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LINEAR STANDARD
High Fidelity fdeal

High Fidelity . .

HIPERM ALLOY

. Compact | Portable . . .

ULTRA COMPACT
High Fidelity

SUB OUNCER

Wide Rance . .. 1 ounce | Weight ¥; ounce

COMMERCIAL GRADE
Industrial Dependability

|
SPECIAL SERIES
Quality for the “Ham™

POWER COMPONENTS
Rugged . . . Dependable

VARITRAN
Yoltage Adjustors

MODULATION UNITS
One watt to 100KW

VARIABLE INDUCTOR
Adjust like a Trimmer

TOROID HIGH Q COILS |

Accuracy . . . Stability

TOROID FILTERS
Any type to 300KC

MU-CORE FILTERS
Any type A — 10,000 cyc.

EQUALIZERS
Broadcas! Swe—ind

PULSE TRANSFORMERS

For all Services

HERMETIC COMPONENTS |

Ceramic Terminals

PLUG IN ADAPTER

Impedance Matching

=

CABLE TYPE

For mike cable line

FOSTERITE

VERTICAL SHELLS

Husky . « . Inexpensive

k

|

REPLACEMENT

Universal Mounting

STEP-DOWN
Up to 2500W . , . Stock

| Grade 3 JAN Components |

CHANNEL FRAME

. low cost

LINE ADJUSTORS

Match any line voltage Simple . .
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DELIVERS , o SPECIFIED

N

EL-MENCO
CAPACITORS

EL-MENCO is the standard of dependability in capaci-
tors. Each tiny El-Menco Capacitor delivers at maximum
in any climate under the most critical operating conds
tions. Before leaving the factory, they are tested for diele
tric strength at double working voltage; for insulation
CM 15 MINIATURE CAPACITOR resistance and capacity value. Each tiny El-Menco Capaci-
tor meets and beats strict Army-Navy standards. Put them

Actual Size 9/32" x 1" x 3/16" in your product and get real performance.

For Television, Radio and other Electronic
Applications

2 — 420 mmf. cap. at 500v DCw A COMPLETE LINE OF
2 — 525 mmf. cap. at 300v DCw CAPACITORS TO MEET

Temp. Co-efficient 50 parts=per million

per degree C for most capacity values. EVERY REQUIREMENT
6-dot color coded.

THE
ELECTRO MOTIVE MFG. CO., Inc.

WILLIMANTIC CONNECTICUT =
Write on your
E E nc n ﬁr;;t;etot;r}}feadfor .
Catalog and Samples
MOLDED MICA MICA TRIMMER

CAPACITORS "

FOREIGN RADIO AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT DEPT. AT WILLIMANTIC, CONN. FOR ‘INFORMATION.
ARCO ELECTRONICS, INC. 135 Liberty St., New York, N. Y.—Sole Agent for Jobbers and Distributors in U.S. and Canada

2 May, 1950 — ELECTRONICS
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20 years ago, IRC advertised resistors for television!
And right now, while we produce for today’s
requirements, electronics 1970 is on our drawing
boards. 25 years young this year, IRC combines
a quarter-century of specialized engineering with free,
fresh thinking on new resistance problems.
Result of this concentration: —A unique variety
of high-quality, lower-cost resistance products,
plus unbiased recommendations.

TELEVISION IN 1930

Advertising resistors for tele-
vision 20 years ago was not
~ neorly so advanced as IRC's
present planning for the future.

www americanradiohistorv com
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'AFTER 10,000 CYCLES

of rotation IRC's new Q Controf
shows less than 10% change in
resistance for values below 1 meg-
ohm, and not over 15% change for
valves of 1 megohm and above.
Noise level after the same rigorous
tests remains well within the industry
standard for new controls. Investigate
the many advantages of this modern
size 15/16'' diameter control. Com-
plete mechanization in manufacture
assures you of absolute uniformity
and a dependable source of supply.
Coupon brings you full details cn
Bulletin A-4.

INTERNATIONAL
RESISTANCE COMPANY
401 N. Broad Street, Philadelphia 8, Pa.

In Canodo: International Resistance Co., Lid., Torento, Licenses

from origiaa! value due to aging
has been proven for MV High
Voltage Resistors. The -resis<
tance cocfing of Type MV's is
stabilized at high temperature,
Application of this filament coat-
ing in helical turns on o ceramic

long effective length and permits
the use of up to 100,000 volts
for the MVR resistor. For high
voltages -where high resistance
and power are required Type
MV's are availabfe in-a wide
range of values, sizes and termi-
nals, all described in Bulletin G-1.
Use the coupon to get your copy.

Power Resistors « Yoltmeter Multipliers
¢ Insulated Cempotition ResisterseLow
Wattoge Wire Wounds ¢ Controls
¢ Rheostots ® VYoltage Dividers o
Precisions ¢ Deposited Carbon
Precistors ¢« High Frequency and High
Voltage Resistors » Insuloted Chokes

www.americanradiohistorv'com

/ 1 watt

LESS THAN 3(70 change -

tube gives a conducting poth of.

ADDRESS _._._. ...

T8

~

). Y £3
Y2 watt

BYA

a’ﬂgj:m

'/J watt

AGING IS NO PROBLEM

with Advanced BT Resistors. Filoments
are pre-cured and stabilized, practically
eliminating any possibility of resistance
change through aging. Engineered to
meet JAN-R-11 specifications for fixed
composition resistors, IRC BT's have
established their superiority in all im-
portant characteristics. Let us prove it
to you . . . check the coupon for 12 page
technical data Bulletin B-1. 21 character-
istic charts compare IRC performance to
rigid JAN specifications,

INTERNATIONAL RESISTANCE CO.
403 N. BROAD ST., PHILADELPHIA 8, PA.

miniature
2 watt

-

”~

J. P. ARNDY & CO., ADY. AGENCY
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LOOK AT IT

FOR RUGGED DEPENDABILITY

+«. AND YOU’LL PICK THE

I7’s THE inside story that counts with Honevwell Mercury Switches

. the durability built into a simple construction of gIdSb. elec-
tu)des and mercury. That’s what delivers the rugged dependability
ol positive action each and every time . . . regardless of dust, dirt,
dampness and corrosive atmospheres.

I’s just such rugged dependability that has helped loneywell
Mercury watches sel continuous operation records that exceed
50 million cveles.

WORLD'S i . | .
ARGEer Honeywell Mercury Switches are tiny and compact . . . are adapt-
ORGANIZATION able 1o unusual mountings . .. and operate at low ullmg angles.
et oyl The complete line is at your command. Write for a copy of Catalog
e 1313 for down-to-earth miormﬁljmn_g ..or _call in vour local
Honeywell engineer for a detailed discussion of a particular
application. e o)

MINNEAPOLIS-HONEYWELL REGULATOR CO.
INDUSTRIAL DIVISION
4428 Wayne Avenue, Philadelphia 44, Pa.
OfFfices.in 77 principal cities of the United States, Canada and throughout the world

e LOW ANGULARITY

FOR <« : » SPECIFY HONEYWELL
l & L e o™ e///(?’?%’% Swileches

o WIDE SELECTION

eAMleiceer 'y Swileches

FOR POSITIVE ACTION

I e POSITIVE ACTION I

6 May, 1950 — ELECTRONICS
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Another Engineer’s Problem Solved

-

SUBJECT: 50000 Voit Power Supply (PS-50)

PROBLEM. To design a 60 cycle power
o supply to the following specifica-

tions:

Input voltage: 117VAC
Output voltage: 50 KV
Output current: 1 ma (at 50 KV)
Output ripple: less than 19,
Output regulation: 4000 volts per milliampere
Altitude: 7500 feet
Temperature and

humidity: Indoor conditions, U.S.A.
Weight: less than 100 Ibs.
Size: less than 2 cubic feet

SOLUTI ON . The PS-50 weighs only 84 Ibs and measures only 121”x12}”

. base by 124" high plus a 6” insulator. Conventional power
supplies of comparable electrical performance weigh 250—350 1bs and occupy 3—S5 cubic feet.
The weight and space savings in the PS-50 are due to the design features embodied in the

entire line of HiVolt Power Supplies . . . carefully degassed and dehydrated oil, synthetic
plastic insulation and up-to-date engineering.

The distinguishing feature of the PS-50 is the ease by which the three 5825 Rectifiers can be
replaced. In other oil-filled supplies, the entire cover must be removed to replace the tubes.
The carefully processed oil becomes contaminated. In the PS-50, the rectifier tubes are set
in bakelite tube-wells. The oil in these tube-wells does not mix with the oil in the trans-
former-capacitor compartment. The spacings around the tubes are great enough so that
they can be filled with unprocessed oil without danger of corona or flashover. The gas-
ket-sealed covers on the tube-wells are easily removed.

ARS GEG SHIl EED EAD EE EAD NN SN SEE GIY Gan M ek WA AN SIS I S S SN Y ML SN M Gmm G I GEED ADE St G GEE GE N mmy

r'ongy

There are separate connections for the filament and plate transformers so that an input variac
may be used to change output voltage.

P

What is YOUR engineering problem?
Your inquiries will receive immediate attention.

We manufacture a standard line of Plasticon Capacitors,
Pulse Forming Networks and High Voltage Power Supplies.

WRITE FOR OUR CATALOG!

Condenser Products Company

1375 NORTH BRANCH STREET « CHICAGO 22, ILLINDIS

ELECTRONICS — May, 71950 7
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‘ Labortony

for
CHEMICAL
17odcls ANALYSIS

G-E X-RAY PHOTOMETER
For analyzing solids, liquids, or gases
This instrument, used to determine the concentra-
tion of one element or compound in the presence of
others, speeds up routine tests required in process
control.
For example, a technician can quickly determine the
tetraethyl lead content of gasoline, or the chlorine
and sulphur content of oils. Write for GEC-412.

G-E MASS SPECTROMETER
For chemical analysis by mass separation

The improved G-E mass spectrometer automatically
and accurately records mass concentrations over the
mass range of 1 to 330. Readings are direct.

It is well suited for:

Installation of the G-E X-ray
photometer is simple.

routine process control study of reaction rates
research using isotopes  detection of impurities G-E mass spectrometer
Write for GEC-587. gives direct readings—
no waiting for photo-
G-E ULTRASONIC GENERATOR grapks.

For industrial research in ultrasonics

To help you carry on industrial research, G.E.
offers a new ultrasonic generator for:

Studying oxidation, hydrolysis, and reduction

Transforming immiscible liquids into stable emul-

sions

Some plants, for example, are studying the use of
ultrasonics to degrease products and to develop im-
proved fuels. Write for GEC-544.

G-E DEWPOINT RECORDER. . . for deter-
mining the moisture content of gases

The dewpoint recorder, which records the moisture
content of gases, helps you to maintain close quality
control of factory processes,thereby reducing spoilage.

For example, you can use the recorder to control
mechanical or chemical dryers, and furnace atmos-
pheres. Write for GEC-4613. Apparatus Dept., General
Electric Company, Schenectady, N.Y.

G-E vitrasonic generator is
simple to operate.

Dewpoint recorder continu-
ovusly records dewpoint
temperature.

TOR ¥R Qw YOUR easuring
and testing problems. . .

callthe nearest Gt salesoffce. "G ENERAL @ ELECTRIC

3 May, 1950 — ELECTRONICS
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1000

in
* QUALITY

* PRODUCTION
* ENGINEERING

FILTRON'S COMPLETE FACILITIES: capacitor manu-
facturing, coil winding, stamping department,
tool and die shop, and assembly department,
together with its Engineering and Research

laboratories insures quality production and ON
SCHEDULE DELIVERY.

FILTRON'S advanced engineering, due to
constant research and development by engi-
I - neers with years of R.F. INTERFERENCE ex-
perience has resulted in smaller, lighter,
and more efficient R.F. Interference Filters.

FILTRON’S completely equipped shielded lab-

Fiiter Assembly Line oratory is available for the R.F. Interference

—_— testing and filter design for your equipment
...to specification requirements.

—_ With over 400 standard filters to choose
from, and the engineering know-how to cus-
tom design filters to meet specific size and

o mounting requirements, Filtron’s engineers will
specify the right filter for your application.

- FILTRONS are suppressing R.F. Interference in

modern Military Aircraft, Naval Equipment and
Ground Signal Installations.

— S FILTERED BY FILTRON means . . .
Machine Shoph‘%ﬁ* RADIO INTERFERENCE FREE PERFORMANGE.

~ Prodaction Testing .
and Inspection

RF INTERFERENCE FILTERS FOR:

Electronic Controls Signal Systems

Electric Motors Business Machines

Electric Generators Electric Appliances

Electronic Equipment| Electronic Signs

Fluorescent Lights Electronic Heating
2 Oil Burners Equipment

e o

T, A

An inquiry

. on your Company letterhead

will receive prompt attention

rie FHEFRON co., inc.

38-25 BELL BOULEVARD, BAYSIDE, NEW YORK, N. Y.
LARGEST EXCLUSIVE MANUFACTURERS OF RF INTERFERENCE FILTERS
ELECTRONICS — May, 1950 9

LOCKHEED XF-30

~
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Top Products in Every Line
Cut Costs and Build Sales :
with AMERICAN PHILLIPS SCREWS

HOW THEY CUT COS5TS: From vacuum cleaners to
vending machines; from trucks to office appliances
and suntan lamps . . . manufacturers use American
Phillips Screws to speed up production, stop spoil-
age, and cut unit-costs. For these modern fastenings
banish fumbling, crooked driving and scarred sur-

faces . . . cut assembly time as much as 50%.

HOW THEY BUILD SALES: On any product, the
crossed-recess of American Phillips

and resisting vibration. Does your product have
these two American Phillips advantages of cost-
reduction and sales-promotion? No reason why
it shouldn’t . .. for American Phillips Screws always
cost least to use. Write for proof.

AMERICAN SCREW COMPANY, Main Office: Providence 1, R. I
Plants at Willlmantic, Conn., and Nocristown, Pa.
Warehouses at: Chlchﬂo 1: 589E. illinois $t. Detroit 2: 502 Stephenson Bldg,

Screws is a “‘green light” to buyers
who stop and lcok for an outward
index of inward quality. They
know that smooth-headed Ameri-
can Phillips Screws protect prod-
uct-performance by staying tight

ALL TYPES
5 ALl METALS: Steel,
Arass, Bronze, Stain-
fess Steel, Abuminum,

i

Monol, Everdur (silix
<on bronze)

-

May, 1950 — ELECTRONICS
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Centralab’s Special Electronic Component Parts Design \

Service May Solve a Problem for You

‘z)
Q Q How many times have your design engineers (¢ ﬁ%ﬁ
Q \\\\ "l // w —

been called Y upon to develop new equipment only to be faced with a new bug

2
— E%.‘) , Or special problem of one variety or another? Everything about the
14/~ -f-ﬁ \\\\
- m . . |
new gadget seems \ but you need a special part to lick \ » the

2
these queer bugsfl ~,a.iii-“r}yb?r’fﬁr'/and

-y SR

spec1al problems are as welcome as a Rolls Royce g nﬁﬁ, to a burlesque queen

S
\QJ' ’lr PR/ VATE

g‘} | They look on these problems as their own jfwerrosrf and from their bag

\\.hvfh."l 1alir)

special problem, To Centralab Engineers

\ ‘/ of 30 years of electronic experience — they always come up with an

some of these “Specials” in ceramics, % switches %

answer. ‘7 " Take a look @ @ over the next two pages Xf 9~ . See

for yourself

has developed to meet special needs dur-
\\\ V4

Il see one that can help \@// —

of course!

/

\ ’ -
Cenab — n:;mom:nrs THAT CAN HELP YOU)

Division of GLOBE-UNION INC. « Milwaukee

WWW-americanradiohistorv-com
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Define your problem-—
bring it to Centralab

If yo1 have an unusual electronic or ceramic part design and
fabrication problem — bring it to Centralab. It may very well
happen that with a combination of standerd CRL parts — or
a slight modification thereof — we can telp you solve it. If
specizl requirements warrant — we can design a completely
new nnit and produce it for you. All we need is your exact
requizements as to purpose, size, capacity voltage and resist-
ance. Write Dept. “E” outlining your problem. No obligation.
Centralab Division. Globe-Union Inc., $00 E. Keefe Ave.,
Milwaukee 1, Wisconsin.
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Special Electronic Parts?

1) Examples of special “printed circuit” 1 Front and rear view — special type B2 Special ceramic coil form and trim-
parts. Left — a fixed value capacitor. by-pass capacitor. mer assembly,
Right — an inductance coil,

1 5P Steatite ceramic coil form with bond- B A Centralab Steatite ceramic used in 123 CRL Steatite used as part of diffu-
ed metal end. special forms — coils etc. sion system in hot water heater.

1@ Special feed-thru bi-pass capacitor.

->
1’ Special 5-10 KV hi-voltage capacitor. 18 Metallized ceramic rods for rotor sec- 19 Special antenna loading variometer.
tions in hi-voltage vatiable transmit-
ter capacitors, and resonant lines,
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'IMPORTANT BULLETINS FOR YOUR [ECHNICAL LIBRARY?

v e W

& PEGouc) Peri
D BC H-Nary
YCY PREVIEW
P DISC NI-KADS

B IACOUCT FRivIIW G I
= ROTARY SWITCH
OPRODUST PREVIEW & Baline
Taiah damenace 4 Norw w0é.

Y 4 e
¢ I LEVER SWITCH e
w & S LI, 1
! PERTOOE TOUPLATE | Dy
S ET  Ywg ‘ T

use F

‘ ' .
A ODUCT sReviiw o BV ... (B8 -
. CENTRALAR 2 o

o s o [

G j

2

THE C0

Contralahy po
!v‘-’v:::.';"z‘ o

Choose From This List!

Centralab Printed Electronic Circuits 42-18 — TC CAPACITORS — temperature compensating capaci-
973 — AMPEC — theee-tube P. E. C. amplifier. tors. .
42-6 — CouprLATE — P. E. C. interstage coupling plate. 814 — CAPACITORS high-voltage capacitors.
42-22 — VERTICAL INTEGRATOR — for TV application. 975 — FT Hi1-Kaps — feed-thru capacitors

42-24 — CERAMIC PLATE COMPONENTS — for use in low- q
power miniature electronic equipment. Centralab Switches

42-27 — MobpEL 2 CCUPLATE for small or portable set 953 — SLibE Swrrcit — applies to AM and FM switching
applications. creutts.
999 — PENTODE COUPLATE — specialized P. E. C. coupling 970 — LEVER SwITCH — shows indexirg combinations.
plate. 995 — ROTARY SWITCH — schematic application diagrams.
42-9 — FiLpEC — Printed Electronic Circuit filter. 722 - SwitCH CATALOG — facts on CRL's complete line of

Centralab Capacitors switches

42-3 — BC TuBULAR HI-Kaps — capacitors for use where qentrulub C°""°I'5
temperature compensation is unimportant. 42-19 — MopeL "I RApioHM — world’'s smallest commer:.

42-4 — BC Disc Hr-Kaps— miniature ceramic BC capacitors. cially produced control.
42-10 — H1-Vo-Kaps — high voltage capacitors for TV appli- 42-85 — MODEL "2 Raprous — Radio and TV controls
cation. Centralab Ceramics
695 — CERAMIC TRIMMERS — CRL trimmer catalog. 967 — CERAMIC CAPACITOR DIELECTRIC MATERIALS,
e _gg&?;FAPS — capacitors for TV application. For 720 — CeramIC CATALOG—CRL steatite, ceramic products.
Look to CENTRALAB in 1950! First in component research that means lower costs for the electronic
industry. If you're planning new equipment, let Centralab’s sales and: engincering service work with you. Tot
complete information on all CRL products, get in touch with your Centralab Representative. Or write direct.

CENTRALAB 203-5 .

Division of Globe-Union Inc.
900 East Keefe Avenue, Milwaukee, Wisconsin

o TEAR OUT COUPON
Yes—| would like to have the CRLbulletins, checked below, for my technical library!
[0 973 [0 4224 [ 429 [ 4210 [] 4218 [] 953 [ 722 . «—— for the Bulletins you want
[ 42-6 [] 4227 [] 423 1[1J 4285 [] 814 ] 970 ] 42-19

[J 4222 [1999 [ 424 [ 695 0975 [995 [ 967
-7 3 Centsal
aq
RS A
Division of GLOBE-UNION INC. + Milwaukee
Address e T —
(0] ) — . ISRUUURURUS. I~ | 7. SO

I Name. peeliu Ty

- - - W.Mri!aMstorv.com
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QUALITY. .. Plus ADAPTABILITY

CLEVELAND

' COSMALITE* AND CLEVELITE* SPIRALLY
LAMINATED PAPER EASE PHENOLIC TUBES

Cosmalite is known for its many years of high quality
performance. Clevelite is the new improved tubing
designed to meet more exacting specifications.

“Cleveland” has an enviable record of service and de-
pendability. Your orders receive prompt attention.
Deliveries are made in time for your production
schedules.

For the best . . . “Call Cleveland.” Samples on 1equest.

*Trade Marks

%% CLEVELAND CONTAINERA[S

6201 BARBERTON AVE. CLEVELAND 2, OH!

PLANTS AND SALES OFFICES at Plymouth, Wisc., Chicago, Detroit, Ogdensburg, N.Y, Jamesburg, N.J. S
ABRASIVE DIVISION ot Cleveland, Ohie
CLNADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescot!, Ontario

REPRESENTATIVES
CANATA WM. T. BARRON, EIGHTH UNE, RR I, OAKVILLE, ONTARIO

METROPOLITAN
NEW YORK } R. T. MURRAY, 614 CENTRAL AVE., EAST ORANGE, N.J.
NEW ENGLAND €. P. PACK AND ASSOCIATES, 968 FARMINGTON AVE

WEST HARTFORD, CONN.
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— ive stock models of stroboscopes for scientific use are manu-
F factured by General Radio Company from designs of Edgerton,
Germeshausen and Grier.

These stroboscopes have flash durations from 2 to 10 or 15
millionths of a second . . . more than ample to ‘stop’ motion in
5 almost any machinery used in Industry. They are NOT replaceable
by the relatively slow speed “stroblites’ or “‘speed lights’” whose
average flash duration is about ten thousandths of a second, ample for
ordinary commercial photography but far too slow to stop motion in
machinery.

The applications of G-R stroboscopes are countless. Both as electrical
rachometers . . . requiring no mechanical connection to the machine
whose speed is being measured . . . and as motion-stopping devices for
s-l-o-w speed observation of machines in operation, these strohoscopes .
are widely used in the design, testing, maintenance and sale of all kinds
of mechanical and electro-mechanical equipment.

Most G-R stroboscopes furnish ample light for single- and multiple-
flash photography of high-speed motion.

In the study and analysis of any rotating or reciprocating motion,
even in the most complex machine, G-R stroboscopes provide a research
and design tool whose usefulness cannot be duplicated by any other
means. If you have any problem in the operation of any machine or
part . . . if you'd like to see your equipment in slow motion . . . even as
slow as a fraction of an rpm . . . G-R stroboscopes probably can be of
inestimable value.

Our engineering department will be glad to advise you not only in the
selection of the correct stroboscope but also how to use it for your
particular problem.

10 COMPANY
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Type 631-B STROBOTAC

The original and basic 'strdboscope. A small, compact, lightweight and simple-to-use
device, the STROBOTAC can be operated by anyone with a few minutes practice.

The STROBOTAC contains a Strobotron neon lamp, flashes from which last only 5 to
10 millionths of a second. The flashing rate of the lamp is varied manually by a knob to which
is attached a drum scale reading directly in rpm from 600 to 14,400. By using multiple flashes
the STROBOTAC can be used to measure speed and to slow motion up to 100,000 rpm.

In addition, the Strobotac can be flashed by an external contactor, the a-c line or an
oscillator.

A special TYPE 631-BL STROBOTAC has an additional speed range extending down to
60 rpm for extra-slow-moving machines.

Both STROBOTACS operate directly from any 115-volt 60-cycle a-c line. Both come to
you complete and ready for immediate use.

................ $125.00

Type 648-A STROBOLUX

The STROBOLUX is an auxiliary light scurce to be used with the STROBOTAC where
considerably higher light output is needed.

The STROBOLUX gives about 100 times as much light as the STROBOTAC. It is par-
ticularly useful where large areas are to be illuminated, where photography is required, and
on brightly lighted surfaces. Single-flash as well as multiple-flash photographs of areas
approximately 2-feet square are possible with the STROBOLUX.

The duration of each flash is 10 to 15 millionths of a second at normal speeds and about
30 millionths at low speeds and for single flashes. The multiple flashing rate is up to 6000 per
minute. The accuracy is that of the STROBOTAC.

TYPE 648-A STROBOLUX ' . . . . . . v i v i v v vt e e e e e $205.00

The STROBOLUME is an extra-high-intensity light source for use either with the
slow-speed Type 631-BL STROBOTAC, an external contactor, or for single-flash photography
where the very short flash duration of 10 millionths of a second is necessary

When used with the slow-speed STROBOTAC, the STROBOLUME can be flashed up
to 1200 per minute for short periods. An external contactor, attached to a shaft, can be used
to flash the STROBOLUME at any speed up to 1200 flashes per minute.

A push button and cord are supplied for single flash work. Several types of contactors
are available.

TYPE 1532-A STROBOLUME . . . . . . . . . . . . . . ... ...... $225.00

For ultra-high-speed photography, the MICROFLASH, with its flash duration of only
2 millionths of a second, is ideal. It can be used to stop such high-speed motion as projectiles
in flight and pressure waves in fluids and gases. Its uses in industry are countless where the
study of high-speed motion is desired.

The MICROFLASH operates from an a-c line, is portable and can be fired either from
the sound wave picked up by the microphcne (supplied with the instrument} or by an
external contactor.

TYPE 1530-A MICROFLASH . . . . . . . . . .. ... ... ...... $600.00

275 Massachusetts Avenue, Cambridge 39, Massachusetts
90 West St., New York 6 920 S. Michigan Ave., Chicago 5 1000 N. Seward St., Los Angeles 38
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For Vital Control Circuits

CHECK THESE ADVANTAGES

by

in Curtiss Electric Propellers

m's BENDIX-SCINTILLA

ELECTRICAL CONNECTORS

R CRC

® o

(o

Moisture-proof

Radio Quiet

Single-piece Inserts
Vibration-proof
Lightweight

High Insulation Resistance

Easy Assembly and
Disassembly

Fewer Parts than any other
Connector

No additional solder required

SEE OUR EXHIBIT
AT THE
HOUSTON INDUSTRIAL EXPOSITION
May 10 Thru 14, 1950

Unfailing dependability is the standard set by
Curtiss propellers and American Air Lines in their
selection of equipment.

Bendix-Scintilla is therefore the logical choice
for the electrical connectors in the Curtiss Electric
propellers on American Flagships.

In fact, wherever circuits must be arranged to con-
nect and disconnect with ease and certainty
Bendix-Scintilla is the choice.

Remember whenever there is no compromise with
quality —it pays to specify Bendix-Scintilla electri-
cal connectors—the finest money can buy.

Write our Sales Department for detailed information.

"BENDIX °
(SCINTILLA

May, 1950 — ELECTRONICS
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HE TURNER Gang

WILL BE LOOKING FOR YOU
IN ROOM 509A sTevens HOTEL, MAY 22-25

THE TURNER COMPANY

905 17th Street, N.E., Cedar Rapids, lowa

@I“@

%{Mgﬂ BY TURNER

ELECTRONICS — May, 1950 19
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you caN 8 SURE.. i 115

%stinghouse

7 KILOWATTS
zzir @

ALTEPNATING CUIBENT

Make your own choice . . . circular or coa-
ventional scale types . . . Westinghouse gives
you both for every Switchboard Instrument

e e e | application. For all your Switchboard In-
strument requirements refer to Westinghouse ks
Catalog Section 43-200—ask your nearest &
Westinghouse Representative. ;'m
i‘v
g

20 May, 1950 — ELECTRONICS
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cut instrument inventory
$70,000!

 Shipments in 10 days! ...

liveries eliminate major stocking problems. Westinghouse can meet practically
every requirement for switchboard instruments within 10 days of receipt of order
at the factory.

% The most complete line ...

dustry . . . for every switchboard and panel requirement . . . available from one
source. A-c and d-c current and voltage; single and polyphase; watts and vars;
frequency; power factor; synchroscopes; temperature indicators; ground detectors;
synchrotie (position indicators).

Y Meets A.S.A. standards_....,

Westinghouse Switchboard Instrument is built to the rigid specifications of the
“American Standards Association”.

Jpeciiy Westinghouse -ge7 mare 1or yoar instrument dofer!

. .. it takes @// three to eliminate costly
stocks and storage overhead . .. release
working capital ... still meet your own
delivery commitments . . . with assured
high quality!

Westinghouse instrument specialists
have nationwide experience in solving
instrument application problems of all

types . . . are ready to help you answer
your special problems. Phone, write or
wire your nearest Westinghouse rep-
resentative. For complete information
on all switchboard instruments, ask
for C. S. 43-200. Westinghouse
Electric Corporation, 95 Orange
Street, Newark, N. J. J-40391

INSTRUMENTS

ELECTRONICS — May, 1950
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SENSITIVE RELAY
built for long service

SW RELAY

Sensitivity
Plus Dependability!

The new Allied SW relay offers
an economical combination of
both these impostant qualities.
Here are the Facts on this
newest relay ir the famous
Allied line

——

Bulletin SW gives somplete details.
Send for your z03y today.

Be sure to semd for your
copy of Allied’s new Relay
Guide. It shows 24 small,
compact relays with a de-
tailed table o character-
istics and specifications.

SENSITIVITY:

COIL:

CONTACTS:

MOUNTING:

WEIGHT:

Hermetically Sealed

Supplied
with
OCTAL PLUG
or SOLDER
TERMINALS

Can be supplied
in A.C.

S.P.D.T.

012 watts d.c. }
D.P.D.T.

.05 wattsd.c.

Acetate insulated, bobbin or layer wound,
12,500 ohms max.

Silver, one ampere non-inductive load at 24
volts d.c. or 115 volts a.c. Armature contact at
frame potential.

One hole with locating lug. Also available with
dust cover or hermetically sealed, plug-in or
solder terminals.

Open Relay—1-19/32", 1-1/16", 1.7/16"
Sealed Relay—3-3/16" long, including plug,
1-13/32" wide, 1-19/32" high.

2.5 oz.

WEIGHT HERMETICALLY SEALED: 4.5 oz

SPECIAL
APPLICATIONS:

Sensitivity down to .003 watts S.P.D.T., or .012
watts D.P.D.T. Palladium or other precious
metal contacts for audio or low voltage cir-
cuits, tungsten or alloy contacts for higher
current or voltage circvits. Maximum input
4.0 watts at 20°C for 85° rise.

ALLIED CONTROL COMPANY, INC.

2 EAST END AVENUE, NEW YORK 21, NEW YORK

%

May, 1950 — ELECTRONICS
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Not a foot out of step, not a figure out of line. That's
uniformity! Karp Products, toc, are always “in line,” follow-
ing the most exacting and precise specifications. That
means a saving of time and money on your assembly line.

“Uniformity” brings greater efficiency into your production.

Our new 70,000 square foot plant has extensive facilities,

including an accumulation of dies and jigs which permits

us to fabricate at minimum cost, whether your job is a

single unit or a large quantity.

) Twenty five years' experience has given our craftsmen a
i Y Y

“know how" which is reflected in Karp's quality and accu-

racy. And you can have this service at competitive prices.

Let us quote on your next requirement of metal cabinets,
consoles, chassis, and enclosures. Write today for your

FREE copy of our illustrated data book.

KARP METAL PRODUCTS CO. INC.

215-63rd Street, Brooklyn 20, New York Baoone e o

ELECTRONICS — May, 1950
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MITCHELL-RAND ~ow HEADQUARTERS
ror PERMAGEL

Now you can depend upon MITCHELL-RAND to supply your
electrical tape requirements for all insulating, tieing and identify-
ing uses . . . and be confident that with MITCHELL-RAND service
and PERMACEL TAPES, your electrical equipment and apparatus

will have positive insulation and absolute protection.

PERMACEL ELECTRICAL TAPES have great dielectric and ten-
sile strength, great tear-resistance, maximum adhesive firmness,
excellent varnish penetration, etc. . . . their backings and adhesives
minimize abrasion and electrolytic corrosion . . . resist oil, water
and acids . . . provide elasticity . . . stick at a touch and hold

everlastingly.

PERMACEL TAPES have what it takes to insulate, protect, tie
‘and identify . . . and often at lower cost!

It will pay you to test PERMACEL ELECTRICAL TAPES . . . write today on your
letterhead and MITCHELL-RAND will submit samples and descriptive data.

A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH -« INSULATING PAPERS
AND TWINES * CABLE FILLING AND POTHEAD COMPOUNDS - FRICTION TAPE AND SPLICE « TRANSFORMER COM-
POUNDS + FIBERGLAS SATURATED SLEEVING +« ASBESTOS SLEEVING AND TAPE + VARNISHED CAMBRIC CLOTH AND
TAPE = MICA PLATE, TAPE, PAPER, CLOTH, TUBING - FIBERGLAS BRAIDED SLEEVING - COTTON TAPES, WEBBINGS AND
SLEEVINGS + IMPREGNATED VARNISH TUBING + INSULATED VARNISHES OF ALL TYPES - EXTRUDED PLASTIC TUBING

24 May, 1950 — ELECTRONICS
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Now available . . . a UHF, tube and socket package to solve your UHF tube and tube-
cooling problems.

The combined use of the Eimac 4X150A tetrode and the new Eimac 4X150A socket
makes possible improved circuit arrangement especially at frequencies between 100
and 500 Mc. and also simplifies mechanical design of the tube cooling system.

The tube . . . type 4X150A is a highly efficient beam-power Eimac tetrode capable of
handling 150 watts of plate dissipation and delivering as high as 140 watts of useful
output power per tube in conventional coaxial amplifier circuits. Its high degree of
stability, high power-gain, and high ratio of transconductance to capacitance make it
ideally suited for service as a video amplifier, TV sound amplifier, FM & TV r-f am-
plifier, or in UHF communications, and in STL and dielectric heating applications.

The socket - type 4X150A/4000, in addition to insuring adequate cooling of the
4X150A, simplifies circuit construction. It incorporates a 3750 unf screen bypass capa-
citor and its terminal design reduces lead inductance to a minimum. The 4X150A /4000
socket is engineered for service in either coaxial line or chassis construction.

Take advantage of the tetrode engineering experience of America’s foremost
manufacturer . . Eimac. Write today for complete data on the 4XI150A,
4X150A/4000 socket and other high performance tubes contained in the new Eimac
tube catalogue.

Follow the Leaders ta

255

% EITEL-McCULLOUGH, INC.

yB

The Power for R-F

San Bruno, California

Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California

ELECTRONICS — May, 1950

www.americanradiohistorv.com

25


www.americanradiohistory.com

p—— —

NEW! MIDGET, HIGH-TEMPERATURE
PULSE-FORMING NETWORKS

Here's a new, extremely compact and lightweight capaci-
tor pulse-forming network that will operate at tempera-
tures up to 120° C! With a volume of 6 cubic inches, it's
just about one third the size of a conventional network
with the same rating (6E2-.5-2000-50-P2T).

The life expectancy of this 6-kv unit ranges from 3.5
hours at 80° C ambient to 1 hour at 110°. A second
new network twice this size has a life of about 330 hours
at 100° C—9 hours at 120° C. If you want more data
on these new units, write Capacitor Sales Division, General
Electric Company, Pittsfield, Mass.

DELAY LINES—BY THE FOOT

These G-E delay lines provide a means for delaying
signals with a band-width up to 2-megacycles for any
time interval from .25 to 10.00 microseconds. They are
available in bulk form in lengths up to 100 feet—delay
equals approximately Y2 microsecond per foot. Charac-
teristic impedances of 1100 and 400 ohms per foot are
available. Since the line is very flexible, it may be bent
into 4-inch diameter coils. -

Ordering line in bulk form makes it possible for you
to cut it to the exact length required for your particular
application. For complete ratings and specifications, see
Bulletin GEC-459.

GENERAL 3 ELECTRIC

26
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MORE COMPACT RECTIFIER STACKS

If your requirements call for compact
selenium stacks for operation in
cramped quarters, these new, higher-
voltage G-E selenium cells may be your
answer. Their 18-volt d-c output means
you can design stacks which are about
25% smaller than possible with 12-
volt cells. The improved aging char-
acteristics of these cells is made pos-
sible by a new G-E evaporation process
which deposits selenium on aluminum
with greater uniformity. Stacks are
available with rated outputs of 18 to
, 126 d-c volts at 0.15 to 1.20 amperes
with inputs of 23 to 180 a-c volts. Sce
Bulletin GEA-5280.

GENERAL G ELE
vl wi¥on

- a2l

TIME METERS —TO CHECK TUBE LIFE

G-E time meters, with dependable
Telechron™® motor drive, are especially
useful in recording the operating time
of radio transmitters or other elec-
tronic devices so that tubes may be re-
placed before they fail. They record
operating time in hours, tenths of
hours, or minutes, and are supplied
for 11-, 115-, 230-, or"460-volt opera-
tion. The case is of molded textolite
to harmonize with other G-E 314-inch
instruments mounted on the same
panel. You’ll find more description
along with dimensions and pricing
information in Bulletin GEC-472.

%Reg. U.S. Pas. Off.

ELECTRONICS — May, 1950

NEW! WATER-FLOW INTERLOCK

This new G-E flow interlock provides
sure protection against overheating in

water-cooled components  such  as
tubes, transformers, and dynamotors.
Its function is to open the electrical
circuit when water flow is lower than
a preset minimum and close it when
flow is above this point.

Adjustment can be made to actuate
the electrical contact for any flow be-
tween 1 gallon per minute and 4 gal-
lons per minute. The cut-in, cut-out
difierential of the unit is 0.2 gpm. The
electrical circuit is rated at 10 amperes
at 125 volts a-¢, 5 amperes at 250 volts
a-c and 3 amperes at 460 volts a-c.
Maximum water-line pressure rating is
125 pounds per square inch. The unit
is bronze with standard Y4-inch fittings
and is easy to install and adjust. For
further description see Bulletin GEC-
411.

ri L B 1T T Y P peppe——" ey R0 WSS &

Apparatus Department
Schenectady 5, N. Y.

Please send me the following bulletins:

[] GEC-411 Flow interlock
[0 GEC-459 Delay lines
NAME . .
COMPANY
ADDRESS

EY ed e BRanl DORN  eveey o mRem - e mRMN

wwwWeamericanradiohistorv.com

General Electrlc Company, Sectlon D667-5

{Indicate: [\/] for reference only; for planning an immediate project)
[ GEA-5280 Selenium rectifiers

~ TIMELY HIGHLIGHTS
ON G-E COMPONENTS

NEW! BATTERY-OPERATED VTVM

This new G-E battery-operated elec-
tronic voltmeter combines the porta-
bility of an ordinary low-sensitivity
multimeter with the high sensitivity
and versatility of a line-voltage-oper-
ated vacuum-tube voltmeter.

Its weight is only 4 pounds (with
batteries), its size— 3"x6"x8", but it
measures a-¢ and d-c voltuge in 7 ranges
from 0-1 to 0-1000 volts, d-¢ current
in 4 ranges from 0-1 to 0-1000 mijlli-
amperes, resistance in 5 ranges from
100 ohms to 10 megohms, mid-scale
value.

D-c input impedance is 11 megohms
on all ranges. A-c input impedance is
0.5 megohm shunted with 20 mmf on
all ranges. Frequency response is flat
within 5 per cent up to 15,000 cycles
on all up to and including the 0-100-
volt range. More data in Bulletin
GEC-622,

;
ﬁ
:
J

[J GEC-472 Time meters
[0 GEC-622 Electronic voltmeter

27
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. ELECTRIC
8RAZIN

I.EADING users of Stackpole contacts for
original equipment have saved money, assured
greater product dependability, not only by having
us recommend the most suitable method for attach-
ing contacts to their arms, but also by letting us
handle this specialized attachment job.

Based on long experience, Stackpole engineers
are fully familiar with the advantages and disad-
vantages of the various attachment methods for
different contact materials and applications. The
best, most economical method can quickly be
selected—and the entire operation handled on
modern equipment and in such a manner that
contact performance or durability will in no wise
be impaired. Scrap contacts are eliminated—you
pay only for those supplied in complete, properly
attached form.

WELDING

WRITE FOR CATALOG 12 describing Stackpole contact types
and containing a wealth of helpful contact data including choice
of contact materials and contact attachment information.

© FURNACE BRAZING STACKPOLE CARBON COMPANY, St. Marys, Pa.

2
4 CONTACTS

All shapes and sizes in SILVER GRAPHITE o SILVER LEAD OXIDE e SILVER NICKEL
SILVER MOLYBDENUM o SILVER TUNGSTEN ¢ COPPER GRAPHITE o PRECIOUS METAL
. » . and many special materials

28 May, 1950 — ELECTRONICS
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Bent-Gun, exclusive DuMont
design, bends the electron
beam only once instead of
twice as in other designs.

Permits sharper spot focus.

P New Du Mont gray face plate

Specifications oty :
Overall Length ... - ERLeirs §) L) e 18327
‘Diameter of Bulb .. ... ... . .. . - 12&%"
Useful Screen Diameter ... . . Fi— =m0 |
L mBasescie . Sl e T e Y i) Duodecal § Pin
Bulb Contact . - Recessed Small Cavitr Cap J
Anode Voltage ... ....... ...1L,000 Volts D. C. = = ° : . X )
Grid No. 2 Voltage . ... 250 Volts D. C. For the first time this popular tube
fomgrsing goil Current . . 11120 x‘;\xppmx‘ 1;0 g- c . type is offered with all the refine- ]
on Trap Current .. ... ... 120 Approx. Ma D. C. - q
Grid No. 1 Circuit Resistance ... °1.5 Max. Megohms 2 ments of the Du Mont design. % E
a ",
Modification of the Bent-Gun
‘makes possible the yse of single ]
) or double magnet beam-benders
é;-' thus assuring direct interchange-
4% ability with other 12LP4's, yet as-
suring that extra sharpness pos- ]
o sible only with the Du Mont gun o]
i structure. Lo
' b 4
An ideal tube for improving the -
performance of existing receivers, i
using the Type 12LP4, or for incor-
poration in new receiver design. -
s

Literature and quotations on request

i+ de'e.-‘Ma)rg L
e o) 54

E._ ALLEN B. DU MONT LABORATORIES, INC., Tube Division, Clifton, N. J. Plants at Allwood and Passaic, N. J.

- it e s - S — IS
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EQUIPMENT: Sorensen equipment
(400 cycle line voltage regulators, In-
verters, Regulated DC supplys, Fre-
quency changers and Phase Adapters)
are lightweight, designed for con-
formity to JAN specifications.

TEST EQUIPMENT AIDS: Sorensen’s
voltage regulating equipment (400
cycle Line Regulators, DC supplys or
“Nobatrons”) can facilitate the use of
test equipment by providing regulated
AC or DC power.

400 CYCLE REGULATOR
+ 0.5% regulation; 400 cycles =+
10% ; 5% distortion; 50 VA to 3
KVA capacities.

ELECTRONIC

E

QUIPMENT

FOR AVIATION

SORENSEN:

COMPONENTS: Sorensen has a wide
range of products which can be used to
great advantage in aviation manu-
facturers’ equipment. Chief among
these are the 400 cycle variable auto
transformers, the Saturable Core re-
actors and other power components.
Equipment units can be designed to
meet JAN specifications.

TYPICAL SORENSEN AIRBORNE UNITS

ELECTRONIC INVERTER
Inverters and Frequency changes
under development. Specifications
on request,

offers the Aviation field three prin-
cipal types of product:

FOSTERITE: In airborne units, Soren-
sen seals its wound components against
humidity by the Fosterite process, a
method which adds little to weight or
size, and is, therefore, ideal in aircraft
electronic design.

DC SUPPLY
0-325 VDC; 0-500 VDC;
300-1000 DC regulated = 0.5%;
125, 300, 500 ma.

NOBATRON
6-12-28-48-125 VDC from 5-350
amperes ; regulated = 0.25% ; 60 or
400 cycles input.

400 CYCLE AUTO
TRANSFORMER
0-130 VA; 400 Cycles 5 and 15
amperes.

SATURABLE CORE
REACTOR
For magnetic amplifier circuits. Re-
quest data book.

The following literature is available on request: Catalog A 1049
(AC regulators) ; Catalog B 1049 (Nobatrons and DC supplys) ;
LITERATURE: Catalog C 1049 (wound components and fosterite) ; Saturable

Core Reactor Technical Data sheets;
*Currently.”

“Aircraft” issue of

and company. inc.

375 FAIRFIELD AVE, ¢ STAMFORD, CONN.

MANUFACTURERS OF AC LINE REGULATORS, 60 AND 400 CYCLES; REGULATED DC POWER SOURCES; ELECTRONIC
INVERTORS. VOLTAGE REFERENCE STANDARD; CUSTOM BUILT TRANSFORMERS; SATURABLE CORE REACTORS

May, 1950 — ELECTRONICS
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If you have trouble maintaining
stabilized DC Voltage under
changing Load conditions, it’s
time to investigate the Sorensen
line of Nobatrons.

@® Common Nobatron Specifications:
Regulation Accuracy 0.29% from
0.1 load to full load; Ripple Volt-
age 19.; Recovery time 0.2
seconds under most severe change
in load or input conditions; 95-
130 VAC single phase 50-60
cycles: adapter available for 230
VAC operation.

MODEL 325B MODEL VS$-50-50

@ Ratings 0-325 volts; 125 ma. 50 volts @ 50 ma.
Nobatron — 6, 12, 28, 48, 125
volts from 5-350 amperes.

B-Nobatron — 325, 500, 1000
volts — 125 ma.; 300 ma. &
500 ma.

DC Standards — 2, 6, 15, 25, 50,
75, 150, 300 volts — 15, 30 and

50 ma.

@ Problems? Sorensen Engineers are .
always at your service to help MODEL E-6-15 MODEL 500B
solve unusual applications. 6 volts; 1.5-15 amperes 0-500 volts; 300 ma.

WRITE TODAY For Catalog B1049 For The Complete Line And Prices.

and company. ine.

375 FAIRFIELD AVE. » STAMFORD, CONN.

MANUFACTURERS OF AC LINE REGULATORS, 60 AND 400 CYCLES; REGULATED DC POWER SOURCES; ELECTRONIC
INVERTORS; VOLTAGE REFERENCE STANDARD C(USTOM BUILT TRANSFORMERS; SATURABLE CORE REACTORS

ELECTRONICS — May, 1950
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Federal 5

Miniature SELENIUM RECTIFIER

The new trend in television is to receivers of higher-than-ever quality . .. at lower-
than-ever prices!

The "power" behind this fast-growing swing is Federal’s Miniature Selenium
Rectifier . . . a vital factor in bringing better television to more people.

Sales-wise manufacturers are utilizing this revolutionary component to drasti-
cally reduce the size, weight and cost of TV receivers . . . by eliminating heavy, bulky,
expensive power transformers . . . expendable rectifier tubes . .. filter chokes.

_Specifically designed for television service, Federal Miniature Selenium Recti-
fiers are readily available in ratings to cover the full range of TV power requirements of
sets using from 7"’ to 20" picture tubes.

Write today for full information. Address Dept. F-913.

Made by America’s Oldest and Largest Producer of Selenium Rectifiers.

Federal Telephone and Radio Corporalion

‘-'.rol)g- SELENIUM and INTELIN DIVISION, 100 KINGSLAND ROAD, CLIFTON, NEW JERSEY
&3,

In Conada: Federal Electric Manufacturing Company, l?dA,. Montreal, P. Q.
Export Distributors: International Standard Electric Corp., 67 Broad St., N.Y.
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TRANSFORMERS AT WORK—JAN

Why JAN?

For many years the manufacture of
transformers was controlled by in-
dividual manufacturer’s ingenuity
and ability together with his cus-
tomer’s desires and requirements.
Inevitably there were as many dif-
ferent constructions and variations
for any one type of transformer
as there were manufacturers and
customers. Each design duplicated
the function of another and yet, no
two were physically interchange-
able.

This became most obvious at the
beginning of the last war for each
branch of the government services
had its own specification for com-
ponents-transformers as well as all
other electronic components.

Development of new equipment,
production on existing designs, and
replacement of parts for existing
equipment all presented their own
problems when it came to duplica-
tion and interchange of supplies.
Standardization was imperative!

How JAN?

Therefore, the Standards Agency
was established by the Armed
Forces to correlate manufacturing
procedures and devise one best de-
sign for a particular job—satisfac-
tory to all military arms, readily
available and always interchange-
able.

Transformers created a much
greater problem than other com-
ponents due to the many styles and
variations in existence, nevertheless
standard specifications for the vari-
ous components, including trans-
formers, were devised by the
Standards Agency thru study, de-
velopment and constant testing.

Thru extensive research in new
products and methods, we, at Ken-
yon, are able to produce high qual-
ity transformers, in accordance
with the JAN Specification for
transformers, namely JAN-T-27.

If you have any questions on JAN
Transformers, do not hesitate to
call upon Kenyon’s engineering
staff.

(ADVERTISEMENT)

ELECTRONICS — May, 1950

What does J][M\J] mean to yo today?

Now — KENYON gives you the complete story on JAN.
Since the inception of Joint Army and Navy specifica-
tions, KENYON has built JaN-type transformers for lead-
ing manufacturers throughout the country.

For more than 20 years, the KENYON “K‘’ has been a
sign of skillful engineering, progressive design and
sound construction.

Consult our engineering staff today on your JAN prob-
lems — at no obligation to you. Call or write now for
a representative.

ReEnvon

TRANSFORMER CO., Inc.

840 BARRY STREET * NEW YORK 39, N. Y.

wwWwW.americanradiohistorv.com
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1 SUB-MINIATURE “GUIDED MISSILES” FILTERS 3  GRYSTAL ELEMENT CHANNEL FILTERS

For security reasons details of this development in These extremely sharp wide band filters employing
miniaturization must be omitted. Il can be told, how- crystals and toroidal coils, were so compact that they
ever, that all six channels are contained in a total were substituted in Air Force equipment for ordinary
volume of 18 cubic inches or 3 cubic inches per LF. transformers. Result was tremendous improve-
channel. ment in selectivity and signal to noiscle.| ratio. We
. riv Y sati jon from this achievement.
2 TONE CHANNEL FILTERS derived great satisfaction from this ac nt.
Available for either 170 or 340 cycles spacing hetween 4 TELE“ETERING FILTERS
channels. These filters have received wide accep- Among the earliest to be employed in the improved
tance and are extremely popular among manufac- telemetering system now in general use. Particular
turers of carrier telegraph equipment. In addition attention has been paid to linearity of phase shift
to the many standard types of tone filters we are and good transient suppression as well as high inter-
supplying, special characteristics can readily be in- channel attenuation in order to eliminate distortion
corporated into designs to suit your application. in telemetering reception.
%
) -4

WRITE FOR TECHNICAL 2 ‘ ALL INQUIRIES WILL BE
INFORMATION ) ' 0 R PROMPTLY HANDLED
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Requires only 20 watts of
horizontal input power from
260-volt supply!

A 70° tube is tough to sweep—and to do it
correctly takes a lot of power, particularly
at 13-14kv. Most yokes today lose efficiency
when required to sweep wide-angle tubes.

Now an improved General Electric
Deflection Yoke, ready for delivery to
manufacturers, licks the problem from the
inside out. G-E engineers at Electronics
Park found that the key to more sensi-
tivity and greater efficiency was in the
design and position of the yoke windings.
To get a wire pattern that would assure a

DEFLECTION YOKE SWEEPS
70° WITH HIGH EFFICIENCY!

high degree of uniformity of the mag-
netic field, they designed an improved
machine that winds coils with knife-sharp
precision and without distortion. This proc-
ess now helps turn out yokes that provide
accurately-shaped, straight-sided pictures.
For applications requiring high effi-
ciency, the new yoke is available with
ferrite core. The complete G-E line of tele-
vision components also includes ion traps,
focus coils, horizontal sweep transformers,
size and linearity controls. General Elec-
tric engineers will be glad to consult with
you on the applications of these compo-
nents to your designs. Wire or write:
General Electric Company, Parts Section,
Electronics Park, Syracuse, New York.

2@{5 car /&zz./ “yowt (’W%M 272
GENERAL @3 ELECTRIC

ELECTRONICS — May, 1950
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| Also gvailable in models
which are interchangeable
with other leading makes.
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FOR USE IN
SUCH FIELDS AS
AVIATION
ASTRONOMY
BALLISTICS

HIGH-SPEED PHOTOGRAPHY
YISCOSITY MEASUREMENT
ACCURACY: 1 PART IN 100,000 (OR BETTER) .0019, "‘;@i@‘:}g’g},‘,ﬁgs
RABIATION COUNTING
FLUID FLOW
GHEMICAL REACTION
NAVIGATION
SCHOOL LABORATORIES

The controlling unit of these frequency standards TR, e s
is a bi-metallic fork, ’remperai'ure-compensa’rec.i
and hermetically sealed against humidity .and vari-
ations in barometric pressure. When combined with

related equipment, accurate speed and' time con-
trols are afforded by mechanical, electrical, acous-

tical or optical means.

Instruments of our manufacture are used exten-

sively by industry ‘and government departments on

A fire control. TYPE 2001-2. BASIC UNIT
bomb sights and Frequencies, 200 to' 1500 cycles.

such precision work as

0 Dividers and Multipjiers available
Whatever your {requency problems may be- our engi- for lower and highér frequencies.

Miniaturized and JAN construction.
neers are readY to °°°pera+e‘ Output, & volis.

W hen requesting further details, please s.pe:ify. the
Type Numbers on which information s desired.

TYPE 2005. UTILITY UNIT
consists of Type 2001-2 and
booster to provide 10 watts at
110V at 60 cyc. [nput, 50-100 cyc.

TYPE 2121A, LAB. STANDARD
Outputs, 60 cycle, 0-110 Volts,
120-240 cyc e impulses.

" Input; 50-400 cycles, 45 W,

' American Time Products, Inc.
TYPE 2111. POWER UNIT | 580 Fifth Avenue New York 19, N.Y.

50 w OU*PI.I*. 0.110 v a* 60 CYC- v OPERATING UNDER PATENTS OF THE WESTERN ELECTRIC COMPANY
Input, 50-100 cyc., 275 W.

#
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% STURDY
* HUMIDITY PROOF

*Polykane

1910-1950

NOW BRINGS YOU THE NEW

% -35° to 100°C.

—a solid synthetic thermosetting compound, developed by C-D engineers for use
in Rayal Tigers — provides new sturdy construction for operation at temperatures
from —35°C to +100°C,

Royal Tiger Capacitors are Polykane impregnated and filled, resulting in
exceptionally uniform electrical properties and performance over extra long
service life. No oil or wax used within capacitor. End seal or impregnant
will not flow at any temperature.

Royal Tiger Capacitors now make possible a standardized line of tubulars
for operation at temperatures up to 100°C., thus eliminating need for stock-
ing low and high temperature o0il or wax tubular capacitors.

For full details, write for Bulletin RT349. CORNELL-DUBILIER ELECTRIC
CORPORATION, Dept. K-50, South Plainfield, New Jersey. Other plants in
New Bedford, Brookline and Worcester, Mass. ; Providence, R. I.; Indianapolis, Ind.,

and subsidiary, The Radiart Corp., Cleveland, -Ohio,

SUBSIOIARY

CAPACITORS
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ARMA STEP MOTORS

...designed to replace a

Synchro Unit and a servo motor in

TYPE 3A

TYPE 5A

- 1 TYPICAL i
v SPECIFICATIONS 'S

Dwg. No. Voltage Weight Min. v?“"“: Length Dia. Mounting
(Approx.) | Stall Torque | Overall
Type 3A 715774-1 | 115V d.c. 31b. 22 oz.in. | 3-15/32” | 3 in. Flange

Bracket type

Type 5A 51224-1 [ 115V dec | 101b. 550z.in. } 6-11/16" | 3% in Buse

F E AT U R E S e Convenient mounting

®  Accurately ground, true running shaft extensions @ Self-contained terminal blocks @

Low power consumption + Conservative electrical design, low temperature rise,

large creepage distances and air gaps

COMPARED WITH ALTERNATING CURRENT SYNCHRO UNIT Step Motor Booklet
e Much greater torque available transmission of data from one AlySh Eniaiee Givies
. . Complete Details
than from same size A.C. Synchros. point to another. Both serve as
. ; L ASK FOR A COPY
e Both are used primarily for the remote indicators or repeaters.

A RMA C ORPORMATION

254 36th STREET, BROOKLYN 32, N.Y
SUBSIDIARY OF AMERICAN BOSCH CORPORATION

ARMA ARMA ECECTRICAL RESOLVERS® ARMA SYNCHROS  ARMA INDUCTION MOTORS =~ ARMA INDUCTION

PRODUCTS. GENERATORS  ARMA MECHANICAL DIFFERENTIALS  ARMA ALTERNATING VOLTAGE COMPARATOR
RELEASED COMPUTING MECHANISMS  INDUSTRIAL CONTROLS  .STABILIZATION DEVICES NAVIGATIONAL
FOR EQUIPMENT LIMITRON AUTOMATIC INSPECTION SYSTEM
PRIVATE
INDUSTRY * Uicensed for use under Arma patents Nos. 2,465,624 and 2,467.646. License information available.
-
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for

Magnet Wire with the

Perfected Insulation

*TRADE MARK

Combines all the Desirable Properties of Formvar and Nylon Coatings

DBelden

MAGNET WIRE

ELECTRONICS — May, 1950

Years of development work have
produced this new and superior mag-
net wire insulation. Belden Nylclad*
Magnet Wire combines the desirable
properties of Formvar and Nylon
types. Its tough, durable coating elim-
inates the need for paper or textile-
covered wires (in many applications)
and reduces winding space require-
ments. Nylclad* provides increased
toughness, increased solvent resist-

ance,and resistance to softening under
heat; it is not subject to solvent
crazing. Nylclad* means improved
windability — more compact coils —
many over-all plus values at no
Increase in price.

It will pay you to investigate
Nylclad* Magnet Wire — another
Belden development that makes for
lower over-all costs. Write, today,
for test data.

Belden Manufacturing Co., 4625 West Van Buren Street, Chicago, Illinois

www.americanradiohistorv.com
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s L T

40

PRECISION
ATTENUATION

3000 mc! 8

i

*Patents applied for

® VSWR less than 1.2 at all frequencies to 3000 mc.

® Turret Attenuator* featuring “Pull — Turn — Push”
action with 0, 10, 20, 30, 40, 50 DB steps.

Inquiries are

RE R cerning ® Accuracy * .5 DB, no correction charts necessary.
single pads and turrets
having other characteristics @ 50 ohm coaxial circuit. Type N connectors.

STODDART AIRCRAFT RADIO CO.

6644 SANTA MONICA BLVD., HOLLYWOOD 38, CALIFORNIA
Hillside 9294

May, 1950 — ELECTRONICS
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Q Available now...new G-E
tube socket (107J328) that
resists the heat produced in
heavy-duty service. Made
of asbestos-filled phenolic
material, with special high-
temperature-alloy spring
contacts that won’t lose
their elasticity, and an open
design allowing generous
air circulation. Universal
type: takes both the medium
4-pin base used in the Gl-
3C23, and the super-jumbo
base used in the GL-5544
and GL-5545. Mounts either
-above or beneath a panel.

ELECTRONICS — May, 1950

Jpecsfyy 6-E THYRATRONS!

More General Electric thyratron tubes
are built and sold than any other make.
Here is leadership . . . a signpost for
the designer of motor-control circuits,
pointing to where experience and
proved tube quality are waiting!

Choice of types, too, is virtually un-
restricted. In the wide range of G-E
thyratrons will be found the righttube
—small or large, ideal in its design
characteristics—for your equipment.

Three popular G-E thyratrons are
shown here. Each has its special area
of application. The GL-3C23 is a gas-
and-mercury-vapor tube for motor
field control, where inductive loads
are heavy. The GL-5544 and GL-5545

Filament voltage
Filament current

Peak anode voltage;
forward and inverse

Peak cathode current
Avg cathode current

GENERAL

wwwWeamericanradiohistorv.com

1,250 v
6 amp
1.5 amp

are gas-filled tubes especially suited
to armature-control work, which in-
volves a higher current—these thyra-
trons having a charge of inert gas
twice that of less modern types, to
offset any absorption.

Long, cost-saving life, from features
like the higher gas charge of the GL-
5544 and GL-5545, gives extra tube
value. Let General Electric tube engi-
neers work with you in choosing thy-
ratrons that will accent your equip-
ment’s economy, help assure its reli-
ability, extend its performance span!
Phone your nearby G-E electronics
office, or wire or write Electronics De-
partment, General Electric Company,
Schenectady 5, New York.

-

25v 25v
7 amp

12 amp

1,500 v
40 amp
3.2 amp

ELECTRIC

180+J27Y

41
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MORE/%@M&' FIXED STATION ANTENNA

EQUIPMENT IS USED THAN ANY OTHER KIND!

HERE'S WHY: The topnotch engineering that only the world's largest antenna equip-
ment specialists can give . . . the uniform dependability of Andrew equipment . ..
its superior performance . . . the fact that only Andrew makes a complete line of
fixed station antenna equipment.

But that's not all. An imposing parade of “firsts’’ maintain Andrew leadership.
Some current Andrew ‘‘firsts’ are 1) the exclusive Folded Unipole Antenna, 2) the
new Hurricane Models, 3) the Corner Reflector Antenna, and 4) a Very High Gain

Communications Antenna soon to be announced.
COAXIAL CABLE, Type 737. Significantly, there is more of this Andrew 74" diameter
cable now in use than all similar makes combined! You get a bonus of extra miles
added to your service radius because loss characteristics are exceptionally low.
FOLDED UNIPOLE ANTENNAS. Another Andrew “first” and made only by Andrew.
Thousands of these popular antennas are in use at fixed stations throughout the

world. More new stations are using it than any other antenna. Users acclaim 1) its
quieter reception produced by the grounded radiating element, 2) the excellent im-

pedance match, and 3) its greater transmitting coverage.
Extra! Now available in Hurricane Models to insure uninterrupted operation
when you need tt ¢he most.

COAXIAL ANTENNAS. Most economical where signal-to-noise ratio is high. Above
108 MCS only.

CARDIOID ANTENNAS. If you operate along a shore or border line and want your
signal to cover only a certain 180° area, this rugged antenna is made to order for
you. It concentrates your signal where you want it and doesn’t waste radiation where
you don’t want it.

CORNER REFLECTOR ANTENNAS. For narrow angle coverage or point-to-point relay-
ing. Concentrates your signal in the exact area where you want it, using a 60° beam.
Avoids interference to and from the remaining area. For the 72-76 and 148-174 MCS
bands. Only Andrew makes a commercial model of this special purpose antenna—
another Andrew “first.”

] VERY HIGH GAIN
I COMMUNICATIONS ANTENNA

It will pay you, too, to use Andrew fixed station [ (soon fo be announced)
equipment. Write for further information — today!

The highest gain antenna in mobile communica-
tions history. It actually delivers the full gain of
6.5 db as claimed —the same as increasing your
power 47, times! Think of the economy. Now, for

the first time, you can cover areas you couldn't
reach before! It's another pace-setting Andrew
"“first."” Frequency range is 148-174 MCS.
L e 0 3 i — ey
CORPORATION - e .

363 EAST 75¢h STREET - CHICAGO 19

World's Largest Antenna Equipmeént Specialists

TRANSMISSION LINES FOR AM-FM-TY o ANTENNAS o DIRECTIONAL ANTENNA EQUIPMENT « ANTENNA TUNING UNITS o TOWER LIGHTING EQUIPMENT = CONSULTING ENGINEERING SERVICES

42 May, 1950 — ELECTRONICS
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research

at American Lava Corporation is continuous,
to anticipate and answer your problems

on Custom Made Technical Ceramics

l!LSINR.

louUSPo'Oﬁ

Here are AiSiMag custom made compenents for radar, radio
ect chemicc i

gas, pe!roleum, rubber, ccrbon und foundry opplications.

Here you are most apt to find the answer

to any question involving technical ceramics.

The Research Division has developed hundreds of
highly successful compositions which combine
special physical characteristics needed for unusual
requirements. These compositions are custom

fabricated to your specifications.

AlSiMag's Research Division maintains accurate, cross-indexed
ecords of all research findings to give you a prompt answer
on the possibilities of furnishing yqu any special combina
tions of physical characteristics you may find desirable.

Y E A R O F CYEL RI=AY IME LG L EADERS HI P

AMERICAN LAVA CORPORATION

CHATTANOOGA 55 TENNESSEE

OFF’ S: METROPOLITAR 2REA; 671 Broad St ., Wewark, N. J., Mit=hell 2-8159¢ - CHICAGO, 9 South Clinton St., Central 6-1721
PHI_ADELPHIA, 1649 Ncrth Broad St., Stevenson 4-28-3 -« LOS ANGELES, 232 South Hilr St Mutual 9076
NEV ENGLAND, 38-8 Brottle St., Cambridge, Aass., Kirklond 7-4498 o ST. LOUIS, 1123 Vashington Ava., Gorfield 4959

wwwW.americanradiohistorv.com
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REVERE FREE-CUTTING COPPER ROD
... INCREASES ELECTRONIC PRODUCTION

SINCE its introduction, Revere Free-Cutting Thus production is increased, costs are cut,
Copper has decisively proved its great  rejects lessened. The material’s one impor-
value for the precision manufacture of  tant limitation is that it does not make a
copper parts. Uses include certain tube vacuum-tight seal with glass. In all other
elements requiring both great dimensional electronic applications this special-quality
precision, and exceptional finish. It is also material offers great advantages. Write
being-used for switch gear, high-capacity Revere for details.

plug connectors and in similar applications

requiring copper to be machined with great
accuracy and smoothness. This copper may

also be cold-upset to a considerable defor-
COPPER AND BRASS INCORPORATED

mation, and may be hot forged.

Revere Free-Cutting Copper is oxygen- Founded by Paul Revere in 1801
free, high conductivity, and contains a small Executive Offices: 230 Park Avenue
amount of tellurium, which, plus special New York 17, New York

prOCéSSing in the Revere mills, grEatly in- Mills: Baltimore, Md.; Chicago, 1il; Detroit, Mich.; Los
P ibl Angeles and Riverside, Calif; New Bedford, Mass.;
creases machining speeds, makes possible Rome, N. Y.— Sales Offices in Principal Cities,

closer tolerances and much smoother finish. Distributors Everywhere.

CUSTOMERS REPORT:

“This material seems to machine much better than our pre-
vious hard copper bar; it cuts off smoothly. takes a very
nice thread, and does not clog the die.”” (Electrical parts.)

“Increased feed from 1-1/2” t0 6" ﬁer minute and do
five at one time instead of two.” (Switch parts.)

“Spindle speed increased from 924 to 1161 RPM and
feed from .0065" to .0105" per spindle revolution. This
resulted in a decrease in the time required to produce the
part from .0063 hours to .0036 hours. Material was capable
of faster machine speeds but machine was turning over at
its maximum. Chips cleared tools freely. operator did not
have to remove by hand.” (Disconnect studs.)

44 May, 1950 — ELECTRONICS
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The new -Ap- 80SA Slotted Line em-
ploys two parallel planes and a large,
circular central conductor, instead of the
conventional coaxial configuration. This
new design makes possible an electrical-
ly stable precision instrument capable of
{ast, ¢asy measurements of unvarying
accuracy. Parallel planes and central
conductor are both mechanically rigid.
Penetration depth of the probe is less

RADICAL NEW “PARALLEL-PLANE”
DESIGN GIVES -hp- SLOTTED LINE
UTMOST ELECTRICAL STABILITY

critical than in coaxial slotted lines, and
leakage 1s low because the effective slot
opening is less than .001 referred to the
coaxial system. Residual VSWR is held
to less than 1.04. Probe position may
be read to 0.1 mm.

This new approach to the Slotted Line
problem makes possible the manufac-
ture of an instrument of maximum ac-
curacy at moderate cost.

Frequency Range: 500 to 4,000 mc.
Impedance: 50 ohms.

Connections: Special Type ‘N’ fittings
designed for minimum VSWR,

Residual VSWR: 1.04 or better.

Slope: Negligible.

SPECIFICATIONS

Data subject to change without notice.

Calibration: Metric, in ¢cm and mm. Ver-
nier reads to 0.1 mm.

Size: 27" long, 8" high, 6" wide.

Carriage: Ball-bearing probe movement.
Probe depth adjustable. Probe resonant
circuit tunable over freq. range of line.
Detector may be standard crystal or
employ barretters.

WRITE FOR DETAILS

HEWLETT-PACKARD COMPANY

1824-A FPage Mill Road

(hp laboratory

ELECTRONICS — May, 1950

Palo Alto, California

1824

msfruments

AN A-C -C VU [RZCA!CIRY
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NEW -hp- 415A

Standing Wave Indicator

The new -hp- 415A Standing Wave
Indicator is used with the -Ap- Slotted
Line to determine coaxial flatness or
measure impedance. It consists of a
high gain amplifier of low noise level,
operating at a fixed audio frequency.
Amplifier output 1s measured by a volt-
meter with a square-law calibration in
db and voltage standing wave ratio.
The -hp- 415A is direct reading, com-
pact and easy to use

SPECIFICATIONS

Frequency: Fixed at 1,000 cps, =+ 29%,. Other
frequencies 300 to 2,000 cps supplied on
special order. Amplifier ‘Q'" is 20 + 5.

Sensitivity: 0.3 uv gives full scale deflection.
Noise-level-to-input equivalent is 0.04 uv.

Calibration: For use with square-law detector
60 db level covered in 6 ranges. Accuracy

0.1 db per 10 db step.

Gain Control: Adjusts meter to convenient
level. Range is approx. 30 db.

Detector Input: Connects to Xtal rectifier or
bolometer. Bias of 8 v. & .5 v. delivers
approx. 8.75 ma. to a 200 ohm barretter.

Sixe: 12" long, 9” wide, 9” high

Data subject to change without notice.
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NEW
EYE-APPEAL!

BETTER STRENGTH:
WEIGHT RATIO!

PRACTICALLY
NGO MAINTENANCE!

HIGHER THERMAL BETTER ANNEALING, INCREASED

CONDUCTIVITY! LONGER SERVICE!

Vacuum processing with Kinney Pumps is “the touch
of gold” in our times. Under the touch of low absolute
pressures, scores of products today come to life with
new qualities — product improvements that make sales
curves show new vitclity.

In the laboratory, Kinney Pumps have played a big

part in the research and development of new vacuum -

products and processes. On the production-line, too,
you'll find these same pumps . . . “sluggin’ it out”, day
after day, year after year. People who know vacuum
processing know that Kinney Pumps give low absolute
pressures quickly — economically — dependably.
Single Stage Models are available in eight sizes:
capacities from 13 to 702 cu. ft. per min. — for pres-
sures to 10 microns Hg. abs. Compound Pumps are

POTENCY!

furnished in three sizes — copacities 5, 15, and 46
cu. ft. per min. — for test pressures to 0.5 micron Hg.
abs. Send for Bulletin V45 — the complete story on
Kinney Vacuum Pumps, Oil Separatars, and Yacuum
Pumping Accessories.

Kinney Manufacturing Company, 3565 Wash-
ington 5t., Boston 30, Mass. Representatives in New
York, Chicago, Cleveland, Houston, New Orleans,
Philadelphia, Los Angeles, San Francisco, Seattle.
Foreign Representatives: General Engineering Co.
(Radcliffe) Lid., Station Works, Bury Road, Radcliffe,
Lancashire, England . . . Horrocks, Roxburgh Pty.,
Ltd., Melbourne, C. I. Australia . . . W. S. Thomas &
Taylor Pty., ltd., Johannesburg, Union of South
Africa . . . Novelectric, Ltd., Zurich, Switzerland.

KINNEY Vacuum Pumps

46
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THE NEW

VARI-FUNCTION
POTENTIOMETER

Produces any form of voltage function
including linear functions, waveforms, ‘irregular LG
functions with better than 0.5% accuracy

TYPICAL APPLICATIONS
%QU%QU%Q' Gu ded Missiles X Flow Controllers

WAVEFORMS Position Indicator . Flow Meters
P it St ———— Gyroscopes ° Attenuators
CONSTANT POTENTIALS FI ght Control ; Servo-Controllers
| struments . General-Application
L Inst
Gun Fire Controllers aboratory Instruments
R , ‘ Voltage Calibrating
IRREGULAR FUNCTIONS Marine Depth Sounding Instruments
VAVAVAA"AVAAVAVAVAVAAVAN o ol : Functions Simulator
R . d .
POSITIVE OR NEGATIVE PULSES adar : Automatic Correction
Electrenic Computors . Tables

A revolutionary design of a non-linear adjustable potentiometer

This instrument comprises a helical resistance and a plurality of taps
that can be quickly adjusted to produce or reproduce any desired voltage
indication or output, as a function of angular displacement.

Voltage forms including linear functions, lines of constant potential,
wave forms, and any irregular curves can be reproduced. The function
form can be varied quickly by shifting the taps along a calibrated scale.

Available with shaft extension for external coupling and for fixed
functions, as required.

CALL OR WRITE TODAY FOR COMPLETE DETAHS — NO OBLIGATION

A.F. SMUCKLER & CO ¢« INC

- A[FS@@ Electronic and Communication Engineers and Manufacturers
202-208 TILLARY STREET, BROOKLYN T, NEW YORK

ELECTRONICS — May, 1950
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would freeze an eskimo
.‘.‘. WON’T FREEZE VA RG LAS
Sll.lCONE

566 A

would roast the devil
\\&i\ eoo WON’'T ROAST

VARGLAS
i SILICONE
/i\&g\\l\'%@lﬁ Tubing and Sleeving

50 BELOW ZERO 0
fik

Electrical Insulating
lead wire and tying cord
Efficient at 500° F. or more in some applications—yet com-

pletely flexible at —85° F. Resistant to moisture and lubri-
cating oil—flame resistant and self-extinguishing—this pio-

Contains samples for oy . . B
o you 1o fest of the revo- neer silicone tubing and sleeving developed by Varflex is
= lutionary development of the strongest of all accepted insulating materials.

Varflex laboratories . . .

Varglas Silicone is a combination of Varglas—continuous filament Fiberglas; moisture and fungus
proof; will not burn; strong and flexible at high and low temperatures; chemically inert . . . and
Silicone High Temperature Resin—which has a natural affinity for Fiberglas; renders it abrasion-
resistant, flexible and non-fraying. Normalizing process removes binder and organic inclusions
from the Fiberglas; improves electrical qualities and allows uniform impregnation.

Investigate the NEW, low cost VARFLO Sleeving and Tubing if you
do not have to allow for an unusually high operating temperature.
Samples and prices on request. It’s flexible. It takes rough handling
without loss of dielectric. It won’t fray out. Made with a Fiberglas
braid, it won’t support combustion—YET COSTS NO MORE THAN
COTTON.

Clip and mail this coupon TODAY!

VARFLEX CORPORATION

309 N. Jay St. Rome, N. Y.

Please send me folder containing free samples of Varglas SILICONE products.

CORPORATION’

Makers of
Electrical Insulating

Name

o

| Company S

Address.

Tubing and Sleeving

City. Zone State
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‘ \ production until it has proven that it meets Hi-Q’s
‘ E“‘s \ exacting standards to the complete satisfaction of
co“’O“ \ these technicians. It is their further responsibility
capacitors : i to see that standards are rigidly maintained during
. mers ® choke Coils | production runs. In addition, Hi-Q engineers are
Trim wo d Resistor s \\ always available to work with your engineers in the
wire \ development of components to meet your specific
\NA S needs. Feel free to call on them whenever and as
BE'\‘TER ‘
\ often as you see fit.
pREC\S‘oN \\ Don’t miss the brand new Hi-Q Datalog. If you
‘_“.u\‘ORN\“Y \ haven’t received your copy, write to-day.
EPENDAB‘L“Y \
1ON
I.A\N‘ATuk‘ZA.‘ \ JOBBERS — ADDRESS: 740 Belleville Ave., New Bedford, Mass.
\
T | S e
] iF 3 /7
I- © _FRANKLINVILLE, N. Y. ‘ \
SALES OFFICES: New York, Philadelphia, B PLANTS: Franklinville, N. Y., Jessup, Pa.,
Detroit, Chicago, Los Angeles 7]

ELECTRONICS — May, 1950

@ The engineering laboratory is the alert guardian
of HI-Q quality. No component can be put into

Myrtle Beach, S. C.

EXPORT ADDRESS: 41 E. 42nd St., New York 17, N. Y., U. S. A.

wWwWW.americanradiohistorv.com
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PAT. APPLIED FOR

SELENIUM RECTIFIERS

With All The Features You Have Been Asking For:

< T UNIVERSAL LOCATING PIN
Can be rotated in 90° steps on either side
of the rectifier.

COLOR CODED

For instantaneous identification of recti-
fier polarity.

CENTER COOLING

Cooled to the "core' by revolutionary
spacers.

SPRING LOADED

Each spacer acts as an individual spring to
guarantee constant assembly pressure under
all operating conditions.

NOTCHED LUGS

For ease of wiring. Hot tin dipped for ease
of soldering.

HIGHER LEAKAGE RESISTANCE

Protective end plates of XXP Bakelite insure
highest possible resistance to ground under
all operating conditions.

MODEL NUMBERS

Easily recognized—indicate current rating
RECTIFIER MODEL 300 ABOVE (Double Sire) of rectifiers in milliamperes.
15 OTHER MODELS AVAILABLE

Coitru-Keoolod SELENIUM RECTIFIERS

Give: @ Longer Life

P

<

® Lower Temperature
® Ease of Installation

For Further Irformation or Engineering Service, Write Dept. E

s RECTIFIER DIVISION

~2INC. 415 North College Avenue, Bloomington, Indiana

PACKAGED
FOR DISTRIBUTORS

50 May, 1950 — ELECTRONICS
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MANGANIN

.,

Makers of world-famous Nichrome® and over 80 /{——; I & »

alloys for the electrical, electronic and heat-treating fields & Y w‘wsl Auay,l/

/5 <
Drver-Harris Company /
HARRISOMN, NEW UJERSEY

BRANCHES: Chicage, Detroit, Cleveland, Los Angeles, Sam Francisco

Marnvufactured and sold in Canada by
The B. GREENING WIRE COMPANY, LTD., Hamilton, Ontaric, Canada

*T. M. Reg. U. 5. Pat, Off,

ELECTRONICS — May, 1950 51
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Brown - Brockmeyer solves tough insulating problem |
| il

ROGERS DUROID PART

individval pieces of insulation.

BROWN-BROCKMEYER required a deep drawn and shaped
fibrous insulating part. It had been designed to cover a steel
support housing for a commutatoc. The steel housing is used 10
hotd a radial molded commutater for the newly designed “Dyna-
Line” Dbrush-lifting motor.

The problem was to find a material with the required electrical
and physical characteristics and a fabricator capable of forming
and shaping the part to design requirements. Rogers filled the bill
on both counts. DUROID, a new Rogers material similar in clec-
trical properties to vulcanized fibre, made the part possible. It
could be drawn 0 the required depth — a virwual impossibility
with any other fibrous sheet material. Our Fabricating Division’s
skill and experience met the challenge of producing this intricate
piece with economy and speed.

Rogers ability to fabricate this complex
component in one piece saved the cus-
tomer the problem of redesigning the
part and complicating assembly with five

You can apply this same high order of fabricating efficiency to
your requirements for fibrous or laminated phenolic parts. Our
range of high quality materials, our specialized knowledge, skills
and facilities will SAVE YOU MONEY — AND GET THE JOB
DONE.

‘ﬂﬂl,‘fng

Wqtite tor catalog describing
Rogers Corporation’s com-
plete fabricating services.

FABRICATING DIVISION, DEPT. E

ROGERS CORPORATION @&==

GOODYEAR, CONNECTICUT A

SPECIALTY FIBRE PRODUCTS
ELECTRICAL INSULATING BOARDS AND PAPERS
DUROIDS e SHOE PRODUCTS

MOLDING AND LAMINATING PLASTICS
Boards e Blanks e Pre-shaped Preforms

High Strength Molding Compounds
Laminated Phenolics

COMPLETE FABRICATING SERVICES
ON FIBROUS MATERIALS AND
LAMINATED PHENOLICS

52
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1t’s GENERAL INDUSTRIES' latest

MODEL 250

TAPE-DISC Recorder Assembly

NOW ... for the first time . . . General Industries offers

you a revolutionary new type of recording instrument
% Records on discs —for both tape and disc use. Here, indeed, is the answer
to a long-standing need for an all-purpose recording
unit inexpensive enough to be incorporated in mod-
erately-priced home entertainment instruments.

*k Records on tape

% Plays back both

Yet, despite its low cost, the Model 250 Tape-Disc

% Plays any 78 Recorder offers many quality features . . . is built to the

R.P.M. Record same rigid performance standards which characterize
all GI Smooth Power products.

A new catalog sheet, describing all of the recording and
play-back features of the Model 250, now is available.

(pimlie et suith $he Write, wire or phone for your copy today.

proper amplifier.

The GENERAL INDUSTRIES Co.

DEPARTMENT B < ELYRIA, OHIO

ELECTRONICS — May, 1950 53
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Model! 303
VACUUM TUBE |
VOLT-OHMMETER & apre

R 3
2 R /ﬂx?«ox -Doy +DCv
Ry E i y i
~ /nzx?nom OFF\ \

&

DC Voltage

9
Ranges 1,2, 12, 60, 300, 1200 (30,000 with Accessory Zero Power Level 1 M. W., 600 ohms
High Voltage Probe) Galvanometer
Input Resistance 10 megohms for all ranuges . Zero center for FM discrinrinator aligument and
C Probe with one megohn isolating resistor Polarity other galtanometer applications
reversing switch R. F. Voltage
Ohms Ranges 1000 (10 nhms center) Sio 29 th T 7y
100,000 (1000 ohwms center) (Ség,.’;,‘;lldfl";;i.l:/)ge)” ith Accessory High requency
1 megobhm (10,000 ohms center)

10 megobms (100,000 ohus center) f,“:,;‘,fe,z,ev'ﬁg, rzn()“'\i\"'("{l;zl 104 M.C.

GND,

SPECIFICATIONS

1000 megobms (10 megohms center) 105-125 V. 60 cycles

Ranges 1312, 60, 300, 1200 I

anges 1,2, 12, 60, 5 V787783057 ; Weight:
Impedance (with cable) approx, 200 mmf shunted by 3 /g'b./\'/Zp/.'\usg *ﬁ;",{{fﬂﬁ&iuﬁ,;ﬂe)’ Veight: 4 1bs.

273,000 obms Dealer's Net Price
;\(F Voltage 12 Model 303, including DCV Probe, ACYV —0hms probe

anges 1.2, 12, 60 and Ground Lead—858.75, o
Erequency Response Flat 15 100,000 cycles Accessory High Frequency Probe, $7.50: L
Decibels Accessory High Voltage Probe, $14.85 ol
Ranges —20 1o +3, —1010 +23, +4t0 +37, Also available with roll top case, o

+18t0 451, +30+10 +63 Model 303RT—-864.75

U ELECTRIC COMPANY

5200 WEST KINZIE STREET, CHICAGO 44, ILLINOIS « IN CANADA: BACH-SIMPSON, LTD., LONDON, ONTARIO
Phone: COlumbus 1-1221
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® 60 Ab°“'
Cuatormy Oecocgreeds Trimmers

Pictured above are several custcm designed trimmers
that incorporate the elements of standard Erie Disc and
Tubular Ceramiz-on Trimmers. Each has been developed for
a specific purpxse, and each does its job efficiently and
economically. Proper design and precision manufacturing,
plus our years of experience, are tke keynote to Erie quality.

Look at these units carefully. They should suggest the
possibility of using Erie Resistor know-how and facilities
to make your eqiipment more compact and more efficient.

Erie has the most complete trimmer line in the industry.
We want to work with you in adapting them to your require-
ments. Inquiries should specity complete mechanical and
electrical requirements,

ERIE RESISTOR CORP., ERIE, PA.

TORONTO, CANADA

LONDON, ENGLAND - =«

ELECTRONICS — May, 1950
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® © OOE@®

® G

Standord Style TD2A Ducl Trimmer
with mounting pillars.

Special ribbon type terminals on stand-
aord Style TS2B Trimmer for direct con-
nection to other components.

Compoct Trimmer—Capocitor—Resistor
—Coil Design. A complete oscillator
unit.

Where speciol mounting is desired,
standard Erie Style TS2A ond Style
557 Trimmers con be supplied mounted
on brackets.

Two trimmer elements become an in-
tegral part of this coil form and I F.
top section.

Special bracket and terminal arronge-
ments or dual trimmer unit.

A compoact pluggaoble assembly for
mounting a trimmer in porallel with a
plug-in crystal.

Special tubular ceromic trimmer ond
varioble inductance hoving one cam-
mon terminol.

Speciol steatite tubulor dual trimmer.

Standard Erie Style 557 Trimmer with
special bent rotor terminol.
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receiver,

omni-range system.

51R-2 receiver.

__ e BRADLEY wime

=

SELENIUM RECTIFIERS
. COPPER OXIDE RECTIFIERS

SELF-GENERATING PHOTOCELLS

56

BRADLEY
DEN\ODULA‘“NG DIFFICULTY

Collins Radio Company,
uses a Bradley hermetically sealed
vacuum—processed selenium rectifier for de-
modulating an EM signal which provides navi-

gation information i the newly

«\We were, Says Collins,
ing considerable trouble
rectifiers remedied this _situation
They have contributed @ great deal in enabling

us to obtain the require

BRADLEY LABORATORIES, INC.

RECTIFIER SOLVES

in its S1R-2 aircraft “The characteristics of the rectifier are Ié-
tained even under the extreme variation of
the Civil Aero-

Administration in testing

temperatufes stipulated by

nautics suitability

developed for use in scheduled airlines service.”

Through its exclusive vacuum process, Brad-

«at one time hav- ley has solved the problem of producing

in this circuit. Your selenium and cOPPer oxide rectifiers that are
completely- uniform and consistently true 0 rating. For
improved power conversion in your product,
d performance in our consult Bradley engineers. They can help you

obtain the right rectifier for your application.

SPECIFICATION DATA

Reverse ¢

e urrent at 150

o volts D

E croamperes maximum at pl ¢ ‘é

F, to minus 50 C plos 72

orward current '

o nt at 42 volts DC
microamperes minimum to 2“0";‘

mil-

liamperes maxi
a
minus 50 C'XIMUm at plus 72° C. to

Th i
e unit shall be capable of operat

ing continuously withi
i w imi
relative humidiyyy ithin limits ot 95%

SELENIUM SES8L

82 MEADOW STR
EET
NEW HAVEN 10, CONN.

|
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Now an induction oscillator which is
rugged and dependable is available at
a moderate price! HAYDU BROTHERS'
answer to your problem in brazing, an-
nealing and hardening—where localized
and zonal heaiing is important—can be
solved with this machine of infinite uses.

Maintenance difficulties are overcome
easily in the induction oscillator, as
Bill Klinder, with his many years of ex-
perience in electronics, gave every con-
sideration to make each part readily
accessible. Replacement and repair is
simplified by listing all parts and their
functions in a schematic diagram.

ELECTRONICS — May, 7950

We welcome the opportunity for the en-
gineering staff to analyze any particular
problem at no cost or obligation and will
gladly work on specified samples. Our
production plant for brazing is also
equipped to undertake consignments
where the expense of a complete unit
cannot be met. The induction oscillator
can be built to any power specification
to meet individual needs.

HAYDU BROTHERS

PLAINFIELD NEW JERSEY

wwWwW.americanradiohistorv.com
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A Photographic Record of

Oscilloscope images in One Minute

FAIRCHILD POLAROID OSCILLOSCOPE CAMERA

This new inexpensive oscilloscope camera produces a photographic record for
engineering study one minute after the shutter is snapped! No darkroom process-
ing is required. 1t’s all done within the camera by the Land method. Prints are

% x 44 — small enough to mount easily in a notebook, lurge enough to permit
accurate evaluation.

Two traces — one above 1he other — can be recorded on one print. This saves time
and film as well as fac.!:iating comparison runs. Writing speeds ranging up to

1 in/psec with an accelerating potential of 3000V have been recorded. With
higher potentials, speeds to 50 or 60 in/usec can he recorded.

By observing the trace through the viewing port, the operator can record repetitive
phenomena as he wishes. Transients are recorded by “bulb” or “time” exposure.
The tube face is so well shielded that records can be made in bright light.
Designed for easy installation on uny standard 5-inch oscilloscope, the new Fairchild-

fully exposed photos. A two-position shift device moves the camera to permit two ;
The re.vired film takes 16 exposures to the roll and may be obtained at small cost AP SRS,

port, and a Poluroid-Land Camera hody.

Polaroid Camera consists of a scope adaptor, a light-tight lood with viewing
A specially designed f/2.8 lens with a between-the-lens shutter makes possible sharp,
exposures on one print. The whole assembly is lightweight and easy-to-handle.

a almost any photographic supply store. 3% x 4% Print made in one minute with the
For more data, write to 88-06 Vun Wyck Boulevard, Jumaica 1, N. Y. new Fairchild-Polaroid Oscilloscope Camera.

The New Fairchild-Polaroid Oscilloscope
Camera is available at these outlets:

Tektronix Inc., Portland, Oregon
Electronic Tube Corp., Philadelphia, Pa.
Browning Laboratories Inc., Winchester, Mass.

CAMERA AND INSTRUMENT CORPORATION

38 May, 1950 — ELECTRONICS
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e

'FOR BETTER TUBE PERFORMANCE

SYLVALOY
MODIFIED HILO
COBANIC
TENSITE
UNIMET

RADIOCARB
DUOCARB
POLICARB

NOW — MORE
THAN EVER BEFORE

— ELECTRICAL ALLOYS

MUST BE BETTER

The critical requirements of television circuits demand
better tubes with finer electrical alloys — alloys that are
superior electrically, chemically and in physical proper-
ties. A logical source for metals to meet these new stand-
ards is the Wilbur B. Driver Company, largest producer of carbonized nickel

ribbon and filament alloys for more than twenty years. Inquiries concerning

critical tube applications will receive prompt, capable attention. Write today, outlining

MANGRID

your requirements — there is no obligation.
: Y
o
WILBUR B. DRIVER CO. &
L 150 RIVERSIDE AVE,, NEWARK 4, NEW JERSEY E%
SR R R R T T R B et e B e LIS TTRERER %V

ELECTRONICS — May, 1950 59
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Jumidi-Seal”

~ (TUBULAR PAPER CAPACITOR)

Ruggedly built to
withstand undue
vibration and rough
handling

Outer tube
plastic impregnated
to prevent
moisture-absorption

Light outer coat
of high-temp wax
provides

double protection

Each end
plastic sealed
against moisture

Leads anchored
securely in solid
plastic end

Type 85TOC “Humidi
Seal” capacitors are
specially designed for
85" C. operation; even
in the most humid at
mospheres, and will meet
the severe present-day
demands of endurance in
television receivers, auto
radios, efc.

WRITE FOR COMPLETE LITERATURE

Representatives and Distributors ‘
throughout the U.S.A. and Canada

%‘ PYRAMID

 PYRAMID ELECTRIC COMPANY

60

155 Oxford Street
Potersen, N )., U.S. A

TELEGRAMS: WUX Paterson, M, 1,
CABLE ADDRESS: Pyramidusa

BUSINESS BRIEFS

By W. W. MacDONALD

Image Orthicons and associated
apparatus are expensive to main-
tain. So many television stations
rehearse shows with the cameras
dead, a practice that prohibits
monitoring and later permits vis-
ual fluffs to get on the air.

Some of the new closed-circuit
industrial television systems
(about which you will hear more
from us in the months ahead) are
relatively inexpensive to own and
operate, so we suspect that they
may soon come into use in tv
studios for rehearsals.

Black Gupp of some kind has
been sprayed on the face of some
clear-glass television picture tubes
to clear out stock in view of
competition from black-face types.
Also, there are rumors of possible
price reductions on round-tube
types in anticipation of increased
popularity for the rectangular
variety.

Both trends will bear watching.

Upping of television users from
small screens to large screens is
already underway in certain
markets. Replacement business is
already with us.

Cryptic Statement to stockhold-
ers by Harry Cohn of Columbia
Pictures Corporation reads as fol-
lows: “In the event a point is
reached where television should fit
into our operations on a basis we
deem desirable, we will be in a posi-
tion to take advantage of any
change.”

Experienced as we are in the
coining of neat phrases, we doubt if
we could have done better ourselves,
and further details from Hollywood
are awaited with the keenest inter-
est.

Police Vehicles licensed to use
radio transmitters total approxi-
mately 40,000, according to Gen-
eral Electric. Approximately 13,-
000 cars are yet to be licensed and
these will have equipment in oper-
ation within three years if the rate
of growth continues as in the past

Wwww americanradiohistorv com

few years. G. E. estimates that
police departments will spend
$5,450,000 on radio equipment in
1950.

Receiver Sales by licensees dur-
ing 1949 totalled 13,237,098, worth
$823,395,645. Here’s the way the
total broke down:

Type Units Dollars

Electric
Table (under $12.50
billing price) . ..

Lo 2,149,469 $22,434,688
Table (over $12.50 bill-

ing price)

M., . 1,540,558 27,972,101
A-M/F-M 341,214 10,561,344
F-M (inel o

verters) . ......... 36,650 1,043,125

Consoles
ANMo 13,922 606,062
A-M/I-N oo 16,431 1,335,382
Table-Radio-Phonos
AN 360,229 12,516,360
A-M/F-ALL L . 16,700 879,015
(C'onsole-Radio-Phonos
AN 146,717 10,929,486
A-DM/E-NL L 439,910 49,863,573
Buattery
Portable A-C/D-C. ... 1,334,222 21 066,858
Table. ... .. ...... ... 83,175 1.663, 580
Consoles. . ........... 1,064 98,103
Auto ..o oo 3,389,168 100,351,280
Television
Converters. . ......... 1,860 519,654

Radio Table Models .. .
Radio Consoles
Direct Viewing......

1,629,450 251,815,187
017,342 194,406,965

Projection.......... 12,702 4,981,847
Radio Phonos
Direct Viewing...... 321,416 94,361,547
Projection. .. ... ... 902 521,741
Phonographs
Phonoonly........... 383,791 7,346,550
With radio attachment. 33,468 348,430
Without Cabinets
A-M.............. 18,968 429,216
A-M/F-M........ ... 16,344 860,555
Television............ 25,426 3,482,996

CAA has just awarded the larg-
est contract in its history, for 450
distance - measuring - equipment
ground stations, to Hazeltine
Electronics. Price: $4,210,750. De-
livery: November 1950 for the first
unit, five more in March 1951 and
40 per month by June 1951,

The contract represents part of
CAA’s billion-dollar, fifteen-year
air navigation equipment program.

All 84,000 Amateurs are not us-
ing the band on which you operate.
It only seems that way.

Brazil is modernizing its com-
munications system. First step
in the program is the placing of a
contract with Byington & Com-
pany for $1,500,000 worth of tele-
graph lines and associated facili-
ties. Byington has retained Stand-

May, 1950 — ELECTRONICS
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Here’s Finger Tip

Information on
Glass-to-Steel
Hermetic Terminals

® The trend toward hermetic sealing in all phases of electrical
manufacturing is gaining impetus. Fusite has pioneered in the field
of glass-to-steel hermetic terminals for use in fusion sealing—the
only truly hermetic process.

® We have prepared a brochure crammed full of illustrations,
specifications, diagrams, and facts about the Fusite wide line of
single and multiple electrode terminals.

® We assure you that regardless of your present level of knowl-
edge concerning glass-to-steel terminals, you do not have a com-
plete or accurate picture of the production possibilities of fusion
sealing until you know the Fusite story.

Write today for your copy of this literature, to Dept.-E.

s TERMINA[S R TERMINALS ILLUSTRATED: 104SW, Left, 1055W, Right.
- PROTECT PRODUCT Miniature —Straight Wire—Single —Glass-to-Steel Hermetic Terminais.

—
PERFORMANCE oy
v.

. )
Mm - s

'3 _;RWOD@WCINGINNATINZ,
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sHock ~ vigrarion NEWS

3-SPEED
RECORD
CHANGER

USES

BARRYMOUNTS

FOR ASSURED CONTROL of SHOCK and VIBRATION

For full, undisturbed enjoyment of the fine music reproduction offered by
recent advancements in recorded music, the Motorola RC-36 record changer
plays automatically at 331/ , 45, and 78 RPM.

To eliminate speaker feedback, minimize rumble, and
reduce the shock and noise of record drop, the chassis
of the Motorola record changer is supported by four
BARRYMOUNTS.

The contro!l of shock and vibration, thus obtained, improves over-all perform-
ance by overcoming secondary effects detrimental to product acceptance.

The Type 371 BARRYMOUNTS used are designed for
sub-assembly to the chassis as shown above. The free
ends of the mounts drop into holes in the motor board.
Retainer cones, that expand the straight shank of the
BARRYMOUNT when upward force is applied, pro-
vide a self-captivating feature that speeds assembly.

ffee Cdfd/ogs give dimensions and load ratings of stock BARRY-
MOUNTS. Catalog 502 covers aircraft applications.

J/J;% Catalog 504 covers industrial and general-purpose
% 22 mountings. WRITE TODAY to

Main Office 177 Sidney St. Cambridge 39 Massachusetts

New York Rochester Philadelphia Washington Cleveland Daytan

Chicago Minneapolis 5+. Louis Los Angeles Taronte
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BUSINESS BRIEFS {continued)

ard Electrica, S. A. (an associate
of IT&T) as a consultant.

Machine-Tool Programming by
automatic electronic means must
provide the absolute maximum of
flexibility, says R. N. Eck of Cut-
ler-Hammer. The time required to
set up the program, and the time
required to change from one pro-
gram to another, is of the utmost
importance to industry, he points
out.

As Near As We Can Tell, induc-
| tion heating is about four times
as big a business as dielectric
heating dollarwise at the present
time. The gap will, however, be
substantially narrowed in the next
few years.

Speaking Of R-F Heating, the
FCC regulations make the user
responsible for interference but
we note in our travels that when
equipment kicks up a fuss among
other services the manufacturer is
| almost invariably called in to fix it.

European Countries receiving
ECA assistance are rapidly im-
proving their ability to deliver
electronic apparatus. Here, ac-
|cordmg to McGraw-Hill World
News correspondents, is the pic-
ture overseas:

Country Commodity Delivery
Austria Radios and parts Immediate
Telephone accessories 3-6 months
Telephone-telegraph stations 1 year
Tubes 3-6 months
Belgium Radios and parts Immediate
Telegraph accessories 1 year
Telephone accessories 1-6 weeks
Telephone exchanges 1 year
Telephone switchboards 3-8 months
Teleprinters 2-3 months
| Teleprint exchanges 1 year
| Denmark Measuring instruments 1-2 months
Radio equipment (f-m) 4-8 months
Telegraph accessories (auto- 3—4 months
| matic)
Telephone parts 2-8 months
] England Radio, tv and electronic Immediate —
apparatus 18 months
Tubes (general) Immediate
I Tubes (cathode-ray) 3-6 months
France Capacitors (radio) 1 month
Radios Immediate
Speakers 3 months
Telephone equipment 612 months
{carrier)
| Telephone exchanges 1-2 years
Telephone switchboards 3-12 months
Tubes Immediate —
3 months
Germany Radios 1-3 months
Recorders (magnetic tape) 1-4 months
Telephone exchanges 3-9 months
Teleprint exchanges 3-6 mnonths
(manual)
| Teleprint, exchanges 6~0 months
(automatic) .
Teleprinters Immediate —
| 3 months
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Transmitters (radio) 6~12 months
Tubes 1-2 months
taly Amplifiers (audio) Immediate
Radios and parts Immediate
Telegraph accessories Immediate
Telephone equipment Immediate
Transmitters (small, radio) Immediate
Netherlands  Capacitors, resistors 3-4 months
agnets (per: t) I diate —
2 months
M?gnetic materials (low- 3-4 months
08s
Mesgsuring equipment Tmmediate
Radios Immediate —
3 months
Record players, pickups Immediate —
3 months
Recording cquipment 1-3 months
Rectifiers (telephone) 2-6 months
Relays, recorders, counters  Immediate —
4 months
Servicing equipment (radio) Immediate
Signal equipment Immediate —
4 months
Sound equipment Immediate
Studio equipment (radio) 6-15 months
T(‘(lephom; equipment 615 months
Telephone equipment 6-15 months
(gene
Telephone exchanges 6-15 months
(automatic)
Television receivers Immediate —
6 months
Transmitters (a-m, f-m) 6-15 months
Transmitters (television) 6-15 months
Tubes (television) Immediate
Tubes (telephone) Immediate
Tubes (transmitting) Immediate
Tubes (receiving) Immediate
Tubes (uhf) Immediate
Sweden Radio, tv and electronic Immediate —
apparatus 18 months
Tubes (general) Immediate —
6 months
Tubes (cathode-ray) Immediate —
6 months
Switzerland  Intercommunication 6-12 months
ci)paratus
ios and parts 1 month
Signalling and detectmu 4 months
apparatus
Telemetering and remote 6 months
control
Teclephone apparatus 1~12 months
Telephone equipment 8~14 months
carrier)
Teleprint exchanges 6-12 months
(automatic)

A New Subdepartment, Shop
Shortcuts, made its bow in ELEC-
TRONICS last month, and the second
installment appears on p 184 of this
issue. It was started on the theory
that there is more to our business
than just circuits; many subscrib-
ers are interested in the mechan-
ics of laying out, producing and
testing electronic apparatus.

A new department is never easy
to get rolling; authors just don’t
know that the editors are interested
in their wares until they are told.
So we're taking this means of tell-
ing them . .. we are interested.

A Manufacturer we know has
his plant on Skunks Misery Road.
If anybody else has a trickier ad-
dress we would like to know it.

G. B. B. M. Sutherland, in a re-
cent speech, used the following

limerick:
Mr, Langley invented the bolometer
Which is really a kind of thermometer,
That will measure the heat
From a polar bear’s seat,
At a distance of half a kilometer,

The piece is hereby recorded
for posterity.
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ELECTRONIC BRAIN
DELIVERS ITS ANSWERS THROUGH —

THE BRAIN — An electronic regulator system de-
signed by Airesearch to meet the rapidly changing
temperature conditions being encountered in today's
high-speed aircraft. It provides in a small, light-weight
package the control sensitivity and anticipation necessary
precisely to control temperatures in an aircraft climbing
from sea level to 40,000 feet in less than five minutes — or
diving at supersonic speeds. It receives signals from a number
of different temperature pickups (located in the ambient air
stream, mixing duct and cabin) and computes from these data
the required heat delivery to provide stable and constant cabin
temperature.
THE RELAY — couples the solution computed in the “Brain” to
the electrically actuated hot and cold air supply controls. A Sigma
Series 6FX polarized 3-position sensitive contactor, it acts in a man-
ner analogous both to an amplifier and to a discriminator. With two
distinct operated positions and a third neutral or unoperated it permits
the “Brain’’ to select either increase, no change or decrease in heat
delivery to the cabin. As a result precise control is possible and
yet the system is able to remain inactive and quiet when stabilized.
Without a 3-way output made possible by a relay of this kind
similarly close control could be achieved only by some form of
pulsing system placing much more severe demands upon the life
of all components.

Relays of this type are available from Sigma with contact
combinations up to 4-pole; with single or double windings,
and various sensitivities. They are furnished either open or
hermetically sealed and by reason of balanced armature,
substantial contact pressure and magnetic force are highly
effective in severe environments, A more complete de-
scription and a listing of available standard types is
contained in our catolog. The catalog also contains
information on several other unique relays the
properties of which may merit your attention. It will
be mailed upon request.

*AiResearch, Los Angeles 45, California

SIGM A Istruments e

62A Ceylon St, Boston 2] Mass.
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MALLORY
NP CAPACITORS

Mallory NP Capacitors are non-
polarized and designed for heavy-
duty applications where extreme
dependability is essential. Priced
competitively at ordinary capac-
itor levels, they are ideal for
controls and other unusual cir-
cuits. Write for your copy of the
Mallory NP Capacitor data folder.

Extreme Dependability
in Critical Applications!

Long trouble-free service has become so synonymous with
Mallory Capacitors that customers have come to assign
critical responsibilities to them without hesitation.

For example . . . a complex rpm control for diesel-electric
locomotives. The failure of a single component would stall
the train, blocking rail traffic for hours. For absolute safety
and dependability, the manufacturer specified Mallory NI’
Capacitors in this control.

The Mallory-originated NP Capacitor is widely used in such
important applications. This complete confidence is the
result of years of demonstration of Mallory superiority. Yet
Mallory Capacitors cost you no more.

That’s results beyond specifications!

And whether your problem is electronic or metallurgical,
what Mallory has done for others can be done for you!

SERVING INDUSTRY WITH

P.R.MALLORY 8. CO.Inc. Capacitors Contacts
Controls Resistors
Rectifiers Vibrators
Special Power
Switches Supplies

Resistance Welding Materials

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA
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> DOTS . . . As this is written,
Peter Goldmark has just reported
to the FCC the successful applica-
tion of dot-interlace to the CBS
system of color television. We re-
frain from taking sides in the
color-tv question while the matter
is “in the courts”. But we see
no reason for refraining from ex-
pressing pleasure over the fact
that the ingenious dot method,
which improves resolution nearly
two to one without increasing the
bandwidth, has now been applied
to two of the three contesting
color systems, those proposed by
RCA and CBS. All of which
serves as justification for reread-
ing Wilson Boothroyd’s two-part
article on dot television systems
which appeared in the December
1949 and January 1950 issues of
this magazine.

It is dangerous to take a stand
on technical issues while they are
still in a state of rapid flux. But
synchronized time-multiplex trans-
mission (the dot method) is so pow-
erful a tool, has such a far reach-
ing effect on spectrum economy,
that we feel a voice should be
raised. So here goes: No system
of television, whether in color or in
black-and-white, should henceforth
be introduced to the public unless
dot-interlace is employed. More-
over, dot-interlace should be intro-
duced as soon as possible to the 525-
line black-and-white system mnow
standard in this country. Dot-inter-
lace could be introduced without
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GROSS

TALK

impairing the performance of, and
without requiring any change in,
any existing receiver, and it would
make possible substantially im-
proved performance in receivers of
the future.

Any sweeping recommendation on
television standards these days is
an invitation to a storm of protest,
if obsolescence is to be hastened by
the proposed change. But dot-
interlace by time multiplex can be
introduced without obsolescence of
any equipment.

Any bugs in this proposal are
certain to be called to our attention,
pronto. If they come to light we’ll
pass them on.

»KUDOS . .. The exploration of
the moon’s sub-surface temperature
by microwaves (Crosstalk, Janu-
ary) has been mentioned by Harlow
Shapley as among the ten astronom-
ical events of the year 1949. Dr.
Salisbury has promised us a paper
on the subject, soon’s he get’s
around to it.

>SILK . . . We are continually
amazed at the full circles through
which electronic developments
ultimately travel. First case: the
connection between electricity and
light was discovered by the Brit-
ish telegrapher May, who discov-
ered the photoconductive property
of selenium in 1873. Now in 1950
comes the vidicon (p 70), most
sensitive of all television camera
tubes, and what does it turn out to
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be? A photoconductive cell, and a
selenium cell at that. Second case:
The first recorded instance of man-
made static electricity, according to
the Greek records, was that pro-
duced when silk was rubbed on am-
ber. Three milleniums later, A. D.
1950, we learn that a new source of
interference to television reception
has been isolated after an ex-
haustive search. According to
“Free Grid” of Wireless World, a
momentary snow storm on the tv
screen has been found to accom-
pany the nearby, rapid removal of
silk or nylon hose. A phenome-
non, indeed! The surprising thing
is that the interference was ever
noticed, under- the now-identified
circumstances.

» DEPTS . . . Conversation with
subscribers in half-a-dozen cities
leads us to believe that quite a
few have not yet discovered the
department Business Briefs ap-
pearing immediately ahead of this
page. If you are one of those that
have overlooked it, we urge you
to read this department that briefs
facts and figures of interest to men
who design, produce and sell elec-
tronic equipment.

Two other departments have ap-
parently suffered because of their
position, rather than any lack of
reader interest, New Books and
Backtalk. We’ve given them a break
this month by starting them off
with a full page immediately after
the other departments.

65


www.americanradiohistory.com

ELECTRONIC MACHINES
for Business Use

A machine that satisfactorily solves differential equations will not necessarily perform
every-day clerical work. The circuit principles are applicable, but much engineering
must be done before the office-equipment market can be tapped

USINESSMEN, as well as mathe-

maticians, are fascinated by the
possibilities of electronic computa-
tion. What they see, primarily, are
payroll savings. Of secondary im-
portance, they see the possibility of
securing additional facts about
their businesses.

When a businessman reads in the
newspapers about a machine that
will do in thirty minutes what it
would take thirty people a month
or more to do manually, he natur-
ally asks, “When can I get one of
these machines!” He may not think
to ask whether or not the machine
will actually do the particular
clerical jobs that have to be done in
his office. He is likely to assume
that any machine that will solve
difficult mathematical problems will
do ordinary clerical work with ease.

This assumption is understand-
able. The principles of electronic
computation are applicable to much
of the clerical work encountered in
business. Automatic electronic ma-
chines undoubtedly will effect a
clerical revolution. But some more
engineering will have to be done be-
fore that happens. A machine that
will solve differential equations is
not necessarily a machine that will
do the everyday paper work of busi-
ness concerns, and do it economi-
cally.

The engineering that remains to
be done, before the market for
automatic clerical machines can be
tapped, is by no means all elec-
tronic engineering. First, an 'in-
dustrial engineering job must be
done. Business problems must be
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By W. B. FLOYD
Research Division

Sears, Roebuck and Co.
Chicago, 1.

understood in detail before ideal

machines for their solution can be
built.

The General Pattern

No two companies have quite the
same clerical problems. This fact
has been the despair of more than
one office - equipment salesman.
Nevertheless, a common pattern is
discernible in most clerical work.

The pattern starts with the crea-
tion or receipt of an original docu-
ment. A purchasing agent notes an
item to be bought; a receiving clerk
lists incoming merchandise; a sales-
person writes a sales check; a meter
reader writes down some numbers.
Or a purchase order, subscription,

The CUSTOMER Speaks

BUSINESS BRIEFS (p 60, March) re-
cently called attention to the fact that an

“Important trend everywhere in
evidence is an engineering struggle
to combine the functions of electronic
measuring - telemetering - calculat-
ing - indicating - recording devices
with those of the garden variety of
business machines.”

It was pointed out that

““What is needed is a bridge be-
tween the two devices, one that need
not be monitored by human hands.”

This article, by Mr. Floyd, tells what a

typical businessman expects of design
engineers

www americanradiohistorv com

remittance or complaint is received.
Millions of entries and papers such
as these are the starting point of
virtually all of the clerical work
that is done in business. They are
the input of whatever system is
used to ship merchandise, charge
customers, maintain stocks, sched-
ule production and account for in-
come and outgo.

The remaining steps are internal
to the system itself. They almost
invariably include:

One or more lookups, to secure
additional information or to check
information that is shown on the
original document.

A few simple calculations, such
as totaling an account or extending
an invoice.

Recording the transaction, often
under not one but several captions.

Typing final documents such as
purchase orders, shipping papers,
voucher checks, acknowledgements
and hosts of similar papers.

Summarizing the data that has
been recorded from the constant
flow of business papers. Most ac-
counting and statistical work be-
longs in this category.

If you think of almost any clerical
procedure you happen to be familiar
with, you will see that it does in-
volve all of these steps. And in most
cases, sorting, lookups, posting and
typing far outweigh the arith-
metical work that is done.

With the foregoing pattern of
clerical work in mind, we can now

‘see some of the important points of

contrast between the mathematical
computers that have been built and
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Clerical help in one of many departments of a big business
concern, typical of the offices where completely automatic

the clerical machines that will be
built. These contrasts bring out
some of the still-unsolved problems
in building an ideal clerical ma-
chine. -

Machines 'vs Computers

The Input Problem. One funda-
mental difference between mathe-
matical and clerical work can be
stated this way: While mathemati-
cians often have to perform a great
many complex operations on a rela-
tively small amount of data, clerks
in business offices must perform a
few relatively simple operations on
a vast amount of data.

Two implications as to machine
design are immediately apparent.
Input and output capacities assume
greatly increased importance. Com-
putation assumes less importance.

To handle clerical input econom-
ically, we must do more than
merely use the fastest possible key-
boards. Every conceivable means
must be fournd to eliminate the
manual keyboard altogether, or to
hold the required number of key
depressions at an absolute mini-
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electronic machines are needed

mum and so minimize manual labor.

One way to reduce key strokes is
to record manually only reference
numbers, relying upon the ma-
chine’s memories to supply all of
the remaining data that is regu-
larly associated with these refer-
ence numbers. For example, the
price and description of a product
are usually associated with a stock
number. Similarly, the name and
address of a vendor or customer
can usually be associated with a
vendor number or customer number.

Better than reducing manual in-
put is to eliminate it altogether, by
producing original documents in
machine language to begin with.
Equipment recently developed for
the retail garment trade illustrates
this principle. The marking tickets
that are placed on garments are
prepared by a special machine
that perforates as well as prints
code numbers on the tickets. Thus
the garment ticket stub, which is
removed when the item is sold, can
be automatically read by the ma-
chines that record and summarize
sales.

www_americanradiohistorv com

Much thought is being given to
more generally useful means of pro-
ducing original documents so they
can be read automatically. The
problem is one of inter-company
standardization rather than of find-
ing technical solutions to the prob-
lem. There is a need for more
standard business documents that
can be read mechanically as well
ag visually. When it costs nearly as
much to put data in such form that
a machine can use it as it would
cost to produce the final documents
themselves by manual means, noth-
ing is gained by mechanization.

The Output Problem. The output
problem cannot be solved in quite
the same way as the input problem.
Our whole purpose is a big output
of invoices, purchase orders, receiv-
ing records, shipping papers, pay-

.ment vouchers and summary re-

ports. What we must do here is to
speed up the output device ifself.

A better solution must be found
than that of driving electric type-
writers automatically. No matter
how fast they are driven, we are
still printing only one character at
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INPUT KEYBOARDS AND READERS, FOR PREPARING AND READING
PERFORATED OR MAGNETIC TAPE

[KLYBOARD—I

[KEV?OARD]

[EYBOARD I

READER READER READER

1

LOW-SPEED, RANDOM-

ACCESS MEMORIES
(OF VIRTUALLY

UNLIMITED CAPACITY )

SEARCHING CIRCUITS

{TO SUCCESSIVELY

READ EACH TAPE IN
TURN)

ARITHMETICAL

AND

COMPARING
r— CIRCUITS

SWITCHING CIRCUITS frmed
AND
TEMPORARY

STORAGE [

HIGH-SPEED, RANDOM-
ACCESS MEMORIES e
{TO HOLD DATA CUR-

RENTLY BEING WORKED
ON)

MAGNETIC-TAPE RE-
= CORDER AND READER
(FOR SUCH DATA AS
LENDS ITSELF TO
STORAGE IN MAG-
NETIC TAPES)

PRINTER

PRINTER I

OUTPUT PRINTERS

Basic components of the desired electronic machine for general business use

a time. Output printers for com-
mercial use will almost certainly
have to be of the line-at-a-time type.
Perhaps several lines, or whole
documents, will be printed at a sin-
gle impression. Over 1,000 lines per
minute is considered a worthy goal
by some engineers who are working
on output printers.

Selective Memories. Another basic
contrast between most mathe-
matical and clerical problems is the
contrast between a batch of work
and a flow of work. A big statistical
problem constitutes a batch of work.
Business documents, like the assem-
bly lines to which they are tied, con-
stitute a flow of work.

Preparing 10,000 invoices may be
comparable, in machine time, to
solving a single problem in mathe-
matical physics. Yet, in addition to
differences in the volumes of input
and output, there is another
fundamental difference between the
two undertakings. All of the data
for the mathematical problem can
be assembled, in predetermined
order, and handled as a unit. The
invoices, however, must be pre-
pared as goods are shipped. They
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cannot be held until a convenient
batch of work has accumulated.
What this means from a machine-
design point of view is that the
clerical machine must be able to
take work in random order.

A flow of work in random order
requires the use of selective
memories. The problem is similar
to that of a telephone exchange.
Telephone calls are received, by the
central exchange, in random order.
Selectors must be used to connect
with the parties called. Were it not
for their relatively low speed, tele-
phone selectors could be used,
as is, to solve many selective
memory problems that will be en-
countered in designing machines
for business use. The computing
machine companies must find a
faster and less expensive solution.

Electrostatic memories and
acoustic delay lines are fast enough,
and selective enough, but far too
expensive for all but limited use.
Magnetic drums are a step toward
lower-cost memories of the selec-
tive type. But they too are rather
expensive.

Memory Capacity. The contrasts
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we have already mentioned lead to
a fourth, important contrast be-
tween mathematical computers and
clerical machines. This is the dif-
ference in required memory capac-
ity. Low memory capacity has been
a limiting factor even in some of
the mathematical computers that
have been constructed. The prob-
lem becomes more acute with busi-
ness machines.

Hundreds of thousands of stock-
keeping units are not unusual in a
business concern. A large manu-
facturer must buy and stock a great
number of different parts and mate-
rials. A large mail-order house has
as many as 300,000 stockkeeping
units, counting each color and size
advertised in each current catalog
as a separate stockkeeping unit.
Relatively small department stores
have from 20,000 to 60,000 stock-
keeping units.

When we come to the names and
addresses of suppliers and custom-
ers we again run into thousands,
if not millions, of separate blocks
of information to be referred to.
Large companies have from 5,000
to 10,000 suppliers. Popular maga-
zines have several million sub-
seribers, and large distributors
have hundreds of thousands of
names on their mailing lists.

Since so many separate registers
or addresses are required, memories
will have to be cheap. Ten cents
might be more or less arbitrarily
taken as the maximum cost of any
one register, including whatever
circuits or mechanisms are neces-
sary to locate and read it. A cost of
one cent or less would be more
nearly ideal.

Fortunately, this severe cost
limitation is partly offset by an-
other consideration. Density of ref-
erence will be low. During any
given period of time, selective
reference will be made to relatively
few of the total number of memory
units. This permits relatively slow
reference speeds. Several references
can be made simultaneously, to dif-
ferent sections of the memory. By
making several references simul-
taneously, look-ups can be kept
ahead of computing speed.

A look-up machine, consisting of
banks of reference memories to-
gether with appropriate selectors,
may very well be entirely separate

May, 1950 — ELECTRONICS


www.americanradiohistory.com

from the computer itself. Informa-
tion may feed from several input
machines, to a look-up machine, to
a computer, and thence to several
output printers. All of the machines
would be electrically connected. It
should not be necessary to manually
carry work, in any form, from one
machine to the next.

What Business Needs

Electronic clerical machines of
the future can have one tremendous
advantage over all of their predeces-
sors. They are inherently capable
of doing a whole clerical job, from
beginning to end and including any
foreseeable variations, exceptions
or irregularities that may arise.
They are inherently capable of be-
ing completely automatic, rather
than semiautomatic. The selective-
sequence principle of electronic com-
puters, or their ability to solve
logical as well as mathematical
problems, is the key to their
promise in this respect.

The nearest pre-electronic ap-
proach to automatic clerical equip-
ment is, of course, punched-card
machines. They are widely and
economically used. Yet these ex-
cellent machines have not com-
pletely replaced manual operations
on all routine clerical jobs, and
there are good reasons why they
have not done so. Resistance to
punched-card methods does not rest
on ungrounded conservatism or
blind sales resistance. Punched-card
machines can be made to perform
virtually any series of clerical op-
erations. But, in some applications
it costs as much to do the job by
machine as it does to do it manually,

The reasons are three-fold : First,
a series of separate mechanical op-
erations is required to produce a
single result. Cards must be
punched, verified, sorted, collated
and tabulated before even the first
report is forthcoming. Second, few
machines are completely automatic.
Cards must often be fed in and
manually taken away. In addition,
there is 2 manual card-filing prob-
lem. The third and greatest handi-
cap of punched-card machines in
some applications is their inability
to handle certain irregularities. The
machines are ideally suited to large
volumes of identical work. But
variations usually require either a
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different series of separate manu-
ally-attended operations, or manual
prehandling, to get work in such
form that it can be fed into the
regular flow of work. When we see
operators going from one machine
to another with little groups of
cards, or when we see large clerical
staffs getting work ready for the
machines, we are often witnessing
an application that might just as
well be performed manually from
beginning to end.

The great promise of electronic
equipment lies in its inherent abil-
ity to overcome these three limita-
tions. A limited manual input may
be required, when documents are
not in machine language to begin
with. But from then on we are deal-
ing with electrical pulses which
travel over wires. We do not have
to manually carry data from one
operation to the next. The machines
can operate unattended. And, since
they can compare and select, they
can recognize and handle irregular-
ities. Whatever rules can be given
to a clerk can be given to an elec-
tronic machine.

The heart of the fully automatic
clerical machine of the future will
be the selective-sequence principle.
This principle is used in all of the
digital computers that have been
built. These computers handle in-
formation very much as a clerk
does, only faster. All information
pertinent to the problem at hand is
assembled, including complete in-
structions as to what to do with
each item of information. Each
item of information is placed in a
definite location on a magnetic
drum, in an acoustic delay line or
in an electrostatic memory.

Programmed instructions then
tell the machine to switech informa-
tion from one location to another
until all desired operations have
been performed. Numbers to be
added are switched to an adding
unit and the sum is switched back
to a given memory location., Other
arithmetical operations are per-
formed in the same manner. Most
important of all, from a eclerical
point of view, is the fact that dif-
ferent items of information can be
compared to determine agreement
or non-agreement or to determine
the larger or smaller. Depending
upon the outcome of a comparison,
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the machine can switch to one pre-
arranged sequence of subsequent
operations or to another. It is in
this way that irregularities can be
recognized and handled.

All of the circuits that are re-
quired to do these things are well
proven. Computer men may differ
as to the best circuits, but we do
have workable circuits. Better in-
put, less expensive random-access
memories and faster printers are
needed, but we already have in
selective-sequence computers what
is probably the most difficult com-
ponent of a completely automatic
clerieal installation.

The Job Ahead

What remains to be done is to
decide what sort of machines to
build. What components, of what
speeds and capacities, are to be put
together to do a given clerical job
with maximum economy? Before
precisely the right machines can be
assembled, the requirements of the
job must be understood in detail.
This is an undertaking for indus-
trial engineers.

All or most clerical work nay fol-
low the same general pattern. But
similarity ends when we go beyond

generalities. No two clerical jobs
are identical. Common parts and
common sub-assemblies will no

doubt be used in all electronic cler-
ical machines, but to do the whole
job each machine will almost cer-
tainly be modified to suit individual
performance specifications.

The industrial engineering that
remains to be done is thus twofold.
First, enough must be known about
clerical work of all tvpes to design
the best possible common com-
ponents. Second, each application
must be analyzed in detail before
the machine for that application is
finally put together.

The desirability of an ideal ma-
chine for each clerical job can, per-
haps, be overemphasized. Less-
than-ideal machines can be sold.
But anyone who has experienced
the compromises and the borderline
decisions that often have to be
made in using present-day office
equipment cannot help dreaming of
a machine that is engineered for
their particular work.

Such machines would sell them-
selves.
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HE PHENOMENON of photo-
Temission of electrons has been
widely used for the light-sensitive
surface of television pickup tubes.
This is true for the image orthicon®
as well as for its predecessors, the
orthicon and the iconoscope.

The related phenomenon of pho-
toconductivity has not been em-
ployed in any commercially useful
pickup tube. However, this applica-
tion of photoconductivity has by no
means been ignored either in ihe
experimental laboratories or in the
patent literature. In fact, one of
the earliest proposals for a televi-
sion system envisioned the use of a
selenium photoconductive cell in
combination with a mechanical
scanning disc. Actually, the slug-
gish frequency response of the sele-
nium cells made them inadequate
for this application. Photoemissive
cells which became available in the
early part of this century were
found to be much more suitalle.

During the middle 1930’s, work
on photoconductive targets for tele-
vision pickup tubes was carried on
in this country? as well as in Eng-
land® and Germany.* In these experi-
ments an electron beam similar
to that used in the iconoscope
scanned the photoconductive target.
This mode of operation allowed the
possibility of obtaining increased
sensitivity by means of storage.
Furthermore, the photoconductor
needed to respond to changes in
light intensity no faster than thirty
cycles per second as compared to
the several million per second that

Miniature television camera employing the vidicon pickup tube®, with standard
image-orthicon camera in background

The Vidicon

is required for nonstorage opera-
tion.

None of these experiments re-
sulted in a useful tube able to com-
pete with the iconoscope available
at that time. The principal defects
were insensitivity, retention of im-
ages and spurious spots on the tar-

ALIGNMENT
COIL. .

]

FOCUSING COIL J

WALL SCREEN

I DEFLECTION YOKE |

300y

SCANNING BEAM __ ~il]

: >e<usnr
: FROM
PHOTOCONDUCTIVE _ _ -~ 7]
WALL +300V TARGET ———-- "~ i Iy SCENE

T2

/
/s

T~-~TRANSPARENT

I
2 l I — SIGNAL PLATE
] ]
GUN CATHODE
O VOLTS 10- 30V+
VIDEO
SIGNAL

FIG. 1—Cross-sectional diagram of an experimental vidicon photoconductive
television pickup tube
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get. Once again photoconductivity
for pickup tubes was set aside at
least temporarily in favor of pho-
toemission whose processing art
was somewhat more advanced.
Work done during the war on
photoconductive materials for in-
frared detectors has served to focus
attention on the basic advantages
which photoconductivity has to
offer to television pickup tubes. It is
well known that the light sensitiv-
ity obtainable with photoconductive
cells greatly exceeds that reported
for any photoemissive cells. Where-
as a sensitivity of 50 microamperes
per lumen (about 0.10 electron per
quanta) is considered good for pho-
toemission, tens of thousands of
microamperes per lumen (many
electrons per quanta) are not un-
common with some photoconductive
materials. (An image orthicon em-
ploying a photocathode giving 50
microamperes per lumen has an
operating sensitivity comparable to

Presented at IRE National Convention,
New York, March 1950.
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Experimental

one-inch-diameter vidicon, with

the standard commercial image
orthicon in the background

Photoconductive Camera Tube

Simplification of design, high sensitivity and good resolution are available in a new tube

having a photoconductive target. Its application results in economy of equipment

designed for unattended industrial applications as well as broadcast use

By PAUL K. WEIMER, STANLEY V. FORGUE and ROBERT R. GOODRICH

that of the human eye.)

If high-sensitivity materials suit-
able for pickup tube targets could
be found, the benefits could be used
in two ways. Perhaps least im-
portant at present would be the pos-
sibility of developing tubes capable
of operating at much lower light
levels. An improvement of about
10 times over that of the present
day image orthicon® is theoretically
possible, assuming that on the aver-
age, the best photoemitting sur-
faces are only 10 percent efficient.

ELECTRONICS — May, 1950

RCA Laboratories
Princeton, New Jersey

Second and more important, any
sizeable increase in target sensitiv-
ity would permit such simplifica-
tion in pickup tube design as to
open up entirely new fields of appli-
cation. The electron image section
and the electron multiplier, which
have been required in the image
orthicon for good sensitivity, may
be entirely eliminated. The tube is
reduced to the basic elements of
gun and target. This makes for
economy, compactness and simplic-
ity of operation.
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In addition, all the tube dimen-
sions may be scaled down, if de-
sired, because the extra target sen-
sitivity is available to compensate
for the reduction in target area. It
was easily conceivable that a sim-
ple, compact and dependable tele-
vision pickup tube would find many
applications in industry, business
and in scientific investigations far
wider than that of entertainment
broadcasting.

Work on photoconductive pickup
tubes has been carried on inten-

71


www.americanradiohistory.com

sively at RCA Laboratories during
the past several years. High-sensi-
tivity materials suitable for targets
have been found and many experi-
mental photoconductive tubes of
various sizes have been tested. The
name ‘“‘vidicon” has been coined to
distinguish these tubes from the
photoemissive tubes.

The particular form of vidicon to
be described is in an advanced stage
of experimental development. It is
one inch in diameter and six inches
long, and is particularly suited to
industrial applications. It appears
likely that both larger and smaller
forms of vidicons will eventually
become available for other applica-
tions.

The comparative sizes of the vidi-
con and the image orthicon are
shown in an accompanying photo-
graph. A miniature television cam-
era’ employing the vidicon is also
illustrated.

One-Inch Vidicon

The cross-sectional diagram of an
experimental tube given in Fig. 1
shows the relative positiong of the
gun and the target.

As shown in Fig. 2, the pnhotocon-
ductive material is deposited on the
transparent conducting signal plate
and scanned directly by the electron
beam. A uniform magnetic field is
used to focus the beam. The veloc-

ity of impact of the beam may be
either below first.crossover as in
the orthicon, or above first cross-
over as in the iconoscope. The video
signal is taken from the target by
connecting the amplifier to the
transparent signal plate. The wall
screen shown in Fig. 1 provides a
uniform field in front of the target,
but does not appear in the trans-
mitted picture.

Charge-Discharge Cycle

For purposes of explanation,
assume that a low-velocity orthicon-
type scanning beam is used. A fixed
potential of about 20 volts positive,
relative to the thermionic cathode,
is applied to the transparent signal
plate. The beam deposits elecfrons
on the scanned surface of the pho-
toconductor charging it down to
thermionic cathode potential. Al-
though considerable field is thereby
developed across the opposite faces
of the pliotoconductor, its conduc-
tivity is sufficiently low that very
little current flows in the dark.

If a light image is focused on the
target, its conductivity is incressed
in the illuminated portions, thus
permitting charge to flow. In these
areas the scanned surface gradually
becomes charged a volt or two posi-
tive with respect to the cathode
during the 1/30-second interval be-
tween successive scans.

Photograph of picture transmitted by a one-inch vidicon
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The beam deposits sufficient elec-
trons to neutralize the accumulated
charge, and in doing so generates
the video signal in the signal plate
lead. It will be noted that the tar-
get is sensitive to light throughout
the entire frame time permitting
full storage of charge.

The charge-discharge cycle is
identical to that of the orthicon
with the exception that the posi-
tive charging effect is achieved by
photoconduction through the target
itself, rather than by photoemission
from the scanned surface. This
mode of operation requires that the
resistivity of the photoconductive
target be sufficiently high that its
time constant exceeds the 1/30-sec-
ond television frame time. A dark
resistivity of 10 ohm-cm or greater
is satisfactory.

Many materials such as selenium,
sulfur, as well as the sulfides, sele-
nides and oxides are known to be
photoconducting. Several of these
materials when properly processed
have been found suitable for pickup
tube targets. The spectral response
is a function of the material and
the processing. Targets which are
sensitive to the entire visible range
of the spectrum have been made.

Operating Characteristics

Photoconductive targets free
from the spurious spots and lag
which troubled the earlier workers,
have been made. Sensitivities in
excess of 1,000 microamperes per
lumen are obtainable. Resolution is
limited only by the electron optics
of the beam while in the image or-
thicon a fine mesh screen at the tar-
get limits resolution.

The one-inch diameter vidicon
is capable of resolving more than
600 lines. Under similar conditions
the larger image orthicon will give
about fifteen hundred lines. The
capacity of the target may be made
sufficiently large in any size target
that the high light signal-to-noise
ratio of the output signal can be
as high as needed.

The signal-vs-light curve is
linear at low lights as in an orthi-
con, but with some flattening off
at high light levels. In general, the
photoconductive targets made to
date will not accommodate as wide
a range of light levels for a given
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lens aperture as an image orthicon.
For extremely bright illumination
on the target, the picture loses con-
trast without any tendency for un-
stable charge up as in the early
orthicon. An image orthicon under
similar conditions would maintain
good contrast by virtue of the re-
distribution of secondary electrons
on the picture side of the glass tar-
get,

In general, pickup tubes with
photoconductive targets are sim-
pler in operating adjustments than
an image orthicon. The -electron
image focusing control is com-
pletely eliminated, and the target
voltage adjustment is somewhat less
critical.

The high signal level obtainable
at the target removes the need for
an electron multiplier whose con-
tribution to spurious spots and
shading in the image orthicon has
been a steady source of concern.
The beam-current adjustment is ac-
cordingly less critical. In short, the
simplicity of operation of the pho-
toconductive targets combined
with their adaptability for small
tubes has made them particularly
suitable for equipment designed for
unattended industrial applications.

Sufficient satisfactory tubes have
been constructed in the laborataory
to demonstrate the advantages
listed above. However, questions of
tube life, allowable temperature
limits and reproducibility of re-
sults will require additional inten-
sive development before equipment
reliable enough for industrial use
can be made available. For exam-
ple, conditions necessary to ensure
targets free of objectionable time
lag are still in an experimental
stage,

Sensitivity of the Tube

A one-inch vidicon possessing a
target sensitivity of 800 pa per
lumen will transmit a noise-free
picture with a scene brightness of
several foot-lamberts using an f/2
lens. Since this light level is less
than ordinarily present in most lab-
oratories or factories, special light-
ing is not required.

It is impossible to compare the
relative sensitivities of the vidi-
con and the image orthicon with-
out specifying at what light level
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the comparison is being made. At
intermediate light levels, with a
few foot-lamberts scene brightness,
the two tubes will transmit a pic-
ture having about the same signal-
to-noise ratio. At higher light lev-
els, the vidicon will deliver a higher
signal-to-noise ratio than the im-
age orthicon since its target capac-
ity is higher. At lower light levels
its signal-to-noise ratio will be in-
ferior to that of an image orthicon
with a multiplier.

This follows from the fact that
the noise background for the vidi-
con is the amplifier noise that re-
mains fixed at all light levels, while
for the image orthicon it is shot
noise in the scanning beam, which
may be reduced somewhat for low
signal levels. With the development
of still more sensitive targets, the
vidicon without a multiplier may
be expected to exceed the present
image orthicon at all light levels.

It will be noted that the elimina-
tion of the electron multiplier will
require a stronger beam current
at the target of the vidicon than
in the image orthicon. Assuming
the input noise of the video ampli-
fier to be 2 X 10~ microampere, a
target current of 0.2 microampere
is required for a signal-to-noise
ratio of 100. This current is about
ten times that required in the im-
age orthicon.

Some explanation as to why a
smaller pickup tube may require
a more sensitive target for equal
scene brightnesses is in order. If
the entire tube and optical system
are scaled down in size, keeping
the same f number lens, the quan-
tity of light in lumens intercepted
by the lens is reduced. The output
signal of the tube in microamperes
is also reduced unless the target
sensitivity in microamperes per
lumen is increased.

On the other hand, if the lens
diameter for the small tube were
kept the same as for the large tube,
no increase in target sensitivity
is necessary. However, for the same
angle of view this means a faster
or lower f number lens. Such lenses,
if available at all, are likely to
be less highly corrected and more
expensive. Thus, in general, the
smaller tube will be operated with
smaller diameter lenses requiring
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FIG. 2—Detail of the target construc-
tion in the experimental photoconduc-
tive camera tube

higher scene brightnesses or more
sensitive targets. The gain in
depth of focus accompanying the
use of the smaller diameter lens
may, however, be very useful. Mo-
tion picture 16-mm lenses have
been found to be satisfactory.

The writers wish to thank V. K.
Zworykin and Albert Rose for their
continued interest and advice dur-
ing the course of this work. The
construction and testing of tubes
has been greatly aided by the co-
operation and assistance of A. D.
Cope and P. G. Herkart. We are
indebted to S. M. Thomsen for
preparation of photoconductive
materials. The development of min-
iature camera equipment by R. C.
Webb and J. M. Morgan has facili-
tated the evaluation of tube per-
formance,
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Automatic Exposure

Aerial photography above 600 mph under varying lighting conditions normally demands

a compromise in camera settings. A new photoelectric servo control of aperture providing

optimum exposure is applicable to motion-picture and television cameras

By GEORGE BRUCK, JOHN HIGGINS and JOHN WARD

Specialties, Inc.
Syosset, N. Y.

Underside of aperture control showing photocell and heater housing (center)
and servo motor (lower right)

Lens assembly with cover remecved showing camera irises to rear, photocell
iris aad derivative potentiometer
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OW-ALTITUDE reconnaissance pho-
L tography at speeds in excess
of 600 mph requires rapid auto-
matic adjustment to changing light
values. The requirements for good
color photography (as illustrated
by the front cover of this issue of
ELECTRONICS) are even more strin-
gent. Compromises in conventional
photography are apparent when the
average newsreel is compared with
the average studio production. In
color work, even the quality of the
latter is sacrificed by compromise
settings for sequences. In solving
the two-fold problem of automatic
light control and automatic shutter-
speed control, the former has been
attacked first by providing a servo
system for varying the iris aper-
ture.

The camera so modified is a U. S.
Air Force Model S-7 equipped with
stereoscopic lenses and an open,
slit-type shutter. Film is exposed
by being driven past the slit as a
function of ground speed and as an
inverse function of altitude. This
combination synchronizes the mov-
ing image on the film. Film ex-
posure time is expressed in equiva-
lent shutter speed; for example, an
equivalent shutter speed of 1/25th
of a second indicates that the slit
width is adjusted, as a function of
film speed, so that the passing film
receives an exposure equal to that
obtained by stationary film behind
a conventional shutter operated at
1/25th of a second.

The stereo lens assembly is modi-
fied to include an additional lens
with variable aperture, a photocell,
a photocell heater and thermostat
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- Control

and a motor with the necessary
gearing for driving all three aper-
tures. An armored cable connects
the lens assembly to an operator’s
control box containing an amplifier,
operating switches, an operating
indicator and a warm-up indicator.

Manual selection is provided to
preset the control for use with films
having ASA exposure indexes of
12, 25, 35, 50 and 100. A separate
control is provided to match equiva-
lent shutter speed settings of
1/50th, 1/100th, 1/200th and
1/400th of a second on the camera.
Depending on the type of film and
the equivalent shutter speed, the
control regulates aperture size to
permit constant light intensity at
the film, even though the maximum
illumination encountered may be
40 times greater than the mini-
mum. An indicator shows the op-
erator whether or not light condi-
tions are beyond the scope of his
shutter setting and tells him which
way to adjust it when required.
With these manual adjustments,
the control can accept a maximum-
to-minimum light ratio of 325 to 1.

How It Works

The basic system is shown in the
block diagram of Fig. 1. Assuming
normal operation, any change of
light intensity reflected from the
terrain will change the output of
the photocell. A resultant unbal-
ance at the comparator produces an
output that is filtered, phase-
shifted, and amplified to drive a
servo motor geared to the camera
apertures. As soon as the apertures
reach a position establishing cor-
rect light intensity at the photocell
(and film) the system corrects it-
self for balance. A derivative of
aperture change is applied to the
comparator for antihunt purposes.

Camera equivalent shutter
speeds are matched by means of a
selector switch that inserts one of
several resistors in the reference
circuit. The ASA film exposure in-
dexes are matched by means of a
selector knob that places one of sev-
eral calibrated light baffles in front
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Assembled lens turret beside control box that contains all the electron tubes

of the photocell. To protect the
photocell from stray light when the
camera is not in operation, a shut-
ter covers the photocell aperture.
A solenoid opens the shutter when-
ever power is applied to the equip-
ment.

The sensing unit is designed in
the form of a barrel, somewhat re-
sembling a small camera as shown
in Fig. 2, Mounted at the forward
end of the barrel is a Fresnel lens
of transparent plastic, which en-
tails less bulk and expense than an
equivalent lens of glass and allows
the use of a large opening. Very
thin, and very finely grooved, the
Fresnel lens gives sufficient defini-
tion of the image for proper con-
trol of the viewing angle.

The barrel aperture is directly
geared to the main lens apertures.
Perfect proportionality between the
photocell and main lens apertures

can not be assumed, however. For
the larger openings (up to f:1)
used at the photocell aperture, the
vignetting effect becomes increas-
ingly important so that the actual
optical opening deviates from the
calculated opening by a consider-
able factor. Correction is made by
inserting a piece of star-shaped,
opaque, metal foil behind the Fres-
nel lens.

The image is formed at a rec-
tangular opening that divides the
forward and rear sections of the
barrel, and is then diffused in the
curved, highly polished rear section
enclosing the photocell. This even
illumination of the cell prolongs its
life, improves its absolute accuracy,
and represents almost exactly the
average light intensity at the actual
film.

While it might seem that a
standard vacuum or gas phototube
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FIG. 1—Elements of the aulomatic iris aperture control sysfem
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would provide satisfactory informa-
tion, investigation shows them to
have a poor absolute accuracy in
comparison with the selenium
photocell.* The only photosensitive
element presently known to have a
fairly good absolute acuracy is the
barrier-layer type selenium photo-
cell. The voltage obtained from this
tyvpe of cell, however, is extremely
low at the light levels encountered,
and not suited for direct amplifi-
cation. Considerable difficulty was
encountered in attempts to use a
400-cycle electromechanical chopper
to transform the available d-c sig-
nal into an a-c signal suitable for
further amplification. It therefore

seemed desirable to use other
methods.
Selenium-type photocells have

the property of conducting in one
direction if they are not. illumin-
ated. Illumination creates some re-
verse conduction, and with constant
voltage applied, the reverse current
is esgentially proportional to the in-
tensity of illumination. This prop-
erty is used to advantage here.

It is necessary to obtain constant
voltage with a bridge consisting of
precision resistors and a tungsten-
filament lamp shown in Fig. 3. The
lamp filament changes resistance
with changes in the 400-cycle sup-
ply voltage and unbalances the
bridge in the direction necessary to
maintain the desired output. Con-
stant applied voltage is requisite
for maintaining absolute accuracy

RECTANGULAR
FRESNEL APERTURE OPENING
PHOTOCELL

FIG. 2—Photocell barrel
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FIG. 3—Constant-voltage bridge circuit
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of the photocell, and the bridge pro-
vides a voltage output constant
within a few percent.

The constant a-c voltage is ap-
plied through a rectifier, building
up a constant d-c voltage across the
capacitor and photocell represented
by the inner circuit of Fig. 4. Cur-
rent passed by the photocell is ap-
proximately proportional to light
intensity and it discharges the
parallel capacitor at a rate propor-
tional to this illumination. Through
the rectifier, the capacitor is re-
charged once every 2.5 milliseconds
to the peak value of the regulated
a-c source. The flow of this charg-
ing current through a series re-
sistor produces a voltage drop that
is the measure of existing photocell
illumination.

A reference circuit is connected
in parallel with the photocell circuit
as shown, duplicating the latter ex-
cept for a fixed resistor in place of
the photocell. The value of the re-
sistor is selected according to
equivalent shutter speed in use.
The flow of charging current
through the series resistor of this
circuit produces a voltage drop that
is the standard for desired photo-
cell illumination. Voltage drops
across the charging resistors of the
two circuits are compared in phase
opposition. When the voltage drop
owing to existing photocell illumi-
nation equals the standard for de-
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sired photocell illumination, the
comparator output becomes zero,
indicating that the photocell aper-
ture is the correct size. Since the
photocell aperture is geared to the
lens apertures, this also indicates
that light intensity at the film is
correct. When existing illumina-
tion needs correction, one voltage
predominates, resulting in a com-
parator output signal of particular
magnitude and polarity.

High harmonics in the pulse-type
signal from the comparator are
eliminated in a filter that also
rotates the phase angle ninety de-
grees. The filter unit consisting of
one pi-section with load resistance,
supplies an approximate sine-wave
voltage to the grid of the first
amplifier tube.

Amplifier Design

Servo applications require a
limiting amplifier that gives in-
creasing output for increasing

error up to a predetermined design
point. Beyond this point, an output
proportional to error would demand
excessively ponderous servomechan-
isms if, indeed, any mechanisms
capable of sensitive control could
stand an output proportional to
maximum error.

Speed limitations and torque
limitations of the aperture drive
dictate the size of the motor. This
parameter is a measure of the size
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of the output tube and of output
power. To obtain speed and ac-
curacy, full output power must be
reached with little error input, re-
quiring high voltage amplification
with powerful limiting action.
These characteristics are indicated
in the operational curve of Fig. 5.
One disadvantage of a conven-
tional vacuum-tube amplifier is the
limitation imposed on the input sig-
nal to avoid blocking. A powerful
input signal, when peak rectified,
builds up a negative bias at the
grids of the voltage amplifiers.
When stored in the coupling capaci-
tors, this bias takes an appreciable
time to dissipate and effectively
blocks a subsequent weak signal,
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which, as a result, is not properly
amplified. To maintain quick recov-
ery with this type of amplification,
the range of signal input is nor-
mally restricted.

Restriction of signal input is
avoided in the aperture control am-
plifier by using a Thyrite resistor
in the grid circuits of both the sec-
ond and third stages. This element
eliminates blocking and gives the
amplifier an extremely rapid recov-
ery time (15 milliseconds for a 60-
decibel input overload) as well as
a nonlinear gain characteristic.
The amplifier has a gain varying so
rapidly with the incoming signal
that the servo system cannot be
considered linear, except immedi-
ately adjacent to the null point.

As shown in Fig. 6, the signal is
first amplified in one-half a high-
mu triode, then amplified a second
time in the other half of the tube.
The properties of the Thyrite re-
sistor, attached to the grid of the
second stage, are such that its re-
sistance decreases as applied volt-
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age increases. Therefore, any pow-
erful signal applied momentarily to
this grid is almost immediately dis-
sipated through the resistor, clear-
ing the grid of bias effect.

A Thyrite resistor is also used
in the grid circuit of the driver
stage further to reduce recovery
time and prevent blocking. As the
signal input increases from zero to
0.5 millivolt, driver output in-
creases in a ratio that is practically
proportional. Above 0.5 millivolt,
the output remains constant at full
power. One-half a 12AT7 tube
serves for the driver, and is trans-
former-coupled to the last, or out-
put stage of the amplifier.

The output stage shown in Fig.
7 uses a type 5687 double triode op-
erated in Class B. Under normal
conditions, this tube could not con-
tinuously supply the 12 volt-am-
peres required for the variable
phase of the two-phase servo motor.
Because of the intermittency of the
service, however, it is possible to
use the tube without exceeding its

long-time plate dJissipation rating.
In fact, the tube is used consider-
ably below its maximum dissipation
ratings.

Maximum power is obtained by
supplying the 5687 grids with a
fixed bias of —20 volts. The voltage
is obtained from the power trans-
former through a germanium diode
rectifier of the high-back-voltage
type and a small, pi-section, induc-
tance-capacitance filter.

Antihunt Circuit

It is generally considered advis-
able to damp linear servomecha-
nisms with the derivative of the
error signal. This practice is not
necessarily correct for the nonlin-
ear type dealt with here. In this
case, a velocity or viscous damping
so calculated that it would repre-
sent considerable over-damping for
a corresponding linear servo proves
more favorable.

The damping signal is the deriv-
ative of a voltage proportional to
the effective optical aperture and
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FIG. 7—Servo power amplifier showing source of grid bias
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includes the mechanical inertia of
the servo system. Therefore, this
signal has a maximum value corre-
sponding to the maximum rate of
change of the effective lens area. It
never needs to be more, regardless
of the amount of error. The deriva-
tive is added to the input signal,
but since the equipment is working
on a nonlinear portion of the gain
characteristic, the damping factor
has no effect until the null point is
practically reached. Then, as a
large amount of retarding force, it
comes into full effect and halts the
mechanism abruptly.

The aperture drive is mechani-
cally linked to a variable resistor
so0 that voltage drop across the re-
sistor changes as a function of the
aperture opening as shown in Fig.
8. This function has been so deter-
mined that the rate of change of
voltage is correlated with the rate
of change of the lens opening to as-
sure proper damping over the full
range of aperture openings from
£:25 to f:16. The function is
highly nonlinear, being approxi-
mated by a section of a parabola.
To obtain accurate results, it is im-
perative to make the current
through the variable resistance in-
dependent of current and voltage
variations in the rest of the ecir-
cuits.

The desired derivative voltage is
relatively small and power-supply
ripple voltage may easily override
it. To avoid this difficulty, a spe-
cial regulator has been provided
that holds the voltage supply to
the derivative circuit constant.

This regulator comprises a neon
tube and the unused half of the
driver tube.

The current, through the resis-
tor, used to obtain the rate
of change of the aperture is a
measure of the actual location of
the aperture. The current passes
through an offset-zero milliameter
located on the control box panel and
calibrated in f-stops. It is used as
a fairly accurate indication of aper-
ture position and warns of extreme
light levels, so that the operator can
change equivalent shutter speed be-
fore making a series of shots.

Shown in Fig. 9 are the voltage
wave shapes observed at various
stages of amplification. The ratio
of output to input power is approx-
imately 1.5 x 10%, or about 140 de-
cibels. While this is not an excep-
tionally high ratio for an audio
amplifier, it is extreme for a servo
amplifier and would ordinarily lead
to objectionable hunting. This ef-
fect is avoided by the nonlinear
gain and antihunt circuits.

Its sensitivity combined with the
nonlinearity makes the aperture
control applicable to a wide range
of photographic lighting condi-
tions. A white sand beach in mid-
summer will seldom reflect more
than 10,000 foot-candles illumina-
tion, while a dark pine forest, on
an overcast day, may reflect as
little as 10 foot candles. Using a
color film of slowspeed (ASA index
35) and equivalent shutter speed
as dictated by conditions, the aper-
ture control corrects for illumina-
tions between 32 foot candles and
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FIG. 8—Method of coupling antihunt derivative circuit into input
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10,000 foot candles. With a black-
and-white film of fairly fast speed
(ASA index 100) and equivalent
shutter speed as dictated by condi-
tions, the aperture control corrects
for illuminations between 16 and
20,000 foot-candles.

Further development of the same
basic control system demonstrates
that the range of aperture correc-
tion can be extended to include il-
lumination as low as 1.5 foot-
candles. Extension of the range for
higher illumination is also possible,
but hardly necessary, since no cli-
matic or topographical conditions
reflect light above the present
maximum. Should a different ap-
plication require further extension
of range upward or downward, the
control could be suitably modified.

The authors wish to express
thanks for cooperation received
from personnel of the Aerial Cam-
era Branch of the Photo Labora-
tory at Wright-Patterson Air
Force Base, under Colonel George
W. Goddard, Chief, who inspired
development of the equipment. Ap-
preciation is especially due to Major
Arthur E. Smith, USAF, and Rob-
ert Roalef.

REFERENCES

(1) A. H. Taylor, Phototube Charac-
teristics as Influenced by Small Amounts
of Gas, General Electric Review, p 43,
June 1949

May, 1950 — ELECTRONICS


www.americanradiohistory.com

Bowling-Alley
Foul Detectors

By ERNEST JELLINEK

Control Division
General Electric Company
Schenectady, New York

Continual development work on foul detectors and certain revisions of American Bowling

Congress rules permit use of photoelectric devices for detecting sliding fouls in league

competition. Design considerations and circuit details are explained

HOTOELECTRIC foul detectors

have been known for a good
many years, but until recently, cer-
tain limitations prohibited their use
during league competition. The
rules set forth by the American
Bowling Congress did not lend
themselves to foul-line detection by
electronics.

It was noted that over ninety
percent of all fouls were of the
sliding-foot type, and that fouls of
this type were most difficult for
judges watching several alleys to
detect. The critical line was an in-
finitesimally narrow one at the
front edge of the foul strip. The
Congress has since modified its rules
and widened the critical line to one-
quarter inch. This provides suffi-
cient latitude for the design of prac-
tical photoelectric foul detectors,
and other types of fouls are readily
detected by other players.

Typical Installation

A typical sliding foul detector in-
stallation consists of a light source,
which projects a narrow light beam
along the foul line close to the floor,

ELECTRONICS — May, 1950

S

Light source and phototube units, shown in detail at the too of the page, are
mounted behind rectangular apertures in division boards between alleys

9
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Each panel in the control unit serves
two alleys

and a phototube unit at the other
side of the alley to receive the
beam. A control panel provides
voltage for the light source units
and receives current from the
phototube units. Its function is to
operate the proper foul light and a
bell when a foul occurs on any alley.
Foul lights are located above the
pins at each alley, and a common
foul bell is energized when a foul
occurs on any alley.

The light source and phototube
units are designed for mounting
at the foul line in place of the divi-
sion board, or inside the ball return
separating two alleys. Each light
source is capable of projecting a
beam of light in two directions and
thus can be used to cover either a
single alley or two adjacent alleys.
Each phototube holder is similarly
designed to cover either a single
alley or two adjacent alleys.

For uniform light distribution to
the required height a rectangular,
rather than a round, beam shape is
used. It is £ inch wide and 1% inch
high, starting 4 inch above the
floor.

To obtain good formation of the
light beam, a long-focal-length lens
system is used. This system is de-
signed so that the projected image
of the lamp filament focused on the
lens of the receiving unit across the
alley is approximately the same
width as the lens. In this way, the
beam is the same width from one
side of the alley to the other. The
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long-focus system also prevents un-
wanted light from being received
by the phototube.

A three-inch focal-length lens
magnifies the image of the #z-inch
lamp filament to about £ inch at the
standard alley width of 60 inches.
To fit this system into the available
narrow width of a division board
the focal length is folded at right
angles to the foul line by two mir-
rors. Each mirror reflects light to-
ward the phototube holder on one
side. Focusing is accomplished by
sliding the lamp bracket. Aiming
of the beam is done horizontally by
rotating the mirror, and vertically
by bending it slightly.

The phototube unit contains two
type CE22 end-on phototubes. One
or two phototubes may be used in
each  holder, depending upon
whether one or two alleys are being
covered.

Foul-Light Circuits

The foul-light relay circuit for
any alley must keep the foul light
off when the light beam is un-
broken. It should not respond to
light interruptions lasting less than
0.1 second, to allow the ball to pass
through the beam without a foul
being indicated, and it must re-
spond to light interruptions longer
than 0.1 second, which may be con-
sidered due to a foul. It should
then light the foul light, transmit a
pulse to the foul-bell relay cirecuit,
discontinue being responsive to the
light beam if the beam is re-es-
tablished, it must be ignored until
the end of the timing cycle), and it
must keep the foul light lit for a
fixed period of from ten to fifteen
seconds, then reset, and be ready
to indicate another foul or contin-
ued interruption of the light beam.

The circuit shown in the simpli-
fied diagram utilizes only one relay
for each alley. The relay is con-
nected so that after responding to
a beam interruption it disconnects
itself from the phototube amplifier
circuit and becomes a timing relay.
After completion of the timing
cycle, during which it energized the
foul light, it resets to its original
condition.

The high-impedance phototube
circuit is in the grid circuit of a
cathode follower which drives the
grid of the relay power amplifier.

wwWw.americanradiohistorv. com

Switching takes place in the lower-

impedance circuit between the
cathode follower and the power
amplifier.

As shown in the diagram, the
cathode of V., is connected through
the normally closed contact of RE,
to its load resistor R,. This is con-
nected to a bus that is fifty volts
negative with respect to the cath-
ode of V., which is at ground po-
tential. The cathode potential of
Vs follows the grid potential but is
about three volts more positive.

The cathode of V., is connected
to the grid of V., through R.. The
grid of V., follows the variations of
phototube signal voltage and con-
trols the current through RE, ac-
cordingly. Normally, with light on
the phototube, the grid of V. is
drawn negative by phototube cur-
rent flowing through R,. No plate
current flows, and RE, is deener-
gized. Interrupting the light beam
decreases the phototube current and
the grids of both tubes become
more positive. After a small time
delay, due to capacitor C,, RE, be-
comes energized and a foul is indi-
cated for that alley.

Time-Delay Circuit

The time delay provided by C.
prevents a foul from being indi-
cated when a ball rolls through the
light beam at normal speed.

Capacitor C. introduces a capaci-
tance-coupled negative feedback
which amplifies the actual RC time
constant by approximately the gain
of the stage. This occurs because
any change of plate voltage will be
coupled back to-the grid in opposi-
tion to the grid change which
caused it, thus slowing down any
further change. When there is no
change of plate current, as when
the tube is below cutoff or above
saturation, there is no amplification
of the time constant.

As explained previously, with the
light beam unbroken the grid of
V.« 18 negative with respect to its
cathode and the tube is cut off. How
far it is negative depends upon the
light intensity and the phototube
sensitivity at that alley; this may
be anywhere from 7 to 25 volts.
When the grid potential rises due
to interruption of the beam, the
time constant does not become
really effective until cutoff is
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reached. Thus, the time delay is
quite consistent for each alley re-
gardless of light intensity or photo-
tube sensitivity. Consequently, no
field adjustment is required at the
time of installation, nor will read-
justment be required as the lamp
and phototube age. This would not
be true if the delay were obtained
with a capacitor across the photo-
tube load resistor R, as the charge
on the capacitor would be different
for each alley.

Disabling Circuit

When the foul-light relay be-
comes energized it turns on the foul
light over the corresponding alley
and opens the circuit between the
cathode follower and the power am-
plifier, making it no longer respon-
sive to the light beam. It also con-
nects uncharged capacitor C; to the
plate of V.. The junction of R, and
R, thus suddenly rises to about 100
volts, causing V., to suddenly con-
duct fully. As C; charges, this po-
tential comes down towards its ulti-
mate potential of minus 50 volts.
This causes a corresponding de-
crease in plate current of V,,. The
Miller effect is used to increase the
time delay obtainable with small
components. In about 13 seconds
the grid of V,, reaches a potential
of minus 6 volts and RE, becomes
deenergized.

This turns the foul light off and
recloses the normally closed contact
in the cathode-follower circuit. The
circuit is thus reset, as the power
amplifier is again responsive to the
light beam. Also, the timing ca-
pacitor C; is discharged through re-
sistor R, and is ready for another
timing cycle. If the light beam is
still interrupted, the relay will be-
come energized again and the cycle
will repeat. If desired, switch SW,
may be opened to prevent a foul in-
dication.

Foul-Bell Operation

When a foul is detected, the foul
bell must ring for one or two sec-
onds while the foul-light relay re-
mains on for about 13 seconds. The
bell circuit must be able to respond
to another foul, even though one or
more foul-light relays are ener-
gized.

To meet these requirements, a
circuit was devised to utilize the
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A common bell serves all alleys and rings for a few seconds when a sliding

foul occurs.

pulse derived from the sudden in-
crease of current drawn from the
power supply when any foul-light
relay becomes energized.

The current from all foul-light
relays flows through a common re-
sistor R, in the cathode circuit on
the power panel. If any relay picks
up, the voltage across this re-
sistor will increase suddenly. The
voltage is capacitively coupled to
the grid of V, the foul-bell relay
tube. The positive pulse derived
causes RFE, to become energized,
turning on the bell. In a timing cir-
cuit similar to that of the foul-light
relay, RE, connects the grid to C..
This causes the relay to remain en-
ergized until the capacitor charges,
bringing the grid potential down.
When the relay becomes deener-
gized, C, is discharged by the nor-
mally closed contact of the relay,
and is ready for another operation
in response to a further sudden in-
crease of voltage across R..

It was noted previously that
when the foul-light relay became
energized, its current suddenly in-
creased from the value at pickup to
the saturation current of the tube.
This is the result of RE, drawing
the grid of V., positive when it
picked up. Even if the light beam
is interrupted very slowly, in such
a manner that the current increases
from zero to the pickup value very
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Visual indicators on each alley remain lit for about 15 seconds

slowly, an abrupt increase of at
least 5 milliamperes is obtained.

Control and Power

The control unit contains the
power supply and the bell-relay cir-
cuits for any number of alleys up to
sixteen. To this are added from one
to eight relay panels to cover the
number of alleys at the particular
installation up to sixteen. Each re-
lay panel section contains the foul-
light relay circuits for two alleys.

It is interesting to note that the
design of the d-c¢ plate supply is
based on the laws of probability. In
an establishment where sixteen al-
leys are in use simultaneously, the
occurrence of ten fouls in a five-
hour evening is considered rare.
The probability of two of them oc-
curring during the same fifteen
second interval is accordingly
somewhat remote. The probability
that three fouls will ocecur during
the same fifteen-second interval is
extremely remote. Therefore, it is
safe to design the equipment to in-
dicate a maximum of four simul-
taneous fouls.

The d-c¢ power supply, instead of
being large enough to energize
sixteen foul-light relays at once,
need deliver only enough power to
energize four, which also reduces
the problem of regulation of the
power supply.
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Radio Frankiort loop-fed antenna under
construction

By HELMUT BRUECKMANN

Consultant
Signal Corps Engineering Laboratories
Fort Mormouth, N. J.

HE RECEPTION cf a broadcast

station in the frequency
range 0.5 to 1.6 me is frequently
affected by fading at relatively
short distances, especially at night.
This kind of fading, which results
from interferemce c¢f ground and
sky wave, is observed at distances
of about 50 to 100 miles or more.
It causes linear and nonlinear dis-
tortion at the receiver, sometimes
to an extent which campletely spoils
a high-quality radio program, even
with ave in the resceiver. This
effect is true also for a high-power
station, the signal from which is
strong enough to overcome r-f
noise. As a result, a considerable
part of the potential coverage area
of many radio stations suffers from
poor reception. In order to achieve
an undisturbed primary coverage
as large as possible, especially at
night time, many high-power radio
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Antifading

Broadcast Antenna

The service area of a broadcast transmitter within which

interference between ground and sky-wave components

does not occur can be extended by reduction of high-angle

radiation from the antenna.

Use of a sectional mast with

an insulator cancels the progressive wave usually found on

fabricated towers

stations have been equipped with
antifading antennas. However,
not all of them have been success-
ful.

In 1930, German broadcast sta-
tions started to use a single vertical
wire or metal rope hung in the axis
of a self-supporting wooden tower
with a height in the order of half
a wavelength and excited elec-
trically at the base. Experience
with this kind of antenna in respect
to reduction of fading was good.
In some cases, the undisturbed
night-time primary coverage was
increased by 100 percent in area,
compared to an antenna with a
height of one-quarter wavelength
or less. However, the maintenance
of the wooden tower proved to be
expensive and difficult, and many
towers were destroyed by fire or
storm. In time they were replaced
by self-radiating steel towers which
were fed at the base in the same
manner as the one-wire antennas.
These steel towers were much
cheaper, easier to maintain and less
subject to hazards. However, they
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were disappointing in respect to re-
duction of fading.

Beginning in 1936, several inves-
tigators showed that this effect was
due to the progressive voltage-cur-
rent wave along the tower which is
superimposed on the standing volt-
age-current wave as shown in Fig.
1A. This progressive wave carries
the energy which is radiated by
each element of the antenna or dis-
sipated by losses. In a thin con-
ductor like the one-wire antenna,
the progressive wave is small com-
pared to the standing wave and,
therefore, the radiation of the pro-
gressive wave is almost negligible.
In a thick conductor like a steel
tower, this is no longer true. The
vertical radiation pattern of a
simple vertical antenna with height
H = 0.585 ) is shown in Fig. 1B,
curves 1, 2 and 3, for different
values of K.

The distance for which ground
and sky wave are equal and, there-
fore, fading is worst is strongly
affected by such modification of the
radiation pattern, as illustrated in
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Table I—Characteristics of Antenna Operating at 1,195 kc

tap and base of mast

ground

vertical radiation pattern

to pattern (calculated)

transmission line

matching network

power

(calculated)

line inside mast

node and at current loop
Voltage in kv across base insulator
Voltage

insulator

transmission line inside mast

mission line inside mast

* Disconnected
*% Shorted

Length of stub in feet between grounded
Height in feet of the current node above
Elevation angle in degrees of null of
Gain in db in the horizontal direction due
Input impedance in ohms of the coaxial 100 —j51
Antenna efficiency in percent, including
Losses in stub in percent of the input
Heat losses in percent along the mast
Losses in percent in coaxial transmission

Ratio of current in percent at current

in kv across sectional-mast
Maximum voltage in kv across coaxial

Standing-wave ratio in coaxial trans-

Loop-fed Base-fed
,—.5;3._7-_ 55.1 —5——2__(;‘ =
—~0.8 8.8 16.8 11
90 62 51 65
2.15 2.40 2.61 —
844737  27+j35 .
73 67 62 73
3 10 12 *
0.7 0.6 0.7 0.7
1.4 1.4 4.2 *
—_ 2.9 2.7 26
5.9 8.3 10.2 9.5
5.7 4.4 6.9 hd
6.8 8.0 13.0 *
2.2 2.5 7.9 =

Voltages are for 100 kw rms unmodulated power input.

Fig. 1C. The ground-wave inten-
sity is based on measurements with
a certain station as an example.
The sky-wave intensity is calcu-
lated for perfect reflection from the
E-layer as an arbitrary basis of
comparison. It is apparent that
the distance for which ground and
sky wave are equal is reduced con-
siderably with a base-fed mast an-
tenna, compared to a thin vertical
radiator, namely from about 135
miles to about 105 miles. This re-
duction corresponds to a decrease
in undisturbed area of 40 percent.

Principle of New Antenna

Around 1940, the author sug-
gested that the shaft of the mast
be broken up by an insulator some-
where in its upper part, and that it
be excited electrically at this sec-
tional-mast insulator. Although
this idea was not in itself new, no-
body up to that time had mentioned
the advantages of this idea in re-
spect to antifading action.

Disregarding the physical prob-
lem of transmitting power to the
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sectional-mast insulator, by tenta-
tively locating the current source
at this point, the basic idea can be
illustrated as shown in Fig. 1D. In
respect to current distribution, the
upper part of the mast works as an
open one-wire line and the lower
part as a one-wire line terminated
by an inductance. According to
the flow of energy there is a pro-
gressive wave superimposed on the
standing wave in each part of the
mast, traveling upward in the
upper part and downward in the
lower part. Each of the two pro-
gressive waves is, near the current
source, about half as strong as in
the case of excitation at the base.
The radiation components originat-
ing from them cancel each other at
least partially because of the op-
posite direction of the progressive
waves. For the sake of brevity,
this kind of antenna may be called
the loop-fed antenna, in contrast to
the base-fed antenna.

As shown in Fig. 2, the current
distribution in the lower part of
the mast depends upon the induct-
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FIG. 1—(A) standing, progressive and
total current waves on radiator fed at
base, (B) vertical pattern of vertical
0.585-wavelength radiator, (C) sky and
ground-wave field strengths, and (D)
standing, progressive and total current
waves on center-fed radiator

83


www.americanradiohistory.com

ance which is connected between
the base of the mast and ground.
This means that the vertical radia-
tion pattern can be controlled by
varying this inductance. In order
to have a pattern suitable for re-
duction of fading, it is not neces-
sary to have a current loop at the
sectional-mast insulator. Actually
a current distribution similar to
that in Fig. 2B is more favorable
because it allows reduction of the
total height of the mast, which can
be as low as 0.4 wavelength. Since
the inductance at the base can be
adjusted conveniently, it is possible
to adapt the antenna during opera-
tion to a change in ionospheric con-
ditions, as it happens, for example,
during spring and fall.

A simple way to feed the antenna
at the sectional-mast insulator is
shown in Fig. 3A. A coaxial r-f
cable is wound as a big coil. Its
outer conductor is connected be-
tween the base of the mast and
ground, representing the induect-
ance mentioned above. The inner
conductor of this cable is continued
through the inside of the lower
part of the mast and insulated from
it up to the lower end of the upper
part of the mast. This continua-
tion of the inner conductor and the
mast itself form a coaxial transmis-
sion line, with the mast as the outer
conductor. A current equal in
phase and magnitude and opposite
in direction to the current in the
inner conductor flows on the inner
surface of the lower part of the

mast. No radiation originates
therefrom. At the sectional-mast
insulator, this current goes around
the rim of the mast shaft and con-
tinues on the outside surface.

Normally, a tuning and matching
network would be introduced at the
sectional-mast insulation between
the antenna terminals and the
coaxial cable. However, in this
case it is not necessary. On that
part of the coaxial transmission
line which is formed by the mast
itself and the inner conductor, even
a high standing-wave ratio does not
matter, both from the standpoints
of power losses and break-down
voltage of the insulators, because of
the great dimensions available.
Therefore, it is sufficient to have a
matching and tuning network at
the lower end of the lower part of
the mast shaft where it can be
operated conveniently. Even more
convenient, the matching network
can be installed at the grounded end
of the coil of coaxial cable.

In order to determine how much
the loop-fed antenna actually im-
proves sky-wave suppression, field
strength measurements by airplane
were made with a 330-foot high
antenna model operated at 1,640 ke.
For an elevation angle of 43 de-
grees, the field strength was re-
duced by about 14 db compared to
the base-fed antenna, and by 23 db
compared to a simple short an-
tenna. In effect, the loop-fed mast
is about equal to, if not better than,
the base-fed one-wire antenna in
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FIG. 2—Effect of variation of series impedance Xp at base of loop-fed antenna on
current distribution
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respect to the sky-wave suppression.
The calculated field strength of
the reflected sky wave as a function
of the distance, when based on the
measured pattern, is shown in Fig.
1C. According to this diagram, the
undisturbed primary coverage at
night time is increased consider-
ably; namely, by about 30 percent
in radius or 68 percent in area,
compared to a base-fed mast.

Radio Frankfort Antenna

The first broadcast transmitter
which was to have obtained a per-
manent version of the loop-fed an-
tenna was the 100-kw station in
Berlin, Germany. The war pre-
vented this and, instead, such an
antenna was erected in 1946 for
the 100-kw station in Frankfort-on-
Main. Meanwhile, the antenna
originally planned for Berlin is
thought to have been erected also.

The antenna for Radio Frankfort
is a 402-foot steel tower with uni-
form square cross section. The sec-
tional-mast insulator is at a height
of 269 feet so that the upper part
of the tower is 133 feet long. The
construction of this sectional-mast
insulator is similar to that used for
station WMAQ.

At the time of the erection in
1947, it was a problem to provide
for the necessary inductance be-
tween the lower end of the mast
shaft and the ground system. This
inductance could not be established
by a coaxial cable wound into a coil,
as indicated in Fig. 3A, because
there was no 100-kw cable avail-
able. Instead, sections of another
mast of identical construction were
used to build a kind of short-cir-
cuited stub. They are hung up hori-
zontally by strain insulators at a
distance of 20 inches above the
ground in such a way that they
form one big loop with a diameter
of 64 feet, as shown in Fig. 3B.
One end of this stub is connected
to the base of the antenna, the
other end is grounded. By moving
the tap for the ground connection
along the stub, the reactance that is
effective between the base of the
antenna and ground can be varied
conveniently, providing a simple
means of adjusting the current dis-
tribution along the antenna and,
consequently, the vertical radiation
pattern.
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In the axis of this stub, the same
kind of copper rope as used in the
axis of the mast is hung up by
strain insulators. At the base of
the antenna, it is connected directly
to the copper rope in the axis of
the antenna. At the other end it is
connected to a matching and tuning
network. In this way the coaxial
transmission line represented by
the copper rope inside the antenna
and the mast shaft is continued to
the point where the outer conductor
is grounded. In view of the high
voltage-rating of this coaxial trans-
mission line inside the stub, there
is no danger of flashing over, even
with a high standing-wave-ratio.
Therefore, the matching and tun-
ing network could be installed out-
side the mast shaft in a small tun-
ing house,

The actual performance of this
antenna was measured for three
different settings of the tap for the
ground connection on the stub cor-
responding to three different radia-
tion patterns. Some of the results
are listed in Table I. A total an-
tenna efficiency of 73, 67 and 62
percent was obtained correspond-
ing to a total loss of 1.4, 1.7, and 2.1
db respectively, a relatively high
efficiency considering the inex-
pensive ground system used and
the high frequency of 1.2 me. Even
with these losses, the ground-wave
field strength is greater than that
of a quarter-wave antenna with an
efficiency of 100 percent.

Power Losses

About 1.4 to 4.2 percent of the
input power was found to be dis-
sipated in the coaxial transmis-
sion line inside the tower. This
is not too much considering that
this coaxial line has a high stand-
ing-wave ratio. Another 3 to 12
percent of the input power is lost
in the stub. This is due to the
low characteristic impedance of the
stub, only 62 ohms, which is unfa-
vorable but could not be avoided be-
cause of lack of material. Without
restriction in material, the losses
could have been made much smaller.
The balance of about 10 percent
loss probably is due chiefly to
ground losses. Equally satisfactory
are the voltage ratings of the
antenna.

Preliminary field strength re-
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FIG. 3—(A) current flow in loop-fed antenna, (B) loop-fed antenna with matching
network outside mast, and (C) equivalent circuit of loop-fed antenna operated
as base-fed type

cordings at night time, at a dis-
tance where the fading with a
simple quarter-wavelength antenna
at the transmitter previously had
been serious, showed that the fad-
ing at Radio Frankfort is much
smaller than the signal of another
station equipped with a quarter-
wave antenna located at the same
place and with almost the same fre-
quency. Final tests have not yet
beern made in respect to the area
undisturbed by fading.

The new antenna also has ad-
vantages in respect to its usable
frequency range. Full benefit of
its antifading action can be ob-
tained in a frequency, range of
about =20 percent of the fre-
quency for which it is designed,
without any alteration of the
antenna itself, just by properly ad-
justing the tap for the ground con-
nection on the stub. If the antenna
is required to operate at a fre-
quency outside of this range, it can
be used as a base-fed antenna with
the coaxial cable inside the mast
working as a stub, shown in Fig.
3C. With this mode of excitation,
and with a suitable reactance X
between the inner conductor and
the lower end of the mast, the radi-
ation efficiency at low frequencies
is higher than with a simple steel
tower because its effective height
can be increased by making the in-
put impedance of the coaxial cable

wwWwW.americanradiohistorv.com

inside the mast at the sectional-
mast insulator inductive. At higher
frequencies the sectional-mast in-
sulator can be used to decrease the
electrical height of the antenna in
order to obtain a more suitable ver-
tical radiation pattern by making
the input impedance of the coaxial
cable capacitive. It is also possible
to operate the antenna as a simple
base-fed mast by short-circuiting
the sectional-mast insulator. This
possibility may be useful in case of
trouble with this insulator.

Acknowledgment is made of the
help furnished by Messrs. Gerwig
and Graziadei and others involved
in the development of the antenna
which was carried out under the
supervision of the author in the
Forschungsantalt der Deutschen
Reichspost, Berlin, Germany.
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urements was afforded by Messrs.
Haberkant and Behne, employees of
Radio Frankfort.
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By L. L. KOROS*

Advanced Development Section
Engineering Products Dept.
RCA Victor Division
Radio Corporation of America
Camden, N. J.

SERS of wire line, and partic-
U ularly radiotelephone serv-
ice, can never be assured complete
secrecy of their communications
despite laws made for their protec-
tion. When circumstances justify
the expense of necessary terminal
equipment, speech scramblers or in-
verters are used that make it virtu-
ally impossible to decode or un-
scramble the enroute message with-
out authorization. Owing to the
confidential character of such sys-
tems the literature gives a very
meagre coverage of specific details,
although the basic principles have
been published.

This article describes an im-
proved speech inverter system em-
ploying equipment that is simple in
design. In operation, the adjust-
ments to the variable components
are not critical and the overall tol-
erances are fairly broad.

Design Considerations

Common practice in speech in-
verters is to let the intelligence
flow through a low-pass filter that
prevents higher frequencies not es-
sential to the intelligibility of
speech from passing into the cir-
cuits that follow. The limit is often
chosen at 2,700 cps.

The speech frequency band, f, =
2,700 cps, is introduced into a mod-
ulator, together with the inversion
frequency f., which is usually 3,000

* Formerly RCA Victor
Buenos Aires, Argentina.

Argentina,

Commercial transmitter speech inverter manufactured by RCA Victor Argentina

An Improved

cps. There are speech inverters us-
ing several inversion frequencies to
increase the difficulties for unau-
thorized reinversion. Thc method
described here can be applied to
more complex systems, also.” This
frequency of inversion is modu-
lated by the intelligence f, = 2,700
¢ps. The modulator is generally a
balanced type. It produces different
frequency groups, the more im-
portant being f. + f, and f. — f..
The output from the modulator
flows through a second low-pass fil-
ter with the same frequency limit
of 2,700 cps. By this process the
fe + f. group is suppressed and the

transmitted frequency spectrum is
300 to 2,700 cps.

Frequencies lower than 300 cps
produce higher f, — f, frequencies
than 2,700 cps. They are rejected
by the second filter and frequencies
higher than 2,700 cps are not intro-
duced into the modulator. The 400-
cps frequency in the passband be-
comes (after modulation and the
second filtering process) 3,000 —
400 = 2,600 cps. The 2,600 cps be-
comes 3,000 — 2,600 = 400 cps.
From the l