
pacitors C,. and C,, thus provide
forced resetting after a count of
nine without affecting normal op-
eration at any of the lower counts.
The capacitors across resistors
R. and R, in each stage serve to
short out these resistors momen-
tarily during each impulse, thereby
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increasing the magnitude of the
impulse available for triggering
action.

An unusual feature of this type
of counter decade is the ability to
operate at pulse rates ranging all
the way from above 100 ke down to
as low a rate as desired, with no
substantial changes in circuit con-
stants. It is only necessary to pro-
vide a negative pulse at the input
that is approximately the correct
amplitude and shape. When sine-
wave input exists, as from an os-
cillator that is started and stopped
at the beginning and end respec-
tively of the interval to be meas-
ured, a single multivibrator stage
is generally inserted between the
oscillator and the decade input for
pulse-shaping purposes.

Discussion of Applications

Welding Timer. The counter dec-
ade may be reset to zero, then se-
lected counters may be turned on
before a count. If, for example, in
a 0-to-9 counter lamps 2 and 1, or a
count of three, are turned on by
resetting inversely, then the out-
put will operate when 7 pulses have
passed through the counter. In this
manner, a counter may be made
predetermined.

In the case of welding timing,
the counter may be operated from
the 60-cycle power frequency, and
after a predetermined reset will
count the exact number of cycles
going into a weld. In the same field,
the counter may be used as a cycle
counter to check present timing
equipment.

Interval Timer. One of the wid-
est present uses of electronic count-
ers is in the field of interval timing.
In this application, a crystal-con-
trolled oscillator frequency is fed
into the counter by an electronic
switeh or gate operated by initiat-
ing and terminating pulses from
the time interval. If a 100-kc crys-
tal is-used as the initial counting
frequency, the accuracy of the time
interval will be 40 and —0.00001
second for an interval as long as de-
sired. In many cases, this interval
is one second and is read on 5 dec-
ades. The accuracy in this case
would be 0.01 percent for a full-
scale reading.

Many variations of this type

(Continued on page 358)
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Accurate Sorting of
COLORED OBJECTS

Tiles emerging from kilns on conveyor-belts are automatically shuttled into proper bins.

Method involves conversion of color into electrical impulses by spectro-photoelectronic

means, utilizing cathode-ray oscilloscopes and phototubes

OUTINE TESTS of many electri-
R cal devices are based upon elec-
trical characteristics. Often, only
one point on the characteristic is
utilized in order to simplify the
testing procedure, but occasions
arise which make it desirable to use
the entire curve under dynamic
conditions.

If a test can be arranged so that
the electrical output given by a par-
ticular input is repeated at regular,
short intervals, then the cathode-
ray oscilloscope may frequently be
emploved. This ordinarily implies
the need for an attendant at the
oscilloscope, but methods have been
devised which eliminate this neces-
sitv.
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FIG. 1 — Cathode-ray  oscilloscope

screen, showing mask between upper

(a) and lower (b) tolerance curves. The

additional vertical stripes avoid contin-

uous light output when items under test
are defective

FIG. 2—Method of automatically re-

jecting defective vacuum tubes by

photo-electronic means, used as a basis

for the tile-sorting device discussed in
the text
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Several applications of an auto-
matic method of testing which may
be utilized on production lines will
be described. Some of these apply
directly to the electrical character-
istics of test specimens, while oth-
ers make use of electrical charac-
teristics which are derived from
such primary factors as spectral
transmittance or reflectance.

Basic C-R Tube Method

Assume that a production-line
test of the plate characteristic of

Jube undler fest

Test voltages

Amp.
and
relay

o

7o reject oevice

Phototube
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vacuum tubes is to be made. By us-

‘ing any of several circuits which

have been described in detail” * the
plate current-plate voltage curve
for selected operating conditions
may be obtained on the screen of a
cathode-ray tube. If tolerance lim-
its for the plate characteristic are
defined, these upper and lower lim-
its may be expressed in terms of
two curves on the screen, shown as
(a) and (b) of Fig. 1.

Assume that any tube under test
which exhibits a plate characteris-
tic lying inside the shaded area be-
tween the curves is to be graded
satisfactory, and any tube which
exhibits a characteristic lying out-
side the shaded area is to be re-
jected. If the shaded area is cov-
ered with an opaque mask, the light
output from the screen will be sup-
pressed as long as the spot remains
between the limiting curves, as will
be the case for all satisfactory
tubes. However, in the case of a
defective tube the luminous spot
will fall below the mask, and light
will be emitted from the screen.

Adding Automatic Operation

If the screen of the cathode-ray
tube is placed within the compass
of a photoelectric surface, it will
then be possible to convert the light
energy of the cathode-ray spot to
electrical energy whenever the spot
falls outside the area covered by the
mask.

The output of the phototube or
other photosensitive surface may
then be amplified and used to ac-
tuate thyratrons which control the
mechanical operation of removing
the rejected tube from the output.
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Such an arrangement is shown sche-
matically in Fig. 2.

If an a-c amplifier is to be used
with the phototube, an improve-
ment in operation will result from
square-wave modulation of the elec-
tron stream, or the addition of a
number of opaque vertical stripes
(Fig. 1) across the face of the cath-
ode-ray tube screen. The pirpose
of the square-wave modulation, or
of these stripes, is to break up the
trace produced by the traveling
spot so that it is impossible for con-
tinuous light output to occur when
the tube under test yields a curve
which falls mostly on the unmasked
area. This situation would exist in
the case of a “dead” tube, and might
exist when the tube under test pos-
sesses a defective characteristic.

General Applications

Many applications of the proce-
dure just outlined will be useful to
the engineer who deals with testing
or sorting problems in other fields
in which the entire characteristic
curve of a device must be consid-
ered. For example, it offers a solu-
tion to the problem of checking the
frequency response of microphones,
amplifiers, filters, or other devices,
at a rapid rate. If the useful input-
frequency range of the device is
“swept” by means of a motor-
driven oscillator frequency-control
or other frequency-modulating sys-
tem, the rectified output may be fil-
tered and used to produce the re-
quired frequency response charac-
teristic.

In the case of an audio-frequency
device, such as a crystal pickup
cartridge which is to be tested for
response from 30 to 10,000 cycles
per second, it is likely that several
seconds may be required to com-
plete a test cycle. The time-con-
stant of the output filter must be
sufficiently large to smooth 30 cy-
cles and, unless means are provided
for lowering this time-constant as
the test frequency is increased, the
rate of frequency variation must
remain low enough to prevent
smoothing of sharp anomalies in
the characteristic.

The horizontal sweep of the cath-
ode beam may be accomplished by
mechanical as well as by electronic
means, and this may be desirable in
those instances which require rela-
tively long periods for completing
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colors
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FIG. 4 -— Spectrophotometric curves

representing color analysis of light re-

flected from two samples having

slightly difterent colors, sample (a)

representing colonial ivory and sample
(b) jonquil yellow

the test cycle, or which might die-
tate a non-linear sweep motion.

The Color Problem

Going one step further with the
same techniques, an experimental
apparatus has been constructed to
sort articles of the same shape, but
having different colors. This ap-
plies particularly to colored tiles,
as they emerge from the kilns on
conveyor belts.

Because of the selective place-
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ment necessary in the various tem-
perature and atmospheric zones in
the kilns, different colored glazes
are frequently unloaded at the sane
time. It may also happen that dif-
ferent firing conditions imposed
upon the same glaze material will
result in color variations. The
method of selection, if it is to com-
pare with the human eye, must
therefore make use of the spectral
reflectance curves of the various
tiles.

‘The color of any object is deter-
mined by the energy-wavelength
distribution of light reflected by
the object to the eve. The normal
eve, in addition, exhibits a selective
response, which may be satisfac-
torily expressed by the standard
visibility curve shown in Fig. 3.
This curve represents the relative
efficiency of the eve in converting
radiant energy to visual response,
or brightness, at each wavelength
in the range of 400 to 700 milli-
microns.

The visual response is greatest
for yellow-green light of approxi-
mately 550 millimicrons, and may
be seen to fall off rapidly at each
end of the visible spectrum, so that
violet light in the range below 430
millimicrons and red light in the
range above 680 millimicrons are
usually of little importance in de-
termining the ecolor, as compared
with the remainder of the spectrum.

If the light reflected to the eye
bv an object has constant energy
distribution at all wavelengths, the
object appears white or neutral
gray; otherwise some color is ap-
parent. A change in the spectral
character (color) of the illumina-
tion will cause a corresponding
change in the character of the light
reflected from the object to the eye.
For example, white paper will ap-
pear red when illuminated with red
licht. The definition of the color
of an object therefore becomes a
problem.

Probably the most precise method
of color definition is that which
makes use of the spectrophotomet-
ric curve. Such a curve shows the
percentage of vertically incident
light reflected by the object at each
wavelength. The spectrophotomet-
ric curves of two samples of enam-
eled porcelain, determined by the
GE recording spectrophotometer,
are given in Fig. 4. Curve (a) is
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obtained from a colonial ivory and
curve (b) is from a jonquil yellow.

Details of Tile-Sorter

Referring to Fig. 5, light from
an incandescent lamp, I, passes
through a combination. of slits and
condensing lenses and a compen-
sating filter and falls on the rotat-
ing polygonal mirror M,. A nar-
row band of light is thus caused to
sweep repeatedly across the mirror
M, and the reflection grating RG.
The reflection grating has the prop-
erty of spreading out white light
into a spectrum similar to that ob-
tained from a prism, but has the ad-
vantage of greater angular spread
with more linear displacement on
the wavelength scale.

The sweep of the narrow band of
light across the reflection grating
results in a reflected spectrum
sweeping across the slit S, at short,
regular intervals. During each
sweep period, reasonably pure
monochromatic light of every wave-
length, from violet to red, succes-
sively irradiates the tile under test
while the tile is traveling under the
open bottom of the integrating
sphere. Light reflected from the tile
illuminates the highly reflecting
interior surface of the integrating
sphere, and the diffuse, reflected
light from the sphere is picked up
by the phototube, PC.

Arrangement of Electronic Gear

The output waveform of the pho-
totube will depend on a number of
factors, including especially the
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spectrophotometric  characteristic
of the tile specimen. This spectro-
photometric curve is distorted by
the phototube, due to the nonuni-
formity of its spectral response. Ob-
viously, if the results are to be use-
ful, the spectral response of the
phototube should approximate that
of the human eye, or should at least
be fairly constant throughout the
visible portion of the spectrum.

Although the phototube output
waveform is decidedly inferior to
the spectrophotometric curve, it
does contain enough information
to identify the color of the tile pass-
ing through the apparatus, for no
tile having a different spectral re-
flectance curve can produce the same
waveform.

The spectral reflectance wave-
form obtained from the tile, plus a
synchronizing pulse obtained from
mirror M, as it is swept by the mov-
ing band of light from the rotating
mirror, produces one complete cycle
of the phototube excitation to the
d-¢ amplifier. The output of this
amplifier is used to drive the verti-
cal deflecting plates of two or more
cathode-ray oscilloscopes. The syn-
chronizing pulse precedes the spec-
tral waveform by a definite time
and triggers the horizontal sweep
generator at the proper instant.
This timing arrangement has
proved especially useful because of
slight imperfections in the align-
ment of the segments making up
the rotating polygonal mirror.

Each oscilloscope screen is pro-
vided with a mask designed to cover
the allowable variations in color re-
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sponse for each type of tile to be
selected. An individual photosensi-
tive surface and amplifier, coupled
to one masked cathode-ray tube
screen, will complete a single selec-
tion channel.

The electrical output of each se-
lection channel is connected to a
back-contact relay, acting through
a motor-driven time-delay device in
such a way that a tile selected by
the channel is mechanically shoved
into its appropriate bin. A lever
operated by each tile, as it passes
beneath the integrating sphere,
switches the electron beam on and
off, avoiding operation between
tiles.

Design Precautions

For close tolerance limits in color
selection, many precautions are
necessary.

The power supply to the light
source must be regulated carefully.
Direct-current excitation of the
lamp is necessary, and a lead stor-
age battery floating on the line

‘without net charge or discharge is

fairly good insurance against volt-
age fluctuation. Gradual blackening
of the lamp will occur, but this dif-
ficulty may be overcome by the use
of a variable compensating filter
and a white reference standard.

The spectrophotometer photo-
tube should have a spectral re-
sponse characteristic similar to the
RCA 926, which has the S3 sensi-
tive surface. D-C amplification of
its output is necessary to avoid un-
equal phase shifts of the various
frequency components, since these
will begin with a fundamental of
15 to 30 cps and may extend upward
by a factor of 10.

Design data on d-c¢ amplifiers
may be obtained from many
sources, but one recent publication
is notable.® In an attempt to avoid
the instabilities associated with d-c
amplifiers, the use of a carrier sys-
tem has recently been considered.

The writer wishes to thank
Messrs. C. R. Granberry, Robert
Anwyl, A. 8. Jackman, J. H. Mit-
chell, and A. P. Deam for their help
on the project.
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STUDYING

Thermal Behavior
OF HOUSES

Four thyratrons and a pentode provide electronic control for an electrical model of each

house under study, and are connected to an electrical power source representing the fur-
nace. A 24-hour heating cycle is thus scaled to 1/60th sec, and results determined with a

cathode-ray .oscilloscope and two ammeters. Fuel-conserving conclusions are given

THE ANALYTICAL SOLUTION of
problems of thermal transients
in thermal networks of any but the
simplest character is very tedious.
Experimental solutions of these
problems with laboratory heat net-
works are not easy.

The flow of heat thrqugh conduc-
tors which have thermal resistance
and capacitance and the flow of elec-
tricity through electrical conductors
which have resistance and capaci-
tance are subject to analogous laws
and hence to the same differential
equation. It is possible to construct
an electric circuit model whose re-
sistance and capacitance represent
to a scale the resistance and capaci-
tance of a thermal network. Fur-
ther, one can apply to the electrical
model scaled voltages to represent
temperature sources and scaled cur-
rent sources to represent heat cur-
rent sources.

After applying scaled stimuli and
boundary conditions to the model,
one can measure voltages and cur-
rents as functions of time and in-
fer the nature of the response of
the thermal network to correspond-
ing stimuli and boundary condi-
tions. A cycle of actions of several
hours’ or even days’ duration in the
heat network may be represented
by an analogous cycle in an electri-
cal network in a fraction of a sec-
ond if a proper scaling of para-
meters is used.

This article describes the use of
electronics in the study of the ther-

ELECTRONICS — June 1944

By JOHN G. LINVILL

Depariment of Blectrical Enginecring
Massachusetts Institute of Technology

and JOHN J. HESS, Jr.

Sperry Gyroscope Company, Ine.
Garden City, New York

Cumbridge, Mass.

(~)

Doors ond sash frames

Window and door glass

FIG.

1—Thermal resistance-capacitance network of a house.
represents the temperature of ground water, E, represents the outside tem-

—" A
Air leakoge
s
T T T T
-T'L Ce/ling and roof
Basement J
) Contents of @;
1 house

Potential E,

perature and I represents the furnace

17

wwWw americanradiohistorv com



mal behavior of houses. The meth-
ods here used could be readily ap-
plied to a large number of problems
in which the same linear differen-
tial equations appear and in which,

likewise, an analytic solution is
laborious.
The Probliem
The thermal networks and

sources of three houses with identi-
cal external dimensions but differ-
ent insulation properties were used.
The problems were to determine,
for a range of constant outside
temperatures, the following:

1. The steady heat current re-
quired of the source to maintain the
inside of the house at 70°F when
the outside temperature is constant.

2. The saving in daily average
heat current when the thermostat
is set to a lower temperature for a
period and then reset again to
bring the house temperature back
to 70°F. The saving in heat current
is to be determined as a function of
the number of hours per day dur-
ing which the inside temperature is
below 70°F. Constant outside tem-
perature is assumed.

3. The minimum temperature of
the house during the lower temper-

ature period of problem 2 is to be
determined.

Solution to the Problem

In a thermostatically controlled
house, the furnace acts in the fol-
lowing manner. At some time in
the morning, the thermostat is
raised from a lower temperature
setting to another setting, for in-
stance, 70°F. The furnace then acts
as a constant heat current source,
raising the temperature of the
house until it reaches 70°F; at this
point, the furnace effectively acts
as a constant temperature source
maintaining the house at 70°F un-
til some time in the evening, when
the thermostat is reset at a lower
temperature. The furnace is then
effectively removed from the heat
circuit until the thermostat is again
set at T0°F, or until the house
reaches the lowered setting of the
thermostat. If the house temper-
ature reaches the lowered setting,
the furnace acts as a constant tem-
perature source until the thermo-
stat setting is raised, at which
point it changes over to a constant
current source again and the cycle
is repeated.

An electrical source which be-

haves in the above manner was con-
structed and connected to electrical
circuit models of the houses under
study. The 24-hour cycle in a
house was scaled to 1/60 second in
the electrical model. The reading
of a d-c ammeter gave the solution
of problem 1, the steady heat cur-
rent required. The reading of a
second d-c ammeter gave the an-
swer to problem 2, the saving when
the thermostat is turned down. An
oscilloscope pattern indicated di-
rectly a plot of values of inside tem-
perature as a function of time, an-
swering problem 3 and indicating
how long the house temperature is
below 70° F. The general conclu-
sions were:

1. The saving accomplished by
turning the thermostat down for a
part of the day is small, in this case
being never greater than 6 percent
for periods of 8 hours below 7T0°F.

2. The percentage saving is
smaller as the outside temperature
is lowered.

3. The percentage saving varies
roughly with the square of the time
during which the house is at lower
temperature. .

4. For small changes in house
temperature, transient inside tem-
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FIG. 2—Control and source cir-

cuit used when studying the

equivalent circuit (inside box L)
of a house
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FIG, 3-—Representative oscilloscope patterns of house tempera-
ture plotted against time of day. Each pattern represents a

peratures are nearly linear func-
tions of time.

The House Network

Figure 1 represents the thermal
network of the houses studied, The
resistors in the top ro