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agnetic pinch plasma engine may steer moon probes and propel
interplanetary space vehicles. Creating and investigating plasmas
require unique nstrumentation for data acquisition. See p 66
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A Vél’&'ﬂﬁle PULSE SOURCE

FOR TRANSISTOR TESTING...

Turn-On Time, Rise Time, Fall Time . . . three of the
more important transistor characteristics measured at
Philco’s Lansdale Division with the aid of a General Radio
1391-B Pulse, Sweep, and Time-Delay Generator — a
complete pulsc system. To make repetitive measurements
of the various transistor types faster and with minimum
resetting of their test console, Lansdale’s engincers have
designed a circuit jig (shown on the work table) for cach
transistor type. Type 1219-A Pulse Amplifier (shown under
Type 1391-B) provides additional pulse amplification.

Features of the Pulse Generator that are particularly
useful in Lansdale’s quality control program include: ex-
cellent rise and decay time characteristics (0.015 usec); the
extremely wide range of pulse durations; lack of duty
ratio restrictions; variable output impedance; the ability
to put the pulse’s zero reference level above ground level;
and in gencral, the wide variety of useful waveforms that
the generator can produce.

Photo Courtesy of Philco Corporation, Lansdale Division

A V@l’&'ﬂﬁ/e PULSE SOURCE FOR MANY OTHER

Dircct synchronizing pulse timed by the

input signal,
Delayed synchronizing pulse accurately
adjustable in time by delay generator.
Built-in coincidence circuit for timing the
delayed synchronizing pulse by externally
generated pulses fed into the instrument
Push-pull sawtooth voltage of sufficient
amplitude to be applied to the deflection
plates of oscilloscope for examining the
generator's output pulses, or for use in

driving auxiliary equip t.
Push-pull gating pulses with same du-

ration as the sweep.
Positive ar negative pulses with excellent
shape characteristics. continuously ad-
justable in duration, amplitude, imped-
ance level, and delay with respect to (a)

Write For
Complete Information

the direct sync pulse and (b) the sweep.=#

MEASUREMENTS

Echo Ranging, Telemetering, Computer Research,
Television, Radio Navigation

% Rise and Decay Times Better Than 0.015 usec
% Pulse Durations From 0.025 usec to 1.1 sec
% Time Delays From 1 usec to 1.1 sec

Type 1391-B Pulse, Sweep, and Time-Delay Generator . . . $2025
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ULTRASONICS

ONE TRANSISTOR -
HUNDREDS OF USES

DELCO RADIO'S VERSATILE 2N174  For top per-
tormance in a wide, wide range of applications, depend on Delco Radio's 2N174.
® This multi-purpose PNP germanium transistor is designed for general use with 28-volt power supplies,
and for use with 12-volt power supplies where high reliability is desired despite the presence of voltage
transients. m It has a high maximum emitter current of 15 amperes, a maximum collector diode rating
of 80 volts and a thermal resistance below .8°C per watt. The maximum power dissipation at 71°C mounting
base temperature is 30 watts. Low saturation resistance gives high efficiency in switching operations. m The
2N174 is versatile, rugged, reliable, stable and low priced. For more details or applications assistance on the 2N174

or other highly reliable Delco transistors, contact your nearest Delco Radio sales office. D E LCO

Newark, New Jersey Santa Monica, California Chicago, lllinois Detroit, Michigan ;
1180 Raymond Boulevard 726 Santa Monica Boulevard 5750 West 51st Street 57 Harper Avenue A D l O
Tel.: Mitchell 2-6165 Tel.: Exbrook 3-1465 Tel.: Portsmouth 7-3500 Tel.: Trinity 3-6560
LB Y
Division of Genera! Motors - Kokomo, Indlana .
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DESIGN WITH

ARNOLD 6T CORES...
SAME-DAY SHIPMENT OF
STANDARD DELTAMAX CORE SIZES

Arnold 6T tape cores (aluminum-
cased and hermetically-sealed)
offer you three very important de-
sign advantages. One: Maximum
compactness, comparable to or
exceeding that previously offered
only by plastic-cased cores. Two:
Maximum built-in protection
against environmental hazards.
Three: Require no supplementary
insulation prior to winding and can
be vacuum impregnated after
winding. _

Now we’ve added a fourth vital
advantage: Maximum availability.
An initia] stock of approximately

TO ROLL!
RIGHT
FROM
STOCK

electronics + JUNE 10, 1960

20,000 Deltamax 1, 2 and 4-mil
tape cores in the proposed EIA
standard sizes (See AIEE Publica-
tion No. 430) is ready on ware-
house shelves for your conveni-
ence. From this revolving stock,
you can get immediate shipment
(the same day order is received) on
cores in quantities from proto-
type lots to regular production re-
quirements.

Use Arnold 6T cores in your
designs for improved performance
and reduced cost. They're guaran-
teed against 1000-volt breakdown
. .. guaranteed to meet military

test specifications for resistance to
vibration and shock . . . guaranteed
also to meet military specifications
for operating temperatures. The 6T
hermetic casing method is extra
rigid to protect against strains.
Let us supply yoxr requirements.
Full data (Bulletin TC-101A and

Supplements) on request. ® Write
The Arnold Engineering Company,
Main Office and Plant, Marengo, 1l

ADDRESS DEPT. E6

#ARNOLD

-----

SPECIALISTS in MAGNETIC MATERIALS

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL
CITIES e Find them FAST In the YELLOW PAGES

1839

| SO
> ..«,“—"
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CROSSTALK

KLYSTRON AMPLIFIERS. Use of reflex klystrons in regenerative
amplifier circuits presents certain disadvantages because the amplifiers
are one-port devices. In this issue (p 64), long-time ELECTRONICS con-
tributor K. Ishii of the University of Minnesota presents a novel method
of overcoming some of the limitations. According to Ishii, hybrid-T
coupling gives a substantial increase in directivity and allows higher
input signals.

This is Ishii’s fourth article in ELECTRONICS. He is an assistant pro-
fessor in Minnesota’s electrical engineering department. His previous
articles have dealt with reflex klystrons in X-band receiving amplifiers
(p 202, April, 1955, and p 56, Jan. 8, 1960) and in M-band amplifiers
(p 71, Mar. 18, 1960).

MORE RELIABILITY. The increasing search for reliability ip com-
ponents and systems is worldwide. And while the reliability hunt itself
is as old as the first electron tube, the intensity and broadness of the
hunt reaches new proportions almost every week. Recently in Britain,
for example, a one-day symposium titled “Electronic Equipment Reli-
ability” was held. The attendance wasn’t 200 or 300. It was 1,000.
And the people present weren’t just electronics engineers. They were
Britain’s top design engineers—all seeking more information on reli-
ability. Derek Barlow, of McGraw-Hill's World News bureau in London,
was there, too. His story appears on p 34.

Coming In Our June 17 Issue

STRATOSCOPE 1 TV. High-altitude solar photography conducted in
the Stratoscope I program was made possible by using a slow-scan tv
chain. The chain consists of a balloon-borne camera and transmitter
and a ground receiving station.

For our next issue, four members of the technical staff at RCA Labo-
ratories in Princeton, N. J., have teamed up to describe this special-
purpose tv system. L. E. Flory, G. W. Gray, J. M. Morgan and W. S.
Pike provide an informative article which, in addition to presenting some
unconventional electronics, is a significant example of how our industry
is assisting astronomers and other scientists in studying man’s environ-
ment.

SOUND LEVEL METER. A transistorized sound level meter hps been
developed to provide direct readings of sound level from 24 db t(:T;40 db.
Next week, W. V. Richings and B. J. White of Dawe Instruments Ltd.
in London describe this instrument, which employs a crystal mi(l'ophone
feeding into a specially-developed high impedance circuit,

FURTHERMORE. A variety of other interesting feature material to
appear next week includes: an automatic surveying system for measuring
runway roughness by R. S. Brown of Midwest Research Institute; a
novel design peak voltmeter by R. P. MacKenzie of Philco Corp.; a built-in
test system for automatic fault location by D. H. Breslow of Raytheon Co.;
a reference sheet that can be used to obtain graphical solutions for twin-T
networks, and a discussion of broadband log-periodic antennas by R. Bell
of Granger Associates.
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aytheon Transformer Talk

Solving critical transformer design problems for key missile, radar and
communications system contracts has been an important Raytheon
activity for over 20 years.

Recent expansion in production facilities now makes many of these
advanced designs available in quantity, with prompt delivery.

Applying the
unit construction
technique to
high voltage
power supplies

The trend to unitization of power
supply construction is not limited
to low voltage supplies. The unit
at left was designed and built by
Raytheon for the main power sup-
ply of the FAA Vortac System—
the guidance system for aircraft
throughout the United States.

This is a complete high-voltage rec-
tifier, including plate transformer,
filament transformer and filter re-
actor in one compact housing with
integral mounting of rectifier tubes
(circuit diagram above). All mag-
netic components are capable of
withstanding 51 KV RMS hi-pot
test. Oil-filled high voltage termi-
nals are corona-free. Input = 3
phase, 208 volts + 15% 60 cycle =
10%. Output at nominal line volt-
age is 24,000 volts DC *+ 2% at
200 MA.

Write for complete data on Ray-
theon magnetic components.

RAYTHEON COMPANY
Magnetics Operations

Commercial Apparatus & Systems Div,:
1415 Boston-Providence Turnpike
Norwood, Massachusetts

Excellence
in Electronics
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WHAT
DEPENDABLE

SLIDE SWITCHES

CAN DO FOR YOUR PRODUCTS

ADD COLOR—Trigger knobs in 10 attractive
colors add decorative and functional touches
to switching operations.

CUT €cOSTS—Low in initial cost, Stackpole Slide
Switches often reduce costs up to 509, over
other type switches.

SAVE SPACE—Stackpole Slide Switches take less
panel area, often less depth than conven-
tional switches.

SIMPLIFY PRODUCTION—Choice of solder lug or
printed wiring terminals, clearance or
tapped-extrusion mounting holes.

HANDLE HIGHER LOADS—0(.5- to 1-amp types for
electronic equipment. 1-, 3-, and 6-amp
types for appliances and power tools.

SWITCH COMPLEX CIRCUITS—1- to 3-poles, 2- to
4-positions for real switching versatility.

FACILITATE OPERATION — Trend-setting slide
action available with or without detents and
spring returns. Plunger-operated and match-
ing pushbutton styles also available.

Write for Slide Switch Bulletin

STACKPOLE

ELECTRONIC COMPONENTS DIVISION
STACKPOLE CARBON COMPANY, St. Marys, Pennsylvania
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COMMENT

In This Corner

This is just a brief note to let
you know that I am in your corner
in your controversy with reader
Carroll (Comment, p 6, May 20).
Seemingly, Mr. Carroll does not
know that both government and in-
dustry spend vast amounts of
money for the sole purpose of ob-
taining information from abroad.
Unfortunately, as Mr. Carroll’s let-
ter indicates, the problem is not
always so much that of what in-
formation is available, but what
certain individuals are willing to
read.

Keep up the good work. . . .

EUGENE MITTELMANN

CHICAGO

Up and Down

I was fascinated to read in my
favorite magazine (p 92, May 13)
that ‘“synchronous pumping ups
noise figure.”

I always thought it cuts noise
figure.

Never suspected your journal of
such cutups. . ..

ROBERT ADLER

ZENITH RADIO CORP.
CHICAGO

Problem wasn’t cutups but cut-
downs. One editor wrote the head-
line with the word “improves”—
a pretty accurate word but too
long for the page. In the press of
closing the page, another editor
had to cut the headline down to
size, and, without looking into the
article, interpreted “improves” as
“ups.”

Charactron

We have noted your article en-
titled “Air Traffic Data Center
Tests Begin” (p 28, Apr. 8). In
that article, Charactron, which is a
registered trademark of the Strom-
berg-Carlson division of General
Dynamies Corp. was misused in
several respects.

In column 2 of p 29, it is stated
that ‘“the computer . . . generates
a Hughes Charactron display of
simulated aircraft movements . . .”
Naturally, we are upset at this in-
advertence and were wcndering
whether you would be kind enough

JUNE 10, 1960 « electronics



Two completely new, transistorized,
differential Data Amplifiers, Types 491
and 492, by Offner Electronics Inc.
Their high precision makes possible
an accuracy and simplification of data

reduction previously impossible.
1/100% accuracy  Sixteen channels of data reduction

(Type 492) requires only 8%4” of
1/100% gain stability |
rack space. Power supply occupies

1/100% rinearity only 5%4”. The combination of accuracy,
stability, fast response, and size is unmatched.

1/1009, accuracy

1/1009, gain stability-——for 1,000 hours at normal ambients
1/1009, linearity—for full output

All-transistor construction

1/400th second response—to step input

Type 492 Ampifir (left) provides Very low output impedance—less than 0.1 ohm

2 channels of hregli_sion 4a;rln[zli.ﬁf‘ai Infinite rejection—of common d-c signals

tion r unit. c right, 1 M —

isa sl?ﬁgle channel u)rllli,: with ingput 120db B 60.cps

coupler for added versatility. 16 channels in 834 inches of rack space (Type 492)

Versatile input couplers (Type 491)

D OFFNER ELECTRONICS INC.
¥ 3906 River Road, Schiller Park, lll. (Suburb of Chicago)

electronics  JUNE 10, 1960 CIRCLE 7 ON READER SERVICE CARD 7
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There's a faster way
to inspect plant
locations...

]
‘J

e el

maea o . |
@ @ B l’lﬂ?'l’ﬁﬂ’l/}b’ has the answers for
over half of Pennsylvania and New Jersey

GPU’s staff of experts can quickly furnish you with all the information
on this prime industrial area. Check today on the advantages for you
in one of the 1279 communities within overnight shipping to more than
55 million consumers. Your request will receive prompt, confidential
handling without any cost to you.

GPU Site-Service is the one central source with complete information
on available buildings, plant sites, labor, raw materials, taxes and many
locations with complete financing or lease-back plans.

Write, wire or phone today. Let us know your requirements, and we
will gladly cover the ground for you.

Metropolitan Edison Co.
Pennsylvania Electric Co.
New Jersey Power & Light Co.
Jersey Central Power & Light Co.

GENERAL PUBLIC UTILITIES
CORPORATION

Att: Wm. J. Jomieson, Areo Development Director, Dept. E-6
67 Brood St., New York 4, N. Y, WHitehall 3-5600
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to print a correction in ELEC-
TRONICS in the near future stating
that Charactron is a registered
trademark of General Dynamics
Corp. . ..

ROBERT L. NATHANS
STROMBERG-CARLSON
ROCHESTER, N. Y.

The Disappearance

(Re: “Tiros I Tracked from
Horizon to Horizon,” p 96, May
13). ...

At the bottom of p 96, I presume
Tiros I disappeared over the hori-
zon?

JACK R. CRADDOCK
BOULDER, CoLo.

It seems that way; the page ends
in midsentence, and the next page
begins a new article. But pages 95
and 96 are out of order; reader
Craddock will find that Tiros
landed, not over the horizon, but
on p 95.

On the Market

.. . We are unceasingly continu-
ing research in many specialized
laboratories to develop new prod-
ucts in the field of electronics, in-
cluding radio, television, communi-
cations and components.

We should be grateful if you
would accept our new products as
material for On The Market. Al-
though being afraid of taking too
much of your valuable time, we
anxiously await information on
your editorial policies, in order to
select the material in the best way
to cooperate with your staff. . . .

TAKASHI HIRANO
MATSUSHITA ELECTRIC
INDUSTRIAL Co.
OSAKA, JAPAN

Reader Hirano and other inter-
national readers who may not be
familiar with our policy might like
to know that we are always in-
terested in finding out about new
electronic devices wherever they
are produced. Naturally, we don’t
publish them all; there are prob-
ably well over 10,000 new products
developed in the U. S. alone every
year. In selecting material, we
follow the same rules as with all
other editorial material—we select
the best and most interesting, in
our judgment, consistent with
available space.

JUNE 10, 1960 - elecivenics



Freezing temperatures hold no threat for this hardy

battery! The performance of Mallory’s new low-

temperature, wound anode mercury cell far surpasses
that of conventional pressed powder anode cells at temperatures
around 32°F. This improved performance yields increased capacity
per unit volume for all-weather uses, such as navigational buoys,
emergency beacons, air-sea rescue transceivers, survival kits, marker
lights, warning devices, and many other applications.

The ribbon wound zinc anode of this new mercury cell has a large
surface area in contact with the electrolyte. The interleaved absorbent
retains the electrolyte and facilitates ionic transfer over the entire
anode surface area. This lowers the temperature sensitive anode
impedance in the freezing temperature zones.

Wound anode construction also increases cell efficiency. At drains up

to 100 ma, 909, of available room temperature capacity is attained.
Cell units can be packaged to yield up to 45 watt hours per pound.

Write for complete engineering data, including sizes available, sug-
gested applications, characteristics curves and tables. Detailed infor-
mation on current military uses is available to authorized companies.

Mallory Battery Co., Cleveland, Ohio
a division of

PR MALLORY & CO. Inc.

HOURS

HOURS LIFE VS. TEMPERATURE OPERATION

Wound Anode (RM-1450R) vs. Pressed Powder
(RM-12R)

Data shows hours life to .9v cut-off on typical
transceiver duty 10ma rec. 5 min. 75ma trans.
5 min. continuous cycle.

o
120 +68°F.

110

100

920

(RM-12R) (RM-1450R)

TEMPERATURE

In Canada, Mallory Battery Company of Canada Ltd., Toronto 4, Ontario

electronics « JUNE 10, 1960
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This is a KIN TEL 607A AC
voltage standard, the nearest
AC equivalent

This is a DC standard cell

The 601A
produces 1 to 501
volts, at 60, 400
or 1000 cps. Voltage accu-
racy is = O.1%. Frequency
accuracy is = 1.0%. Harmonic
distortion is less than O.3%.
Power output capability is 5
amps up to 5 volts and
25 watts above. The output
is completely floating
and isolated from AC
line and chassis
ground.

If you calibrate
high-accuracy AC measuring
instruments, or design servo or
gyro equipment, or evaluate magnetic
properties, you probably need this
new kind of voltage standard.

California, Phone: BRowning 7-6700Q

For more information call or write us direct,
or call your nearest KIN TEL representative.

5725 Kearny Villa Road, San Diego 11,

A DIVISION OF

ELECTRONICS, NG
KIN TEL manufactures electronic
instruments for measurement and control,
and closed circuit TV. Representatives
in all major cities. Write for detailed
literature or demonstration.
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ELECTRONICS NEWSLETTER

Automatic Print Reader
Aids Machine Translation

MACHINE that reads Russian is be-
ing built by Baird-Atomic to work
with the electronic translator de-
veloped by IBM and recently un-
veiled by the Air Force (ELEC-
TRONICS, p 11, May 20). The print
reader will be able to recognize
1,000 Russian characters a second,
compared with typists’ speed of
about 40 words a minute.

At the present time, a typist
copies Pravda and Jzvestia on a
Flexwriter, converting the Russian
letters into punched-tape code for
the translating computer.

The optical-electronic reader
scans a film copy of the original
page. Reader memory consists of
photographic masks or optical
apertures. Light passes through the
unknown character (transparent
on film copy), through an array
of apertures and on to an array
of photodetectors, one behind
each aperture. The decision-making
function is carried out electronic-
ally by threshold circuits at the
photodetector outputs. The reader
will be tested in September.

Instrument Fault Causes
Soviet Spaceship “Backfire”

SOVIET SCIENTISTS attempted to
bring back Sputnik IV’s cabin cap-
sule and failed. According to Tass,
Soviet news agency, the order was
sent to the ship four days after
launch to switch on the braking
system in order to depress the or-
bit and detach the cabin. “As a re-
sult of a fault . . . in one of the in-
struments in the space ship’s
orientation system,” the retro
rocket fired in the wrong direction.
The satellite was fragmented
into several pieces (seven have
been identified by the National
Space Surveillance Control Center)
and the apogee of its orbit ex-
panded from 222 miles to 412. Its
transmitter is still working.
After winnowing the chaff out of
a host of reports in the Soviet
press, it appears that while the
rocket’s propulsion system was un-
doubtedly a powerful and advanced
one, the electronics systems were

electronics - JUNE 10, 1960

unexceptional. Automatic regula-
tory systems for temperature and
other environmental conditions
were powered with zinec-alkali bat-
teries. Solar cells—used on the “in-
terplanetary automatic station”
that photographed the backside of
the moon—were apparently not
used.

A Soviet academician, comment-
ing on the space ship, claimed
among other things that the first
manned space flight “is not far
off.” Another added ‘‘as soon as
technical aspects of spaceship flight
control and reentry problems are
solved, we shall be ready to send
a man into space.”

System Supervises
Gas Transmission

SOLID-STATE circuitry is employed
in an automatic control and super-
visory system installed by Colorado
Interstate Gas Co., Colorado
Springs. The system was built by
Southwestern Industrial Co. of
Houston, Tex., to control and
supervise CIG’s compressor station
at Springfield, Colo., 160 miles
southeast of the gas transmission
company’s headquarters.

Gas dispatcher at the head-
quarters communications center
telemeters discharge-pressure fig-
ures (known as set-point controls)
to the compressor station over mic-
rowave link. Automatic controls
at the station keep discharge pres-
sures at the set point, monitor for
off-limit conditions, call in protec-
tive devices when necessary, keep a
log on equipment operations.

Radio, Tv Production
Rises in Austria

GENERAL SLACKENING of electrical-
appliance production in Austria is
countered in part by rises chalked
up in three areas: radio-tv, light
bulbs and insulated wire. Govern-
ment statistics indicate that cur-
tailed government buying and
slowdown in construction are be-
hind the slack appliance market,
give no hint as to why radio-tv is
rising while other appliances slide.

Average monthly radio produc-
tion in 1959 was 30,947; this year
it is running about 33,300. Tele-
vision production figure for 1959
averaged 5,997, and is topping
7,000 monthly so far this year.

Information Agency
Calls for Engineers

VOICE OF AMERICA’s big shortwave
facility, going up in Greenville,
N.C., will use six 250-Kw General
Electric transmitters as part of its
overall 4-million-watt strength. The
first two GE sets are slated to go
on test in July. When completed,
the station will be the most power-
ful shortwave transmitter in the
world. It will consolidate four
obsolescent stations now operating
along the eastern seaboard, send
broadcasts to relay stations in
Europe and beam directly to South
America, the Middle East and
North Africa.

U.S. Information Agency tells
ELECTRONICS it needs engineers to
keep the facility on schedule. The
propaganda agency needs electrical
and electronics engineers with a
minimum of three years’ profes-
sional experience. Preparation for
the 6,100-acre installation began
last February; it is scheduled for
completion in 1962.

Changemaking Machine
Senses Magnetic Signals

CHANGEMAKER developed by Res-
con Electronics, Boston, can recog-
nize bills in $1, $2, $5 and $20 de-
nominations, make proper change
either for face value or after sub-
tracting price of a product. Called
Optrovend, the machine measures
color and density of the inks on the
bill in terms of magnetic response.

American-made A-m/F-m
Transistor Portable Out

AMERICAN-MADE all-transistor a-m/
f-m portable radio is being test-
marketed in parts of New England
through Northeastern Distributors,
Cambridge, Mass. Developed by
Zenith Radio, the battery-powered
set is equipped with afc for drift-
free tuning in primary signal areas.

1



THERMOSETTING RESINS

Relay terminal connections, potted with Dow epoxy novolac, help keep the Minuteman missile ready to go!

“Our micro-miniature relay rejects dropped from 25% to ...
NO REJECTIONS SINCE WE SWITCHED TO DOW EPOXY NOVOLAC!”

“Our customers, the Autonetics Division of North American Aviation, Inc.,
specified 100,000 ohms insulation resistance for a relay in the guidance
system of the Minuteman missile,” states H. E. Wardein, Customer Rela-
tions Manager of the Electronics Components Division, Telecomputing
Corporation. “Our micro-miniature relay had to measure up to this stand-
ard. Since the relay is designed as a plug-in unit, it is potted to give the
connector mechanical stability, and to assure electrical insulation.

“Using our regular potting materials, we found it necessary to rework about @Fﬂ Qm
25% of our production. But with Dow epoxy novolac resin (D.E.N. 438) N ~
potting compounds, we have built many thousands of relays and have not  In heat-resistance tests, ordinary epoxy resin compound
experienced a single rejection due to low insulation resistance!” Aavicracked oo qmssypovaloc (HoRt arsmiidnd!

Dow epoxy novolac resins are preferred by component manufacturers like
Telecomputing Corporation for their superior ability to adhere to metal
parts; for their heat and chemical resistance—far above that of ordinary
epoxy materials; and for their ability to surpass the heat distortion point
of ordinary epoxies—even when room-cured rather than oven-cured!

If you are potting, molding, encapsulating, or laminating electronic com-
ponents, or require an epoxy resin for an application where performance is
critical, consider D.E.N. 438 for that extra measure of physical and chem-
ical stability! Call your nearest Dow sales office. Or write: THE DOW
CHEMICAL COMPANY, Midland, Michigan, Plastics Merchandising Depart-

Soaked in an epoxy stripper, ordinary epoxy resin pot-
ting (left) dissolved. Dow epoxy novolac (right) showed
ment 1968JG6-10. no change after two weeks’ immersion!

THE DOW CHEMICAL COMPANY +« MIDLAND, MICHIGAN
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"OWQ o0 ’ram CLARE. o @
a new lo-Po‘ini Stepping Switch

for long life digital operation

Small, lightweight and capable of a minimum of
over 100,000,000 operations,* the new cLARE Type
210 Stepping Switch is specially designed for digital
operation. It is ideally suited as a component for
sequence control, totalizing, sampling or single point
selection. It transfers from Position 10 to Position
1 without special circuitry.

This new switch has all the improved features
which have made the Type 211 an ideal component
for complex switching requirements—long life, ex-
cellent capacity and freedom from maintenance. A
wide variety of hermetically sealed and dust cover
enclosures are available with terminals or connectors
to suit the application.

Send for Bulletin CPC-6 for complete information.
Address C. P. Clare & Co., 3101 Pratt Blvd., Chicago 45,

Illinois; In Canada: C. P. Clare Canada Ltd., P. O. Box
134, Downsview, Ontario. Cable Address: CLARELAY.

*with twelve 10-point levels . . . 300,000,000 operations with
four 30-point levels (properly lubricated and adjusted).

CGLARIE

Relays and Related Control Components

e
.....E:\.\?.'LL
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ELECTRICAL DATA

OPERATING SPEEDS—Self-interrupt speed: 60 sps at 25°C on’
nominal voltage. Remote impulse speed: 30 sps at 25°C on
nominal voltage with 66% make impulse.

OPERATE & RELEASE TIME—Operate time: 20 ms at 25°C on
nominal voltage. Release time: 10 ms at 25°C on nominal
voltage.

OPERATE & RELEASE VOLTAGE—Maximum pull-in at 25°C is
75% of nominal voltage. Minimum dropout at 25°C is 3% of
nominal voltage.

BREAKDOWN TEST-—1000v, rms, 60 cps, is standard.

COILS—Coil resistances for typical voltages are shown below:

VOLTAGE 1-8 LEVELS 9-12 LEVELS
Vde OHMS OHMS
6 1.5 1.5

12 6 6

24 24 20

48 100 70

60 150 100
110 600 400

MECHANICAL DATA

OVERALL DIMENSIONS—Length (maximum)—4-5/16in. Height
(1C interrupter, 1C O.N.S.)—2% in. Width—from 1-5/16 in. for
3 levels to 2-13 /16 in. for 12 levels.

NET WEIGHT—From one pound for 3 levels to 1} pounds for
12 levels.

BANK CONTACT—Standard is phosphor bronze. Also available
are coin silver or gold plated phosphor bronze.

MAXIMUM BANK LEVELS & PILEUPS

Type of operation (points) 10 30
Bank levels maximum (electrical) 12 4
Interrupter springs 6 6
Off-normal springs 6 6
Number of ratchet teeth 30 30

WIPERS-—-Standard wipers are non-bridging phosphor bronze
with coin silver and gold-plated phosphor bronze available in
either non-bridging or bridging modeis.



“Telephone Quality”

Stromberg-Carlson

RELAYS

. « . featuring new high-voltage
types for test equipment or other
high-voltage applications.

THE insulation in the new relays
withstands 1500 volts A.C.—three
times normal. These high-voltage
models are available in Types A,
B and E. They are the latest addi-
tions to the Stromberg-Carlson line
of twin contact relays—all avail-
able for immediate delivery.

The following regular types are
representative of our complete line:

Type A: general-purpose relay
with up to 20 Form “A” spring com-
binations. This relay is excellent
for switching operations.

Type B: a gang-type relay with
up to 60 Form “A” spring com-
binations.

Type BB: relay accommodates
up to 100 Form “A” springs.

Type C: two relays on the same
frame. A “must” where space is at
a premium.

Type E: has the same character-
istics as the T'ype A relay, plus uni-
versal mounting arrangement. In-
terchangeable with many other
makes.

Details on request. In Atlanta
call TRiINITY 5-7467; Chicago:
STATE 2-4235; Kansas City: HARr-
RISON 1-6618; Rochester: HUBBARD
2-2200; San Francisco: OXFORD
7-3630. Or write to Telecommuni-
cation Division, 114 Carlson Road,
Rochester 3, New York.

STROMBERG-CARLSON

A DIVISION OF

GENERAL DYNAMICS
e == ]
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WASHINGTON OUTLOOK

THE AIR FORCE is making a monumental policy change which will affect
management of future ballistic missile and space development projects.

From here on out, systems engineering and technical director functions
will be assigned to production prime contractors through competition.
For the past six years, Thompson Ramo Wooldridge’s Space Technology
Laboratories has been the Air Force’s technical and managerial director
on the ICBM and early satellite systems.

STL is also being eased out of its Air Force staff role in charge of
advanced planning and evaluation of new systems. In STL’s place, a non-
profit corporation will be set up along the lines of the Rand Corp. It will
be housed in STL’s $25-million El Segundo, Calif., R&D complex, and will
be staffed—the Air Force hopes—with personnel recruited from STL. A
contract spelling this out is expected to be ready in about two weeks.

The contract will also define STL’s role in existing projects. STL
will remain as system engineer and technical director for ICBMs through
“the essential development stage.” This means another year or so with
Atlas, two years with Titan, and three or four years with Minuteman.
Its contractual ties with the Thor IRBM, now deployed overseas, have
already been cut.

STL will also complete work already contracted for on experimental
space shots. This runs the gamut from system engineering for the
Pioneer series, to basic engineering on the transit navigation satellite, to
trajectory calculations for the Discoverer test satellite.

The upshot will be this: STL will be administratively integrated with
TRW, its parent company, and take its place as a regular bidder for Air
Force and other contracts to design, develop, and produce later-generation
ballistic missiles and space systems.

Up to now, both STL and TRW have been barred from hardware con-
tracts resulting from projects on which STL has been system engineer and
technical director.

ELECTRONICS PLAYS AN IMPORTANT ROLE in a major highway research pro-
gram just proposed to Washington by a special committee of experts.
The program will be backed by federal, state, and private funds, and may
be put into effect later this year.

A four- or five-year project, to cost $3 million, is proposed for develop-
ment of an electronic system to control vehicle traffic. The first step:
Study of criteria for such factors as the degree of communication, guid-
ance, or control needed under all road and traffic conditions; limits of
precision required for vehicle guidance; conditions electronic guidance
or control must satisfy; etc. A second program, to cost $3.5 million, is
proposed for development of a driving simulator.

THE FEDERAL AVIATION AGENCY has started a new program to recaptute
some of the money it pays out to research and development contractors.

The agency i3 working out a plan in which companies obtaining patents
from government-financed projects will be required to pay royalties baek
to the government amounting to about six percent of the sales price of
equipment sold on the commercial market.

First test of the policy is being negotiated with General Precision
Equipment Corp. on computing equipment developed under a $30-million
FAA contract.

THE ARMY has solicited proposals on feasibility studies aimed to develop
a ballistic missile defense system for use on the battlefield. Bids must
be in to the Army Rocket and Guided Missile Agency, Redstone, Ala., this
month. Presumably, the system now sought would be more sophisticated
than the Plato project, cancelled by the Army two years ago.

JUNE 10, 1960 « electronies



New, compact PRECISION FREQUENCY STANDARD
offers %10’ stability,

* .

Model 100ER offers six stondord sine ond four rectongplor
frequencies in decode steps; ovoiloble simultoneously ond
selected on front ponel.

Specifications

just 834" high

(p 100ER
FREQUENCY STANDARD

Timing comb output pips occur ot 100, 1,000 ond 10,000
microsecond intervols. Timing comb simplifies *fost” meos~
urements ond colibrotion.

This compact, highly convenient new ® frequency stand-
ard not only provides stability equivalent to complex,
expensive primary standards, but offers the versatility of
a wide variety of outputs. Signals available include six

Stability: e e -l 1o g standard sine frequencies and four rectangular signals
) which may be distributed by 50 ohm cables for use at
Outputs: Sinusoidai 10 cps, 100 cps, 1 KC, many different stations on a production line or in the

Output Voitages:

10 KC, 100 KC and 1 MC. Rec-
tangular 10 cps, 100 cps, 1 KC
and 10 KC.

Sinusoidal 5 v rms min.; rec-
tangular approx. 15 v peak. Har-
monics to 5 MC obtainable.

laboratory. A particularly useful feature is a timing
comb for calibrating, and for measurement of sweeps
and time intervals.

Stability of 5 parts in one hundred million per week is
assured by careful aging and testing of the crystal con-
trolled oscillator and oven.

Rated Load: 1 MC and 100 KC, 50 ohms nomi- 2 -y . .
nal; 10 KC, 1 KC, 100 cps, 10 cps, Model 100E includes a built-in oscilloscope which may
5000 ohms nominal. be used as a comparison device to calibrate external
- Sinusoidal) Less than 4%. equipment such as oscillators through use of Lissajous
L (si figures. The scope may also be used to check internal fre-
Frequency ) , quency deviation of the instrument.
Adjustment: Screwdriver tune adjusts 1 ppm. - .
For complete details and demonstration, see your ®
Size: 834" high, 19” wide, 18” deep be- representative or write direct.
hind panel. Weight 35 Ibs.
brice: $900.00. HEWLETT-PACKARD COMPANY

Data subject to change without notice.

Price f.o.b. factory.

1020A Page Milt Road » Palo Alto, California, U.S.A.
Cable "HEWPACK" » DAvenport 6-7000
Field representatives in all principal areas

Hewiett-Packard.S.A. « Rue du Vieux Billard No. 1, Geneva, Switzerland
Cable “"HEWPACKSA" ¢ Tel. No. (022) 26.43.36

6039

now offers 10 different precision oscilloscopes

electronics - JUNE 10, 1960
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pentode

High gain AF input pentode
with exceptionally low noise,
low hum and low microphony.

characteristics

Va 250 \
Vs 0 v
Vo 140 \'
la 30 mA
lg2 06 mA
Vai —2.0 \'
Om 2.0 mA/V
s 285 MQ
Hgi-g2 38
SUPPLIES AVAILABLE FROM
IN THE U.S.A.

International Electronics Corporation,
81 Spring Street, New York 12, N.Y.,
U.S.A. Worth 6-0790

IN CANADA

Rogers Electronic Tubes &
Components, 116 Vanderhoof
Avenue, Toronto 17, Ontario,
Canada. Hudson 5-8621

*‘Mutlard® is the trade mark of Mullard Ltd.

Mullard

ELECTRONIC TUBES
] BRITAIN'S FIRST CHOICE FOR FIRST EQUIPMENTS
A MULLARD OVERSEAS LIMITED, MULLARD HOUSE, TORRINGTON PLACE, LONDON, ENGLAND MEVI00
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This is a cutaway of an Epoxy encapsulated stator wound with Epoxy magnet wire. All-Epoxy—an ideal combination for severe applications.

EPOXY MAGNET WIRE...IDEAL FOR

ENCAPSULATED SYSTEMS UP TO 130°C

A magnet wire must offer you a// these important advantages
when used in encapsulated systems.

The wire must have outstanding compatibility—a require-
ment for good bond strength at elevated temperatures—high
dielectric strength under adverse moisture conditions.

The ideal magnet wire must also have excellent thermal and
high-impact shock resistance. And—it must be able to resist
corrosive and abrasive atmospheres.

Anaconda Epoxy meets all these requirements and more.
For this 130°C (AIEE Class B) magnet wire is compatible with
virtually every encapsulating compound tested to date. Equally
important, Anaconda Epoxy contains no polyester moditiers
—therefore offering greater resistance to hydrolysis.

In addition, Anaconda Epoxy costs no more than most

ASK THE MAN

Class A magnet wires—which means you can often thermally
upgrade your components to Class B without additional cost.
It’s readily available, too—in a full range of round, square and
rectangular sizes.

Epoxy can also be furnished in combination with Vitrotex
(glass-served) for added thermal overload protection.

So you can see how it offers you many interesting possi-
bilities for cutting costs and simplifying production through
standardization.

Our technical staff and Research and Development Lab-
oratory facilities are available to give you assistance in your
encapsulating and other magnet wire problems. Sce the Man
from Anaconda. Or write: Anaconda Wire & Cable Company,
25 Broadway, New York 4, N. Y. 0252

o IMNACONDA ... EPOXY MAGNET WIRE

ANATHERM 155°C (AIEE Class F}
high temperature resistance

NYFORM 105°C (AIEE Class A)
superior windobility

PLAIN ENAMEL 105°C IAIEE Class A)
low-cost enameled magnet wire

FORMVAR 105°C {(AIEE Class A}
proven dependability

ANALAC 105°C IAIEE Class A)
solderable magnet wire



TWO
REMOTE

TUNED
SIGNAL SOURCES

(50 mc to 2 kmc, and 1 to 375 kmc)

Model SS 20 Signal Source Power Supply with Tuning Unit. Tuning
Unit is removed to control position for remote operation. Inset
shows unit removed for remote operation. In this mode, control
unit can be operated up to one mile away.

Now Scientific-Atlanta offers two remote tuned signal
sources which provide complete frequency coverage from
50 mc to 37.5 kmec. These sources are primarily designed
for use as transmitters for antenna test ranges but find
many other applications where remote tuning at distances
up to a mile or more is required.

MODEL SS 30 (50 mc to 2 kme)

Contains three GR Unit Oscillators mechanically ganged
and servo driven. « RF output capable of being sine or
square-wave modulated. + Frequency accurately resgt-
table to within £0.5%,.

MODEL SS 20 (1 to 37.5 kmc)

Extended frequency coverage with seven Series RFO Os-
cillator Units. Integral-magnet backward wave oscillators
are voltage tunable and require no mechanical peaking.
« RF output capable of being square-wave modulated. -
High signal purity, low residual fm. « Will operate dm
and mm-wave klystrons. « Remote tuning unit will akso
operate SS 30 Signal Source.

KEY SPECIFICATIONS MODEL $$ 30 MODEL SS 20
Frequency Range 50mcto2kme | 1to37.5kme
Tuning Chart Accuracy 2% *5%
Frequency Resettability | *0.5% *0.1% or 5 mc,
whichever is greater
Power Output 80 mw into see table of RFO
50-ohm load Oscillators

' 2
Weatherproof Enclosure and a Series Model SS 30 RF Oscillator Unit
RFO Oscillator Unit.

l SCIENTIFIC-ATLANTA,

SERIES RFO OSCILLATOR UNITS

MODEL FREQUENCY RANGE OUTPUT POWER
RFO 1 1.0-2.0 kme 40 - 800 mw
RFO 2 2.0-4.0 kmc 100 - 800 mw
RF0 3.6 36-7.2kmc 5-300 mw
RFO7 7.0-11 kmc 20 - 300 mw
RF0 8.5 8.5-16 kmc 5-100 mw
RFO 15.5 15.5-24 kmc 5-125 mw
RF0 23.5 23.5-37.5kmc 5-100 mw

PRICES

Model SS 30, $3,850; SS 20, $3,550; SSG 1 Sine-Square
Wave Generator, $350; RFO 1, 2 and 3.6, $1,400; RFO 7,
$1,900; RFO 8.5, $2,060; RFO 16, $3,330; RFO 23.5, $3.330.
For more details, please contact your S-A representative
or write directly. Address Dept. 42.

INC.

2162 PIEDMONT ROAD, N.E. < ATLANTA 9, GEORGIA ]
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General Electric RTV silicone rubber

New liquid rubber cures without heat, useful from — 70 F to + 600 F, ideal for

sealing, electrical insulation and flexible molds.

NS

ing, ozone, aircraft fuels and solvents.

—

N

ENCAPSULATION OF STATOR WINDINGS,
introduced by General Electric motor depart-
ments, extends service life of motors. RTV’s re-
sistance to moisture and other contaminants
enables these dripproof motors to meet certain
applications formerly requiring enclosed units.

HEAT RESISTANT SEALING, such as shown on this
Douglas DC-8 Jetliner, is made possible with RTV
(room temperature vulcanizing) silicone rubber. RTV
cures without application of heat; won’t shrink (no sol-
vents) ; forms no voids. It has excellent bond strength,
plus resistance to high temperatures, moisture, weather-

ey

S

A

POTTING OF AIRBORNE EQUIP-
MENT provides protection from high
altitude arc-over and corona as well
as vibration and moisture. RTV
silicone rubber protects this cath-
ode ray tube up to 70,000 feet.

-l

PRECISION MOLDING of proto-
type and cngincering models
and replacement parts is simpli-
fied and improved with RTV flex-
ible mold material. G-E RTV’s
low shrinkage permits close tol-
erances and fine surface detail.

LOW-COST TOOLING with flexible
RTV mold material offers added
savings in time and expense. RTV’s
“built-in” release agent provides
easy removal of this epoxy coil-
winding form from mold. Total cost
reduced 81%, delivery time 90%.

RTV COIL IMPREGNATION enables this
Hughes Aircraft Co. transformer to pro-
vide top performance at 250°. Unlike
other insulations tried, G-E RTV com-
pounds proved successful both for coil
impregnation and full encapsulation.

For application data and samples of General Electric RTV silicone rubber write Section N614, General Electric Company,
Silicone Products Department, Waterford, New York

GENERAL @3 ELECTRIC
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ss.another assurance of reliabillty from |BORG:-

b

Component test during frequency standard assembly.

Frequency Standards with
one part in a billion stability
can’t be mass-produced

Borg Frequency Standards are the world's most stable standards
commercially available . . . one part in 107 for o twenty-four hour period.
To achieve this kind of stability, every standard must be hand
assembled and tested during each phase of production. Frequency is
adjustable over a range of =5 parts in 108 with a setting accuracy of one
part in 10" . _in temperatures from +32°F to +122°F . . . withstanding
shocks of up to 15 g's. Stationary or mobile models available.

Werite for complete data.

BORG® BORG EQUIPMENT DIVISION
AMPHENOL-BORG ELECTRONICS CORPORATION
JANESVILLE, WISCONSIN

Micropot Potentiometers ®  Turns-Counting Microdials ®  Sub-Fractional Horsepower Motors *  Frequency and Time Standards
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FINANCIAL ROUNDUP

Magnavox Sales $23 Million Higher

Magnavox Co., Ft. Wayne, Ind., re-
ports sales of $108 million in
calendar 1959, with expectations of
$150 million in 1960 and earnings
of $3 a share. For the year ended
June 30, 1958, the comparable fig-
ure was $85.59 million with per-
share earnings of $1.19. Military
electronics in the 1959 period ac-
counted for about one-third of total
sales, according to company offi-
cials, who also report a backlog of
orders in excess of $70 million for
the firm’s Government and Indus-
trial Electronics division.

Camloc Fastener Corp., Paramus,
N. J., reports preliminary net in-
come of $58,589 for the three
months ended Mar. 31, 1960. This
is equal to 17 cents a share on the
350,500 common shares outstand-
ing. These figures compare with
the net income of $70,033, or 20
cents a share, earned in the initial
quarter of 1959. Gross sales for the
first quarter of 1960 were $953,590.
For the same period in 1959, sales
were $1,110,123. The company pro-
duces quick-operating fasteners for
use in electronic equipment, air-
craft and other applications where
frequent or rapid access is re-
quired.

Airtronics International Corp., F't.
Lauderdale, Fla., announces place-
ment of its $300,000, six-percent
convertible debentures due Febru-
ary 1, 1962, The issue is converti-
ble to common stock after six
months, and callable any time after
that period. The funds will be used
to strengthen the firm’s capital
structure and facilitate general
plant expansion. The company
makes electronic instruments and
components.

Victoreen Instrument Co., Cleve-
land, reports acquisition of Elec-
tronic Products Co., Mt. Vernon,
N. Y. The purchase was made for
cash and Victoreen stock, totalling
approximately $800,000. The New
York firm, which designs and

electronics - JUNE 10, 1960

manufactures instrumentation sys-
tems for atomic submarines, is ex-
pected to add more than $5 million
to Victoreen’s sales volume.

Itek Corp., Waltham, and Hermes
Electronics, Cambridge, both in
Massachusetts, jointly announce the
directors of both companies have
agreed in principle to combine
firms. Itek would be the surviving
company, with stock being ex-
changed on the basis of one share
of Itek for 4.75 shares of Hermes.
No substantial changes in person-
nel are contemplated.

Semi-Elements, Inc., Saxonburg,
Pa., reports that approval has been
voted to increase the authorized
capital stock from 10,000 to 100,-
000 shares. Funds will be used to
finance plant expansion and are ex-
pected to aid in making future
mergers and acquisitions possible.
The firm manufactures semicon-
ductor crystals and specialized
semiconductor devices.

25 MOST ACTIVE STOCKS

WEEK ENDING MAY 27
SHARES
(IN 100's) HIGH  LOW CLOSE

Gen Tel & Elec 4,963 2% 2% 3%
tat’l Tel & Tel 1,635 45%, 4 457%
Gen Inst 1,626 41% A% 41

Standard Coil Prod 1,324 183" 159 17%
Collins Radio 1,254 65% 565 65%
Univ Controls 1,185 17 15% 167
Sperry Rand 1,154 243 224 23%
Int’l Resistance 1,089 B B 3%
Du Mont Labs 1,016 9% 8% 958

RCA 902 763 7% 15Va
Zenith Radio 764 115% 1023% 111%
Philco Corp 728 N 3N R%
Victoreen Inst 710 13%  11¥% 134
Raytheon 708 45% 41k 43V
Ampex 675 BYs MU 3B

Avco Corp 616 13% 13% 13%
Belock Inst 588 19% 15 18%
Litton Ind 562 89% 81% 8%
Westinghouse 518 59% 56 59%
Varian Assoc 513 58% S51%  56%
Siegler Corp 498 41Ya  37%  40Va
Gen Electric 489 90% 88t 89

Transitron 475 5138 45% 4914

Western Union 468 49 A% 484
Reeves Sndcrft 466 9% 8t 8%

The above figures represent sales of electronics

stocks on the New York and American Stock

Exchanges. hsnnis are prepared exclusively for

II:.LBEA’RONICS by Ira Haupt & Co., investment
ankers,

Graphite Facts

by George T. Sermon, President
United Carbon Products Co.

Watch out for that
“price pitfall”

Here’s how it happens. An engineer
in charge of a semiconductor proc-
essing program designs an experi-
mental carbon graphite fixture. His
initial order — only 10 parts. Then,
somebody who’s unfamiliar with
the potential production problems
checks into prices. This person
finds he can buy the 10 fixtures
from a small shop at a considerably
lower price than that quoted by a
large, experienced supplier. Result:
he buys on price alone.

Comes the rub. The engineer soon
needs 50 more parts . . . then 500
. « . then 1,000. Now the program
is in high gear, and the supplier
can neither handle the job nor af-
ford to tool up for it. The large,
experienced (and financially stable)
supplier would have been able to
reduce his unit price as volume
grew — probably even to the point
where it would have been competi-
tive with the small shop’s origi-
nal price.

The point: In semiconductor proc-
essing, an original higher price for
pilot parts should be accepted as an
important investment in the future
program. The moral: Take your
engineer’s advice on carbon graphite
purchases. We’re quite sure what
that advice will be.

(LIRYA'R carbon products co.

BOX 747 BAY CITY, MICHIGAN
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WHEN

WHAT HAPPENS

A NATION

SPENDS MORE
ON GAMBLING
THAN IT SPENDS FOR
HIGHER EDUCATION ?

If you can find any Romans around, ask them. They lived
pretty high on the hog in their day. That is, until some
serious-minded neighbors from up North moved in. The
rest is ancient history.

You’d think their fate would have taught us a lesson.

Yet today we Americans spend twenty billion dollars a
year for legalized gambling, while we spend a niggardly
four-and-a-half billion for higher education. Think of
it! Over four times as much! We also spend six-and-a-
half billion dollars a year for tobacco, nine billion dol-
lars for alcoholic beverages, and billions more on other
non-essentials.

Can’t we read the handwriting on the wall?

Our very survival depends on the ability of our colleges
and universities to continue to turn out thinking men
and women. Yet today many of these fine institutions are
hard put to make ends meet. Faculty salaries, generally,
are so low that qualified teachers are leaving the campus
in alarming numbers for better-paying jobs elsewhere,

QSN0 ¢,
g
%’llc sﬁ@e

o WV

) Sponsored as a public service
R co-operation with The Council for Financial Aid to Education

In the face of this frightening trend, experts estimate
that by 1970 college applications will have doubled.

If we are to keep our place among the leading nations of
the world, we must do something about this grim situa-
tion before it is too late. The tuition usually paid by a
college student covers less than half the actual cost of
his education. The balance must somehow be made up
by the institution. To meet this deficit even the most
heavily endowed colleges and universities have ta de-
pend upon the generosity of alumni and public spirited
citizens. In other words, they depend upon you.

For the sake of our country and our children, won’t you
do your part? Support the college of your choice taday.
Help it to prepare to meet the challenge of tomorrow. The
rewards will be greater than you think.

t's important for you to know what the impending college crisis
means to you. Write for a free booklet to HIGHER EDUCATION,
Box 36, Times Square Station, New York 36, New York.

TN

HIGHER EDUCATION

A7,

KEEP IT S8RIGHY
L]
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anything from tiny washers @ to sturdy

ROCKER ARMS

Here is a Stampings Service
that can be both advantageous
and profitable for you. How?
With an eye for economy and
practicability, we produce metal
Stampings to the exact degree of quality
you need. Anything and everything—
from hub caps for carriages to accurate
components for aircraft turbines—

all well within accepted tolerances for
the class of work involved.
That’s what saves money! Quantity? One
or a million—at a surprisingly low cost-per-unit!
We accomplish this by means of special
equipment, toolings and techniques,
most of them unknown to the average
stampings shop. Want more details?
Ask for Stampings Folder No. 3, a most
helpful reference booklet. Convinced?
Then send your prints for quotes.

%g DIVISIO

LAMINATED SHIM CO., INC,

4606 UNION STREET
GLENBROOK, CONNECTICUT

N
o

“'ONE PLUS"
METHOD

SHORT RUN
METHOD

PRODUCTION
RUN METHOD

"WATCH DOG”
SERVICE

Applies when you
need just a few
pieces for proto-
types or experi-
ment. We hold al!
critical dimensions.
yet avoid tooling
charges.

More than “a few,”
but less than pro-
duction quantities.
Temporary tooling,
simple dies and
special presses
keep costs down,

Applies when quan-
tity, tolerance, size
and contour factors
justify our standard
production tooling
and or nominal die
charges.

A routine proce-
dure. We re-evalu-
ate repeat orders
as to quantity and
specs—then use
the Method best for
you.




a a
milli-psec
instruments for
every fast rise time

application

MODEL 112
MILLIMICROSECOND
0SCILLOSCOPE
Fastest, most sensitive
sampling oscilloscope.
Risetime 0.4nsec,
sweep rates to 0.05
nsec/cm. Sensitivity
3mv/cm (w. 30:1 SNR
at F.S.) Trigger rates
to 300mc (optional).
High & low impedance
inputs.

MODEL 510

0100E RECOVERY

TEST SET

Generates mus diode
recovery curves on
ordinary oscilloscopes.
Includes pulse gener-
ator, current supply,
diode fixture, sampling
converter & delay unit.

] MOOEL 222
SAMPLING
CONVERTER
For viewing mus
waveforms on ordinary
oscilloscopes.
R, T. 0.6ns, sweeps to
0.5ns, rep rates to
300mc. Shown with
Model 1201 delay unit.

MOOEL 503

0f00E RECOVERY

TEST SET

Consists of 0.3ns pulse
generator, metered
current supply, distor-
tion-free diode fixture.

MOOEL 303

PULSE GENERATOR

R. T. 0.3ns: fast,
variable rep rates:
calibrated pulse widths
and amplitudes.

ACCESSORIES FOR
MODEL 112 & 222,

MOOEL 610
HIGH IMPEOANCE
“ PROBE
200K shunted by 2-4 uuf.

MOOEL 620

TRIGGER AMPLIFIER
For triggering from
fast. low level pulses
(less than 20 mv, 1ns)

'M..
S - \- &

MOOEL 1660

Low capacity

circuit probes. 0.6uuf.
Up to 5000

Write for complete specifications
& free millimicrosecond data chart.

Lumatron
electronics

Dept. E  116-120 County Courthouse Rd.
New Hyde Park, L.I,N.Y. » Ploneer 7-3200
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TANTALUM CAPACITOR SALES
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Tantalum Capacitor Business Up 20%

MANUFACTURERS look for another
sizable increase for tantalum ca-
pacitor sales this year, with dol-
lar sales rising 20 percent over
the 1959 level to $40.0 million and
units increasing by 35 percent to
22.2 million.

Few components, other than
semiconductors, can point to a reec-
ord of sales growth comparable to
tantalum capacitors. Between 1955
and 1959 dollar volume multiplied
more than six times ($5.0 to $33.4
million), while units multiplied
about five times (3.0 to 16.4 mil-
lion). Special characteristics, such
as small size, low leakage, high ca-
pacitance and reliability, light
weight and long operating life have
spurred sales.

Military accounts for lion’s share
of dollar sales, 68 percent in 1959.
But the civilian market took 52
percent of last year’s unit output.
Major areas of use include missile
and aircraft electronics. telephone
communications, hearing aids, com-
puters, atomic energy and oil drill-
ing equipment.

Dry solid slug sales are growing
far faster than sales of the other
three tantalum types (wet slugs,
foil and wire). Since they are used
with transistor circuits, their
growth tends to parallel the tran-
sistor growth curve. In 1960 dry
solid slug unit sales should increase
78 percent over the 1959 total of
5.9 million, while dollar volume is
expected to jump 51 percent over
last year’s $5.9 million.

Foil sales are headed for unit

and dollar sales gains of 18 and 12
percent respectively. Wet slugs will
probably enjoy a 10-percent gain in
both units and dollars. Increases in
wire type sales should be about five
percent.

Estimated 1960 sales are shown
below in millions of units and dol-
lars.

Units Dollars
Dry slugs 10.5 $11.6
Wet slugs 4.6 13.4
Foil 4.0 18.1
Wire 3.1 1.9

Note: Estimates received on wire
tantalum types varied widely, with
some estimating 1959 and 1960 sales
in the neighborhood of 4} million
units and $2.7 million.

Thousonds  FIGURES OF THE WEEK
Production’
Week of 5-20
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SOURCE: EIA
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Tl low cost germanium general purpose

transistors give y

.. With
beta spreads
as low as 2:1

hy DC FORWARD CURRENT TRANSFER RATIO

Available in commercial production quantities, TI 2N1372
series germanium P-N-P alloy transistors make possible
low-cost applications that provide linear beta, high power
gain and low distortion characteristics. These general pur-
pose economy transistors are especially suited for your
medium frequency switching circuits, audio amplifiers and
motor control applications.

NORMALIZED COMMON-EMITTER DC FORWARD CURRENT TRANSFER RATIO vs COLLECTOR CURRENT

NOTE: hp NORMALIZED TO 1 AT I = 50 mo

EEEEFH-E-

g — COLLECTOR CURRENT — mo

Fully automatic testing and classification by CAT (Central-
ized Automatic Testing) completely eliminates human error
and assures uniformity and reliability... ideal for your
production assembly and testing requirements.

Evaluate the specifications below and contact your nearby
TI distributor or TI sales office for the devices most suited
to your particular requirements.

r maximum ratings at 25° C ambient 2N1372 2N1373 2N1374 2N1375 2N1376 2N1377 2N1378 2N1379 2N1380 2N1381  Unit
Collector—Base Voltage 25 —-45 =25 —-45 =25 -45 -12 =25 -12 =25 v
| |
Collector Current —-200 =200 -200 -200 -200 -200 =200 =200 ~200 -200 ma
[ gotal De¥ice Diss{pati%n 250 250 250 250 2ggt 15050 250 250 250 250 mw |
| torage Temperature Range —55 to + o I
l electrical characteristics at 25° C ambient l
I¢po Collector Reverse Current
| (Veg=-12v g =0) (max) -7 ~14 ua |
| (Ve = =20v  1g =0) (max) -7 -7 -7 -7 -7 =7 -7 -14 ud |
(Ve = -15v |g =0) ) (typ) -3 =3 -3 -3 -3 -3 -3 -3 -3 -3 ua
| hgg dc Forward Current Transfer Ratio*  (min) 30 30 50 50 75 75 95 95 30 30 |
| (Vee = -1v l¢ = =50 ma) (typ) 45 45 80 80 95 95 200 200 100 100 I
(max) 95 95 150 150 150 150 300 300 300 300
| fap Common-Base Alpha-Cutoff |
i Frequency (typ) 15 15 2 2 2 2 3 3 2 2 m¢ I
(Veg = -5 1¢ = —1ma)
| Noise Figure 1000 cpst (typ) 7.0 70 65 65 55 55 4 55 55 db |
| *Tolerance on all values +10%; for test set correlation. {Conventional noise compared to 1000 cps and 1 cycle bandwidth. __I

P GERMAN{UM TRANSISTOR APPLICATION NOTE
1N2070

1 meg

- High
Resistance
Sensing
Unit

o3

DESIGN LEADERSHIP
IN QUALITY
GERMANIUM TRANSISTORS

— e my wwd WD G WD PR EES Gmme GEEP WS S G — — — —

Relsy Potter & Brumfield
LBS, SPDT, 9 ma

0—300v or equivalent

IN2070 NE7 3K Tk 10K e

e
2N13757 )

N @
' - L\
o oot
10K

CAll resistors ¥z watt unless noted otherwise)

INSTRUMENTS

INCORPORATED
rd

R SEMICONDUCTOR-COMPONENTS DIVISION
13500 N. CENTRAL EXPRESSWAY
POST OFFICE BOX 312 « DALLAS.TEXAS
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Plastic Microphone and Shielded
Power Supply Cables

Intercom Cables—Multiple
Pair Unshielded

Low capacitance, lightweight, small diam-
eter. Oil and ozone resistant. Long flex life,
high tensile strength.

Conductors paired with short lay twist. No
crosstalk. Offers high dielectric strength,
free stripping, small diameter. Viny| jacket
resists water, sun, oil, grease, and ozone.

. . the most complete
Electronic Wire and

Unshielded Sound, Alarm Sysiem,
and Speaker Exiension Cables

——————

Two-conductor twisted pair. All insulations
and sizes. Uniform quality and dimensions
for dependable service and installation.

Special Intercom and
Sound Cables

Strain Gauge Cables

100% Shielded with conductors under
BELDFOIL* aluminum-mylar shield. Low ca-
pacitance, small diameter, extremely flex-
ible. Vinyl jacket resists water, sun, oil,
grease, and ozone.

For wiring systems requiring shielded lines
cabled with unshielded control lines. Wide
variety of types and conductor groupings.

*Belden Trademark, Reg. U.S. Pat. Off. Patent Pending

Intercom Cables—Multiple
Pair Individually Shielded

BELDFOIL* aluminum-mylar tape elimi-
nates external interference and cross-
talk between pairs. To further reduce

Rubber Microphone and Shielded
Power Supply Cables

Shielded Sound, PA, and
Intercom Cables

Maximum abrasion and impoct resistance.
Limp—lies flat on siage or studio floor.
Long flex life, high tensile strength.

o

Variety of gauges, number of conductors, '/’-,_:',/
and shields for every application.

the noise level, the shields are isolated
from leach other. Vinyl jacket resists
water, sun, oil, grease, and ozone.

IR e —

Juke Box Cables,

For speaker and control cables in all types
of commercial music systems. Variety of
shield types for every application.

Hi-Fi, Stereo, and Transmission Line Cables

Phonograph Cables

[ o e SNy

Variety of types and impedances for every
application. Resistant to whipping, twisting,
aond weather; for long-lasting installations.

Drain wire and shield isolation eliminate
current loops. Free stripping jackets, fast
shield termination, small diameters.

26

Shielded connector cords and pick-up arm
cables. Extremely light, flexible — small
diometer. Excellent dielectric strength.
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Antenna Rotor Cables

—

%ﬁ.

Vinyl insulated for optimum resistance to
sun and weather. Provides longer trouble-
free service.

N =

p—

Mil-Spec Hook-Up
and Lead Wire

Exceed rigid requirements of all military
specifications. Wide variety of sizes,
insulations and jackets.

UL Inspected
Hook-Up and Lead Wires

Community and Multiple Set
TV Antenna Cables

Provide clear picture reception on all
multiple TV set hook-ups. Sweep tested.

u"’

electronics « JUNE 10, 1960
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High-Voltage Cathode
Ray Tube Lead

High dielectric strength. Small diameter
with maximum flexibility.

Portable Cordage and Rubber
Multiple Conductor Cables
- !'vl. m‘“,:

Widest variety of sizes, insulations, and
jackets for all electronic and electrical
applications.

Two to five conductors for power supply,
speaker lines, and unshielded control ca-
ble. Abrasion and impact resistant, limp
and flexible —always tie flat. Also com-
plete cord sets.

These and many more

AVAILABLE from Stock

Test Prod Wire

Extremely limp and flexible. High die-
lectric strength. Long-life rubber jocket.

Unshielded All-purpose Sound
and Intercom Cables

Solid & stranded conductors for speaker
lines, unshielded control lines, and low
voltage circuits of all types.

27



- WHAT

HAS

THE
7182
S BAND MAGNETRON
COMMON
WITH
THIS
CAT?

A good question! According to legend, a cat has nine lives—some-
thing that has yet to be proved. The 7182, on the other hand, has a
proved life 8 to 10timesgreater thanany similar 8-Band magnetron.

The 7182 retains its remarkable stability and reliability during
a life of 10,000 hours, and is one of a series of magnetrons now in
production providing peak powers of 5 MW. These magnetrons
operate at voltages and current densities usually associated with

magnetrons rated at a fraction of the power output.

A parallel development in L-Band ensures that attainments in
this field equal the phenomenal successes already achieved with
S-Band magnetrons.

'ENGLISH ELECTRIC

Agentis throughout the World

ENGLISH ELECTRIC VALVE (0. LTD. O ir il
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INEQVE.

... NJE Again Advances the State of the Art!

QUTPUT
ADST

-4

— T L WROW

R il s 130
e = =

Power Supply in a
3. Panel...

This fully transistorized power supply delivers maximum power and performance in minimum panel
size at surprisingly low cost. It is NJE's ultimate answer to power supply requirements. Complete with
meters, it is fully capable of remote sensing and remote programming. It is the only unit that can be
used easily for series or parallel operation. No fans or blowers utilized.

0-10 0-10 [QR-10-10 [105-125 | 55-65 1 +0.01% or x1mv | *£0.03% or +*3mv | 31" x 19" x 1654" 41 $485
0-18 0-6 |QR-18-6 -~105-125 55-65 1 +0.01% or*1mv | *0,03% or +3 mv | 314" x 19" x 1654" 41 485
0-36 0-4 [QR-36-4 105;25 I 55-6; 1 *0.01% or *1mv [ *0.03% or =3 mv | 315" x 19" x 165" 41 485
0-60 0-2.5 Qh-60-2.5 105-125 | 55-65 1 *0.01% or £1 mv *0.03% or =3 mv | 315" x 19" x 165" 41 510

* Whichever is greater. 60 and 400 cycle from stock subject to prior sale.
** Available for 400 cycle operation.

WRITE TODAY FOR COMPLETE TECHNICAL INFORMATION AND A COPY OF OUR NEW CATALOG.

' N ' CORPORATION
20 Boright Avenue - Kenilworth, New Jersey

BR. 2-6000 « TWX Cranford, NJ 51 - FAX-FFP
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Radiation, Inc., already operating its mew plant in the Port Malabar industrial-residential development

FLORIDA’S NEW INDUSTRIAL LURE:

Plant-and-House Package

PORT MALABAR, FLA.—FLORIDA LAND
COMPANIES—always alert to new
promotion possibilities — have
turned full-face on a brand new
campaign. Touting the idea of a-
home-and-a-job in Florida, all in
one package, they are taking their
first steps toward creating pre-
planned communities complete with
integrated industrial park-residen-
tial areas.

This latest effort of the land
developers to ride the state’s in-
dustrial growth, as well as its
home-building boom, is already
leading them squarely to the door-
step of the electronics industry.

Tenants: Both Electronics

In fact, the first (and up to this
time, the only) industrial-residen-
tial development to actually get
underway has landed two industrial
tenants, and both are electronics
firms.

Radiation, Inc., Melbourne, Fla.,
designer and manufacturer of tel-
emetry and antenna systems, has
begun construction of a $5-million
plant in the Port Malabar com-
munity, being developed by Miami-
based General Development Corp.,
three miles south of Melbourne on
the Florida east coast.

Now, Soroban Engineering, Inc.,
also of Melbourne, has announced
it will build a $1-million facility in
the same project. A designer-pro-
ducer of data-processing and con-
trol equipment, the firm specializes

in the manufacture of electro-
mechanical components for automa-
tion and data-processing applica-
tions. Though its present Melbourne
plant has less than 25,000 sq ft, com-
pany expects to have constructed
a minimum of 100,000 sq ft at its
Port Malabar operation by 1965.

The firm has purchased outright
a five-acre tract and Charles F.
West, president of the six-year-old
organization, indicates he will exer-
cise options he holds on another
thirty-five acres. He envisions a
jump from the current 185 employ-
ees to 1,200 by the end of the five-
year expansion period and “most of
them will live within ten minutes
of the plant.”

Radiation officials are equally
enthusiastic about their prospects.
Vice President George S. Shaw sees
a tremendous increase in personnel
in the next five years—from the
present 600 to 3,000.

‘Showcase’ for Future

Although 46,000-acre Port Mala-
bar — located some thirty miles
south of bustling Cape Canaveral—
is Florida’s first planned com-
munity to have an industrial park
included, the developer sees it only
as its “showcase” for such projects.

“This is the beginning of a major
industrial and economic develop-
ment, not only at Port Malabar,
but also at our other Florida com-
munities, and it will mark the first
time that any major Florida de-

been
able to offer a house-and-job com-
bination,” says Elliott J. Mackle,
secretary and director of General

veloper—or  industry—has

Development and president  of
Mackle Co., Inc., Miami firm wiich
builds homes for General.

The “other Florida communities”
to which Mackle refers are the Port
Charlotte community—a 92,000-
acre development between LFt.
Myers and Sarasota on the west
coast, and Port St. Lucie, a 35,000-
acre community project underway
near Ft. Pierce on the Atlantic.

Another Florida giant in ecom-
munity development, Arvida Corp.
of Boca Raton, has also launched an
industrial development program by
setting aside for industrial} use
some 15,000 acres west of Ft. JLau-
derdale. Arvida’s future plang for
this development are contifgent
upon the outcome of its offer tp sell
Broward County (Ft. Lauderdale’s
county) an 8,000-acre tract for de-
velopment of an international jet
airport.

Florida's attractions for the elec-
tronics industry are many but the
very special advantage a develop-
ment such as Port Malabar offérs is
easy to pinpoint—lower land costs.
The companies already there gingle
this out as the biggest factor in
their decision to relocate here.

A development spokesman ex-
plains the willingness to make ex-
ceptionally attractive land offers to
industry:

“We are not in the industrial land
business—we are developing land,
building homes and shopping cen-
ters and dedicating school sites. In
ghort, we are building whole com-
munities. Naturally, the presence
of industry—of jobs—within our
project makes our selling Imuch
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easier and our whole package much
more attractive.”

Canaveral Is Spur

With Florida’s industrial site
prices approaching what executive
West calls “the phenomenal”, this
one inducement alone is almost sure
to lure additional plants, and
chances are strong that a good por-
tion of new tenants will be con-
nected with the electronics industry.

In the four-year period from 1955
to 1959, Florida led the nation in
percentage increase in industrial
jobs and the electronics-missile field
accounted for more than a quarter
of all new industrial jobs.

The obvious spur behind this
growth is Cape Canaveral, but there
are several other explanations for
the state’s almost unique affinity for
electronics,

What might prove a drawback in
luring some industries is inconse-
quential to electronics manufactur-
ers. For example, the state’s power
rates are comparatively high, but
this industry is not considered a big
power user.

From the standpoint of distribu-
tion, Florida’s location would pre-
sent transportation-cost problems
for some types of manufacturing.
But here again, with their rela-
tively low transportation factor,
electronics firms would not weigh
this consideration heavily, if at all.

Thus, with these possible problem
areas written off, the plusses for the
industry stand out vividly. Florida
has a vast pool of “retired” skilled
and professional workers . . . not
retired in the sense that they are 65
and have gone south to sit out their
days in the sunshine and warm air,
but people who—for one reason or
another—have left their old jobs at

electronics + JUNE 10, 1960

a relatively early age and sought
a more desirable climate.

A great portion fall in the 40- to
50-year-old group and constitute a
highly attractive labor pool. (Many
are workers who “retired” after 20
years from a company located else-
where or from a government job
but plan to work another 10 or 15
years in Florida.)

This situation, added to a gener-
ally favorable labor climate (Flor-
ida has an anti-closed shop law),
has proved a forceful drawing card.

Of course, there are also the ad-
vantages traditionally associated
with the state—pure air, abundant
water, highly-desirable climate.

In fact, whether or not a plant
is to be located in Florida is a ques-
tion that gets as much attention
from the state as from the company
involved. As Governor LeRoy Col-
lins points out: “We can afford to
be choosey about new business. We
don’t want business that will spoil
our clean air.”

While this selectivity has ruled
out many industries, the electron-
ics-missiles-aircraft firms remain
the most sought-after, since by and
large, they are high-paying, clean,
and pointed toward the future with
expansion probable.

Asia Labs Develop
Teleprinter Circuits

ELECTRONIC distributor circuits for
teleprinter equipment have recently
been developed at two Asian labora-
tories.

Kokusai Denshin Denwa, Japan’s
government-owned overseas cable
agency, is working on replacing the
entire electromechanical complex of
the teleprinter with electronic cir-
cuits, even including the typebar
selector mechanism.

At India’s Roorkee University, a
distributor circuit has been devel-
oped that uses a ring counter of
cold-cathode trigger tubes. Timing
pulses are derived from the power
line frequency, which is 50 c¢ps in
India.

The timing oscillator runs free,
does not have to be doubled to ob-
tain the 1.5-unit sToP pulse. The
STOP signal is produced by revers-
ing the phase of the sinusoidal sig-
nal that drives the pulse generator
during the stop time.

Russians to Conduct
Controls Conference

VIENNA, AUSTRIA (McGraw-Hill
World News)—Moscow will be host
to the First International Congress
on Automatic Control, which is
scheduled to start June 27. Twenty-
one countries have agreed to meet
in Moscow to hear 285 scientific pa-
pers about automation and auto-
matic control.

Tass, quoting statements made by
Soviet scientists at a Moscow press
conference, says that Anatoli Bla-
gonravov, member of the Academy
of Sciences of the U.S.S.R., predicts
the congress will influence the de-
velopment of automation through-
out the world.

Professor Alexandr Letov, presi-
dent, International Federation for
Automatic Control and a member cf
the Academy, explained that engi-
neers, scientists and businessmen
in many advanced countries are
actively interested in the forthcom-
ing congress. This activity, he
said, indicates the realization that
supplying each country’s population
cannot be solved without automa-
tion of production.

Vadim Trapesnikov, another
member of the Academy, who also
serves as chairman of the Soviet
Committee for Automatic Control,
said the United States will present
78 papers, the USSR a total of 8¢

Berlin Atom Center
Gets New Computer

BERLIN (McGraw-Hill World News)
—The mathematics division of
West Berlin’s Hahn-Meitner Insti-
tut fiir Kernforschung (Institute
for Nuclear Research) has been in-
augurated, and its center piece is an
electronic computer designed and
built by the Siemens-Schuckert
Werke AG, Berlin.

The apparatus, designated Sie-
mens-Digital-Rechner 2002, has 15,-
000 transistors. It was built en-
tirely from German parts for the
first time. It cost $300,000.

Capacity of the installation is
1,800 to 2,200 arithmetic calcula-
tions, according to the difficulty of
each problem. The magnetic mem-
ory can store 10,000 words. A
punch card system, with a capacity
to record 300 signs per second, will
be added to the installation soon.
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DISSIPATION
FACTOR

DIELECTRIC
CONSTANT

TEMPERATURE

Good electrical properties at HD.T’s above 500°F.
now possible in epoxy resin potting systems

Turn an appraising eye on the chart above. These data
were assembled in tests of epoxy resin systems which
had been cured with Du Pont’s pyromellitic dianhydride
(PMDA).

Note the unusual stability of electrical properties at
elevated temperatures.

Had we the space, we could also display equally ex-
citing graphs showing excellent thermal resistance.

PMDA is now available in commercial quantities, to
help you add these exceptional thermal characteristics
to your epoxy resin potting, encapsulating, and lami-
nating systems.

Other advantages

There’s more. PMDA provides several advantages in
addition to high heat resistance.
You get all the usual benefits of an anhydride curing

agent, including low toxicity and good chemical stability.

If you wish, you can get long pot life—up to 2 days
at room temperature or 6 hours at 165° F. On the other
hand, if you want a quick cure—say, 15 minutes at 355°
F.—you can get it by simply changing the formulation.

Now available

You can turn these test results into product improve-
ments now, because PMDA is being delivered in quan-
tity from Du Pont’s new multimillion-pound plant.
Recent price reduction to only $1 per pound also makes
this a practical means of improving your epoxy resin
systems.

For more details or for samples of PMDA, write to
Du Pont, Explosives Department, 6539 Nemours Bldg.,
Wilmington 98, Delaware.

*(H.D.T~Heat Distortion Temparature)

- PMDA. (PYROMELLITIC DIANHYDRIDE)

REG. U, 5. PAT.OFF.

BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY
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.. THE LEADER...

: in uniformity and dependability

MKKERS@SILICON POWER RECTIFIERS

Strict Quality Control Assures Excellent Performance . .. Consistently!

SILICON POWER RECTIFIERS

Every one of these rectifiers carries the same stamp CATALOG NUMBERS
of excellence. Every one shows the same outstanding Peak Inverse
and unvarying characteristics: extremely low reverse Voltage "2 Amperes | & Amperes | 12 Amperes | 18 Amperes] 35 Amoercs
current and forward drop; stability at high temper- S0V = = = AV (NS
atures; greater economy, with current ratings as much 100v
as 50% above rectifiers of similar size and price. o0

is this achieved? By stressing quality at s

How is this achieved? By stressing quality at every S
stage of manufacture, from raw materials through 300V
finished product, and verifying that quality with con- 350V
stant checking . . . testing . . . measuring, By applying 400V

all the skill and know-how accumulated through years 500V
L of experience in the design, development and manu- 600V
facture of semi-conductors.

The Vickers sales representative in your area (you'll
n find his telephone number below) can give you com-
plete details on new Vickers Silicon Power Rectifiers.

Or write direct to us for Series 3300 Bulletins.

\

N : = 76
LIl = S #ki‘»s~%_J_-

Types AA, BA & CA Types DA & EA
VICKERS INCORPORATED

DIVISION OF SPERRY RAND CORPORATION

ELECTRIC PRODUCTS DIVISION

1801 LOCUST STREET / SAINT LOUIS 3, MISSOURI

BPA 3300-0

Sales Engineering Offices: BOSTON (Rep.}—CEdor 5-6815 ¢ CHICAGO—JUniper 8-2125 o CLEVELAND—EDison 3-1355
DETROIT—TOwnsend 8-5100 ¢ SAN FRANCISCO (Rep.)—Flreside 1-3433 o ST. LOUIS—CEntrol 1-5830 e ST. LOUIS (Rep.)—JAckson 1.4877
SYRACUSE (Rep.)—GRonite 4-4889 ¢ LOS ANGELES—DAvenport 6-8550 ¢ NEW YORK CITY —LEnnox 9-1515 e WASHINGTON, D.C.— EXecutive 3-2650
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British Seek More Reliability Data

Attendance of 1,000 top designers at one-day symposium indicates re-

liability engineers are a quickly multiplying breed in Britain today

LONDON (McGraw-Hill World
News) —Reliability engineers are a
fast-growing breed in Britain to-
day.

Evidence of this was apparent
as more than 1,000 of Britain’s top
design engineers recently crowded
into the one-day special symposium
on Electronic Equipment Reliabil-
ity, organized by the Institute of
Electrical Engineers.

Although the program was split
into three free-for-all open discus-
sion sessions covering the problems
of the user, system designer and
component maker, the recurrent
theme throughout all sessions was
for more statistical information on
component reliability ratings.

Failure Rates

In the first session on user prob-
lems, rapporteur R. Brewer of the
General Electric Company’s Re-
search Laboratories presented the
highlights of 10 papers in this sec-
tion.

Here comparative reliability fig-
ures for entertainment, data proc-
essing systems, missiles, aviation,
submarine cables and telephone sys-
tems gave designers a feel of what
they should be aiming for. Figures
quoted covered tube failure rates of
0.3 percent per month derived from
tests on 300 tv receivers and rates
down to 0.6 percent per 1,000 hours
on a 5,000-tube computer.

Aviation equipment failure rates,
while aiming for 3,000 hours be-
tween failures, currently stand
around 3 percent per 1,000 hours,
while the 50,000 contacts involved
in a transatlantic trunk call demand
reliability standards for telephone
and submarine cable systems of at
least one order higher.

But how to improve these design
figures was the unanswered ques-
tion of the meeting. Proposals for
increasing current reliability, sum-
marized in the second session by
L. Knight of International Com-
puters and Tabulators Limited,
suggested laying out computers on
telephone exchange engineering

34

principles with low equipment per
unit area ratios.

Increasing computer size would
automatically improve reliability,
probably raising it from 90 to 95
percent—an amount worth $15,000
a year and well able to finance the
extra computer floor-space required,
he said.

Other solutions offered during
the session included:

Automatic changeover systems
for telephone exchanges of the in-
coming call registers on any fail-
ure; for aviation, increased equip-
ment redundancy, and for guided
weapons, the provision of com-
ponent survival curves.

Ideally these curves show tem-
perature and vibration failure dis-
tributions at any specified param-
eter value, also the parameter
distributions for various specified
stress and time values and the time-
to-failure distributions at any
specific parameter level.

First steps to provide such curves
have been taken by the British
Electrical Research Association,

which has been collating statisfical
reliability figures on resistors.

Seek More Statistics

But most engineers called for yet
more statistics to allow them to
predict more precisely the expegted
failure rates.

The final session on components
gave them some of this information
as G. W. A. Dummer of the Gov-
ernment Radar Research Establish-
ment, Malvern, summarized some of
the currently available component
reliabilities.

Semiconductor junction diodes
running between 500 and 1,000
hours were averaging failure rates
of 0.35 percent, while junction tran-
sistors averaged 0.063 percent, he
said. This compares with some sub-
miniature ruggedized tube failure
rates quoted at 0.6 percent per
1,000 hours. Micromechanicai re-
lays weighing only 2.5 gm with a
single change-over contact are
clocking up 108 failure free opera-
tions.

Endorsed by most engineers was

Military to Get “Instant’” Radar Assembly

Model of mew mobile, high-power,

— s

e s = 3

folding radar developed by GE and

b =l

McKieran-Terry. Radar, 20 ft by 48 ft, i8 erected by five men in 15 minutes
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the suggested iong-term aim of in-
cluding practical training courses
in the electronics engineers’ sylla-
bus on how and when to use the
right components.

As one delegate pointed out, this
trails by two years a Russian pro-
posal from the Central Board of the
A. S. Popov Radio Factory made in
1958 to set up such courses and also
a National Russian Reliability La-
boratory to collate component in-
formation.

Camera Satellite
To Watch Satellites

WATCHDOG satellites, carrying tv
cameras and electrostatic tape-re-
cording equipment, are proposed by
RCA to follow orbiting satellites
and record performance.

According to the proposal made
to American Rocket Society, a satel-
lite would be accompanied into
orbit by a camera-carrying vehicle
launched separately or even by the
same rocket. The camera vehicle
would travel about 100 ft away,
could maneuver about the main sat-
ellite and view its operation from
various angles.

Pulsed-light sources on the main
satellite would keep the watchdog
on course, help aim and focus the
camera, provide illumination for
picture-taking where necessary. Up
to 300 pictures could be stored on
tape, transmitted to ground on com-
mand at the completion of each
orbit.

Computer to Run
Rubber Plant

COMPUTER CONTROL will shortly take
over synthetic-rubber production at
Goodyear’s huge Houston, Tex.,
plant.

A digital computer will be the
central coordinator for the control
system being engineered for its
parent by Goodyear Aircraft. The
system will also include sensors and
analog measuring and control de-
vices.

The computer system will also be
used to calculate refrigerant load
availability, which has a direct
bearing on plant capacity. The sys-
tem will thus establish maximum
production rates within refrigerant
limits.

electronics * JUNE 10, 1960

AT A FRACTION OF A PENNY PER UNIT
. THE FASTEST,
SYSTEM FOR

IN HERMETICALLY

MOST SENSITIVE
LEAK DETECTION
SEALED COMPONENTS

RADIFLO

NON DESTRUCTIVE... FULLY PROGRAMMED...AUTOMATIC

Assured quality in seals, higher production inspection rate, greater economy...now all
three are possible in the manufacture of hermetically sealed components with automatic
RADIFLO leak detection equipment.

Installations at leading manufacturers have proven that no other test method can match
RADIFLO speed on performance. .. providing a sensitivity as high as 10-12 c¢/sec.

Economies are realized directly by the mass production speed with which components
can be tested, and because RADIFLO tests non-destructively. Rejected components need
not be scrapped, but can be graded and used for less critical applications.

Automatic RADIFLO is a completely safe leak detection system employing an inert
radioactive gas (AEC approved) under pressure. RADIFLO is a simple, sure “go-no-go” test
that can be programmed to keep pace with the most modern automated production
facilities. RADIFLO assures top quality seals, and eliminates the human error in testing.
These leading manufacturers are among the many RADIFLO users:

ALLEN-BRADLEY COMPANY

ARMY BALLISTIC MISSILE AGENCY
BULOVA WATCH COMPANY
EITEL-McCULLOCH, INC.

ELGIN NATIONAL WATCH COMPANY
FAIRCHILD SEMICONDUCTOR CORP.

GENERAL ELECTRIC COMPANY
Syracuse, N.Y. Waynesboro, Va,

HUGHES AIRCRAFT COMPANY
Tucson, Ariz. and Middletown, Pa.

NIPPON ELECTRIC COMPANY
POTTER & BRUMFIELD, INC.
SYLVANIA ELECTRIC PRODUCTS, INC,

U. S. ARMY CHEMICAL CORPS
Research and Development Command

WESTERN ELECTRIC COMPANY

Write for complete details of automatic RADIFLO testing equipment. Manufacturers with
limited production volume will be interested in RADIFLO TESTING SERVICE— now available
at low cost.

Q AMERICAN ELECTRONICS, INC.

(E)

NUCLEAR DIVISION
9459 WEST JEFFERSON BLVD., CULVER CITY, CALIFORNIA « UPTON 0-4707
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FUSETRON |

we FUSES

Why “Experiment”...

with electrical protective devices

when BUSS fuses have proven

With the many types of electrical
protective devices on the market, per-
haps you have asked yourself, “Which
line is best for me?”.

It doesn’t pay to “experiment’’,

Protective devices that fail to pro-
tect or that open needlessly may reflect
on the quality and reliability of your
product — which in turn can affect
your sales curve.

BUSS and FUSETRON fuses, on
the other hand, do provide dependable
electrical protection under all service
conditions . . . and have for the last 45

years in the home, in industry and on
the farm.

Electronic testing assures
dependability.

Every BUSS and FUSETRON fuse
is tested in a sensitive electronic device
that automatically rejects any fuse not
correctly calibrated, properly con-
structed and right in all physical
dimensions.

Complete Line. There is a com-
plete line of BUSS fuses in sizes from
1/500 ampere up . . . plus a companion
line of fuse clips, blocks and holders.

their dependability?

If your protection problem is
unusual . . . let the BUSS fuse engi-
neers work with you and save you
engineering time. If possible, they will
suggest a fuse already available in local
wholesalers’ stock so that your prod-
uclts can be easily serviced wherever
sold.

For more information on the complete
line of BUSS and FUSETRON Small
Dimension Fuses and Fuseholders, write
for Bulletin SFB.

BUSSMANN MFG, DIVISION
McGraw-Edison Co.
University at Jefferson, St. Lovis 7, Mo,

BUSS fuses are made fo protect - not fo blow, needlessly.

BUSS makes a complete line of fuses for home, farm, commercial,
electronic, electrical, automotive and industrial use.
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" you use this

Already in use in America’s defense
missiles, this relay, because of its

small size and convenient shape, is Armature

/ ideall ited h (the only
ideally svited to numerous other moving
applications. part)
The Wheelock Series 120, hermet-

ically sealed, Tubular Relay for
HIGHEST RELIABILITY

N. C.
Contact

Only one moving part Poleface

(N.O)
Life — More than 200,000,000 Contact

mechanical operations

High Vibration and Shock Im-
munity

Low Coil Power

Simplified Mounting — In-Line
Harness, Printed Circuit, Clip Type,
efc.

Also available in Series 123 —
One third smaller

Relay shown is
one and one half
times actual size.

If you have an application for this
relay, you will receive a relay free.

COMPANY
ADDRESS
APPLICATION

TITLE M S GNA] LS
é/fé LONG BRANCH, N. J.

Gwn
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CABLE-bility!

s - am

AMPHENO(I@.
TEFLON

CABLES

- TEFLON' ¢

largest selection, standards & specials

AMPHENOL pioneered Teflon extrusion; we re- / \uﬂ‘lb‘(lg,Qdf

searched, developed and perfected a technique
of fabrication resulting in the finest Teflon di-
electric cables available, cables capable of meet-
ing the most exacting requirements of industry
and the military.

Today, AMPHENOL Cable & Wire Division’s
Cable-bilities provide you with the largest selec- =
tion of RG-/U and special Teflon cables any-
where. Whatever your Teflon requirement, a:t
AMPHENOL 1s your best source for (1) availabil- -
ity, (2) fastest delivery and (3) reliability, based
upon pioneering and experience. ,: a,e;w'tﬂ

AMPHENOL Cable & Wire Division’s leader-

ship in Teflon cables is another example of - '
Cable-bility at work! — ) DMOQA .

aMPHENOD T T =T

CABLE & WIRE DIVISION §

S. HARLEM AVE. AT 63RD ST., CHICAGO 38 ] E DISTRIBUTOR DIVISION
Amphenol-Borg Electronics Corporation =

Amphenoi;Borg Electronics Corporation
BROADVIEW, ILLINOIS
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Electromagnetics Captures Spotlight

Control systems and solid-state electronics also featured at IRE meeting in Seattle

SEATTLE—Control systems, solid-
state electronics, and electromag-
netics were featured in 14 technical
sessions as Seattle recently hosted
the 7th Regional IRE Conference
for the second time in ten years.

A thousand representatives of the
industry convened at the Olympic
Hotel and viewed the latest elec-
tronics wares at the joint IRE-ISA
exhibit’s 190 booths housed in the
National Guard armory.

Electromagnetics got the biggest
play in technical sessions, with 15
papers presenting a cross-section of
some of the most exciting projects
currently in research. The far-
ranging character of these proj-
ects, and the “space theme” in evi-
dence throughout, were graphically
illustrated in introductory remarks
by O. G. Villard, Jr., of Stanford
University’s radio science lab.

“Three papers are concerned with
gas in the region roughly 70 miles
above the sea,” he pointed out,
“Three with gas in the region 180
miles above sea level, one with gas
in the region 6,000 miles high, one
with an object 168,000 miles above
sea level (the moon), three involve
some more gas 93 million miles
above sea level (the sun), and the
remaining three are concerned with
objects outside our solar system.”

Two papers outlined recent
strides made in the field of propa-
gation at elf and vif, some of which
have resulted from the impetus of
the necessity to communicate with
submarines lying at ever-increasing
depths. The author of one ex-
plained the usefulness of the con-
cept that radio waves are guided
between earth and ionosphere as in
a giant waveguide.

The other author posed an inter-
esting idea for artificially control-
ling the ionosphere in a possible
and practicable way. In his proposal
for a ‘“geocyclotron,” the earth
would serve as a cyclotron to accel-
erate trapped electrons in the lower
radiation belt regions. A circularly-
polarized vif wave would be sent up
for the purpose of urging ambient
trapped electrons into oscillations

electronics + JUNE 10, 1960

of ever-increasing intensity.

He estimates that within a few
days’ time an artificial shell of high-
energy radiation would exist, and
that its presence could be demon-
strated by a satellite carrying a
Geiger counter.

One paper by two SRI scientists
on the subject of radar astronomy
made a plea for its economic advan-
tages as contrasted with expensive
“one-shot” space probes. Their
studies indicate it would be possible
to construct a unique 800-ft diam-
eter dish costing only $73 million,
or 10 percent of the current Navy
600-ft project.

Other papers discussed progress
made with Convair’s 2-mile-long an-
tenna for studying the sun’s corona,
plans for measuring the roughness
of a planet’s surface, and radar
studies of the lunar surface in
preparation for the “soft landing.”

In rounding up recent develop-
ments in the semiconductor state-
of-the-art, Pacific Semiconductor’s
Harper North, in a keynote address,
stressed the ever-changing tech-
nology with a graphic quote: “To-
day’s premium device is tomorrow’s
reject.”

He predicted that up to 5 percent
of all germanium semiconductor
devices currently in use will be re-

Memory Test

Oscilloscope checks operation of Libra-

scope memory drum used in GPL’s air
traffic control system

placed by those utilizing silicon. He
pointed out that the availability of
silicon in the earth’s crust will be
a big factor in future price redue-
tions of silicon devices, and ques-
tioned the near-future economic
feasibility of solid-state circuits for
prosaic applications.

Optimistic about the future of
controlled rectifiers, he opined *if
controlled rectifiers are as cheap as
I'm sure they will be, there will be
many new uses even in such lowly
applications as dimmers for house
lighting.”

In the field of high-frequency
high-power silicon transistors, he
reported on a PSI experimental de-
vice capable of delivering 1,500
watts with little frequency degrada-
tion under 10 me.

S. R. Hoh of ITT outlined a
practical method for directly con-
verting heat into electricity by
means of newly developed ferro-
electric converters. Cascading con-
verter stages should result in out-
puts of several hundred thousand
volts, according to Hoh.

In a welcoming address, IRE’s
president Ronald L. McFarlan re-
viewed medical electronics achieve-
ments to date. Large digital com-
puters, with memories contaiaing
up to six billion decimal digits of
information, are being considered
as diagnostic aids.

McFarlan reported that several
eastern universities, including Yale,
Columbia, Pennsylvania, and Roch-
ester, New York, are launching pro-
grams whereby graduates can ob-
tain PhD’s in medical electronics.
Curriculum will be 80 percent elec-
tronics and 20 percent medical sub-
Jects.

Products displayed by local firms
included a fully transistorized po-
tentiometric voltmeter with extreme
sensitivity in the microvolt range,
and a solid-state electrocardiograph
small enough to be strapped to the
wrist or around the waist of a
spaceman or lay patient.

IRE’s Tth Region boasts a mem-
bership of 17,000, some 22 percent
of the national total.
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WHICH JOB WOULD YOU TAKE?

If you're like most of us, you’d take the
job with the more tempting salary and
the brighter future.

Many college teachers are faced with
this kind of decision year after year. In
fact, many of them are virtually bom-
barded with tempting offers from busi-
ness and industry. And each year many
of them, dedicated but discouraged, leave
the campus for jobs that pay fair, com-
petitive salaries.

Can you blame them?

These men are not opportunists. Most
of them would do anything in their power
to continue to teach. But with families
to feed and clothe and educate, they just
can’t make a go of it. They are virtually

forced into better paying fields.

In the face of this growing teacher
shortage, college applications are ex-
pected to double within ten years.

At the rate we are going, we will soon
have a very real crisis on our hands.

We must reverse this disastrous trend.
You can help. Support the college of your
choice today. Help it to expand its facili-
ties and to pay teachers the salaries they
deserve. Our whole future as a nation
may depend on it.

It's important for you to know more about what
the impending college crisis means to you. Write
for a free booklet to: HIGHER EDUCATION,
Box 36, Times Square Station, New York 36, N.Y.

&‘\Q‘NG q% \‘ '/’
§ 2 Sponsored as a public service, E < Hioner EDUCATION'
: & n co-operation with the Council for Financial Aid to Education :

%ac “® KEEP IT BRIGHT
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.....A-B hermetically sealed
composition resistors defy the
severest atmospheric conditions

Allen-Bradley hermetically sealed composition resistors
provide stability, reliability, and uniformity under ex-
tremes of humidity, such as illustrated above.This resistor
consists of a specially processed, hot molded, carbon
composition unit with an integral insulating jacket sur-
rounding the carbon element. The entire unit is then
hermetically sealed by means of a metallic seal and a
ceramic jacket. This assures complete immunity to all
effects of moisture and humidity. And under extremes of
vibration and shock, A-B resistors remain undamaged,
stable, and extremely low in noise factor.

A-B ceramic encased resistors are available in 29, and
5% tolerances in standard EIA values to 22 megohms,
and in higher values on special order. Since catastrophic
failure does not occur in A-B hot molded resistors, these
units combine narrow tolerances with absolute reliability.
Designed for continuous operation at full rated wattage
at 70°C, Type ES resistors have a zero derating of 165°C;
Type CS and Type TS at 150°C and 110°C respec-
tively. For full details, write for Technical Bulletin 5003.

P

N

m humid jungle ¥tordry arctic...

Standard Color Cogding
\

Solid Molded
Resistance Element

Cutaway view shows construction of A-B
hermeticaily sealed Type ES resistor.

Type CS (RC12)
Vi Watt

Type ES (RC22)
Y, Watt

Allen-Bradley Co., 110 W. Greenfield Ave., Milwaukee 4, Wis. * In Canada: Allen-Bradley Canada Ltd., Galt, Ont.

ALLEN-BRADLEY

QUALITY
ELECTRONIC

COMPONENTS
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This versatile instrument is a
highly sensitive interference lo-
cator—with the widest frequency
range of any standard available
unit! Model 500 tunes across the
entire standard and FM broad-
cast, shortwave, and UHF-TV
spectrums from 550 ke, to 220
me. in 6 bands.

It's a compact, portable, rug-
ged, versatile instrument—engi-
neered and designed for most
efficient operation in practical
field use. It features a transistor-
ized power supply, meter indi.
cations proportional to carrier
strength as well as sensitivity of
5 microvolts minimum for 5%
meter deflection over entire tun.
ing range.

For full details, send for bro-
chure IL-106.

SPRAGUE ELECTRIC COMPANY

35 Morshall Street, North Adams, Mass,
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Outline Space Communications Plans

Top military and civilian brass speak at
armed forces group meeting in Washington

WASHINGTON—A  short teletype-
writer message sent to Hawaii and
back by way of the moon kicked off
the Armed Forces Communications
and Electronics Association’s 14th
convention here late last month.

The high-frequency Communica-
tion Moon Relay system uses the
moon as a passive reflector tor long
distance communication. The sys-
tem is under study to determine the
value of passive satellites in future
communication.

Government buyers and industry
sellers of electronics and communi-
cation equipment were on hand.
About 160 exhibits covered all avail-
able in-door and out-door space at
the Sheraton Park Hotel, including
exhibits by Army, Navy and Air
Force honoring Signal Corps’ 100
years in communication.

Keynote speaker, Adm. Arleigh
Burke, chief of naval operations,
warned against pricing our mili-
tary readiness out of the market
and called for simpler, cheaper
equipment with ease of maintenance
and more reliability. Criticizing
what he called unwarranted cam-
paigns against the limited military
frequencies of the radio ‘spectrum,
he said that if the Armed Forces
have to shift to new frequencies
and thus change equipment, it
would result in a great waste of
money and reduced readiness.
Space Communications

Difficulties in transmitting large
amounts of information over enor-
mous distances with today’s space
communication technology were dis-
cussed by Maj. Victor W. Ham-
mond, USAF, office of space flight
programs, NASA.

For example, Pioneer V, at that
time slightly over 11 million miles
from earth, was indicating that the
power supply system had deterio-
rated; since May 18, it has been
impossible to turn on the 150-watt
transmitter by ground command.
The 5-watt transmitter is still op-
erating, he said, with a reduction
in the length of transmission.

To increase the amount of infor-
mation that can be transmitted,

NASA is studying vehicle transmit-
ters, which are useful when large
payload weights are available.
Hammond said that power trans-
mitters in the range of one to 10
Kw will be used in this decade. A
way must be found to place an an-
tenna on a vehicle to concentrate all
the radiated power towards the
earth.

Next year, JPL will try placing a
small parabolic antenna on an at-
titude stabilized space probe vehicle
and will increase its communication
range by a factor greater than
seven, he said. Adequate power is
expected to be available on advenced
vehicles, such as Saturn. As for
ground stations, NASA is installing
a three-station network for deep
space communications, equipped
with 85-ft antennas.

One is in operation in Goldstone,
Calif., with two 85-ft antennas. A
receiving station will be operational
in Australia in the fall, operating
for the next few years about 960
Me and will be able to handle
NASA’s deep space exploratian pro-
gram.

Communications Network

A world-wide instantaneouk com-
munications network is required for
the safe controlled reentry of man
from space, Leonard Jaffee, chief,
communications satellites, NASA,

3-D Target Finder

AN/SPS-80, long-range, 8-
(detects range, azimuth and height),
produced by GE, is on USS Macon

radar

JUNE 10, 1960 - electronics



said, and such a system is extremely
difficult with present techniques.

J. R. Pierce, of Bell Labs, said
satellite repeaters may provide
means for supplying present radio
and cable overseas telephone cir-
cuits and also for transoceanic cir-
cuits of tv bandwidth, requiring a
highly reliable system with long
life. Work has been going on in
measurement of sky noise, low
noise, antennas, masers, parametric
amplifiers, long-life microwave
tubes, broadband modulation tech-
niques and the investigation of
radiation damage of semiconduc-
tors.

Describing briefly BTL’s part in
project echo, W. J. Jakes said that
it is intended to demonstrate two-
way voice communication between
the two stations located at Holmdel,
N. J., and Goldstone, Calif., by re-
flections from a 100-ft-diameter
orbiting balloon. Test will be made

to study microwave propagation in- |

volved.
Industry Exhibits

In the exhibits, International
Telephone and Telegraph featured
an operative model of a new elec-
tronic star tracking system that
some say may tell space vehicles
where they are and where they are
going. A multiplier phototube
which transforms a star’s optical
image into an electrical signal, am-
plifying these signals 2,000,000
times, is used.

An aerial camera that snaps
photos, day or night from 50,000
ft, was displayed by Chicago Aerial
Industries. The KA-30, designed
for military reconnaissance, freezes
the picture on the film by moving
the film at the same relative speed
of the aircraft and delivers clear
pictures.

A pint-size tv tape recorder that
takes only 11 sq ft of floor space
and weighs under 500 lb was
demonstrated by Ampex. The armed
forces now have 40 of these ma-
chines, which are especially de-
signed for mobile and small studio
installations.

Stromberg-Carlson Co., division
of General Dynamics Corp., de-
scribed a basic battle area surveil-
lance and integrated communica-
tions system. Small, hand-held digi-
tal message generators transmit a
tactical display to a command post.

AT&T demonstrated a new group
alerting service.
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Type 2N501

' Super High-Speed

Micro-Alloy
Diffused-Base
Transistors

(2 X Actual Size)
T {

|

Typical |Maximum | Units

Rise Time (t;) 9 18 musec

Storage Time (ts) 9 12 musec

Fall Time (tr) 7 10 [masec

In circuit with current gain of 10 and voltage
turn off.

| Unexcelled for super high-speed

l

|
|

computer applications, Sprague’s
Type 2N 501 Micro-Alloy Transis-
tors combine high gain and high
frequency response with unusual
stability and high operation effi-
ciency even under severe environ-
mental conditions and life tests.

Sprague’s mechanized electro-
chemical process permits the fabri-
cation of a graded base transistor
with no intrinsic base region. The
Type 2N501 can thus maintain its

|

super high-speed switching char- |

acteristics right down to its satura-
tion voltage, providing all the ad-

vantages of direct-coupled circuitry :

with no impairment of switching
speeds.

Write for complete engineering
datato Technical Literature Section,
Sprague Electric Company, 35 Mar-
shall Street, North Adams, Mass,
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...smallest of Sprague’s
film capacitors
for entertainment
and commercial
electronics

YELLOW-JACKET® Wrapper-
Protected Filmite “E” Capaci-
tors are designed for compact
radio receivers, test and com-
munications equipment, and
similar applications. They are
especially suited for transis-
torized and low voltage elec-
tron tube circuits.

Yellow-Jacket capacitor sec-
tions are of extended foil design
...wound from ultra-thin, es-
pecially selected polyester film
and thin gage foil. They are
protected against moisture by
an outer wrap of polyester film.
End seals are of a plastic resin
which bonds securely with the
film wrap in order to assure
long service life. This con-
struction provides a distinct
space advantage over molded
or premolded case, or wax-
coated cardboard-case tubulars
of comparable ratings.

Yellow-Jacket Type 148P
(cylindrical) and 149P (semi-
oval) capacitors operate over
the temperature range of —55C
to 485 C at rated workin
voltages of 100, 200, 400, an
600 volts d-c.

For complete technical data,
write for Bulletin 2063A to
Technical Literature Section,
Sprague Electric Company, 35
Marshall Street, North Adams,
Massachusetts.

SPRAGUE

THE MARK OF RELIABILITY
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Ty AT NO EXTRA COST WITH BENDIx r
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Up-to-the-minute news about transistors and rectifiers

MIL-TYPE SEMICONDUCTORS
CREI\TE NEW DESIGN FREEDOM

DESIGN ENGINEERS find Bendix lmh’ory-lype power fronsistors ond rectifiers o virtuol
"parade” of ruggedness ond reliobility. They also find Bendix engineers mast helpful with
circuitry ond opplicotion problems.

MAXIMUM RATINGS AND TYPICAL OPERATION OF MILITARY POWER TRANSISTORS

MAXIMUM RATINGS TYPICAL
TYPE MIL-T- - OPERATION
NUMBER 19600 Vece | Veb Ie Pc T(! T storage hfg at ¢

Vde | Vdc | Adc w o °c Adc

2N297A /36A (SigC) ~50 [ —60| 5 | 35 | 95 | —65to+95 | 70 0.5
2N331 JAA ~12|—30| 02 [0075| 8 | —65t0+85 | 50 | 0.001
2N1011 /67 (Sig C) —70 | —80| 5 | 35 | 95 | —65to+95 | 55 3.0
2N1120 /68 (Sig C) —70 | 80| 10 | 45 | 95 | —65t0495 | 35 | 100

Ideal for such applications as:
HIGH CURRENT SWITCHING ¢ AUDIO AMPLIFICATION
SMALL MOTOR AND SERVO DRIVERS

MAXIMUM RATINGS OF MILITARY POWER RECTIFIERS

TYPE o | PRV Lib Lib
NUMBER | MIL-E-1 at 150°C vdc at 25°C Epp at 150°C
1N1614 /1240 5 Adc 200 50 Adc 140 750 pAdc
1N1615 /1241 SAdc | 400 50 MAdc 280 750 HAdc
1N1616 /1242 5Adc | 600 50 MAdc 420 750 MAdc

ldeal for such applications as:
MAGNETIC AMPLIFIERS o DC BLOCKING CIRCUITS
POWER RECTIFICATION
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Broad Bendix line
meets both electrical
and environmental
military specs.

Here, in Bendix* Power Tran-
sistors 2N297A, 2N331, 2N1011,
and 2N1120, and Bendix* Power
Rectifiers 1N1614 1N1615, and
1N1616, is a versatile line com-
pletely desxgned to meet military
specifications. This combination
—most extensive series of its ty
—permits unusual design latltuge
on military equipment applica-
tions. All units feature outstand-
ing ruggedness and reliability to
meet both electrical and environ-
mental conditions,

The four transistors are espe-
cially suited to high-current switch-
ing, audio amplification, small
motor and servo driver applica-
tions. The three rectifiers, with
their low forward drop and low
reverse leakage current, are ideal
for magnetic amplifier and' DC
blocking circuits, in addition to
power rectification.

Write today for NEwW BENDIX
SEMICONDUCTOR CATALOG on our
complete line of power transistors
and power rectifiers. Bendix offers
engineers many challenging

portunities in semiconductors.
Vgnte Personnel Manager for full
details. *265. 0.3, PAT, OFF.

SEMICONDUCTOR PRODUCTS
Red Bank Division

LONG BRANCH, N. J.

T m/j:/

CORPORATION

West Coast Sales Office:
117 E Providencia Avenve, Burbank, Califamla

Midwest Sales Office:
2N565 York Rood, Eimhurst, linols

New Englond Sales Office:
4 Lloyd Rood, Tewksbury, Mossachusetts

Export Sales Office: Bendix Intemotionol Division ,
205 E. 42nd Street, New York 17, New York

Canadian Affiliote: C ing Devices of Conado, Lid.,
P. O. Box 508, Ottawo 4 Ontario, Conado
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Experience—the added alloy in A-L Electrical Steels

014 and .006 Strip

Higher permeability values now guaranteed

for Allegheny Ludlum’s Moly Permalloy

Means new, consistent and predictable
magnetic core performance

Molybdenum Permalloy nickel-iron strip is now available
from Allegheny Ludlum, with higher guaranteed perme-
ability values than former typical values. For the buyer,
this new high quality means greater uniformity . . . more
consistent and predictable magnetic core performance.

This higher permeability is the result of Allegheny
Ludlum’s intensive research on nickel-bearing electrical
alloys. A similar improvement has been made in AL-4750
strip steel. A-L continues its research on silicon steels,

WEW 7490

ALLEGHENY LUDLUM

STEELMAKERS TO THE ELECTRICAL INDUSTRY

Export distribution, Electrical Materials: AIRCO INTERNATIONAL INC., NYC 17
Export distribution, Laminations: AD, AURIEMA, NYC 4

electronics « JUNE 10, 1960

including Silectron, well-known grain-oriented silicon
steel, and other magnetic alloys.

Complete facilities for the fabrication and heat treat-
ment of laminations are available from Allegheny Ludlum.
In addition, you can be assured of close gage tolerance,
uniformity of gage throughout the coil, and minimum
spread of gage across the coil-width.

If you have a problem relating to electrical steels,
laminations or magnetic materials, call A-L. Prompt tech-
nical assistance will be yours. And write for more in-
formation on Moly Permalloy. Allegheny Ludlum Steel
Corporation, Oliver Building, Pittsburgh 22, Pa.

Address Dept. E-6.
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When you need any

electronic part in a hurry...

watch the action
you get from your

local RAYTHEON distributor!

and at factory prices
RAYTHEON COMPANY

DISTRIBUTOR PRODUCTS DIVISION +* WESTWOOD, MASS.

RECEIVING AND INDUSTRIAL TUBES . SEMICONDUCTOR PRODUCTS
MECHANICAL COMPONENTS « RAYTHEON/MACHLETT POWER TUBES
VOLTAGE REGULATORS « MICROWAVE TUBES « CAPTIVE HARDWARE
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Raytheon Distributors Serving
Key Markets Include

Alabama

Birmingham
Forbes Distributing Company
AL 1-4104
MG Electrical Equipment Company
FAirfax 2-0449

Mobile
Forbes Electronic Distributors, Inc.
HE 2-7661

Arizona
Phoenix
Radio Sgecialtles & Appl. Corp.
AL 8-6121
Tucson
Standard Radio Parts, Inc,
MA 3-4326

California

Burbank
Valley Electronic Supply Co.
Victoria 9-3944

Glendale
R. V. Weatherford Co.
Victoria 9-2471

Hollywood
Hollywood Radio Supply, Inc.
HO 4-8321

Inﬂewood

ewark Electronic Company

ORchard 7-1127

Los Angeles
Federated Purchaser
BRadshaw 2-8771
Graybar Electric Company
ANgelus 3-7282
Kierulff Electronics, inc.
Richmond 8-2444

QOakland
Brill Electronics
TE 2-6100
Elmar Electronics
TEmplar 4-3311

Palo Alto
Zack Electronics
DA 6-5432

San Diego
Radio Parts Company
BE 9-9361

San Francisco
Fortune Electronics
UN 1.2434

Santa Monica
Santa Monica Radio Parts Corp.
EXbrook 3-8231

Colorado

Denver
Ward Terry Company
AMherst 6-3181

Connecticut

East Haven
J. V. Electronics
HObart 9-1310

District of Columbia
Electronic Industrial Sales, nc.
HUdson 3-5200 |
Kenyon Electronic Supply Company
DEcatur 2-5800

Florida

Miami
East Coast Radio & Televisien Co.
FRanklin 1-4636

West Palm Beach
Goddard Distributors, Inc.
TEmple 3-5701

llinois

Chicago
Allied Radio Corporation
HAymarket 1-6800
Newark Electric Company
STate 2-2944

Indiana

indianapolis
Graham Electronic Supply Inc.
MElrose 4-8486

Maryland

Baltimore
Wholesale Radio Parts Co., Inc.
MUlberry 5-2134

Massachusetts

Boston
Cramer Electronics, Inc.
COpley 7-4700
DeMambro Radio Supply Co., Inc.
AL 4.9000
Lafayette Radio Corp. of Mass.
HUbbard 2-7850

Cambridge
Electrical Supplg Corporation
UNiversity 4-6300

Michigan

Ann Arbor
Wedemeyer Electronic Supply Co.
NOrmandy 2-4457

Detroit .
Ferguson Electronic Supply Co.
WOodward 1-2262



Minnesota
Minneapolis
Electronic Expeditors, Inc.
FEderal 8-7597
Mississippi
L2 nton Radio, |
ington Ra nc.
FL 3-82t769 &
Missouri
Kansas City
Burstein-Applebee Company
BAltimore 1-1155
New Jersey
Camden
General Radio Supply Co.
WA 2.7037
New Mexico
Ala:?mggorsdo . "
adio Specialties Company, Inc.
HEmIocE 7-0307 pany
Albuquerque
Radio Specialties Company, inc.
AM 8-3901
New York
Buffalo
Genesee Radio & Parts Co., Inc.
DElaware 9661
Mineola, Long Island
Arrow Electronics, Inc.
Ploneer 6-8686
New York City
H. L. Dalis, Inc.
EMpire 1-1100
Milo Electronics Corporation
BEekman 3-2980
Sun Radio & Electronics Co., Inc.
ORegon 5-8600
Terminal Electronics, Inc.
CHelsea 3-5200
Ohio
Cincinnati
United Radio Inc.
CHerry 1-6530
Cleveland
Main Line Cleveland, Inc.
EXpress 1-1800
Pioneer Electronic Supply Co.
SUperior 1-9411
CoIBum:(Jus o oD
uckeye Electronic Distributors,
CA 8-3265 D
Da
repco, Inc.
BAldwin 4-3871
Oklahoma
Tulsa
S & S_Radio Supply
LU 2-7173
Oregon
Portland
Lou Johnson Company, Inc.
CApital 2.9551 00"
Pennsylvania
Pittsburgh
Marks Parts Company
ELectric 1-1314
Philadelphia
Almo Radio Company
WAInut 2.5918
Radio Electric Service Co.
WAInut 5-5840
R he George D. Barbey Co
e George D. Bar] o |
FR 6-7451 Y ne.
Tennessee
Knoxville
Bondurant Brothers Company
39144

Texas
Dallas
Graybar Electric Company
Riverside 2-6451
Hogstonk . ;
usacker Electronic Equipment
JAckson 9-4626 auip Co.
Harrison Equipment Company
CApitol 4-9131
Utah
Salt Lake City
Standard Supply Compan
EL 5-2971 i pany
Virginia
Norfolk
Priest Electronics
MA 7-4534
Washington
Seattle
Western Electronic Supply Compan
AT 4-0200 PPl pany
West Virginia
Bluefield
Meyers Electronics, inc.
DAvenport 5-9151
Wisconsin
Milwaukee
Electronic Expeditors, Inc.
WOodruff 4.8820

CIRCLE 47 ON READER SERVICE CARD

Actual heating time for one meal is8 one minute

Cooks Meals Quickly

New electronic oven uses microwave technique
for “assembly line” production of pre-frozen meals

EINDHOVEN, HOLLAND — An elec-
tronic oven which utilizes the mi-
crowave technique to cook pre-
frozen meals at a rate that could
run as high as 150 an hour has been
developed by Philips Works.

Five magnetron elements provide
a microwave capacity of 10 kw. The
magnetrons generate a high-fre-
quency electrical alternating field in
an energy zone 123-in wide.

The five zones are passed through
alternately. To prevent the magne-
trons from affecting one another,
equalization and isolation zones
have been placed between the
energy zones. Furthermore, at the
beginning and end of the electronic
range, isolation zones prevent the
microwave energy from escaping.

Heating takes place as the dipole
molecules of the food try to bring
their position in the high frequency
alternating current field in accord-
ance with the direction of the
changing electrical field volume.

Meals are brought to one end
of the oven by hand and are heated
from the deep-freeze temperature

of minus 25 C to serving tempera-
ture of plus 80 C.

Time to prepare meals in the
oven is about eight minutes at
maximum capacity. The actual
heating time, however, is one
minute. The remainder of the time
the meals are in equalization and
isolation fields. Work is now being
carried out to reduce the time re-
quired in each stage.

Since the oven handles pre-frozen
foods, a large inventory as well as
an extensive variety are possible.
This makes it suitable for cafe-
terias, restaurants, hospitals and
certain institutions, the company
says.

The process is said to result in
little loss of vitamins in the food.

Width of the production line is
28 inches. Possible hot air and
condensation is taken off the in-
terior of the oven by means of a
ventilator. There are windows in
the oven’s exterior so food may be
seen going through the oven.

Water consumption is about 2.6
gallons per minute.

az



JONES & LAMSON
OPT|CAI— COMPARATORS the man who needs

Turret Lathes

a new machine tool is

> already paying for it

Unretouched photo (above) shows this cylindrical
rack being inspected at 62.26X. Photo, courtesy of
Baird-Atomic Inc., Cambridge, Mass.

4000% Increase in Inspection Efficiency
through use of a J & L Optical Comparator

Baird-Atomic, Inc., Cambridge, Mass.,
manufacturer of scientific and research in-
struments needed a rapid and precise method
for the quality control measurement and in-
spection of various components. After ex-
perimentation with various types of inspec-
tion equipment, a J & L FC-14 Optical
Comparator was given a trial. It met all
requirements perfectly.

The inspection of a cylindrical rack, heart
of the Baird-Atomic Periscopic Sextant, used
in advanced aircraft, gives an illustration of
the J & L Comparator’s efficiency.

The rigid quality control tolerances for
this part include: tooth-to-tooth tolerance,
.0002"'; tooth-to-tooth error, .0003"; com-

¢  Automatic Lathes ¢ Tape Controlled Machines
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posite error, .0003"’; pitch dia. within .0005'’;
concentricity within .0005" TIR.

Adequate inspection and measurement by
conventional methods proved laborious and
time-consuming: inspection rate was little
better than one rack per day. Now, using a
J & L FC-14 Optical Comparator, average
inspection rate is 42 per day, an increase of
approximately 4000 %,!

Investigate the possibilities of J & L
Comparators in your production set-up.
Available in 12 different models, both floor
and table types.

Write today for Comparator Catalog 5700.
Jones & Lamson Machine Company, 539
Clinton Street, Springfield, Vermont.

Thread & Form Grinders ®  Optical Comparators e Thread Tools

JUNE 10, 1960 « electronics



Dies for the laminations you need in a hurry are held
ready in this bomb-proof, fire-proof vault. No delays
or extra costs of tooling up, on most orders. These are
the finest high-precision dies, built and maintained by
our own skilled craftsmen, available in a wide range
of sizes and shapes . . . and one of the reasons for the
consistently high level of Magnetic Metals quality.

Another reason is our stock of magnetic alloys—the
largest stock in the world, making available to you
the widest choice of electrical characteristics. More-
over, special, highly flexible annealing techniques

the magnetic core

laminations you need,

when you need them

provide final assurance of the exact performance you
require in magnetic core laminations.

Most of the nation’s best-known transformer manu-
facturers gain the extra advantages of Magnetic Metals
laminations. You should, too. Tell us about your
application, and we’ll go to work on it right away.

AGNETIC
() ETALS

transformer laminations ¢« motor laminations » tape-wound cores
powdered molybdenum permalloy cores » electromagnetic shields

MAGNETIC METALS COMPANY ¢ Hayes Avenue at 21st Street, Camden 1, N.J.

electronics < JUNE 10, 1960
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Phantom view shows simplicity of Sola design. Note
absence of components requiring maintenance such as
motors, gears, contactors, tubes and relays.

Schematic diagram indicates the complete reliance on
static elements. This is the circuit of a representative
Type CVS regulator which delivers output having less
than 3% total rms harmonic content.
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What's missing
in this Sola
voltage regulator?

5&5 When they designed the Sola Constant Voltage
=1 Transformer, what did they leave out? Trouble,
Bt [ for one thing. Original equipment manufacturers
and plant engineers know that when you build
in simplicity, you build out maintenance headaches.

The two illustrations at the left show clearly the Sola’s
few parts and straightforward design. This compact
simplicity is possible because Sola regulators employ
static-magnetic methods of voltage control.

The basic Sola design eliminates moving parts, renew-
able parts, manual adjustments, routine maintenance,
and spare parts stock. Because there is nothing to wear
out, no tubes to burn out — you know that when you
specify Sola voltage stabilization, you automatically
specify trouble-free reliability.

Despite this simplification, the Sola gives you these
performance benefits: 1%, regulation over input volt-
age variations as great as *+159%, response time of 1.5
cycles or less, protection against short circuits for itself
and its load, a high degree of isolation between input
and output circuits, and negligible external field. Type
CVS (illustrated with typical circuit diagram) delivers
a commercial sine wave with less than 39 total rms
harmonic content.

Sola static-magnetic units are available for regu-
lation of common line voltages, as well as filament,
plate-filament, computer-circuit and variable voltage
outputs. They can also be supplied in step-up and step-
down ratios to replace conventional non-regulating
transformers.

Whether you are developing new electric or electronic
equipment, or have a specific voltage regulation prob-
lem, your nearest Sola sales engineer will be happy to
discuss your requirements with you.

Write for Bulletin 7F-CV

' SOLA o

SOLA ELECTRIC CO. C Corporation
4633 West 16th Street Chicago S0, Illinois
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MEETINGS AHEAD

June 10-26: British Exhibition,
Electrical And Electronic Equip-
ment, Coliseum, N. Y. C.

June 12-15: American Nuclear So-
ciety, Annual, Palmer House,
Chicago.

June 13-14: Radio Frequency In-
terference Symposium, IRE,
Shoreham Hotel, Wash., D. C.

June 14-16: Railroad Communica-
tions, Assoc. of Amer. Railroads,
Communications Section, Shera-
ton-Cadillac Hotel, Detroit.

June 20-21: Broadcast and Tv Re-
ceivers, Chicago Spring Conf,,
IRE, Graemere Hotel, Chicago.

June 20-24: American Institute of
Electrical Engineers, Summer
General, Chalfonte-Haddon Hall,
Atlantic City, N. J.

June 22-24: Standards & Electronic
Measurements, NBS, AIEE, IRE,
NBS Laboratories, Boulder, Colo.

June 23-24: Solid-State Electronics
Workshop, IRE, ASEE, Purdue
University, Lafayette, Ind.

June 26-29: New England Elec-
tronic Conf., ERA, the Balsams,
Dixville Notch, N. H.

June 26-July 1: Materials Sciences,
ASTM, Chalfonte-Haddon Hall,
Atlantic City, N. J.

June 27-29: Military Electronics,
National Convention, PGME of
IRE, Sheraton-Park Hotel, Wash-
ington, D. C.

June 27-July 7: Automatic Control,
International Conf. of IFAC,
AACC, ISA, ASME, AIEE, IRE,
AICHE, Moscow, Russia, con-
tact: R. Oldenburger, Purdue
Univ., Lafayette, Ind.

July 4-7: British Computer Society
Conf., Leeds University, Sun
Pavilon, Harrogate, Yorkshire.

Aug. 23-26: Western Electronic
Show and Convention, WESCON,
Memorial Sports Arena, Los An-
geles.

Oct. 10-12: National KElectronics
Conf., Hotel Sherman, Chicago.

electronics * JUNE 10, 1960

FORECAST

Laboratories for space science at Martin are now studying and
forecasting the physical, psychological, and biological factors
that will affect man in space...another tremendously fascinating
program which attracts persons with exceptional professional
abilities. If you have these abilities, you are invited to communi-
cate with N. M. Pagan, (Dept. JU-6) The Martin Company,
P. O. Box 179, Denver 1, Colorado.

|
i
4.
i
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Made for the most exacting
applications of all...

The family of the

world’s most nearly perfect
electronic and electrical
insulation materials

WHATEVER YOUR HiGH-TEMPERATURE NEEDS—to 1550°F.—one of the MycCALEX
family of quality insulating materials is sure to meet your most critical require-
ments. Each of these dependable insulating materials offers a unique combination
of special advantages for electronic and electrical design: the plus factors of the
inorganics and the design latitudes of the organics.

MY CALEX? glass-bonded mica—formulations of high-quality natural mica
and electrical grade glasses, with high-dielectric strength, total dimensional stabil-
ity, high-arc resistance, high-temperature resistance. Depending on their formula-
tion, they can be machined or molded to exacting tolerances, inserts can be
permanently molded in or cemented in—the thermal expansion of MYCALEX
being close to that of stainless steel.

SUPRAMICA ® ceramoplastics—advanced formulations of synthetic mica
and high-temperature glasses, created for insulation applicationsgat maximum
temperature endurances up to 1550°F. They have a thermal expansion coefficient
close to that of stainless steel. They are available in moldable or machinable types
. . . both offering toral dimensional stability.

ENGINEERING AND DESIGN AsSISTANCE PROGRAM—Our diversified experience
includes commercial and military projects . . . applied research and product devel-
opment. No matter what your electronic or electrical insulating problem, we can
assist you in the evaluation and design of materials or components. Your inquiries
will be answered promptly and in confidence.

MYCALEX 400 glass-bonded mica SUPRAMICA 620 ceramoplastic
Machinable insulation that withstands a maxi tem-  Machinable insulation that withstands a maximum tem-

perature endurance of 700°F. (unstressed) and a heat dis-
tortion temperature® of 850°F.

MYCALEX 410 giass -bonded mica
Precisi Ided insulation that withstands a maximum
temperature endurance of 650°F. (unstressed) and a heat
distortion temperature® of 690°F.

MYCALEX 410X glass-bonded mica
Lightweight precision-molded insulation that withstands a
maximum temperature endurance of 575°F. (unstressed)
and a heat distortion temperature® of 690°F.

MYCALEX 3885 glass-bonded mica
Machinable insulation that withstands a maximum tem-
perature endurance of 700°F. (unstressed) and a heat
distortion temperature® of 850°F.

perature endurance of 1550°F. (unstressed) and a heat
distortion temperature® of 1360°F.

SUPRAMICA 500 ceramoplastic
Machinable insulation that withstands a maximum tem-
perature endurance of 700°F. (unstressed) and a heat
distortion temperature® of 900°F.

SUPRAMICA 560 ceramoplastic
Precision-molded insulation that withstands a maximum
temperature endurance of 332°F. (unstressed) and a heat
distortion temperature* of 870°F.

SUPRAMICA 686 ceramoplastic
Precision-molded insulation that withstands a maximum

temperature endurance of 650°F. (unstressed) and a heat
distortion temperature® of 700°F.

¥ASTM Test Method D648 (modified for glass-bonded mica) at stress of 264 psi.

New MycaLex ENGINEERING COMPARA CHART
...a valuable comparison of the physical properties of most
well-known insulating materials. Send for your personal copy!

General Offices and Plant. 120B Clifton Blvd., Clifton, N. J.
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y.

World's largest manufacturer of glass-bonded mica, ceramoplastic and synthetic mica products
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Ready for you now!

Primary standard accuracy
for power measurements
to 1,000 watts!

Frequency coverage dc through 12.4 KMC.

Guaranteed power measuring accuracy of 1%. Probable accu-
racy better than 0.5%. Precise ac wattmeter, calorimeter and
heat exchanger in one neat, rack unit. Separate dual loads for
dc to 4 KMC, also C, XB, X bands. Direct reading linear scale.

Above are highlights of the new Sierra 290B Calorimetric Watt-
meter Test Set—the industry’s closest approach to absolute power
measurements in this range.

Model 290B measures power in three distinct modes.

1. For power levels 30 to 1,000 watts, a null-balance mode provides
measurement accuracies of 19 or better, with probable error as
low as 0.5%.

2. For wider range power levels from 10 to 1,500 watts, a direct-
reading mode provides excellent linearity in thermal readout and
2% to 3% accuracy. Readout is fast—60 seconds or less.

3. For expanded scale readings of highest resolution, the above
two modes may be combined in a third mode to obtain the order
of accuracy of the null-balance mode, together with the time-saving
convenience of the direct readout mode.

Model 290B, $4,500.00. (Water loads, extra.)

Data and prices subject to change without notice. Prices f.0.b. factory.

SIERRA ELECTRONIC CORPORATION

A Division of Phiico Corporation
6360A BOHANNON ORIVE e« MENLO PARK, CALIFORNIA + DAvenport 6-2060
Sales representatives in ail principal areas
Canada: Atlas instrument Corporation, iLtd., Montreal, Ottawa, Toronto, Vancouver,

port: Frazar & Hansen, Ltd., San Francisco, California. 0860

electronics « JUNE 10, 1960
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Laboratory setup above shows Sierra Model 215
Power Source being used in conjunction with
Model 290B Calorimeter to calibrate Sierra Bi-
Directional Power Monitor. Designed specifi-
cally for calibration purposes, 215 series Sources
include four 50 watt models covering, collec-
tively, 25 to 1,000 MC. Model 2154, 25 to 50
MC; Model 215B, 50 to 150 MC; Model 215C,
150 to 470 MC; Model 215D, 470 to 1,000 MC.
Price (any model) $3,300.00.

For complete details, see your Sierra
representative or write direct
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HIGH SPEED SILICON COMPUTER DIODES with uniformly typical recovery time of 2 millimicro-

seconds were first made available in commercial quantities one year ago by Microwave Associates.

Today, Microwave Associates silicon mesa switching diodes are setting the computer industry standard.
Extremely low reverse leakage (even at elevated temperatures), excellent forward characteristics, and superb
reliability under severe mechanical and environmental conditions make these diodes suitable for a very wide
range of applications. Major users have called these diodes excellent “universal switching diodes."

Production quantities are now replacing germanium and silicon computer diodes of both standard and newer
types. They are priced competitively for large volume orders and delivery is off-the-shelf.

Faster, more sophisticated diodes for tomorrow's computers are on the way from Microwave Associates.
Our leadership in this field is the result of years of experience with silicon semiconductor devices which
operate at tomorrow’s speeds. This experience, added to your own, will accelerate your computer progress.

MICROWAVE ASSOCIATES, INC.
SEMICONDUCTOR DIVISION

Burlington, Massachusetts
BRowning 2-3000 -+ TWX Burlington, Mass. 942
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One of the authors
makes adjustments
on a demonstrator
model of the char-
acter generator

GENERATING HIGH-QUALITY

Characters and Symbols

electronics

June 10, 1960

ABCDEFGHI JKLM
NOPQRSTUVWXYZ
#1234567898¢

Ly 23t 8@% % % %% uw

e e S o b

FIG. 1—Generated characters dis-
played on conventional ert; en-
larged view of character shows
raster structure

Solid-state character generator, part of a visual information display and
control system, features speed, character quality, stability, simplicity of ad-
Justment, high display intensity and reliability

By J. KENNETH MOORE,

Section Head, Digital Techniques Section,

and MARVIN KRONENBERG,
Section Head, Communications Section,

Military and Industrial Systems Dept.,
CBS Laboratories, Stamford, Conn.

A NEW solid-state character gen-
erator, developed for VIDIAC (Vis-
ual Information DlIsplay And Con-
trol) systems, combines the speeds
required by modern high-speed
digital computers with superior
symbol quality. Its memory con-
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figuration allows a repertory of
many hundreds of characters. By
use of plug-in units, sets of stored
symbols can he changed at will.
This desirable combination of
characteristics is obtained with es-
sentially standard digital tech-
niques. The result is a modular
system which is stable with a min-
imum of adjustments and which
allows a wide variety of system
specifications to be met by properly
assembling basic plug-in units.

The developmental model of the
character generator, shown in the
photo, has been used with a standard
Tektronix 515 oscilloscope to gen-
erate the symbols shown in Fig. 1A.
The high quality achieved is evi-
dent in the special symbols @, &,
$, #, %, and the like. In this de-
velopmental unit the symbols are
generated at a basic rate of 50 mi-
croseconds per character or 20,000
characters per second. Rates as
high as 250,000 characters per sec-



ond could be achieved by the same
basic approach although at a sacri-
fice of character quality.

The character generator is basic-
ally a function generator giving a
character formed from a line raster.
One of the characters of Fig. 1A is
expanded in Fig. 1B to show the
raster structure. High frequency
spot wobble may be used to fill in
the spaces between raster lines to
give a solid symbol without impair-
ing the resolution. A 14-line raster
has been employed and the hori-
zontal resolution is 20 lines. Thus
280 tv picture elements are avail-
able to form a desired character.

The complete VIDIAC system,
which is still under development, is
shown in Fig. 2A. The character
generator, with which this article
is primarily concerned, shown in
Fig. 2B, is comprised of the follow-
ing elements: a memory to store
the geometry or shape of the vari-
ous characters; a selection system
to allow the controlling device to
choose a desired character; a con-
verter to generate a video signal
from the information obtained
from the memory; and synchroniz-
ing generators to give the deflection
signals which form the raster on
the display device.

A decoder, controlled by a set of
digitally coded input lines, closes
the appropriate switches to select
both: a set of cores corresponding
to a particular character in a mag-
netic core matrix; and the core
plane in the matrix containing the
desired character (the double selec-
tion allows a virtually unlimited
number of symbols to be stored
with negligible noise and drive
problems). The control logic writes
a binary ONE into the cores corre-
sponding to the selected character
and then reads and resets the cores
back to the ZERO state in an ordered
sequence corresponding to the
raster line structure.

The signals corresponding to
each raster line are obtained from
the core matrix in parallel. They
are converted into the desired serial
video form in the parallel-to-serial
(P-S) converter. The P-S converter
generates a pulse at the end of the
conversion (which corresponds to
the end of a given raster line) and
this pulse initiates the logic cycle
which obtains the video signal nec-
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FIG. 2—Complete developmental VIDIAC display system (A);

essary to control the next raster
line to be displayed. This sync sig-
nal also controls the sawtooth and
staircase generators (in Control
Logic block) which give the proper
character rastér when applied to
the deflection system of the display.
These various elements are de-
scribed in greater detail below.

Figure 3 shows the basic method
of defining an arbitrary symbol’s
shape so that it will be adaptable
to storage by digital techniques.
For purposes of illustration a 10-
line raster structure is used with
the letter A. Figure 3A shows a
matrix with 10 horizontal and 25
vertical intersecting lines. The de-
sired symbol is drawn on tracing
paper and then placed over the ma-
trix. The intersections of the edges
of the character with the horizontal
lines of the matrix correspond to
transition points, that is, black-to-
white or white-to-black transitions
for video signals controlling raster
lines equivalent to the horizontal
matrix lines.

Because of the finite number of
vertical lines, it is not possible to
specify precisely these intersections
and the nearest matrix intersection
to the desired intersection is used.
We may consider that the letter A
is approximated by the ten 25-bit
binary words shown in Fig. 3B. In
the present developmental char-
acter generator, fourteen 60-bit
words are used to define each char-
acter. The figure of 20 lines hori-

zontal resolution is obtained be-
cause the system was designed so
that at least two binary ZEROS al-
ways separate two binary ONES.

A larger number of vertical lines
than horizontal lines is required to
ensure smooth slopes for the edges
of the displayed symbols. Figure
3@ shows the character that would
be obtained from the word set of
Fig. 3B. This is a rougher char-
acter than the one shown in Fig. 1B
because only ten raster lines and 19
vertical lines have been used. For
a good character there should be
three times the number of vertical
lines as horizontal lines in the ma-
trix when the characters include
slopes of 60 deg or greater. Nat-
urally, for a symbol like E far
fewer vertical lines are necessary.
At first glance the large number
of bits represented by even the
rough matrix of Fig. 3B may seem
prohibitive for a moderate number
of characters but fortunately most
of this information is redundant
and relatively few bits must actu-
ally be stored and retrieved to gen-
erate a high quality symbol.

A single character core storage
matrix for the letter A is shown in
Fig. 3D. The horizontal wires of
the matrix are read lines and cor-
respond to the horizontal raster
lines. The vertical lines, identify-
ing allowable transition points, are
sense lines. The wire which threads
each core of the individual char-
acter is the selection or write line.
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character generator is shown alone tn (B)

Cores of square-hysteresis-loop ma-
terial are placed at intersections
corresponding to the desired video
transitions. Forty cores, on the
average, are required to define a
character when using a 14-line
raster. Low-coercive-force switch-
core material is entirely satisfac-
tory because the square hysteresis
loop is only used for selection; no
coincident current mode is re-
quired. This makes it possible to
assemble a memory using relatively
nonuniform cores and low-imped-
ance current drivers.

In operation the character is se-
lected by pulsing its write line
which sets all the cores of the char-
acter into the ONE state. The selec-
tion switch corresponding to the
first raster line is closed and a read
pulse is generated. The two cores
on the top read line in Fig. 3D are
switched back to the ZERO state and
generate switching voltage signals
on their sense lines. It will be noted
that these signals occur at the same
time (in parallel). After this in-
formation is processed by the P-S
converter, tha raster line switch
corresponding to the next line is
closed, another read pulse is gen-
erated and another set of sense
lines are energized.

In a complete alphabet store the
corresponding sense lines and read
lines are wired in series and the
selection lines are connected to a
driver through a suitable set of
selection switches. This simple wir-
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ing is satisfactory until the store
size is such that excessive noise is
generated by the read -current
pulses and series inductance is
built up to the extent that it re-
stricts the drivers. The plane-
switching necessary to reduce these

limitations and make very large
stores practical is illustrated in Fig.
4. The plane containing the char-
acter is selected at the time that
the character cores are set. The
number of characters driven in
series by the read driver is thereby
limited to those in one plane.

The only remaining inherent
limit on the size of the character
store is due to transmission line
effects in the sense lines. This is
much less of an effect than that
present in coincident-current mem-
ories because there are far fewer
cores present on any given sense
line. Experience indicates that no
additional gating should be re-
quired for character stores of 300
characters. For much larger stores
it becomes necessary to incorporate
buffers and OR gates in the sense
lines.

The P-S converter allows the use
of moderate-speed ferrite switch
cores in the memory while achiev-
ing a very high information proc-
essing rate. In the present model
as many as 80 bits of information
(for the letter W) are used in 3.5

(1] v Vi3 ves
111 ™ |
HH 4} 4 Lr- -
| |
AL
. / [ 1 0000000000 1 00010000000000+
'y ‘ | 0000000001 00000 | 000000000
u ! \ | \ | 0000000010010 100100000000
, 00000000 10010100 100000000
| 11 00000001 00 1 0001 00 1 0000000
| 0000001 000000000001000000
1] =1 0000010000000000000100000
I I 11 000001000 | 000001 000 | 00000
@l i L 00001000 | 0000000100010000
/ ) 3 0001000} 00000000010001000
T \ N1 (8)
- -
WDT
(A)
- - ’ SELECTION,
r SELECTION
{ - v T WITCH
- - s 0 e T RASTER
READ T T TRV LINE
CURRENT 4 ATHN -
- - LSE.—E-«_- IR »7 H A - %’:ECT
< by I SWITCHES
I oo NGNS
seLecTioN | 111 RN
P——— — | Cp 1
PULSE  TO SENSE AMPLIFIERS & P-$ CONVERTER
(| | (D}
|| I
(C)

FIG. 8—Letter superimposed on 10-line raster with 25 allowable horizontal
transition positions (A), its matrix representation by ten 25-bit words (B),
letter as produced by this coarse matrix (C), and diagram of storage matrix

(D) for letter
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usec, If the more usual process of
memory access were used {that is,
step-by-step sampling of each pos-
sible memory location) at least 840
psec. would be required for the
character resolution obtained.
Figure 5A is a block diagram of
the P-S converter. The sense-line
amplifiers, shown at the top, drive
a secondary storage register (Int.
Storage) which retains the infor-
mation read out on the sense lines
from the character store for the
duration of the writing cycle. A
sampling pulse distributed by a
tapped delay line samples sequen-
tially the states of the elements of
the storage register in the set of
AND gates. These gates drive the
one large mixing OR gate whose
output triggers the count input of
a high-speed complementing flip-
flop. The output of this flip-flop is
the required video information be-
cause the flip-flop is triggered by
signals corresponding to the char-

READ

acter fransition edges. The hori-
zontal sweep of the display device
is easily scaled to the velocity of
propagation of the sampling pulse
down the tapped delay line and syn-
chronized with the initiation of
this pulse.

The entire system timing is self
synchronized by using the final out-
put of the delay line to initiate the
next cycle of operation. A simpli-
fied timing diagram is shown in
Fig. 5B. A staircase signal is used
for vertical sweep of the display
device because it eliminates raster
skew and consequent twisting of
the display character, and also be-
cause it reduces the effect of any
small time-jitters in the syvstem.
The steps of this staircase are con-
trolled by the internal sync signal
which generates the reset for the
horizontal scan. A high degree of
timing stability and uniformity
from line-to-line in the character
raster is required in order to
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. CHARACTER

SELECT LINE S
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| v { N |
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FIG. 4—Simplified schematic shows intercomnection of two planes with

plane selection
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produce high-quality characters.
This is relatively simple to achieve
with standard transistor pulse
circuitry.

The straightforward circuit tech-
niques used in the P-S converter
are illustrated in Fig. 5C. With the
plane selection used there are never
more than eleven core noise pulses
on one sense line; core noise is
therefore no problem and unilateral
signals may be used to simplify
the sense amplifiers. The two tran-
sistors in each sense amplifier could
be reduced to one transistor at the
expense of tighter tolerance re-
quirements. Transistor Q, with di-
odes D, and D, forms one inter-
mediate storage element. Minority
carrier storage in the transistor is
used to furnish this temporary
storage with a minimum number of
components. Worst-case design has
been feasible for this stage. In gen-
eral, a marked decrease in storage
time with aging is not expected, so
that the storage period should be
stable.

Transistor @, is driven by the
tapped delay line and with Q, forms
a two-high AND gate for sampling
the state of Q,. Diode D, removes
any of the delay line signal from
the output bus when @, is not satu-
rated.

The delay line used in the devel-
opmental unit has 40-nsec delay
between each of 60 taps. A hori-
zontal line of video therefore re-
quires 2.4 upsec. A 0.1-usec pulse
is used for sampling so that the
horizontal resolution obtainable is
one part in twenty. This exceeds
the vertical line resolution and is
therefore entirely satisfactory. The
fourth line from the top in the let-
ter A utilizes this resolution fully.
Any hysteresis in the mixing gate
or flip-flop will produce ragged
edges in the displayed characters.
A recovery time of less than 100
nsec is required for these elements
in the present model and this has
been considerably bettered. The
mixing gate and the flip-flop are the
only logic elements in the system
requiring a high operating speed.

The emitter of Q, is returned to
a common bus which is made nega-
tive at the end of a line cycle to
clear out any remaining stored
holes. This bus is also used to pro-
duce strobing of the memory sense
line signal. As long as it is held
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FIG. 5—Diagram of parallel-serial converter (A), simplified timing diagram of entire system (B) and typical circuit
for a parallel-serial converter channel (C)

negative, @, will not respond to in-
put signals. The reset and strobe
(Internal Storage Clear) bus is
therefore held negative until all
noise signals have died down.

The logic as described is satis-
factory for generating characters
with the quality of Fig. 1 at speeds
up to 40-50 thousand characters/
sec. As the speed is increased, how-
ever, the portion of the total char-
acter writing time used for chang-
ing from one line to the next
becomes larger. The brightness of
the final display is reduced with re-
spect to theoretical maximum and
the speed required for video process-
ing becomes very high. To alleviate
these problems, interlaced readout
of the memory may be used. Thus
while the right-hand side of a
raster line is being processed by a
P-S converter, the left-hand side
may be read out of a left-hand
character store into a left-hand P-S
converter. When the left-hand P-S
converter is processing the left-
hand portion of the line the right-
hand store may be read into the
right-hand P-S converter. The
available video duty cycle thus ap-
proaches 100 percent, but at the
expense of circuit complexity. This
technique allows 100,000 character-
per-second operation with readily
available components.

electronics ¢ JUNE 10, 1960

Additional gains in speed may be
achieved with an additional set of
logic elements which sense the tran-
sition points set into the inter-
mediate register and then move the
display sweep to the transition
points immediately. Thus the elec-
tron beam in the display will move
very fast when it is OFF and slower
when it is ON. Since the actual area
duty cycle for an alphanumeric
symbol is 10-20 percent, a consider-
able gain in speed is possible for
asynchronous systems.

The following packages may be
considered the modules of the sys-
tem: core storage planes; current
drivers; plane selection switches;
character selection switches; P-S
converter elements; tapped delay
line; video flip-flop; and clock logic
elements.

To change the basic character
writing speed (or dwell time) over
wide ranges it is only necessary to
change the total delay of the tapped
delay line. Quantized changes in
dwell time may be even more simply
arranged by repetitive writing of
a selected character.

To increase the available number
of characters or symbols it is only
necessary to add planes (which may
easily be made plug-in), and plane
and character selection switches.
No extra load will be seen by the

current drivers. Of course, the con-
trol signals and decoders, if any,
must be increased in number.

Changes in characters or in their
styling is effected by changing
planes or individual character wir-
ing. Characters may be made indi-
vidually plug-in but the total num-
ber of connectors required will then
be high.

Changes in character resolution
are made by changing the number
of raster lines and sense lines. Nat-
urally this requires the change of
the storage planes. In addition, the
number of current driver switches
for readout, the number of P-S con-
verter elements and the number of
taps on the delay line must be
changed. All of these elements,
however, will remain basically the
same and a simple change in the
number of modules used is all that
is required.

A simple set of modules may then
be used to assemble systems whose
basic parameters cover the follow-
ing ranges: time per character—
4 to 1,000 usec; number of picture
elements per character — 50 to
5,000; number of characters—10
to 3,000.

The authors wish to express their
thanks to H. Dingley and S. Bou-
chier who built the major portions
of this equipment.
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Analytical Design of Transistor
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FIG. 2—Typical transistor transfer characteristics (A) and composite
input characteristics (B)
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FIG. 8—Load line and output waveform of amplifier
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By RONALD H. RIGGS,

Associate Engineer., Aveo Corp.,
Cincinnati, Ohio

WITH THE advent of transistors ca-
pable of high power levels, mobile
battery-powered transistorized elec-
tronic equipment is becoming in-
creasingly popular. In applications
requiring large quantities of bat-
tery power, the efficiency of the out-
put stage is of great importance.
In the past there have been only
approximate methods** for calcu-
lating the efficiency of transistor
power amplifiers. Furthermore,
factors such as gain and bias re-
sistance values were usually found
experimentally. Developed here
is a set of exact equations involv-
ing physical parameters whose
values are readily available. These
equations make it possible to ealcu-
late exactly, within the accuracy of
the parameters used, the efficiency,
power gain, maximum power out-
put, maximum power dissipated per
transistor and to specify the imped-
ance parameters required. Thus, it
is possible to compare performances
of power amplifiers mathematically,
without breadboarding each circuit
—a saving of time and money.

A transformer-coupled common-
emitter power amplifier is shown in
Fig. 1. This diagram defines the
dissipative elements R.,, R.., and R,
of the circuit, and the d-¢ winding
resistances R, R., R/, and R, of the
transformers. Figure 2A shows a
typical transistor transfer charac-
teristic. Projected cutoff is indi-
cated in the diagram-—the point at
which the transistors are to be
biased. This allows a quiescent cur-
rent I, to flow, but biasing to pro-
jected cutoff gives a reduction in
the distortion of the signal. The
transfer characteristic should be
considered when the transistors to
be used are selected. The value of
the quiescent current should, for
high efficiency, be small compared
to the peak current, I,, thus the
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Push-Pull Amplifiers

Using a mathematical analysis of collector waveform and equivalent cir-
cuits, expressions for making an exact determination of gain, efficiency and
bias circuit design are derived. Example cited shows results

knee of the curve should be sharp.
In addition, this characteristic
should be linear for low distortion.
Figure 2B illustrates the method by
which the composite input imped-
ance, Z,,, is found. Four times Z;,
gives the minmum vzalue of the total
input secondary winding impedance
Z .

Referring to the load line of Fig-
ure 3, note that it has a slope of
—1/R,, where

RiL=(Ri°*+R)(Zu/4Zw) +R.+R1 (1)
Thus R, equals the sum of all the
effective resistances in the output
primary circuit.

From the geometry of Fig. 3, B, =
(Vo — Vo)/1, or

I = Ecc—I Rca+
- °(n,+1e,)1/(1a+le,.) (1A)

since R., = V./I, = the collector
saturation resistance and V, = E,,
— I, (R, + R.).

Also, R, = (V, — v.,)/, sin @
or v, = Vy, — IR, sind. Since i, =
I, + I, sin 6, p. = v % Or P. =
(Vo — IR, sin @) (I, + I,sin 8) =
the instantaneous collector power
for the interval —a < 0 < # + a.
For the interval # + ¢ < 8 < 2=
— a, the instantaneous collector
power is p. = (E. + IR —
I1..R,) I., where

Riae= R+ R)(Zo/4Z ) (1B)
Thus, R... = the reflected load +
the reflected d-c resistance of the
output secondary winding (the a-c
portion of the total load line im-
pedance). Integrating the above
expressions for p., total average
power dissipated per transistor be-
comes

*+a
Pa=(ir) f (Vo—1,Ry, &in 0)
-a
(Io+1, sin 0) do
2r—a
+(}T)~/‘ (Ecc+IORLac
™

“+a
—I1 R . do 2)
The total average load power
supplied by the battery is
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1Ry sin? 6 d0

r+a
PL'=(1/W)f
—a

2r—a
+(l/r)f I (R —Rypqc)do
7+a
(2A)
Total d-c¢ collector power supplied
by the battery is the sum of the
power dissipated by both tran-
sistors plus the load power supplied
by the battery. Thus P,., = 2 P, +
P,’ or, after integrating Eq. 2 and
2A and combining terms
Pi_c=(2/m)Ece—1q(Ri+R,+RL))
VI — (I q=10)'+2/m)Ecel o
—1g*(Iy+Re) — (E e+ qRLac
—IruRLac)lco] sin~! [(IQ_Ico)/I ll]

+E.1q—1g¢(Ri+R.)
+(Ecc +I QRLac—IcuRLac)lco (3)

Total a-c power actually delivered
to the load is

s
PL=(1/1)f I,,’RL’sin’odO
[}

x

= (I,,?RL’/21|-)[ 6—sin 6 cos 0]
o
=3B’ 4)

~where the load reflected to the out-

put primary is
R, = (R.°Zn/4Z.) (4A)
The maximum undistorted power
obtainable is then

2
[_Eu,—g%geﬂg‘,ﬂeu)_ ] Ry (5)
The maximum power dissipated
by each transistor can now be
found. Maximum dissipation does
not occur at maximum collector cur-
rent. When the quiescent current
is small (I, = I..,) maximum dis-
sipation using Eq. 2 is
Pun=[E..~I(Ri+R.+Ry))/m* Ry
+Ecelco—1c(Ri+Re) (6)
When the quiescent current is
large (I, — I.,=1,) P, = (1/=)f."
(Vo — IR, sin 8) (I, + I, sin 6)
df and maximum dissipation is then

P ayo=Eec g—1*(R1+R.) )

The absolute maximum dissipation
which can occur is simply the sum

ol

PLJI=

of the terms in Eq. 6 and 7. In
general, then, the average power
dissipated per transistor cannot ex-
ceed

Pav=E. (I q+1e) — (I ¢*+1:?) (B +R.)
HEe—1o(Ri+R.4RL)? /7R (8)

under any combination of circum-
stances.
Swmming the voltages about the
input circuit in Fig. 4A gives
vy =1y[R.+ Re+RuRo:/ (R + Ree))
+vp.+1R. 9)
Replacing the instantaneous values
by peak excursions we have
imaz =1 g|Ra+Re+RerRos/ (Rus+R12))/hye
+(Vbom - Vbeo) +IpR¢ (10)
Average input power then is P,, =
Vimuxlomax/2 OF
P;.= {1p(Rs+R¢+Rb|Rb‘Z/Rbl+Rb2)/h1¢
+1pR¢+ I’bem — 3 I’beo}lp,/zhje (ll)
where V,.,,. and V,,, are defined by
figure 2A.
Summing the voltages about the
two loops of Fig. 4B, gives

Eee=1.(Ru+Re)—IRu (12)
0= Vb¢o+lb(Rs+Re+Rbl)

_IsRhl+l: e (13)

Thl.lS, I, — (E“ + ]an)/(be i

R..) and since I, = (I, — I.,) /hes,
the total d-¢ power supplied by the
battery to the input circuit is
Pg=E.l,

=E . |E.c+Uq—1)Ru/hrEl/
(Reoy+Rys) (14)

Solving Eqgs. 12 and 13
Ru/Res=[Vseot I og—1co)(Rs+Re+Rer)/

hrn+1 R,
[Ecc_ "hfo_ (IO"Ica)(R|+R¢)/
hpr—1oR.] (15)

which gives the relationship of the
bias resistors to each other.

These same resistors should also
give a stability factor* adequate for
thermal conditions expected. The
stability factor here is
8§ = {[Rmsz/(Ru-f-sz)'f'Ra]

@+hrs)+Rd} /

{ [RaRy2/(Ror+Res) + R

(1+hrs)+R.} (16)
Since Eq. 6 holds where the leakage
current is large, it may be solved
for the maximum collector current
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to get the following expression
I oom = (x/K)1.465(RLE )2+ kR, P’ are]'®
—(3.93RL.—R,— e/

where k = (R, + R, + R.)* — #'R,
(R, + R.) and P,y is the allowable
dissipation at a specified maximum
Kelvin temperature T. The maxi-
mum stability factor then should be

8={l(x/k) V1. 460(EcRL)’+kRLP av
—I9—(3.93R.—Ri—RJ)(Ec/k)]/ o0}
/{(T/To)'exP[(A/To) (4/M]-1}
(17)
where T, is the Kelvin temperature
at which I., is specified, A = 9,100
for germanium and A = 14,000 for
silicon. Equation 16 should then be
set equal to the value of S obtained
from equation 17 to prevent ther-
mal runaway.

Actual selection of resistors
satisfying the above equations is
by trial and is based partially on
the size of the other components.
Resistor R,, should be significantly
smaller than the input impedance
Z,.,, and is usually chosen on the

(A)

half of the minimum collector to
emitter punch-through voltage,
since a voltage equal to twice E..
appears across the transistor that
is cutoff. Note that if the driver
stage is operated in class A, the
maximum power obtainable® from it
is

Pru=

o—Ig(R/+R.4+R )
*[ RitR. ] .

This should be equal to or greater
than the value obtained in Eq. 11.
Here, R., R,, R., and I, refer to
the driver stage. The second-har-
monic distortion' of the driver
stage can be expressed as
Distortion =[I,— (I ¢—1.,)]/
ptHlo—1c) (21)

where I, is the peak signal current
of the driver stage. To determine
the distortion of the output stage
harmonic analysis* must be used.
This will not be treated here.

Finally, it can be shown® that the
relation between a-c and d-c current

I
Rg
i
ivbeo
— Ece § Rby

Ie

Re
(B)

FIG. 4—A-c (A) and d-¢ (B) equivalent input circuits

basis of experience or manufac-
turer’s application data.

Overall efficiency of the output
stage is a combination of Eq. 3,
and 14, thus

Efficiency = Pry/(P4-.+ Ps) (18)

The exact power gain may be cal-
culated by using Eq. 5 and 11 as

Power Gain = PLJI,/ P"n (19)

In most cases the leakage current
specified by the manufacturer is
given for the common base connec-
tion and is designated ... The
common emitter leakage current,
designated I., in this paper, is

Iu = cho (1 + hrx) (19A)

Maximum value of E,, should be

gain is
(hrg)?
Mt hes—Urtlo—T o) Tpg/dl, @D
The following example serves to
illustrate the application and ac-
curacy of some of the preceding
formulas, For the test, two
2N285A transistors were used with
TA-10 and TA-12 (Stancor) trans-
formers. The following data were
then obtained from manufacturers’
specifications
Z, = 8 ohms, Z,, = 16 ohms, I, =
100 ma, Z, = 20 ohms, Z,, = 2000
ohms, I.,, = 1 ma, R. = 0.35 ohms,
R, = 2 ohms, V,,, = 02 v, R, =
0.275 ohms, R/, = 250 ohms, hsy =

40, P,y = 25w, V,,=385v,R., =
0.4 ohm (est.) Next, the following
parameters were selected, R,, = 4.7
ohms, R, = 0, R°, = 8 ohms, E.. =
17 v and applying the formulas de-
rived earlier

R;=(8.35) (20 /32)+.275

=5.49 ohms (1)
Ri'=5 ohms (4A)
Rirae=5.22 ohms (1B)
I.,=41 ma (19A)

1,=(17—.07)/5.89 =2.87 amp

thus
Viom=0.7 v (from manufacturer’s data

(14)

sheet)
Pryu=}(2.87)(5)=20.6 w (5)
R =4. 7(16 8—.003)/(.2+.01)
=377 ohms (15)
Paxn=17(.14)+(16.77 /x)*/5.49
—275(.0116) =7.57 w (8)
hyo=(40)2/(40+29.69) =23 (22)
P, =[2.87(6.63) /23 +.5]2.87 /46
=0.083 w (11)
Pp=17(17+.28/40)/381.7
=0.758 w (14)
PG =Power Gain =20.6/.083
=249 or 23.95 db (19)

Pa_o=(2/7)[1.7—.003 — (17.52 —.21) (.04)]
sin—! (.06/2.87
+@. 1r)(17— 58)(2.87)
V1—(.06/2.87)*+1.7—.003
+(l7.52—.2l)(.04) =325w 3)
Efficiency =20.6/33.3 =62 percent  (18)

Actual results obtained from the
test circuit at 2 Kec were
PG = 24.3 db, Error 0.35 db; Eff
= 68.5 percent, Error 6.5 percent;
P,, = 20.5 w, Error 0.5 percent;
P,, = 0.076 w, Error 8.4 percent;
P,, + P; = 30.2 w, Error 9.3 per-
cent; R,, = 375 ohms, Error 0.5
percent.

These errors were due to the
deviations from the nominal values
of the transistor and transformer
parameters which were supplied by
the manufacturer. In all cases,
errors were within the manufactur-
ing tolerances. Since the gain and
the input power, for a constant out-
put, will usually vary by about 3
db over the audio range, the drror
in power gain and the error in in-
put power may be considered neg-
ligible.
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Waveforms of output show 5-per-
cent overshoot for no load, less than
10-percent droop for 90-ohm load

SOLID CONNECTIONS ARE
FOR POSITIVE TRIGGER~
DOTTED ARE FOR
NEGATIVE TRIGGER

180pF

T~
4

TRIGGER INPUT
(2
e

N/ '\?
VW

o

8

N

n

x

QUTPUT | ADD SERIES

DROPPING
RESISTOR
Ay IN UN-
m GROUNDED
LINE
R3 10
| , \ {
ALL TRANSISTORS SPRAGUE PULSE ENGINEERING
2N645 OR TA—1830 1026 PE 2502 K=X 1,000

FIG. 1—Pulse generator is triggered by a positive pulse, but two simple
wiring changes allow triggering with negative pulse. Positive or mneg-
ative signal is available from isolated output

Pulse Generator ror syNCHRONIZING EVENTS

By R. E. DANIELS
and C. SWOBODA

Argonne Nationa! Laboratory,
Lemont, Illinois

THE zero-gradient synchrotron is
a 12.5-bev proton synchrotron being
constructed by the Particle Accel-
erator Division of Argonne Na-
tional Laboratory. The synchrotron
will have six major buildings and
cover forty acres. To operate the
machine, timing pulses must be sent
between various buildings to syn-
chronize events. Since various
groups will build different parts of
the complete device, a standardized
pulse was developed to minimize
connection problems. A transistor-
ized pulse generator was designed
to generate the pulse.

Power to the pulse generator,
shown in Fig. 1, can have either
positive or negative side grounded.
A series resistor, determined by
pulse repetition rate and supply
voltage, must be placed in the un-
grounded lead of the power supply.
Zener diode D, limits the voltage
across the circuit to 15 volts and
capacitor C, provides the pulse
power. Diode D, also keeps supply
transients from the generator cir-
cuit.

The input trigger to the pulse
generator drives transistor @,
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which is connected as a phase
splitter. Input impedance is 8,000
ohms, while Zener diode D, limits
the input voltage swing to 8 volts
and also acts as a d-c restorer after
higher amplitude trigger pulses.
Depending on how the generator is
connected, either a positive or a
negative pulse greater than 5 volts
will trigger the generator. A nega-
tive pulse, obtained from either col-
lector or emitter of the phase
splitter, depending on the polarity
of the trigger pulse, fires a block-
ing oscillator formed by Q..

The pulse is coupled into the
blocking oscillator by capacitor C,
and diode D, which isolates the
stages as soon as regeneration
takes place. Pulse width of the
blocking oscillator is controlled by
R, and C,; for the values shown,
pulse width is approximately 1 usec.
Diode D,, across the primary of
blocking oscillator transformer T,,
forms a time-constant circuit that
limits the maximum repetition rate
of the generator to 40 Ke.

A negative pulse from the block-
ing oscillator drives the base of
output emitter follower, Q.. The
primary winding of step-up trans-
former T, forms the emitter load;
the secondary is left floating so that
either polarity pulse is available.
Resistors R. and R, prevent dam-
age if the output is short-circuited.

Although transistors can be
pulsed to high currents if their
gain and thermal time constants
are satisfactory, these character-
istics are not listed on the specifi-
cation sheets and can be determined
only by experiment. Tests indi-
cated that approximately 70 percent
of RCA 2N645 and RCA TA-1830
transistors will handle the 1-ampere
pulse current in the output trans-
former primary. Those transistors
that will not operate satisfactorily
in the emitter-follower circuit are
used in the two preceding stages.
The generator output pulse is shown
in the oscillograph traces.

The pulse generator will operate
when triggered with an input of 5
volts or more and the circuit can
be arranged to accept either a posi-
tive or negative trigger. Rise time
of the trigger must be greater than
2 volt/usec. Output to a 90-ohm
load is an isolated pulse 1 usec wide,
*+0.4 psec, rise and fall times of
0.2 usec, less than 10-percent droop
with 90-ohm load and less than
5-percent overshoot on open cir-
cuit. Maximum repetition rate is
40 Ke.

The final circuit was packaged
in two forms, one version for plug-
ging into sockets typical of vacuum
tube circuits, and one version on
the flat plug-in boards typical of
transistor circuits.
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Reflex Klystron Amplifiers

WITH HYBRID T COUPLING

Hybrid T coupling improves gain and linearity

By KORYU ISHII,

Marquette University, Milwaukee, Wis.

SOME of the disadvantages of reflex
klystron amplifiers can be overcome
with hybrid T coupling. Reflex kly-
strons when used as regenerative
amplifiers’ ** are one-port devices,
and in this respect they are similar
to some types of semiconductor
parametric amplifiers and maser
amplifiers. Since these devices have
only one port, input and output ter-
minals are common and it is neces-
sary in practical cireuits to arrange
separate input and output ter-
minals, as is shown in Fig. 1.

The poor isolation of input to
output means that a considerable
portion of the amplified signal re-
turns to the input circuit. The di-
rectivity of the amplifier system,
which is the ratio of forward to
backward power, is low. A similar
disadvantage occurs when two or
more amplifier stages are cascaded
to obtain high gain. Cascading re-
flex klystron amplifiers also has the
disadvantage of saturating the sec-
ond stage at high input levels. A
hybrid T coupled reflex klystron
amplifier gives a substantial in-
crease in directivity and allows
higher input signals.

A hybrid-T-coupled reflex kly-
stron amplifier is shown in the
photograph. Two reflex klystrong
amplifiers are coupled by a hybrid
T and a variable phase shifter; the
reflex klystron tubes are mounted
in the individual boxes. The reflex
klystron amplifier at the left, with
a phase shifter ahead of it, is
connected to one of the colinear
arms of the hybrid T and the right-
hand amplifier is connected directly
to the second arm of the T. The
other end of each of the reflex kly-
stron amplifiers is terminated by a
shorting plunger, as shown in the
photograph. The H-plane arm of
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the hybrid T was the input and
E-plane arm was the output of the
hybrid-T-coupled amplifier.

Operating principle of the hy-
brid-T-coupled reflex klystron am-
plifier is similar to Autler’s pro-
posal for a maser amplifier'. If the
hybrid T is perfectly matched and
the system is adjusted so that the
output powers from the two ampli-
fiers at the junction of the hybrid T
are equal but opposite in phase,
then the amplified power will ap-
pear only at the E-plane arm due
to the inherent charactertistics of
the hybrid T. Hence, if the input
signals are fed into the H-plane
arm to excite both amplifier tubes,
one way amplification is possible.
Therefore, the hybrid-T-coupled
reflex klystron amplifier is efficient
because of good directivity. Since
in this arrangement the tubes are
connected in parallel to the input
circuit, saturation of the individual
amplifiers will not be as serious as
in the cascaded amplifier.

To realize the proper operation
of the hybrid-T-coupled reflex kly-
stron amplifier, the individual am-
plifier units must work under one-
port amplifier conditions. The
amplifier and phase shifter in the
left arm of the hybrid T was re-
placed by a reflectionless termina-
tion and the right-hand amplifier
alone was tested.

Maximum gain of 20 db at 9,355

ONE PORT
AMPL

{ {
| =)
INPUT OUTPUT

FIG. 1—Separation of input and
output in a one-port device

of one-port amplifiers

Mc was obtained as shown in Fig.
2A. Next the termination was re-
moved, the left-hand amplifier with
its phase shifter reconnected to the
T, and tested with the right-hand
amplifier inoperative. A maximum
gain of 20 db was also obtained for
the left-hand amplifier as shown in
Fig. 2B.

The frequency characteristics of
the hybrid-T-coupled amplifier is
shown in Fig. 2C. A gain of 30 db
and a frequency bandwidth of 2.8
Mc were obtained at a center fre-
quency of 9,358 Me. The maximum
gain was higher than that of either
one of the two individual amplifier
units. When the gain was read-
justed to 35 db at 9,362 Mec, the
bandwidth was 1.4 Mec.

Linearity of this amplifier is
shown in Fig. 3A, which also shows
that the amplifier does not saturate
at relatively high input signal lev-
els. On the other hand, a direct-
coupled cascaded reflex klyvstron
amplifier starts to saturate at an
input level of —85 dbm and an
isolator-coupled cascaded reflex kly-
stron amplifier starts to saturate
at the input level of —80 dbm.

A phase characteristic of the
hybrid-T-coupled amplifier is shown
in Fig. 3B. The phase margin of
15 degrees keeps gain variation
within 3 db of the optimum and is
larger than the phase margin (4
degrees) of the phase-shifter-
coupled cascaded amplifier.

Gain versus repeller voltage is
shown in Fig. 3C, with repeller
voltage of one of the two amplifiers
as a reference. Repeller voltage
margin which keeps the gain within
3 db of the optimum is one volt.

A directivity of 3 db was ob-
tained when the gain was 20 db.
When the circuit was readjusted
carefully to obtain the gain of 35
db, the directivity was 7 db. These
values were not as high as expected.
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Two reflex klystron regencrative amplifiers are coupled in hybrid T circuit. Phase shifter is used to obtain the optimum

phase relationships in the T coupling

20

[}
9,355
(A)

9,356

NET GAIN IN DB

9,352 9,354

(B)

9,356

24

9,356 9,358

FREQUENCY IN MC

(C)

FIG. 2—Gain of the individual cir-
cuits (A) and (B); gain of the hy-
brid-T-coupled amplifier (C)

9,360

Noise measurements are shown
in Fig. 3D. The noise figure is
comparable to that of cascaded re-
flex klystron amplifiers. For these
measurements, the hybrid-T-cou-
pled amplifier was adjusted for
maximum gain of 30 db.

The stability test of the hybrid-
T-coupled amplifier showed that the
average gain fluctuation over a 10-
minute period was 0.125 db—sta-
bility that is comparable to that of
the phase-shifter-coupled cascaded
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reflex klystron amplifier.

Several conclusions can be made
about the hybrid-T-coupled ampli-
fier. The directivity of the hybrid-
T-coupled amplifier, 7 db, is greater
than that of the single-stage reflex
klystron amplifier, which is at most
2.5 db. The linearity of the hybrid-
T-coupled amplifier, at relatively
high input signal levels, is better
than that of cascaded reflex kly-
stron amplifiers.

The author extends his thanks

to E. H. Scheibe, University of
Wisconsin, and L. Heiting, J. Tsui,
S. Krupnik and J. D. Horgan, Mar-
quette University.
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Instrumentation For Plasma

Use of plasma as a means of propelling vehicles through space appears promising. Cre-
ating and investigating plasmas in the lab require unique instrumentation to get data

By J. J. PEARSON,
Plasma Propulsion Project,

Republic Aviation Corp.,
Farmingdale, N. Y

A PLASMA IS A COLLECTION of ions,
free electrons and atoms in a very
highly excited state (sometimes re-
ferred to as high temperature).
The energy of the electrons and
ions is high enough to preclude
recombination at the instant being
considered. The atoms present are
those that have not received enough
energy to be ionized.

If the supply of energy produc-
ing ionization is stopped, the ions
and electrons will lose momentum,
and thus energy, by colliding with
each other. After a certain loss of
energy, recombination of electrons
and ions takes place. The electrons
return into their proper orbits by
stages. At each stage the energy
added to break loose an electron is
released in the form of light. The
light emitted by each element has
a unique wavelength for each of its
stages of recombination, and it is
this light that appears as spec-
tral lines.

Energy placed into a plasma is
soon lost due to a variety of reasons
and as large amounts of encrgy are
required to produce a highly ion-
ized plasma, it is difficult to sustain
the energy supply for extended
periods. Consequently, a high-
energy plasma generally exists only
for a short time.

Incidentally, it is with the prob-
lem of sustaining a plasma in a
highly excited state that thermo-
nuclear experimenters have been so
concerned in the past. The present
trend seems to be towards the use
of plasma accelerators combined
with strong magnetic focusing
fields.

There are several methods of pro-
ducing a plasma and accelerating
it. The method to be described,
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originated some little time ago by
A. E. Kunen, is a simple adaptation
of the well-known linear pinch.

In the usual linear pinch, two cir-
cular plane electrodes are placed
facing each other, a certain dis-
tance apart, to form the ends of a
vacuum chamber, as shown in Fig.
1. (An insulator forms the walls
of the chamber.) A gas is then in-
troduced into the chamber and
maintained at a pressure of a few
mm Hg. A high electric potential
whose magnitude depends upon the
electrode spacing, the type of gas
and its pressure, is placed across
the electrodes; breakdown occurs
in the gas and then a pinch is
formed.

The mechanism by which a pinch
is formed and then proceeds is not
absolutely clear, but one explana-
tion follows.

At the start of the ionization
process, a Townsend shower is
formed. In this, a free electron is
accelerated towards an electrode by
the voltage differential. As it
moves, it collides with other atoms,
knocking out more electrons and
developing into a chain reaction to
produce a shower of electrons. This
shower develops into a glow condi-
tion across the electrode space,
which allows an increased current
to flow.

Because of skin effect, the in-
creasing current is initially con-
fined to a relatively thin skin at the
outer periphery of the gas between
the electrodes. In the skin area,
the opposing flow of electrons and
ions causes many collisions, thus
ionizing additional atoms to form
even more ions and clectrons. The
energy level, or temperature, of the
particles in this area is raised tre-
mendously. The flow of charged
particles gives rise to magnetic
fields which interact with the mov-
ing particles, causing them to be
driven towards the center of the
cylindrical chamber. This inward

motion of the skin or current-carrvy-
ing “magnetic piston” takes place
at very high speed, in the order of
tens of thousands of meters per
second. This motion produces shock
waves which increase the particle
collision, thereby raising the tem-
perature of the gas to still higher
values.

In Republic’s propulsion system,
this pinching is literally turned to
better advantages.* In this sys-
tem, the linear pinch electrodes are
altered so that the pinch, instead of
closing in on itself, is gradually {i-
rected through an opening in the
center of one of the electrodes.
Thus, the pinch produces a thrust
directed along the centerline of the
pinch chamber. If the pinch is re-
peated again and again, a pulsating
thrust is obtained.

The basic feasibility of this de-
vice has been proven in the experi-
mental engine shown in Fig. 2. This
engine has produced thrusts which
indicate that the application of such
an engine to space-vehicle propul-
sion would be quite practical. The
engine has run continuously for
long periods, over 100 hours, with
no trouble and little or no erosion
of the electrodes. There is every
indication that after only a rela-
tively short development time such
an engine could be produced for use
in a satellite or even an interplane-
tary vehicle.

To produce a plasma and form a
pinch, one of the basic require-
ments appears to be a very high
rate of current rise. In producing
a plasma, a large amount of energy,
running into many thousands of
joules, is fed into the gas in a few
microseconds. The usual method
used to achieve this is to charge up
a bank of capacitors to the thou-
sands of volts required to produce
breakdown, then discharge the hank
into the gas between the electrodes.

An interesting sidelight is that
the spark gap switches often used
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Propulsion

in plasma-producing experiments
may be a direct contributor to a
good experiment. The spark switch
is usuallv placed quite close to the
pinch chamber and by its proximity
induces a low level of preionization
in the chamber. If the switch is not
close to the chamber or a non-
sparking type switch is used, diffi-
culty may be experienced in obtain-
ing good or consistent results.

To obtain the high current rise
and complete discharge in a short
time, the circuits must be designed
for small inductance, usually meas-
ured in nanohenries for the entire
system. The capacitors are placed
close to the pinch chamber and are
arranged symmetrically, so that the
connection from each is short and
the same length as the others. This
is done to ensure discharge of all
capacitors at the same time; other-
wise, one capacitor might receive
the discharge from the rest of the
bank if it got out of step due to dif-
ferent inductance value, resulting
in a different ringing frequency.

Coaxial cables are often used to
connect the capacitors to the pinch
chamber. Although theoretically
not as good as strip or plate trans-
mission lines, the cables are more
flexible for rearrangement or access
and maintenance. The switching
system that holds and fires these
experiments is a system of gas
triggering which has made ex-
tended trouble-free running pos-
sible.

Instrumentation is required to
obtain data to determine the thrust
produced; data include the mass of
the efflux compared to the mass sup-
plied and the condition of the
ejected mass (temperature, ioniza-
tion, density distribution, and
others). In experimental engines
the average thrust is often small,
but each pulse gives a high force
lasting for an extremely short time.
The temperature of the plasma can
be tens of thousands of degrees and
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FIG. j—Letter indications on streak photo point out: motion of magnetic
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ionized gas (C). The 5.5-usec blip is just above, slightly to right, of oblong

the plasma can often last for only
a few microseconds.

Thrust is one of the fundamental
pieces of data required but is often
difficult to determine. One typical
engine configuration can give a
force of 8,000 pounds lasting for
only half a microsecond—how can
this be measured?

One method is to place piezoelec-
tric crystals behind a freely sus-
pended pinch chamber, then to
measure the output of the crystals
on deflection. A difficulty immedi-
ately arises in calibrating the crys-
tals and supporting structure for
what is a ballistic condition with
small movements. Another method
is to mount the pinch chamber as a
pendulum of long period. The
thrust can be obtained from the dis-
placement of the pendulum; if the
configuration is well chosen, the
pendulum can give rise to relatively
large movements which can be ac-
curately determined.

To measure velocity, photomulti-
plier tubes may be used to detect
the motion of the highly luminous
plasma. Two tubes are spaced a
short distance apart looking from
the side into the axis of the efflux.
They are masked to see only a nar-
row portion of the plasma. As the
plasma is ejected, first one tube,
then the other, sees the ionized gas,
thus giving the time interval be-
tween the arrival at two points.

Space-vehicle engines may be re-
quired to operate continuously for
many months. In many systems of
electric propulsion, the erosion of
the electrode is an important fac-
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tor that may affect the life of the
engine. The ablated electrode ma-
terial may increase the thrust of
the engine by increasing the mass
ejected; in fact, some systems pro-
pose the electrode be used as the
main propellant. In most systems,
however, the erosion of the elec-
trode is detrimental and in many
systems it is a real problem. With
the method being described, the
electrode erosion is so small that it
is practically non-existent.

One method of determining the
amount of electrode material
ejected is to place a cup over the
nozzle of the pinch chamber, and
fire the engine a number of times.
If the cup is now irradiated in an
atomic pile, analysis of the radio-
active sample gives the type and the
amount of material present to a
high degree of accuracy. This form
of analysis, known as neutron acti-
vation analysis, may determine
electrode erosion quite accurately
in relatively short experimental
runs. An alternative is to deter-
mine the loss of material by weigh-
ing the electrodes before and after
a run. This would be a long and
tedious method of comparing ma-
terials and shapes if, as in the sys-
tem being described, a hundred
hours continuous run results in
only a small fraction-of-a-pound of
electrode erosion.

The condition of the plasma may
be analyzed by spectroscopy, the
different positions and widths of
the spectral lines giving the degree
of ionization of the gas atoms and
the percentage of the gas at each

degree. However, in some experi-
ments the luminosity of the spec-
trum can be so low or the plasma
duration so short that a photo-
graphic record is difficult to obtain.
Repeated exposures are not neces-
sarily a good solution to this, as
the exact reproducibility of a
plasma is questionable. Analysis
may still be carried out, however,
by using photomultiplier tubes to
record the intensity of the spectral
lines.

Another method of analyzing the
ionized population of a plasma is
to use a form of mass spectroscopy.
A magnetic field placed across the
ejected plasma will cause deflec-
tion of particles, depending orl their
charge, mass and speed. A 'varia-
tion on this method is to place
plates in front of the effluk; by
varying the charge and voltgge on
these plates, the potential regquired
to stop various particles may fpe ob-

tained, thus providing addjtional

valuable data on plasma.

One of the first pieces of ipstru-
mentation developed for thege ex-
periments is a high speed gtreak
camera. This camera takes
graphs of the pinch process.

In the particular experiments
that were photographed by the
streak camera, the speed the
magnetic piston was expecfied to
range from 17,000 to 45,000 meters
per second. The shock in tHe gas
ahead of the pinch ionizes thg gas,
and the area between the shodk and
the piston was expected to be in-
tensely luminous; but the byight-
ness could not be predicted with
any accuracy. The piston V\'as to
move over a 4-inch radius and so
would be present for only 2 to 8
usec. The system evolved and used
to photograph the experimegpts is
shown in Fig. 8.

The series of experiment§ was
on the ordinary linear pingh, as
shown in Fig. 1. For the photog-
raphy, a diametrical slit, 0.05-inch
wide, was cut in the upper elec-
trode, then covered with glass, This
gave a view looking axially {down
into the pinch chamber. By means
of the system of mirrors and ]enses
shown in Fig. 8, the view through
this slit was projected onto alstrip
of movie film carried on the inside
surface of a drum. The drum was
rotated at about 30,000 rpm, the
pinch fired and the streak reaorded
on the film.

hoto-
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A photograph obtained in this
manner is shown in Fig. 4. Above
the photo is a diagram of current
wave form, taken from the supply
cable very close to one electrode.

In the photograph, time is shown
horizontally and the motion of the
luminosity, seen through the 0.05-
inch slit in the electrode, is shown
vertically. To more fully explain
the photograph, a white oblong sec-
tion has been added; within this ob-
long, the area shows what is seen
through the photographic slit at
one instant in time. The light areas
are the ionized portion of the gas,
its degree of excitation being in-
dicated by relative brightness. At
the instant shown by the oblong,
the two light areas are ionized gas
between the magnetic piston and
the shock wave front. The view I8
symmetrical about the centerline of
the chamber, the two dark lines be-
ing produced by markers across the
slit, both the same distance from
the centerline.

A little earlier than the time in-
dicated by the oblong, the ionized
areas are nearer the periphery of
the chamber and a little later they
are at the center. The edge of the
ionized area towards the center is
the front of the shock wave ahead
of the piston. The edge of the area
towards the periphery is the driv-
ing portion of the pinch—the mag-
netic piston.

The photograph as a whole shows
a series of pinches, roughly coin-
ciding with each rise in current in
the circuit. The bright areas mov-
ing out towards the periphery after
each pinch, are the reflection of the
shock wave from the center high
compression area. It will be seen
that a pinch forms at each current
rise, regardless of the direction of
the current. As the ringing out
proceeds and the capacitors lose
energy, the pinches get slower (in-
dicated by the less steep slope) and
the ionization is less.

The brightest area, which is the
most highly ionized area, is the por-
tion where the first pinch reaches
the center. This is the portion that
has been the point of interest for
fusion experiments, but the plasma
does not remain in this condition
for even ten usec.

The pulses of light, seen above
the streak portion, are timing
marks. As the speed of the motor
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driving the film may vary, these
marks appear on each film strip to
give the time base for the run.

The marks are produced by a
flash tube (V,, Fig. 5A) the light
from which is chopped by a glass
disk with alternate clear and
opaque radial lines. The disk is ro-
tated at constant speed by a syn-
chronous motor to ensure consistent
timing marks. The flash tube is
pulsed by the discharge of a ca-
pacitor at the beginning of each
pinch discharge.

A pulse, derived from the first
current rise of a pinch discharge,
drives the grid of V., positive. This
causes autotransformer 7T, to de-
velop 30 Kv on the trigger coil
around the body of the flash tube.
Ionization of the gas in the tube
follows, providing a conducting
path for the energy stored in the
capacitor, whose discharge pro-
duces a light flash.

The duration of the flash is de-
pendent on the value of the capaci-
tance and the load resistance. The
values shown were found to be op-
timum for a flash of satisfactory
illumination level and duration to
span the life of the pinches. How-
ever, these values give an appreci-
able time lag for the tube flash to
reach photographic levels, as shown
in Fig. 5B.

A second flash tube is therefore
triggered by the initial pinch dis-
charge. By using a higher voltage
and smaller capacitance and resist-

DISCHARGE TO BE
PHGTOGRAPHED
TEMING LIGHT QUT
{NOT CHOPPED}

J

200045EC

FIG. 5—Flash tube circuit produces
timing marks (A). Pip is produced
at 5.5 usec in (B) by another flash
tube, which is not shown

ance, a light pulse of photographic
level is obtained only 5.5 usec after
the pinch initiation. It is a spike
type of discharge, which provides
a small “blip” of light that can be
seen immediately above the begin-
ning of the streak.

The streak camera has been used
to monitor the experiments for
asymmetry that may be produced
by other instrumentation or varia-
tion in electrode shapes.

The pictures have confirmed that
a pinch effect is being achieved,
which is difficult to demonstrate by
other instrumentation. In addition,
since a space-time record is ob-
tained, the velocities and accelera-
tions throughout the process may
be estimated.

As illustrated in the record
shown, comparison with the current
wave form gives a correlation be-
tween the circuit parameters and
the initiation and propagation of
the pinch process.

The front of the ionized area
gives the approximate position of
the shock front and the rear
roughly locates the magnetic
piston; the broadening of the ion-
ization gives the acceleration of the
shock ahead of the piston.

The plasma pinch engine, like
other systems of electrical propul-
sion, is essentially a low thrust,
long endurance form of propulsion;
eminently suitable for long-range
or long-term space missions. In one
configuration, Republic’s pinch en-
gine uses only 0.25 kilogram of
propellant a day, demonstrating
that even for missions lasting hun-
dreds of days the required propel-
lant supply would not be heavy.

One of our studies shows that a
space vehicle of 5,000 pounds pay-
load could be placed in orbit around
Mars. Using one of these engines
to provide thrust for transfer from
an Earth orbit to a Mars orbit, a
vehicle of 27,000 pounds would have
to be placed in orbit.

Some of the investigations into
electric propulsion have been under-
taken by Republic Aviation with
partial support by the Office of
Naval Research under Contract No.
NONR-2851(00).
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Response
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Armature
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Armatures are rotated during test, so that each coil is examined in turn

Production armatures are tested by comparing them with an armature
known to be fault-free. Identical current pulses are injected into both
armatures, whereupon transient response permits fault diagnosis and loca-

tion

By H. R. WEED,

Associate Prof. Of Electrical Engineering,
Ohio State University,

and SYLVIA K. WEED

RECENT fault-testing methods used
in the production of coils, stator
windings and small d-¢ or universal
motors compare the voltage tran-
sient of a fault-free winding with a
similar transient produced by the
winding under test. Both windings
are excited with identical current
pulses and their transients are dis-
played alternately on a cathode ray
tube. A disadvantage of this method
is the difficulty of comparing, or de-
tecting small differences between,
two transients with large absolute
voltages.

The new difference detection
technique displays a signal depend-
ant upon the instantaneous differ-
ence between these two transients,
rather than presenting their ab-
solute values on a crt for visual
comparison. By so doing, this new
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method permits more accurate
diagnosis of such faults as mixed
leads, wrong number of turns,
shorts, opens and grounds. Further-
more, when testing armatures
rather than coils, the fault can even
be pinpointed to a particular arma-
ture slot.

A variable voltage power source
simultaneously charges two identi-
cal pulsing capacitors during alter-
nate half-cycles of the supply volt-
age. (They are discharged during
the other half-cycle.) One capacitor
is charged to a positive voltage
with respect to ground, the other
is negatively charged. These ca-
pacitors are connected to the ex-
ternal circuit by two hydrogen
thyratrons, which are triggered
simultaneously. A synchronizing
capacitor ensures that the thyro-
trons fire not more than 0.05 micro-
seconds apart, so that slight phase
differences do not lead to erroneous
readings.

The bridge circuit of Fig. 1A
shows how the difference between

voltage transients is observed. A
voltage-measuring device, an os-
cilloscope for example, is connected
between ground and the common
point of the windings. If both
windings have identical character-
istics, the output between their
center-point and ground will be
zero; if the windings differ, due to
faults mentioned earlier, then an
output, characteristic of that type
of fault, will appear. With experi-
ence in using the equipment, the
shape of the display can quickly
be related to the type of fault that
causes it.

The circuit diagram of the basic
power unit is shown in Fig. 1B.
The capacitors C, and C. are the
heart of the circuit and are charged
to their peak voltage through the
2X2A rectifiers V, and V. once
every cycle. The 3C45 switehing
thyratrons V, and V, connect these
charged capacitors to their external
load, their firing control being a
combination of grid-triggering and
anode-cathode interconnection, The
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OUTPUT
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UNBALANCE
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coiL

230V 60C

SYNCHRONOUS
SWITCHES

TEST COIL

STANDARD
COIL NO.I

FIG. 1—Basic bridge circuit (A); complete circuit (B) is switched to the desired operational mode

switching thyratron grids are ca-
pacitance-coupled to a pulse circuit
using a single 2050 control thyra-
tron V, supplied from 230 volts, 60
cycles, and which delivers a posi-
tive triggering pulse of about 300
volts. Capacitor C, synchronizes
firing of V, and V, by causing
whichever tube fires first to fire
the other tube. This action is suc-
cessful in synchronizing the two
tubes to within 0.05 microsecond.
Both control thyratrons V. and
V, are timed by simple R-C phase
shift circuits, with the output of
tube V. firing switching thyratrons
V, and V.. The output of V, trig-
gers either the sweep circuit of
the detector or intensity modulates
its beam. Phase shift control per-
mits a fine adjustment between
sweep triggering and current dis-
charge so that the trace may be
moved or centered on the face of
the detector scope. With the in-
tensity modulation application,
emphasis of any part of the trace
may be obtained. Conventional
safety equipment is used for both
equipment and operator safety.
For greater flexibility of opera-
tion, a selector switch introduces
four different modes of operation.
Under normal operation, (position
1 of the selector switch), the unit
operates with one standard and one
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test winding and utilizes the bridge
connection already described. The
detector is capacity-coupled be-
tween the common terminals of the
standard and test winding and
ground, resulting in a single trace
that is ideally a straight line if
the two windings are identical, and
a recognizable trace if some fault
is present.

If greater sensitivity is desired,
it is possible to introduce a rota-
ting switch that presents alter-
nately on the crt the null trace
from two standard windings and
then the null trace from a test and
a single standard winding. By
using this second method, the op-
erator can compare the traces of
two sets of coils. Position 2 of the
selector switch introduces this com-
parison method.

A third operating mode is simi-
lar to that of the conventional surge
unit, wherein the common terminal
is grounded and the detector is
coupled across the test unit to ob-
gerve the entire voltage transient.
In this case, the rotating switch
alternately presents the transients
from the standard and test wind-
ings.

All three of the above methods
require a time base presentation
on the oscilloscope and a triggered
sweep capable of writing a 50-usec

trace once each sixtieth or thirtieth
of a second.

A fourth mode of operation in-
cluded in the basic power unit pro-
vides for a 60-cycle test, which is
sometimes required to pick up poor
solder connections in a multipath
winding. The 60 cycle operation is
carried out by use of the basic
bridge circuit, substituting a 60
cycle voltage for the capacitors and
thyratrons. The same detector may
be used without further sweep ad-
justment and gives a straight line
trace that is moved off-center when
an open or bad connection upsets
the balance. The trace is actually a
sine wave, but the short period ob-
gerved is near the crest of the wave
and is essentially linear for the few
microseconds that the wave is dis-
played.

An alternate method of fault de-
tection uses the principle of Lissa-
jous patterns. This technique has
the advantage of requiring no
special scope capabilities other than
a reasonably high accelerating po-
tential for fast writing rate.

Contact to the armature is made
with tungsten-tipped electrodes,
spring loaded to maintain their
contact with the commutator bars
much the same as carbon brushes.
The tip of the electrode is pointed,
or knife-edged, and makes definite
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FIG. 2—Results of bridge test show
absolute waveform displays (A); the
two waveforms superimposed (B);
difference between the waveforms (C)
reference trace produced by two fault-
free coils (D), Lisgsajous type of
display (E)
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contact with one bar at a time. The
span between the two contact elec-
trodes may be varied from a single
gap between two adjacent bars, to
approximately one-half the winding
with the electrodes in the 180-
degree position. It is desirable to
test all points of the winding as
quickly and as uniformly as pos-
sible. The armature is supported
in a fixture that rotates the arma-
ture and completes a full turn in a
fraction of a second while simul-
taneously subjecting each bar of
the commutator to the test impulse.
The sensitivity of the unit is such
that it is possible to span 120 to
180 degrees of the commutator and
still easily observe any construction
fault.

The reference armature is not
rotated, but has a fixed connection
made to the commutator at the
chosen interval of 120 to 180 de-
grees. Thus, although a slight fluc-
tuation of the picture takes place
as the test unit is rotated, the
picture remains reasonably fixed
and a complete rotation can be
made in a fraction of a second while
observations are being made. Since
the common electrode of the two
windings operates at or near
ground, one point on the test wind-
ing is always at or near ground.
As the commutator is rotated, this
point moves around the winding as
does the high-voltage electrode.
Thus, each bar of the commutator
is subjected to the peak test voltage
with respect to ground. If the
frame of the armature is grounded,
this serves as a ground test as well.
Location of the fault may be easily
determined by its proximity to a
commutator bar, since the magni-
tude of the fault indication will
vary with respect to the location of
the high-voltage electrode on the
commutator.

The versatility of this power unit
has made it possible to compare
the various methods of exciting the
test winding and the different tech-
niques of detection. Figures 2A
through 2D are actual photographs
showing the results of the different
test methods and detection schemes.

The voltage transients of the test
and standard winding are shown
separately in Fig. 2A and super-
imposed in Fig. 2B. Figure 2C
shows the null pattern obtained by

the bridge method on a consider-
ably expanded scale. Figure 2D
shows two superimposed traces con-
trasting the two standard windings
and the test and standard windings.
Figure 2E is the trace obtained
using the Lissajous technique. Al-
though both bridge and Lissgjou
detection methods have advantgges
over simple observation of the en-
tire voltage transient, for certain
applications it is useful to be able
to observe the actual waveshape.

Experimental results with the
basic power unit have proven with-
out question its ability to produce
the necessary simultaneous dis-
charges. The auxiliary equipment
of rotating switch and low voltage
test may or may not be included on
a particular unit depending upon
its use. In general these added fea-
tures add complexity and ecreate
sources of trouble. This has been
particularly true of the rotating
switch and is often a cause of com-
plaints. It is difficult to choose at
this time between the two null de-
tection methods as each has its own
particular advantages. Cost and op-
erator reluctance to change might
be considered as important as any
other factor in determining) the
choice. |

The author wishes to express his
sincere appreciation to The Robbins
and Mpyers Co., Inc., Springfield,
Ohio, and particularly to T. C.
Lloyd and H. Karr for their in-
terest and cooperation during the
development of this unit, and for
making possible the test results and
circuit diagrams of the power unit,
which is covered by U. S. pgtents
granted and pending.
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CIRCLE DIAGRAMS FOR

Impedance Matching

Graphical methods are applied here to matching transmitter to antenna

By AL HORVATH

Laboratorio De Radio-Ingenieria,
Quito, Ecuador

EACH TRANSMITTING antenna
tower usually differs enough
from other towers to require spe-
cial feeder matching and antenna
tuning networks. Graphical
methods of network design are
sufficiently accurate that stand-
ard value components can be se-
lected and delivered to the tower
site with assurance that the re-
sulting circuit will be within the
fine tuning range of variable ele-
ments.

In practical cases the problem
breaks down into two parts: tun-
ing or matching the transmitter
output to the feeder, then match-
ing the feeder to the antenna.

The block diagram is shown in
Fig. 1A.

First step is to measure the
antenna reactance and resist-
ance, then select the best feeder.

The circle diagram will be ex-
plained through the following
practical problem. The transmit-
ter is to deliver 500 w at 920 ke;
E,=1600vd-c;I, =0.42ad-c;
efficiency approximately 75 per-
cent. Allowing 10 percent resid-
ual d-c plate voltage gives 1,440
v maximum peak, equivalent to
E, (rms) = 1,000 v. Conse-
quently I, = 500/1,000 = 0.5 a,
Z, = E,/I, = 2,000 ohms.

In the circuit diagram, Fig.
1B, the effect of the shunt feed
r-f choke is disregarded but plate
to filament capacitance is consid-
ered as part of C,.

Ep

TUBE

MATCHING

FEEDER M TCHING
NET N4 NET

(A)

——— 52 OHM COAX

|
EA
|
|

L= 0.0064F

To develop the circle diagram,
(Fig. 1), let @ = 10. Then X,
=2,/Q=200and I.,,=Q X I,=
5 a. Output to a 52 ohm is E, =
1615 vand I, = 3.1 a.

Scales for voltage and current
vectors are selected to give a
fair size diagram, taking into
consideration that the maximum
current vector will be approxi-

mately 20 times I,. Mark
the E, and I, vectors, then
draw circles with radii of

the scaler values of E, and I, vec-
tors. Draw the circle of the
scaler value of the I., vector for
@ = 10. Erect a perpendicular
at the end of I, to intersect the
I., circle. The I, vector leads its
voltage vector E, by 90 degrees.
Vector sum of I, and I, is I..
Next step is to draw the volt-

Icp FOR Q12,7

€0:0.0042 4F

U €0 Io ] l

€) Ip

FIG. 1—General load matching problem is shown in (A); = tank circuit in (B). Scales for the circle diagram are
chosen as convenient, such as 1 mm per amp; 1 mm per 100 volts, etc. The above diagram, and others in this
article, were originally drawn to some such scale but are here scaled down arbitrarily

1 lIcp FOR Q=10
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FIG. 2—Impedance step-down ratio from plate to coax of 45.07 is accom-
plished in two steps of 6.71 to 1. Circuit values are adjusted to give a stan-
dard value component for the single capacitor that will be used for C, + C,

age vector E,, the voltage across
the tank inductance. Vector E,
will lead I, by 90 degrees and the
vector sum of E, and E, must
equal the E, vector. From the
end of E, draw a perpendicular
to the I, vector to intersect the
E, circle and draw in the E, vec-
tor. This E, vector intersects the
I, circle, determining the posi-
tion of the I, vector, which must
be in phase with the E, vector.
The diagram also proves that

there are no errors; the vector
sum of I, and /., must equal I,,
and I., must lead E, by 90 de-
grees. Draw I.,, which must in-
tersect £, at the end of I,.

The working angle o is pres-
ent because of losses. This angle
is small and since (I.,| = |I.| x
cos., |Io,| = |I,].

Reactances could be deter-
mined but it is desirable to check
C.. From E, and 1., C, is 0.0042
pf. Since I, is directly propor-

tional to C,, a standard 0.006 nf
capacitor gives the results shown
by the dashed line.

Since I, is directly propor-
tional to the @ of the circuit, the
new C, gives a Q of 12.7. If this
is satisfactory, draw in the new
vectors (dashed lines), and es-
tablish the reactances, voltages
and currents under idle carrier
condition: X, = E./I,; X., =
E /Ic,; Xeo = E./Iy. Safety fac-
tors are added to component
specifications for modulation and
possible surge and that diagram
shows least possible value of Q.

For high power and high im-
pedance transformations, the cir-
cuit of Fig. 2A is often used.
Added to the basic » tank are
C, and L,, which form a low-pass
transformer towards the 75-ohm
coaxial feeder. In practice C,
and C, will be one component.

The transmitter has the fol-
lowing operating conditions.
Frequency is 1,000 Kc; d-c (un-
modulated) plate voltage E, =
20,000 v; d-c (unmodulated)
plate current I, = 3.15 a; d-c
power input is 63 Kw. For an
efficiency of 79.5 percent, power
output is 50 Kw. Reserving 8
per cent d-c plate voltage for
maximum plate voltage swing,
E,.. = 18,400 v. Effective rms
r-f plate voltage will be 13,000
v; rms r-f plate current, 3.85 a.
Impedance, looking towards the
plate-filament of the tube, Z, =
E,/I, = 3,380 ohms.

With a 75-ohm feeder, the
transformation ratio is 3,380/75
= 45.07. Two downward trans-
formations, each 6.71 to 1, the
square root of 45.07, will match
tube to coax. Tank load is as-
sumed to be 3,380/6.71 = 504
ohms, in parallel with C,. To
limit circulating curents, choose
a relatively low @ of 6. Then
I, = Q X1, =231 a. Assum-
ing no loss in the tank, I, = 9.96
aand E, = 5,020 v.

Construct the first part of the
circle diagram for the C, L C,
circuit with the 504-ohm load,
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When you need industrial tubes fast...to meet a
production schedule or lab emergency...pick up
your phone and call your local RCA Industrial
Tube Distributor. He’ll give you priority service
—often same-day delivery.

If speed is your need, and the assurance that
your order will be “followed-up” systematically,
your RCA Industrial Tube Distributor is a man
you can count on. He can fill your requirements
from the broadest line of industrial tubes—RCA
Industrial Tubes.

What’s more, your Authorized RCA Industrial
Tube Distributor can now offer the designer and
_manufacturer immediate delivery of industrial
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S ecicizslta IORE
pect Y | DISTRIBUTOR

tubes from his factory-fresh stock.

Keep him in mind. He can help you when you’re
pressed for time, and serve you as a regular, de-
pendable source of supply for your small produc-
tion runs and laboratory requirements.

Consider these extra benefit services: Im-
mediate delivery of new RCA developed types »
practical product information - RCA technical
assistance when you need it « orders filled from
factory-fresh stocks of RCA tubes—noted for
performance and reliability in every industrial
application. Find out all about this benefit-plus
service when you call your RCA Industrial Tube
Distributor today.

“RCA Electron Tube Division, Harrison, N. J.”
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Fig. 2. Raise a perpendicular
from I, to the I,,, (for Q@ = 6)
circle. Draw I, ; draw E, perpen-
dicular to I,, to intercept the E,
circle. This point determines E,
and 1,; I, must be in phase with
E,. To check, draw I, which
must lead its voltage E, and be
tangent to the I, circle.

Current and voltage to the 75-
ohm feeder are calculated:I, =
25.8 a and £, = 1,937 v. Draw
the E, and I, circles. The vector
sum of I, and I, must equal I,
which is the input current to the
C, L, part of the network. Also
I., must lead E.,, which is the in-
put voltage to C, L,. Draw a per-
pendicular from the end of I, to
intersect the I, circle and thus
obtain I,, and I, The voltage
across L,, E,,, must lead its cur-
rent and the vector sum of E,
and E,, must equal E,. Current
I., and I., add arithmetically and
the sum is directly proportional
toC. =C, + C,. Since I, = I,,,
I, = (L} - I)Y 4+ (5 = 1)}
= 44.7T a and C, = 1,418 pf.

Assume a standard 1,500 pf
capacitor measures 1,510 pf.
Since 1., is directly proportional
to C,, change the circle diagram
(as indicated by dashed lines)
for the new value of C,. Final
circuit values are then: Q =
6.675, C, = 315 pf. L = 108 uH,
L, =28.6 uH. After being cold-
tuned by a bridge, only fine
tuning, chiefly in C,, will be re-
quired at the antenna site.

The second part of the tuning
problem is to match the feeder
line to the actual antenna. Ex-
cept for directional arrays, the
two reactance network shown in
Fig. 3A will always tune the an-
tenna, providing the radiation
resistance is lower than the im-
pedance of the feeder. If the ra-
diation resistance is higher, the
shunt element is placed across
the antenna to obtain an upward
transformation of impedance.

Returning to the first example
of a 500-w transmitter feeding a
52 ohm coax, the signal to the
cable was found to be 161.5 v and
3.1 a. Assuming a lossless feeder,

\RCLE
vy g ( N
LmiOR Ly} .
Eactblsy oA TITA
31A Eca -
N Ca 179.2v
[Z5]R, 9.2 E{Emﬁ IpnXene
) 68 ,472.2v

"DIAGRAM FOR
INTERSECTION N

DIAGRAM FOR
INTERSECTION M

M
ElmelaXm=
1,032.7v

Eca® L Xea® WT79.2V

FIG. 3—Two nectworks are found
that will match the feeder to the
antenna. The cireuit for the M
point has practical advantages over
the N point circuit

Ejn: 1615V

Iinz3d A
' Ega-i18.4V
Z =
e
LA

DIAGRAM FOR
INTERSECTION N

Ezy

DIAGRAM FOR
INTERSECTION M

—En

FIG. ;—Cirele diagram for match-
tny a feeder to an antenna that is
a pure resistance

this same signal is applied to the
antenna tuning network. Assume
measured antenna impedance is
R, = 9.2 ohms and capacitance
reactance is — jX., = 160 ohms.
For 500 w output, antenna cur-
rent and voltage will be as shown
in Fig. 3A.

The circle diagram is set up as
shown in Fig. 3. Because of the
scales used, the E,, and I, vec-
tors are nearly the same length
but they should not be confused.
The E,, circle represents 161.5 v

and the E., vector of 1,179.2 will
be very large if it is shown.

However the same current I,
is passing through the induct-
ance L, (or L) and will produce
a voltage opposite in phase to the
voltage across X.,. The resulting
voltage must be 161.5 v, the out-
put of the feeder. The perpen-
dicular to E,, intersects the E,.
circle at points M and N. At M
the inductance voltage will be
1,179.2 v less the voltage from
the end of E,, to M. Mathemati-
cally this wvoltage is (E.,) —
E,*)'. For intersection N the
inductance voltage will be 1,179.2
+ 2(F,° - Elr.lg)!-

Thus, for intersection M the
voltage vector will be 1,032.7 v;
for intersection N, 1,472.2 v. The
line from point M to the center
gives E, and I,,, since they are
in phase. Current I,, is perpen-
dicular to E,,; the vector sum of
I, and I,, must equal I,,. Since
I,, lags E,, (for M), the shunt
element will be inductance.

For the alternative network of
intersection N, I,, leads E, and
Z. is a capacitor.

If sufficient harmonic attenua-
tion has been obtained at the
plate tank, the M network is pre-
ferred because the series induct-
ance is smaller, cheaper and
stores less energy, while the
shunt inductance is an effective
static drain. Thus X,, = E../I..
= 161.5/6.7 = 24.1 ohm; X,» =
E,./I, = 1,0327/7.37 = 140
ohm. For the N network, X,.
has the same magnitude but is
capacitive and X,, = 200 ohm.

A special case, shown in Fig.
4, is an antenna with resistance
but no reactance. The M net-
work, for the same 500 w trans-
mitter, is a series capacitor and
a shunt inductance. It is thus a
high-pass filter and is discarded
because it favors harmonic radi-
ation. The N network for this
case is a low-pass filter with ex-
cellent harmonic suppression
characteristics.

REFERENCES

(1) K. A. Laport, “Radio Antenna
Engineering™ Chap. 5, MecGraw-Hil
Book Co., New York, 1952,
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SILIGON TRANSISTOR CORPORATION

THE COMPL_ETE_ LINE
OF INTERMEDIATE AND HIGH

POWER SILICON
TRANSISTORS

60 Watts

2N1069,70
2N1487,8,9,90

15 Watts

2N1067,68 \
2N1483,4,5,6

ufactures the broadest line ofintermediate and high power
reliability of all STC semiconductors is assured
ré unsurpassed in the field. In addition, STC
popular military types.

Silicon Transistor Corporation man
silicon transistors in the industry. “Built-in**
by in-process and quality controls which a
manufacturesacompletelin‘e of silicon glass diodesincluding all of the

FOR IMMEDIATE DELIVERY, CONTACT THESE STC AUTHORIZED DISTRIBUTORS: Ala:MG Electrical Equipment Co.,
Birmingham. Calif: Brill Semiconductor Corp., Oakland; Hollywood Radio Supply, Inc., Hollywood; Pen-
insula Electronic Supply, San Jose; Shelley Radio Co., Inc., Los Angeles; Wesco Electronics, Pasadena;
Shanks & Wright, Inc., San Diego. Conn: Bond Radio Supply, Inc., Waterbury. Fla: Hammond Elec-
tronics, Inc., Orlando; Leader Distributors, Inc., Tampa. Mass: Durrell Distributors, Inc., Waltham.
Md: valley Electronics, inc., Towson. New York: Arrow Eiectronics, Inc., Mineola, L. I. Penna: Philadel-

phia Electronics, Inc., Phila. Texas: Lenert Company, Houston; Central Electronics, Dallas,
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RESEARCH AND DEVELOPMENT

Dielectric Absorption In Capacitors

By H. L. ARMSTRONG, Queen's University, Kingston, Ontario, Canada

VARIOUS dielectric materials are in
common use, and paper shows far
more absorption than the others.?
For instance, mica shows about one
tenth the absorption effect that pa-
per does, and, polystyrene about one
tenth of that. Thus in paper capaci-
tors the effects are likely to be im-
portant,

The two graphs show a few of the
observations about the behavior of
absorption. A typical paper capaci-
tor was discharged on short circuit
for some time, then connected to a
voltage supply, and left connected
for a soak time ranging from one to
about 300 seconds. During this time
the charge soaked in. Then the ca-
pacitor was quickly discharged, and
allowed to sit on open circuit for
one minute. During this minute,
the absorbed’ charge became free.
At the end of the minute, the ca-
pacitor was discharged through a
ballistic galvanometer, and the
amount of charge which had been
absorbed found from the ballistic
deflection.

Figure 1A shows the absorbed
charge as a percent of total charge,
that is, of the charge on the capaci-
tor for voltage equal to the voltage
at which the capacitor was let soak.
The applied voltage has very little
effect on percent of charge ab-
sorbed, except perhaps at very low
voltages. About half the absorption
is completed in two or three sec-
onds, but to complete the other half
takes hundreds of seconds.

The data of Fig. 1A were taken
at room temperature, about 23 C.
In Figure 1B, the behavior for vari-
ous temperatures is shown. Here
the applied voltage was always 10
volts. Both the amount of charge
absorbed and the rate of absorption
increase with increasing tempera-
ture.

Speculating briefly on the mech-
anism involved, it is suggested that
these dielectrics contain a certain
number of polar molecules. These
dipoles are initially oriented at ran-
dom. When voltage is applied to the
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FIG. 1—Percent of charge absorbed
as a function of soak time for: (A)
different voltages and (B) different
temperatures at 10 v

capacitor, the dipoles begin to align
themselves under the effect of the
field, but, because of the effect of
viscous friction, can do so only
slowly. When the field is removed,
they return to random orientation,
and in so doing set free the ab-
sorbed charge. On this basis one
would expect the action to be
quicker at higher temperatures, for
the viscosity should be smaller.
These experiments suggest one
thing which should be investigated.
At room temperature some dielec-
trics show very little absorption. If,
however, their absorption increases
with increasing temperature, it
could be that at higher tempera-
tures they are just as bad as paper
at room temperature. This should
be investigated. Also of interest is

the matter of electrets, and whether
their behavior is an extreme case of
dielectric absorption.

The arrangement used for taking
the data was set up by Professor
Watson of the Physics Department
of the University, and is used regu-
larly in an undergraduate course.

REFERENCE

K. Greene,

(1) ELBCTRONICS,
March 18, 1960
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Electronic Ataxiameter

By H. E. GUTTMANN

Heavy Military Electronics Dept.,
General Electric, Syracuse, N. Y.

MEASUREMENT of involuntary bod-
ily movement (ataxia) is of inter-
est in numerous psychological
studies, as well as in studies of
anoxia, drug effects, alcohol effects
and others. Although physical sta-
bility is a relatively gross function,
the currently available devices im-
pose an objectionable amount of
restraint upon the subject. One
widely-used method has a string
fastened to the subject’s forehead,
moving a pen through a series of
pulleys. The varying tension of the
string tends to cue the subject to
his movements, thus impairing the
validity of the measurement. The
device to be described is entirely
free of such back-action, and is
sensitive enough to register even
wrist-flexions of an otherwise im-
mobile subject.

Figure 1 shows a cross-section

BAR STOCK
STEEL 1"x1"x2®

RUBBER
MAT \‘

STEEL PLATE
/4 x14"x 14"

v
( o

TERMINAL STRAIN PLATE

BOARD GAUGES LEG STEEL

FIG. 1—Cross section of electronic
ataxiameter
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MODEL SM 36-15M

UP T0 30 AMPS. DC
UP T0 325 VOLTS DC

OUTPUT
DC DC REGULATION* | RIPPLE | IMPEDANCE
MODEL OUTPUT|OUTPUT LOAD |105-125| (RMS) |OHMS |[MAX. DIMENSIONS
VOLTS | AMPS. 0O-MAX LINE DC-|1KC w H De
% of AV % 1KC |100KC

SM14-30 0-14 030 {01|3mv.| 01 1mv.| 0001} 0.01 |19 | 8% | 13%"

SM36-15 0-36 015 01| 3mv.| 01 1mv.| 0.005| 005 |19" | 8% | 13%"

SM75-8 0-75 0-8 01| 3mv.| 01 Imv.| 001 | 0.1 {19 | 8% | 13%"

SM160-4 0160 04 |0110mv.| 01 1mv.| 008 { 08 [19-( 8% | 13%"

SM325.2 0325| 02 01|10mv.{ 0.1 Imv.| 03 |30 [19-| 8%~ | 13%"

*behind panel

write for complete specifications

TRANSISTORIZED

POWER SUPPLIES
IN A

NEW
HIGH
POWER
RANGE

P Line/Load regulation, Stability: Less than 0.1%.%

p Recovery time: 50 microseconds.

P Operational Simplicity: No optimizing controls,
range switches.

Output Voltage control continuously variable
from O to maximum.

Remote error sensing feature provides means of
maintaining regulation directly at load.

Meters optional. To specify metered units, add
“*M'" to Model Nos. given in table.

Moderately priced.
*0.01% REGULATION ON SPECIAL ORDER
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.(e pc(): 131-38 SANFORD AVENUE * FLUSHING 55, N. Y.  IN 1-7000 « TWX # NY 4-5196
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IT'S
WHAT’S
IN
HERE
THAT
COUNTS

Do you know, for instance...which electronic stocks are
hottest? Who’s in the news and why? About “Three Ap-
proaches to Microminiaturization”? About the newest prod-
uct ideas hitting the market? What’s up in production?
Opportunities overseas? What’s going on in Washington?

It pays to know more than the next man! The questions
above are just 6 reasons why you should subseribe to
electronics.

IF YOU'RE ON THE TAG END OF A ROUTING SLIP,
‘get your own subscription, Knowing what’s going on is the
first step to going up.

Fill in the coupon below right now...it will pay big
dividends,

FIND WHAT YOU NEEI.) IN...
electronics

~—Renew my subscription for 3 more years,
Enter my new subscription.
U.S. Subscription Rates: 3 years $12. 1 year $6
Canadian rates $10 for 1 year. Foreign rates $20 for 1 year.
Name__

Street

City Zone___State

Company.

Street__

City. Zone____State_
Your Title Department__

Product Manufactured or Service Performed
Mail reply to: electronics, 330 West 42nd Street, New York 36, N.Y,

of the device, consisting of a steel
platform supported on a central
column, which is mounted on a
rigid bottom plate. The entire as-
sembly is enclosed in a wood cabi-
net and covered with a rubber mat.
None of the indicated dimensions
are critical. Resistance strain-
gauges are bonded to two opposing
vertical surfaces of the central col-
umn, and connected to a conven-
tional strain-gauge amplifier, which
drives a graphic recorder,

A"/
(4)

(8)

(€

(D)

FIG. 2—Half-minute postural sway
records of mormal adult male: (A)
eyes open, premedication, (B) eyes
cloged, premedication, (C) eyes open,
80 min after 4 oz of 100-proof &lcohol
per 100 1b of body weight amd (D)
eyes closed, 80 min after medication

In operation, the subject stands
on the platform, and the output
circuit is initially centered by
means of the balance control on the
amplifier. As the subject sways,
his shifting center of gravity
causes the central column to distort
slightly. Although this bending of
the column is too minute to be
sensed by the subject, it results in
a deflection of the graphic recorder.
The amount of deflection is approx-
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imately linear with the degree of
body sway.

Gauges may also be applied to
the two remaining surfaces of the
central column if it is desired to
study longitudinal and lateral sway
differentially. From casual observa-
tion, however, it appears that most
body movements involve deflections
in both directions, so that only one
plane of movement need be re-
corded to obtain a measure of gen-
eral movement,

In one application it was desired
to quantify relative measures of
the amount of sway of a subject.
This was done by using a map-
measuring #%ool to measure the
length of the recorded line.

UK and US Coordinate
Time-Frequency Signals

BRITAIN and the United States have
begun coordinating their time and
frequency signal broadcasts. By
the end of this year the time signals
from all participating radio stations
will be synchronized to the thou-
sandth of a second.

The announcement was made
jointly in Washington by James H.
Wakelin, Jr., Assistant Secretary of
the Navy (Research and Develop-
ment), Allen V. Astin, Director of
the U. S. National Burcau of Stand-
ards, and in the United Kingdom
by the Astronomer Royal, Royal
Greenwich Observatory, and the
Director of the National Physical
Laboratory.

Coordination started early this
year in order to provide a uniform
system of transmissions, which is
needed in the solution of many
scientific and technical problems in
such fields as radio communications,
geodesy and the tracking of artifi-
cial satellites on a world-wide basis.

British participants are the Royal
Greenwich Observatory, the Na-
tional Physical Laboratory and the
Post Office Engineering Depart-
ment. The project members in the
United States are the U. S. Naval
Observatory, the Naval Research
Laboratory and the National
Bureau of Standards.

The transmitting stations in-
cluded in the coordination plan are
GBR and MSF at Rugby, England;
NBA, Canal Zone; WWYV, Beltsville,
Maryland, and WWVH, Hawaii.
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FOR
SUPER-FINE
CUTTING

OF HARD, BRITTLE MATERIALS...

THE @ g Industrial
C/g%/e Airbrasive® Unit

Not that we advise doing this to your fine crystal glassware, but it
seemed to us a dramatic way to show you the versatility and the cool,
shockless cutting and frosting action of our Industrial Airbrasive Unit.
Cuts as fine as .008” or large frosted areas are equally easy to make
with this amazing industrial tool. A gas-propelled stream of abrasive
particles quickly slices or abrades, as needed, almost any hard, brittle
material, such as fragile crystals, glass, oxides, metal, minerals, ceramics.
Applications range from printed circuits, wire-stripping potentiom-
eter coils, and cleaning off oxides...to shaping or drilling germanium.
Every day new uses for the Airbrasive Unit are being discovered.

Send us your most difficult samples and
we will test them for you.

SEND FOR BULLETIN 5705A...complete information.

S.S. White Industrial Division
Dept. EU 10 East 40th Street, New York 16, N. Y.
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COMPONENTS AND MATERIALS

Practicality of Ceramic Micromodules

DURING THE SPRING and early sum-
mer months, when displays of re-
cent electronic components bloom
in electronic shows around the
country, micromodules that are in
the realm of the here and now were
in wide evidence. And in the past
weeks, papers have been presented
that not only bring some of these
micromodule programs up to date,
but also give performance and re-
liability data for such assemblies'®.

Defense and electronics industry
personnel are becoming increas-
ingly aware of the significance and
capabilities of small ceramic receiv-
ing tubes with their thermionic
integrated micro-module circuits
(TIMMS), and ceramic wafer micro-
modules that not too long ago were
considered revolutionary concepts
in the design of electronic equip-
ment.

Although ceramic based circuits
are not the ultimate in miniatur-
ization, their value lies in the com-
promise they afford between the use
of conventional circuitry, proven

component systems, degree of size
reduction, economical mass produc-
tion, and capabilities of being oper-
ated at high ambient temperatures.

Increased acceptance of ceramic
tubes and their associated circuitry
by equipment manufacturers is re-
flected in the fact that GE’s receiv-
ing tube department in Owensboro,
Ky. has now expanded its line of
these devices. At this time last year
only four types were registered.
Now the GE line of ceramic tubes
types will include some ten types
and GE will soon register a new
broad-band, low noise triode ampli-
fier; a high-peak inverse voltage
medium power diode rectifier; a
low mu linear triode power ampli-
fier; and a small high-frequency
oscillator and multiplier triode. The
broad-band triode amplifier will fea-
ture transconductance of 40,000
micromohos.

According to GE, their ceramic
tubes with their TIMM circuits can
be built to fit almost any electronic
requirements, eliminate some 20

Light Amplifier Sees Individual Photon

The Astracon, a small tube developed by Westinghouse, now makes it
possible to see individual elecirons released at the tube’s input. In astron-
omy, the tube will increase the light-gathering ability of the largest
telescope. In nuclear physics, the tube will permit the viewing of the
tracks of high-energy cosmic rays and other particles

82 -

percent of the electronic compo-
nents needed, and reduce by 40 per-
cent the electrical connections
which often are the cause of an elec-
tronic equipment failure.

The inherent operating charac-
teristics of these circuits make
them suited for use in space probes.
And since these circuits are resist-
ant to radiation, no excess weight
need be carried by the vehicle to
shield the electronic equipment
from space radiation.

While transistorized digital com-
puter circuits would fail whgn ex-
posed to conditions equivalept in
space to a one-megaton explosion
as far as 1,400 miles from the
equipment, the TIMM circuits con-
tinue operating at least as close as
50 miles from the source of the in-
itial gamma pulse caused by the ex-
plosion. And the circuits allow at
least six times as much electronic
circuitry to be installed on alspace
vehicle as with presently-used com-
ponents.

According to Manfred Kahn of
Sprague, ceramic based mierocir-
cuitry is a heterogeneous approach,
considered as an outgrowth of a
printed components system which
has been used for more than fa dec-
ade. Printed component plate§ have
been attractive because of the size
reduction from conventional cir-
cuitry and because of cost savings
achieved that results from the
elimination of inspection, handling
and assembly of individual compo-
nents.

Materials and devices are utilized
which have well-known electrical
performance characteristics and it
is not necessary to develop com-
pletely new component systems.
Plate interconnections are made hy
location of the components, elimi-
nating lead wires and solder joints
except for external connections to
the assembly, and allowing for me-
chanized methods of assembling
ceramic wafers.

According to D. Mackey of RCA,
the first generation of micro-
modules was deliberately kept
simple and unsophisticated, with
most microelements designed as
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imately linear with the degree of
body sway.

Gauges may also be applied to
the two remaining surfaces of the
central column if it is desired to
study longitudinal and lateral sway
differentially. From casual observa-
tion, however, it appears that most
body movements involve deflections
in both directions, so that only one
plane of movement need be re-
corded to obtain a measure of gen-
eral movement.

In one application it was desired
to quantify relative measures of
the amount of sway of a subject.
This was done by using a map-
measuring #%ool to measure the
length of the recorded line.

UK and US Coordinate
Time-Frequency Signals

BRITAIN and the United States have
begun coordinating their time and
frequency signal broadcasts. By
the end of this year the time signals
from all participating radio stations
will be synchronized to the thou-
sandth of a second.

The announcement was made
jointly in Washington by James H.
Wakelin, Jr., Assistant Secretary of
the Navy (Research and Develop-
ment), Allen V. Astin, Director of
the U. S. National Bureau of Stand-
ards, and in the United Kingdom
by the Astronomer Royal, Royal
Greenwich Observatory, and the
Director of the National Physical
Laboratory.

Coordination started early this
year in order to provide a uniform
system of transmissions, which is
needed in the solution of many
scientific and technical problems in
such fields as radio communications,
geodesy and the tracking of artifi-
cial satellites on a world-wide basis.

British participants are the Royal
Greenwich Observatory, the Na-
tional Physical Laboratory and the
Post Office Engineering Depart-
ment. The project members in the
United States are the U. S. Naval
Observatory, the Naval Research
Laboratory and the National
Bureau of Standards.

The transmitting stations in-
cluded in the coordination plan are
GBR and MSF at Rugby, England;
NBA, Canal Zone; WWYV, Beltsville,
Maryland, and WWVH, Hawaii.
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FOR
SUPER-FINE

CUTTING

OF HARD, BRITTLE MATERIALS...

A Industrial
cﬂ Z¢ Airbrasive’ Unit

Not that we advise doing this to your fine crystal glassware, but it
seemed to us a dramatic way to show you the versatility and the cool,
shockless cutting and frosting action of our Industrial Airbrasive Unit.

Cuts as fine as .008” or large frosted arcas are equally easy to make
with this amazing industrial tool. A gas-propelled stream of abrasive
particles quickly slices or abrades, as nceded, almost any hard, brittle
material, such as fragile crystals, glass, oxides, metal, minerals, ceramics.

Applications range from printed circuits, wire-stripping potentiom-
eter coils, and cleaning off oxides...to shaping or drilling germanium.
Every day new uses for the Airbrasive Unit are being discovered.

Send us your most difficult samples and
we will test them for you.

SEND FOR BULLETIN 5705A...complete information.
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S, S. White Industrial Division
Dept. EU 10 East 40th Street, New York 16, N. Y,

CIRCLE 81 ON READER SERVICE CARD 81



COMPONENTS AND MATERIALS

Practicality of Ceramic Micromodules

DURING THE SPRING and early sum-
mer months, when displays of re-
cent electronic components bloom
in electronic shows around the
country, micromodules that are in
the realm of the here and now were
in wide evidence. And in the past
weeks, papers have been presented
that not only bring some of these
micromodule programs up to date,
but also give performance and re-
liability data for such assemblies™.

Defense and electronics industry
personnel are becoming increas-
ingly aware of the significance and
capabilities of small ceramic receiv-
ing tubes with their thermionic
integrated micro-module cireuits
(TIMMS), and ceramic wafer micro-
modules that not too long ago were
considered revolutionary concepts
in the design of electronic equip-
ment.

Although ceramic based circuits
are not the ultimate in miniatur-
ization, their value lies in the com-
promise they afford between the use
of conventional circuitry, proven

component systems, degree of size
reduction, economical mass produc-
tion, and capabilities of being oper-
ated at high ambient temperatures.

Increased acceptance of ceramic
tubes and their associated circuitry
by equipment manufacturers is re-
flected in the fact that GE’s receiv-
ing tube department in Owensboro,
Ky. has now expanded its line of
these devices. At this time last year
only four types were registered.
Now the GE line of ceramic tubes
types will include some ten types
and GE will soon register a new
broad-band, low noise triode ampli-
fier; a high-peak inverse voltage
medium power diode rectifier; a
low mu linear triode power ampli-
fier; and a small high-frequency
oscillator and multiplier triode. The
broad-band triode amplifier will fea-
ture transconductance of 40,000
micromohos.

According to GE, their ceramic
tubes with their TIMM circuits can
be built to fit almost any electronic
requirements, eliminate some 20

Light Amplifier Sees Individual Photon

The Astracom, a small tube developed by Westinghouse, now makes it
possible to see individual electrons released at the tube’s input. In astron-
omy, the tube will increase the light-gathering ability of the largest
telescope. In nuclear physics, the tube will permit the viewing of the
tracks of high-energy cosmic rays and other particles

82 -

percent of the electronic compo-
nents needed, and reduce by 40 per-
cent the electrical connections
which often are the cause of an elec-
tronic equipment failure.

The inherent operating charac-
teristics of these circuits make
them suited for use in space probes.
And since these circuits are resist-
ant to radiation, no excess weight
need be carried by the vehicle to
shield the electronic uipment
from space radiation.

While transistorized digjtal com-
puter circuits would fail when ex-
posed to conditions equigalent in
space to a one-megaton explosion
as far as 1,400 miles from the
equipment, the TIMM circunits con-
tinue operating at least as close as
50 miles from the source of the in-
itial gamma pulse caused by the ex-
plosion. And the circuits allow at
least six times as much electronic
circuitry to be installed on a space
vehicle as with presently-used com-
ponents.

According to Manfred Kahn of
Sprague, ceramic based microcir-
cuitry is a heterogeneous approach,
considered as an outgrowth of a
printed components syst which
has been used for more than a dec-

- ade. Printed component plates have

been attractive because off the size
reduction from conventional cir-
cuitry and because of cost savings
achieved that results from the
elimination of inspection,shandling
and assembly of individugl compo-
nents.

Materials and devices arg utilized
which have well-known [electrical
performance characteristips and it
is not necessary to develop com-
pletely new component systems.
Plate interconnections are made hy
location of the components, elimi-
nating lead wires and solder joints
except for external connections to
the assembly, and allowing for me-
chanized methods of assembling
ceramic wafers.

According to D. Mackey of RCA,
the first generation of micro-
modules was deliberately kept
simple and unsophisticated, with
most microelements designed as
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EXPANDING THE

FRONTIERS OF SPACE TECHNOLOGY IN

ELECTRONICS

Lockheed Missiles and Space Division has made significant contributions in
electronics in such areas as: computer development; telemetry; radar and data links;
transducers and instrumentation; antennas and electromagnetic propagation

and radiation; ferrite and MASER research; data reduction and analysis; solid

state electronics, including photovoltaic devices, electrochemistry,

infrared optics; FM-FM data systems; PAM-PCM data links; and logical design.

Special emphasis is being attached to the research, design and development of
improved military electronics systems for communications, including new methods
of data transmission, reception and storage. Pioneering work is also being
conducted in space vehicle borne computers, DC-AC inverters, non-gyro guidance
systems. Studies in oceanography include underwater communication

and navigation, and natural phenomena and military aspects of the deep sea.

Lockheed’s programs reach far into the future and deal with unknown environments.
It is a rewarding future and one that outstanding scientists and engineers are

invited to share. If you are experienced in any of the above areas, or in related work,
we invite your inquiry. Please write: Research and Development Staff,

Dept. F-22, 962 W. El Camino Real, Sunnyvale, California. U.S. citizenship

or existing Department of Defense industrial security clearance required.

Lockheed / MISSILES AND SPACE DIVISION

Systems Manager for the Navy POLARIS FBM, the Air Force AGEN A Satellite
in the DISCOVERER, MIDAS and SAMOS Programs;
Air Force X-7; and Army KINGFISHER.

SUNNYVALE. PALO ALTO. VAN NUYS. SANTA CRUZ, SANTA MARIA, CALIFORNIA
CAPE CANAVERAL. FLORIDA ¢« ALAMOGORDO. NEW MEXICO « HAWALI



WHAT’S
UP IN
WASHINGTON?

Powerful individuals in Congress, The Pentagon,
the State Department and elsewhere can influence
the business plans of scores of electronics manufac-
turers.

electronics reports on policy makers who influ-
ence decisions on guided missiles, basic scientific
research, government communications policy and
many other sensitive subjects.

The highlights are summed up in 3 minutes
reading time. More detailed reports on particularly
important subjects are specially edited for quick
and easy reading.

electronics names names...tells the implications
of new developments. .. keeps you informed. See
“Washington Outlook” — a regular, weekly report.
Act now! For a new subscription or a renewal, fill
in box on Reader Service Card. Easy to use. Post-
age free.

FIND WHAT

YOU NEED IN...
electronics

single components. The next step
will be the combination of several
components within single microele-
ments and the transition of new
integrated devices will logically oc-
cur bit by bit over a protracted
period of time. Thus, we can antici-
pate a long period of application
of these devices in hybrid combina-
tion with conventional components.

Two gold-plated ceramie receiving
tubes made at the General Electric
tube plant in Owensbore, Ky., are
uged in the transmitting equipment
of the Pioneer 1V, and the Thor-
Able Star missile which put the
TIROS 1B into orbit

The Sylvania module is planned
to accommodate both présent micro-
components and future solid state
molecular circuits, and mixtures of
both on an economical, reliable
basis. Space and volume analysis
of current devices come up with an
immediate parts density of 600,000
per cubic ft, and long range objec-
tives of 30 to 60 million.

According to G. W. A. Dummer,
component head of the Royal Radar
Establishment, Malvern, England,
maximum attention in Britain is
being given to the subminiature
tube, the microcircuit or 2D, and
the stacked circuit. The interest in
microminiaturization in Britain has
grown, not necessarily for its po-
tentialities as regard to size reduc-
tion, but because of the possible
ultimate increase in reliability. Al-
though much work has been carried
out in the United Kingdom—since
1956, it has not been possible to
carry it out on the scale possible in
the U.S.A., and more theoretical
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work has been done than practical
work.
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Tungsten Coatings

TUNGSTEN is one of the few metals
that possess structural strength at
temperatures above 2,000 C. Its ex-
tremely high melting point (3,140
C), hardness and corrosion resist-
ance make it a desirable material
for high-temperature equipment.
However, until lately, the high-tem-
perature properties of tungsten
couldn’t be effectively utilized. Its
brittleness and hardness prevented
it from being machined by conven-
tional methods while its weight re-
stricted its use in aeronautical
equipment. For these reasons, ef-
forts have been made to develop a
practical method for depositing
tungsten coatings.

High-purity tungsten can now be
easily plated on metal surfaces by
using a vapor deposition process
which the National Bureau of
Standards developed for the Navy.

The method, devised by W. E.
Reid and A. Brenner of NBS in-
volves reducing gaseous tungsten
hexfluoride with hydrogen by pass-
ing it over the heated object to be
plated. At temperatures above 300
C, tungsten is deposited on the hot
surface, and the only other reac-
tion product, hydrogen fluoride,
passes out with the excess of hy-
drogen.

Simple tungsten shapes for use
in vacuum tubes have already been
fabricated.

electronics « JUNE 10, 1960

Stepping Motors

HIGH RELIABILITY
POSITIVE LOCK
BI-DIRECTIONAL ROTATION

DMA APPROXIMATE DIMENSIONS
115,32° OD x 2 1/2" LENGTH

DMB APPROXIMATE DIMENSIONS
21716 OD x 3 5/8” LENGTH

- oo

Curtiss-Wright Stepping Motors convert digital pulses into
mechanical motion or work. Available in two models. Features
include: Complete static and dynamic balance . Withstand high
shock and vibration . Long life, light weight « High starting
torque « Withstand environmental temperatures of +165°F.

Write for complete Components Catalog 260 to help you select Curtiss-
Wright electronic components for use where dependability is essential.

NEW CURTISS-WRIGHT DUAL TIME DELAY RELAYS

Our new series of Dual Relays include these outstanding fea-
tures: Instantaneous resetting contacts, chatter-free operation,
voltage and high temperature compensation, compact size,
designed for use in critical shock and vibration environments.

COMPONENTS DEPARTMENT « ELECTRONICS DIVISION

cuRTISS [[J] WRIGHT

CORPORATION « EAST PATERSON, N.J.

TIME DELAY RELAYS - DELAY LINES .+ ROTARY SOLENOIDS - DIGITAL
MOTORS - TIMING DEVICES . DUAL RELAYS - SOLID STATE COMPONENTS
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PRODUCTION TECHNIQUES

Precision Winder Uses Electronic Controls

SEVERAL FEATURES intended to in-
crease precision while minimizing
setup time and operator skill are
incorporated in a winding machine
recently built for submarine cable
capacitor manufacturing. Designed
by Wellington Electronics, Engle-
wood, N. J., the machine is reported
to have a production tolerance of
*1 percent when used in a tem-
perature-controlled room.

Once materials are loaded and
controls set, the operator generally
performs only simple switching and
normal manual loading, tabbing
and unloading operations. Control
operation is outlined in Fig. 1.

Elements of the control panel
seen in the photo are (top to bot-
tom) : counter tubes, decade selec-
tor switches (tabbing, tabbing,
slowdown and stopping lengths),
magnetic clutch adjustments, 4-po-
sition switch to select bank of
length switches (lower left) and
motor speed control (lower right).
The clutch adjusting panel simu-
lates position of the feed spools.
Paths taken by the foils and papers
are shown by the engraved lines.

Tabbing and winding lengths can
be preset to 99.99 or 9999 inches,
with logarithmic acceleration and
deceleration of the winding spindle
drive motor at each starting and

PAPER CAPACITOR
THICKNESS CHECKER
]
FOIL — &1 COMPARISON
MEASURING 8 CORRECTION

4 A

MOTOR ACCELERATION
DECELERATION, START & STOP

)

MANUAL REEL TORQUE
SWITCH CONTROL
VARIABLE _J MOTOR
SPFED MOTOR BRAKE

FIG. 1—Flow of information be-
tween monitoring and control units

86

Tabbing and end lengths of foil are preset by decade switches while spool
clutch tension control board simulates paths of foil and papers

stop. The motor has an electron-
ically-controlled overdrive. Its speed
is variable from 5 to 100 percent
of maximum. After each operation,
the operator advances the 4-posi-
tion switch and presses a foot
switch to start the drive motor.

The switches need not be reset if
the spools are reloaded with mate-
rial of different dimensions. Wind-
ing units are in inches per gram
of width. Change compensation is
made for all switches by a multi-
plier circuit which can multiply
original settings by 0.5 to 2.

Feed spools and their respective
clutches are mounted on a upright
plate. Clutches contain iron and
molybdenum dust particles which
are spherical to reduce friction and
hysteresis. Graphite is added as a
lubricant. Breakaway torque on the
foil and paper is about 2 percent,
but this is reduced almost to zero
by a saturable reactor circuit which
coordinates motor and clutches.

Paper rolls are clamped on the
spools by the inside ends of the
papers. Foil rolls are clamped by
a collar which snugs the rolls to a
reference flange on the inside edge

of the spools. The ground foil and
papers are aligned with the refer-
ence edge of the electrode foil by
running all the edges against pre-
cision guides as the foils and papers
are fed and gathered. The guides
keep the edges in position within
0.007 inch. In addition to minimiz-
ing the effects of camber, according
to Wellington, this one-edge track-
ing method maintains alignment
from one width to another without
the necessity of resetting guide
channels. All parts contacting ma-
terials are polished chrome and all
moving parts are mounted in ball
bearings.

Length of the electrode foil is
measured just before it reaches
the winding spindle. The foil passes
around a guide roller which turns
a large disk. Light beamed to a
photoelectric cell is interrupted by
30 pinholes around the edge of the
disk. Each pinhole represents 0.01
inch of foil, allowing an accuracy
of about 1 ppm in the monitoring
of foil area. Changes in thickness
are compensated for automatically
by the controls. The capacitors are
also monitored for shorts and other
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o THIS BOOK
BELONGS
ON YOUR

| SHELF!

NEW GENERAL ELECTRIC MANUAL

Li1C ATIONS

.THEO

RY + BATINUS ¢ - ;
2 . e o

GIVES YOU THEORY, RATINGS AND APPLICATIONS ON

REVOLUTIONAR

e _— |
e e e e o i S )

Partial List of Contents:
Basic Theory of Operation |
Definition of Terms Used

in SCR Specs

Ratings and Characteristics ]
Firing Characteristics
and Circuits

Turn-Off Characteristics
and Methods

Series and Parallel
Operation

AC and DC Circuits
Protection against
Overloads and Faults
Voltage Transients in
SCR Circuits

GENERAL

ELECTRIC
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Y SILICON CONTROLLED RECTIFIERS

Since its introduction by General Electric in 1957, hun-
dreds of firms have successfully incorporated G-E Silicon
Controlled Rectifiers into their products. The impact of
this revolutionary device continues to grow every day.

To fill the increasing need for reliable information on the
SCR, General Electric has published the first comprehen-
sive reference in this field. G.E.’s new Controlled Rectifier
Manual gives circuit designers the detailed information
they need to apply the SCR within its ratings with regard
to intermittent loads, firing, turn-off, heatsink design,
paralleling and other problems. Basic circuits typical of
many equipments are described to indicate the feasibility
of different approaches and serve as a starting point for
future designs.

This is one book you can’t afford to be without. Get your
copy from your General Electric Distributor or by mailing
the coupon below.

----------1

General Electric Company
Semiconductor Products Dept., Section 5-25660

Electronics Park, Syracuse, N. Y.
| enclose $1.00. (No stamps, please.)

Name.

Address

l Rush me the new General Electric Controlled Rectifier Manual.

City. Zone State
L BN DN DN BEN BN BEN EEN EEe EEE
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| What is ANELEX
High Speed Printing?

/N Up to 320,000 numeric or 240,000 alpha-numeric char-
acters per minute,

/N Perfect alignment, fully formed characters, multiple copies
and precise conformity to the most complex preprinted forms.

AN Reliability proven by ten years’ experience and assured by
use at Scientific, Military, Commercial, Industrial. Insurance
and Banking installutions.

Anclex High Speed Printers print from magnetic tape or
“on-line” from data processing systems . . . on single or
multiple carbons. pressure sensitive papers, heat transfer type
papers. preprinted forms or card stock. All Operator Controls
are easily manipulated by office personnel without specialized
experience or skills.

For systems designers. Anclex Printers provide the widest
possible choice of capabilities. because standard production
modules can be combined to meet almost any specifications
as to: operating speeds (up to 2,000 lines per minute ), number
of columns (8 to 160). number and type of characters per

column (up to 66) dimensions of preprinted forms (up to
207 x 227).

for further information, write or telephone

ANELEX CORPORATION
m 150-f, CAUSEWAY ST., BOSTON 14, MASS.
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material irregularities during wind-
ing, by a bridge and contact brushes
on the foils.

A 2-position indexing winding
head is used. It has 2 pairs of pin-
type spindles since the type of ca-
pacitor made is wound on a ceramic
rod. The spindles may be replaced
with a split arbor. After a capacitor
is wound, the gathered papers and
foil are clamped between 2 rollers
before severing. A snap-action
switch prevents the motor from
starting while the clamp is closed.

A similar machine has also been
built for plastic film capacitors. The
principal modification is a destatie-
izer, to overcome the films’ tendency
to resist contact at gathering.

Standardized Tooling
Cuts Cost, Design Time

TOOLING COSTS can be cut at least
30 percent by using standardized
machining jigs, according to esti-
mates made by Eclipse-Pioneer
Division, Bendix Corp., Teterboro,
N. J. The jigs ecan be manufactured
in quantity, stocked and then fitted
as needed to produce a specific part.
The tools cost less and require less
design time.

The photos illustrate types of
drill jigs used by the division.
While the bodies are machined to

PRODUCT PART TO BE ALTER LENGTH
DRILLED, SHOWN IN IF REQ D

CLAMPED POSITION
/uzx JAM NUT

f
| ]
T ~i
" M

CLAMP (PRESS FIT LOCATING PIN FOR
ON SWIVEL PAD) CLAMP (IF REQ'D)

FIG. 1—Cutaway view of drill Jig,
showing how body is adapted

Jig of same type shown in Fig. 1
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accept bushings or supplementary
jigs, other parts can be reclaimed.
For example, the handles, locking
plate and fastening pins of the
clamp type jig (Fig. 1) can be
reused.

Jigs are standardized around de-

Quick-opening jig, before bushings
are fitted

Same jig, fitted for production use

sign features found by experience
to be the most efficient for loading
and use. Features not normally in-
cluded in this type of tool, because
of the limited time usually available
for specialized design, can be pro-
vided for in the standard design.

Stackable Parts Bins

SMALL PARTS BINS which can be
stacked in a semicircle on work
benches are being made of molded
plastic by Stackbin Corp., Paw-
tucket, R. I. The bins are 8 inches
long and 11 inches narrower at the
front than back. The bins have
sloping bottoms to keep parts flow-
ing forward.

electronics + JUNE 10, 1960

The “parts”...synchros, resolvers,
servomotors, tach-generators, potentio-

2 ~| meters, custom gear trains. Every type
of precision component required for high-performance servo
subsystems. All developed by servo-wise Giannini engineers.

N @
®

] The package...a servo sub-

=
=
=
=
%

system developed by Giannini,
~ of Giannini components.Whether
: for tracking, flight control, fire control,
merhclguudcnce readout, position follow-up repeaters, coordi-
nate conversion, DC signals for synchro ok transducer outputs.

THE PRBEDICTION

.The prediction...subsystem perform-
ance certain to win your nod of ap- /

proval for built-in excellence based on
Giannini’s length and breadth of expe-
rience in all phases of servo engineering...
design, liaison, production,and field service.

Current example: A pancake transmitter, servo package and
control transformer combination designed for use in a ballistic
missile. Purpose: to provide external angular information from
the missile’s stable platform. Outcome: an exceptionally favor-
able compromise among weight, cost, performance, reliability.

Whether you hand Giannini your next servo subsystem problem
orintend to package it yourself, plan on Giannini servo compo-

Controls Corporation

nents for predictable satisfaction.

THE PARTS o

L(Glanmm

A NAME TO PLAN WITH

1600 South Mountain, Duarte, California

GCC 0-7

SERVO COMPONENTS ¢ AIR DATA INSTRUMENTS ¢ INERTIAL INSTRUMENTS * SYSTEMS
A challenging new career awaits you at Giannini. Write the Director of Technical Personnel.
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New On The Market

Log-Periodic Antennas
20 TO 1 BANDWIDTHS

TWO0 20 to 1 bandwidth antenna
arrays are being offered by Granger
Associates, 974 Commercial St.,
Palo Alto, Calif. Model 720 (photo)
is a direction-finding antenna with
wideband, medium-gain perform-
ance characteristics. It offers 60 de-
gree beamwidths in the 50 to 1000
Mec range, and has a vswrof 25to 1
and 50 ohm impedance over its
band. Linear, vertical or horizon-
tal polarization may be remotely
selected. The antenna is provided
with a complete 360-deg azimuth
drive at 2 rpm with left-stop-right
controls and position indication.
The unit is 75 in. high, and wide

Tape Search System
ALL SOLID STATE

AN ALL-SOLID state magnetic tape
search and control system with its

90

and 76 in. long, and comes mounted
on a 36-in. guyed mast.

Model 721 is a log-periodic array
for nonfrequency sensitivity broad-
band performance and complete
azimuth coverage. Its vswr is un-
der 3.6 to 1, relative to 50 ohms over
the band. Azimuthal pattern varia-
tion is less than 5 db. Remotely
selectable vertical and horizontal
polarization is provided. This an-
tenna is 176 in. high and 92 in.
square.

Both units will withstand 100-
mph winds with 3 inch of ice coat-
ing.

CIRCLE 301 ON READER SERVICE CARD

search function independent of tape
speed is now available from the
Electronic Engineering Company of
California, 1601 East Chestnut
Ave, Santa Ana, California. Em-
ploying a time code detection tech-
nique, the ZA-821 tape search and
control system will automatically
search and play back at any speed
from 1§ to 150 ips. A continuous
decimal display is made of the time
code being searched on the tape.
The system rapidly searches (in
either direction) the desired tape
area, switches the transport to play-
back speed and provides contact
closures for operation of auxiliary

equipment during the interval be-
tween preset start and stop times.
Remote indication and control of
transport operation is provided.
The unit occupies 15% in. of rack
space in a 19 in. standard rack.
Maximum chassis depth is 18 in. in-
cluding connectors. Price is $11,400.
CIRCLE 302 ON READER SERVICE CARD

Wide-Band Noise Source
30 CPS TO 300 KC

A TRANSISTORIZED uniform-spectrum
noise source that employs a new
principle for producing wide-band
noise from semiconductors and that
operates from 30 c¢ps to 300 Kc is
available from Raytheon Company’s
Industrial Components Division, 55
Chapel St., Newton, Mass.

Chief use for the module is in
laboratory noise generators. Other
uses are as a built-in noise source
for sensitivity checks in radar and
sonar systems, and in production
test equipment for measurement of
transfer functions of networks, am-

plifiers and transducers.

No a-c power supply is required
s0 there is no risk of unwanted
60-cps hum. Other advantages are
immediate warmup and a power re-
quirement of only 12 ma at —12
vd-c plus or minus 2v.

With proper amplifier circuits,
output covers the spectrum from 30
cps to 300 K¢ with uniformity to
plus or minus 2 db. Output voltage
is 0-10 millivolts rms into 1,000
ohms.

Shielded in a metal case and en-
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Opportunities in:

We promise you a reply
within one week

The complexity of modern
technology...the rapid increase in
the number of specializations...and
the frequent shifts in technological
emphasis all have combined to
require a staff of alert, aggressive,
creative teams of engineering
specialists. Their responsibility is
to assist management in the formu-
lation of plans for future efforts.

For our purposes the teams should
be staffed by graduate Electronic
Engineers and Physicists who have
acquired several years of experience
with radar, guided missiles,
computers, infrared detection,
nuclear radiation equipment,
micro-electronics, underwater

Exploratory Studies - Advanced Planning - Systems Analysis

-\

detection, space propulsion systems
or related areas. Several of the
positions require the ability to
present contract proposals to both
technical and non-technical
officials. Other positions require the
ability to do preliminary systems
design. There are twenty-three
openings in the above areas at the
present time.

All of the positions involve close
associations with senior engineers.
All of the salaries refiect the
unusual backgrounds required.

Please airmail your resume to
Mr. Robert A. Martin

Supervisor, Scientific Employment
Hughes Engineering Division
Culver City, California

Creating a new worid with ELECTRONICS

©1960, HUGHES AIRCRAFT COMPANY

ENGINEERING DIVISION



capsulated, the noise source meas-
ures only 1} in. square by 3 in. over-
all and is ready for panel or chassis

Log VTVM
NO SCALE SWITCHING

A NEW 70-db log voltmeter and con-
verter that is accurate to 0.2 db or
2 percent anywhere on the three-
cycle scale has been developed by
Houston Instrument Corp., P. O.
Box 22284, Houston 27, Texas.
Actual voltage and the level in deci-
bels relative to a set reference may
both be read at a glance.

Rapidly increasing sensitivity for
smaller signals with the moving
knife-edge pointer remaining on
scale makes the log voltmeter suited
for null-seeking as well as electronic
testing and sound and vibration
measurements.

Very low frequency inputs are
handled by the same chopper-stabil-
ized preamplifier used for d-c meas-
urements; r-f inputs are handled
with a separate r-f probe. A log-
converter readout circuit with sepa-
rate zero control and floated Zener

High Temperature Switch
CALIBRATED UP TO 1,800F

A SUPER-HIGH temperature thermal
switch that can be calibrated up to

92

mounting. Price is $88.00.

CIRCLE 303 ON READER SERVICE CARD

reference may be used as a source
for any conventional d-c recorder
for decibel recording. Multiple units
may be used for division or multi-
plication before indication or re-
cording.

More than three decades on the
14 in. scale eliminates scale switch-
ing for most measurements. Input
attenuator provides for another 40
db extending the total range from
1 millivolt to over 320 volts.

Input impedance is 5 megohms
(minimum) on a-c or d-c scales.
Frequency response is flat to 0.25
db from 20 c¢ps—>50 Kc on a-c scale
with full-wave average value de-
tection and rms indication. Extra
damping is provided from 1 cps to
10 cps. With r-f probe above 50 Ke
the voltmeter is peak reading. Volt-
meter sells for $1,250.00.

CIRCLE 304 ON READER SERVICE CARD

1,800 F has been developed by Con-
trol Products, Inc., 306 Sussex St.,
Harrison, N. J. The switch, which
is hermetically sealed with ceramic,
is a probe type unit with a cap that
is locked in place after the final cali-
bration. Serving as a control device
for the Nike missile, the unit could
be used for temperature control of
heat exchangers, gas turbines and
rocket engines.

Contacts may be arranged for
either close-on-rise or close-on-fall
in temperature. Temperature toler-
ance is 6 deg F; temperature dif-
ferential and repeatability for a
given switch is plus or minus 1 deg
F. The unit can tolerate overshoot

to 2,200 deg F and undershoot to
—100 deg F.

Standard probe length is 4.000
in.; the head configuration with
mounting hex is only 13% in. deep
including the protective cap.
Weight is 2 ounces.

Performance under shock and
vibration exceeds MIL-E-5272A
standards. Electrical rating is 1.5
amps at 28 v d-c, 110 v a-c, resistive
load.

CIRCLE 305 ON READER SERVICE CARD

Semiconductor Switches
HIGH-VOLTAGE

TWO NEW Transwitch prnpn switch-
ing devices that provide voltage
ratings up to 200 have been added
to the series of such devices being
developed by Transitron Electronie
Corporation, 168 Albion St., Wake-
field, Mass. All Transwitch devices
are being offered in the conipact,
TO-13 package, as well as in th
TO-5 package.

The Transwitch, a bistable sil
con device that can be turned o
with a gate current, can replace t
transistors plus resistors in mogt
bistable circuits.

These new high-voltage Tram-
switches can be used with digi
indicating tubes. rl

CIRCLE 306 ON READER SERVICE CARD

Data Transceiver
WORKS OVER PHONE LI

A HIGH-speed binary data trgns-
ceiver that makes it possiblef for

electronic computers and her
high-speed data-handling devicgs to
communicate directly with Jeach
other over commercial teleghone
lines 'at 2,400 bits a second has{been
developed by the Stromberg{Carl-

son Electronics Division of Ggneral
Dynamics Corporation, Rochester,
N. Y. The transceiver uses solid-
state circuits exclusively.

The high speed of data transmis-
sion is made possible by a modula-
tion method that minimizes errors
due to impulse noise, phase distor-
tion, frequency translati and
other transmission problemg.

Input signal may be eithgr polar
or impulse type binary infommation.
The transceiver accepts the data in
the form of a serial train of pulses,
shapes the pulses, and modulates a
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FRO M Actual size
MINIATURE MODULES WITH STANDARD COMPONENTS
They are building block modules. They are a product of Delco Radio’s

newly developed, three-dimensional packaging technique. They are used

to build light, compact, reliable airborne and special purpose digital computers

for missile control. Each module, vacuum encapsulated with epoxy resin, contains

up to 35 standard components per cubic inch—averaging more than 50,000 per

cubic foot. The modules perform all the standard logic functions. They meet or exceed all MIL-E-5272D

FO R (ASG) environmental requirements and will operate over a temperature range of —55°C to +71°C. They

can be assembled in groups on printed circuit boards. There are 10 basic types and 15 variations of Delco
Building Block Modules. With them, Delco Radio can quickly and easily build a compact,

reliable computer for airborne guidance or any other military application. For complete
details, write to our Sales Department. Physicists and electronic engineers: Join Delco
Radio’s search for new and better products through Solid State Physics. D E LCO

PIONEERING PRECISION PRODUCTS THROUGH SOLID STATE PHYSICS RADIO
Division of General Motors « Kokomo, Indiana
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“test drive”
the BUYERS’ GUIDE

for 30
seconds!

5

S
WY 4
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Suppose you wanted to buy fixed capa-
citors ... what will the current BUYERS’
GUIDE tell you in just 30 seconds?

You’d have the names of 27 different
types. The names and addresses of 146
manufacturers and the types each
makes. With the time left over you
could probably dig out a lot more infor-
mationin the advertising pages referred
to ... and the latest design facts from
the special reference section.

Most important . . . you’d have accu-
rate, complete and authoritative buying
information on hand —the kind you can
depend on and act upon! o.ec

o e

[RORm———
i o s B

BUYERS’
Gows

FIND
WHAT F and REFERENCK 1830
YOU |
NEED L u-!a--nma--n.u

IN .
me electronics

BUYERS' GUIDE

24

subcarrier frequency. No synchro-
nizing signals are required, as the
receiver portion of the transceiver
has an afc system for automatic
synchronization at any bit fre-
quency between 2,350 and 2,450
pulses a second.

Higher or lower bit rates can be
provided on special transmission
facilities by substituting plug-in
components in the transceiver.
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Ku-Band Amplifier
SOLENOID FOCUSED

HUGGINS LABORATORIES, 999 East
Arques Ave., Sunnyvale, Calif. Fre-
quency range of the model HA-46
amplifier is 12 to 18,000 Mec. Unit
employs four anodes. Saturation

power is 1 mw; small signal gain, |

25 db; noise figure for broad-band
operation, 12 db; lower noise figure
can be achieved by optimizing for
narrow band operation; overall
length, 15% in., excluding leads;
capsule diameter, 1vs in.; weight,
1% Ib.
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Automatic Tester
FOR FERRITE CORES

A FULLY automatic, production-type
memory core feeder that grades and
sorts miniature ferrite cores has
been announced by Rese Engineer-
ing, Inc.,, 731 Arch Street, Phila-
delphia 6, Pa., sole U. S. distributor
for the Ramsey Model CH-58 auto-
matic memory core handler. Feed
rates for standard 80-mil or 50-mil
cores are in excess of 10,000 per
hour.

High contact reliability is a ma-
jor feature of the Ramsey machine,
with both probe and contacts made
of heat-treated Paliney 7 and iscla-
tion maintained between the drive
and output circuits by the split de-
sign of the testing probe. Resist-
ance of the core test circuits is less
than 3 ohm and varies less than 100

Get the
facts
together
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Buying is easier when you’ve got all the
facts in one place.

The BUYERS’ GUIDE tells who makes
it. Gives detailed catalog-type product
information and spees. Gives choices in
mechanical and electrical characteris-
ties. Gives more choices in terms of ma-
terials and design. Also objective and
authoritative facts about markets . . .
materials . . . design ... in an exclusive
64-page reference section.

That’s why the GUIDE will put you in
the strongest position to make the best
buying choice for yourself and your
comparny.

It’s «ll between the covers of one vol-
ume. The accurate, complete and au-
thoritative electronics BUYERS’ GUIDE
and Reference Issue. o.8E

qrm"}
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From STANDARD
to ULTRA MINIATURE

Gravyhill Push Button Switches range in size
from the conventional to o space-saving
ultra-miniature model with copacities from
10 omp. ta 1/10 amp. 115 V. AC Resistive.

e Single ar double pole—single thraw
e Silent or Snop Action
e Solderless Terminal Model

e Normally open or Normally clased

Il

Ldayhill

""PIONEERS

Phone: Fleetwood 4-1040
523 Hillgrove Avenve, \
LoGronge, Illinois ,

IN MINIATURIZATION
CIRCLE 208 ON READER SERVICE CARD

INSPECTION B
PROBLEMS?

This booklet is for yg!

This comprehen-
sive, elaborately
illustrated booklet
provides practical infor-
mation on the use of the
famous A.C. M. 1. Bore-
scope in various industries,
for the inspection of inte-
rior areas or surfaces not
otherwise visible—together
with full data on the types
of Borescope available,
and on their care and
maintenance. Have you
received your copy?

= D
Fill in and
mail today

Free on
request

o American Cystoscpe Sakers, Jnc.

8 PELHAM PARKWAY PELHAM MANOR. N. Y.

Gentlemen: Please send me without obligation a copy of
your booklet on Borescopes.

Name

Firm

Addres:

\ City. State. /
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Applied Research ine.

,IDEBANDﬂ ﬁF.i

&__AM PLIF IE_@J
40 10 1500 mcps

Low power drain

Low noise figure o

Minimum size and weight e High gain

TYPE HFW AMPLIFIERS are now available for operation
in the 600-1500 meps range, with bandwidths of 100 to
more than 400 ‘meps in the upper ranges. These augment
the extant Applied Research amplifiers, which provide for
operation in the 40-600 mcps region.

ARl Amplifiers are used as part of receiving systems in
antenna preamplifiers, multicouplers, and high frequency
IF amplifiers, where faithful reproduction of signals and
amplification over a wide band of frequencies are required.
The low noise characteristics of these equipments result in

a dynamic range of greater than 60 db.

TYPICAL PERFORMANCE CHARACTERISTICS

Model HFW-5070-3 HFW-77100-3
Frequency ronge 500-775 mcps 775-1000 mceps
Goin Greater than 30 db Greater than 30 db
Noise figure 6t 8.5db 8.0 t0 9.5db

Peak to valley ratio Less than 1 db Less than 1 db

Zin — Zout 50 ohms 50 ohms

VSWR Input Less than 1.5 Less than 1.5
VSWR Output Less than 1.75 Less thah 1.75
Anode drain 200V ot 60 ma 200V at 60 ma
Filament drain 6.3V at 2.1 amps. 6.3V at 2.1 amps.

Write for further information

Applied Research ine.

76 South Bayles Avenue, Port Washingtan, N. Y
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When you’ve got big plans for the future — you have good
reasons for reading your businesspaper mighty carefully. This is
where a man who means business gets facts, news, ideas. ..
information he needs to do business. Issue after issue you find
meaty stuff to keep vour job and your business growing — in both
the advertising and editorial pages of . .. vour businesspaper.

|

\\“' : '
.

e |

PHOTO ON LOCATION BY EHRENDERG

Where there’s business action, there’s a

buSineSSpapeI‘ ...where there’s electronics business, there’s

electronics

A McGraw-Hill Publication ¢ 330 W. 42nd Street ® New York 36, N.Y.

b‘é AVQ .,v = .
5 m <  ©
[ ﬂBp 0 @‘z One of a serles of advertisements prepared by the ASSOCIATED BUSINESS PUBLICATIONS
f®q ‘,\Q ’4\__ A
OgRr? CuLna

I milliohms during the testing inter-

val. Inductance is less than 3.5 mi-
crohenrys and varies negligibly
during the testing interval.

Upon completion of tests, exter-
nal electronic testing equipment or
a human operator energizes accept
or reject solenoids, and cores are
conducted through short sorting
tubes to receptacles. If the accept
or reject solenoids are not activated,
cores are automatically deposited in
the no-test receptacle.
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' D-C/D-C Converter

MEETS MIL-E-5272C

POWER INSTRUMENTS CORP., 235
Oregon St., El Segundo, Calif., an-
nounces a d-c/d-c converter which
features 0.1 percent regulation for
=+ 10 percent line change as well
as 100 percent load change. The
nominal input is 28 v d-¢ and the
output is 150 v d-c, 0-250 ma. Rip-
ple is 0.5 percent pp. Size of the
unit is 3.75 in. by 4.5 in. by 3.75
in. and it weighs 8.2 1b. Unit meets
all requirements of MIL-E-5272C.
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Tantalum Capacitors
HIGH RELIABILITY

AEROVOX CORP., New Bedford, Mass.
These Aerotan capacitors are solid
electrolyte units featuring sintered
tantalum anodes and hermetically-
sealed in subminiature metal cases.
The use of semiconductor elec-
trolyte insures a completely dry as-
sembly with absolute freedom from
corrosion or electrolyte leakage.
Units are designed to meet all the
requirements of MIL-C-26655A
(proposed). They are available in
type ST-12 (uninsulated case) and
type ST-13 (insulated case) for
continuous operation over the range
of — 80 C to + 125 C in voltage
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ALCERT

THREE TOOLS FOR QUALITY CIRCULATION

Members of a select group, the readers of electronics

As fast as subscription orders are received they are
examined individually—by Hugh J. Quinn, Circulation Man-
ager, who stamps each card:

ACCEPTED —to indicate a subscriber is actually engaged
in research-design/production/management as a maker or
user of electronics equipment.

QUESTIONNAIRE - to delay acceptance until informa-
tion concerning the subscriber — his function, his company,
his title are definitely known.

REJECTED —whenever the order indicates that the in-

The Electronics Man “buys” what he reads in...

dividual is NOT within the editorial field of the publication.

electronics is a member of a select group too-—The
Audit Bureau of Circulation publications — comprised of
those magazines and newspapers whose publishers believe
that a reader’s interest in a publication is best demonstrated
when he pays to reccive it —those publishers willing to sub-
mit to exhaustive periodic audits in order to prove that
their circulation is among those individ-
uals they are pledged to serve, and among m
screened selected individuals ONLY.

Ty

®/®A McGRAW-HILL PUBLICATION / 330 WEST 42nd STREET, NEW YORK 36, N.Y. Lv —

electronics « JUNE 10, 1960
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WHY YOU SHOULD

PROGRAM
YOUR
TESTING

THIS BETTER WAY

WITH EECo’s UNIQUE
80-BIT BI-DIRECTIONAL t, b
PUNCHED TAPE PROGRAMMER >~ S5 &

3
For automatic programming of
test equipment, the EECo TP-201A offers
these decisive advantages over stepping

%

switches or single-line 8-bit programmers:

(a) Far more elaborate programs can be automated...up to
240,000 bits per reel, presented at 80 bits per step. (b) Random
or sequential access to any of the 3000 frames on each 250-foot
tape. (c) Provision for visual selection of program step. (Printed
information on tape correlates with punched information).
(d) Reduced training time and skill requirements for tape punch
personnel. (e) Programs can be stored and re-used. (f) Small
size panel is 6"x11%; depth below panel 5%

Tough Mylar tape contributes to improved reliability. No special
punch needed. Bi-directional electrical drive system. Positive
detent action for accurate positioning of tape.

Other models available for automatic programming, process con-
trol, and precision time base programming. Write for data sheet.

Anaheim Electronics Division

Electronic Engineering Company of California
1601 East Chestnut Ave.+ Santa Ana, Calif.s KImberly 7.5501 « TWX: S ANA 5263

® MISSILE & AIRCRAFT RANGE INSTRUMENTATION ¢ DIGITAL DATA PROCESSING SYSTEMS
EE 0-8 COMPUTER LANGUAGE TRANSLATORS ¢ SPECIAL ELECTRONIC EQUIPMENT
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ratings of 6, 10, 15, 20 and 35 v
d-c for + 85 C operation; and 4,
7, 10, 18 and 23 v d-c for + 125 C
operation.
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“~

A

|
Epoxy
FLAME-RESISTANT

EPOXY PRODUCTS, 137 Coit St,
Irvington, N. J. Epoxy No. 1202
is excellent for such applications as
computers, where flame-resistant
properties are of vital importance.
Properties are as follows: extin-
guishing time is 0-1 sec; thermal
conductivity (cal/sec/cm®/c/cm) is
9.2 x 10*; water absorption (24
hours) is 0.04 percent; weight loss
(24 hours at 150 C) is 0.26; dielec-
tric constant (1 meg) is 5.6; dis-
sipation factor (1 meg) is 0.023;
volume resistivity at 25 C is 1.3 X
10%, at 125 C is 4.7 x 10%, at 150 C
is 3.1 x 10"; insulation resistance
(96 hours at 90 percent RH and
95 F is 9 x 10°). E-Cases of
molded epoxy No. 1202 have suc-
cessfully been tested for 1,000 hr
at 200 C as packages for electronic
components.
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Magnetic Modulator
PLUG-IN MODULES

VOI-SHAN ELECTRONICS, 13259 Sher-
man Way, North Hollywood, Calif.,
announces the SCR magnetic modu-
lator. These solid state circuitry
plug-in modules operate directly off
any available prime power source;
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115 v a-¢, 60 or 400 cycles, or 28 v
d-c. Other prime sources to cus-
tomer specification. No separate h-v
power supply is required with the
SCR modulator. Designed for oper-
ation from — 65 to + 125 C, with
maximum life, reliability, high alti-
tude and performance, the SCR
modulator exhibits unit transfer ef-
ficiency of approximately 85 per-
cent, and withstands shock and vi-
bration to MIL-T-5422C. Output
power up to 2 wsec. Output wave-
form and coincident trigger pulse to
customer requirements.
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Curve Tracer
FOR TUNNEL DIODES

TEXAS INSTRUMENTS INCORPORATED,
Geosciences and Instrumentation
Division, 3609 Buffalo Speedway,
Houston 6, Texas. New tunnel di-
ode curve tracer permits the study
of forward characteristics of tun-
nel diodes made by various manu-
facturers, including gallium ar-
senide tunnel diodes recently
introduced by Texas Instruments.
A plug-in adapter can be changed
to accommodate different package
configurations. One adapter is in-
cluded with original equipment;
others may be purchased as re-
quired. Any sensitive oscilloscope
may be used with the instrument
to create current and voltage wave
forms. The TI instrument creates
a sharp representation of the en-
tire critical region of the forward
characteristics curve of the tunnel
diode under test rather than just a
portion of that curve. Through the
use of an external decade box
shunted across the horizontal ter-
minals, it is practical to read the

electronics « JUNE 10, 1960

South Americon
Tree Hopper
(Bocydium globulore)

Actuol size: 5 mm. high

Courtesy of the
American Museum of
Natural History

-

Puzzle:
FIND THE ANTENNA

Competent design engineers will im-

mediately suspect that the tree hopper’s
awesome pronotum is much too cumber-
some to be an efficient antenna. Actually
the antennas are just above the eyes.

Like those of the tree hopper, antennas
designed by D & M are compact, efficient,
and unobtrusive. We make them that way
because we know space is at a premium in
modern planes and missiles—and because
we’ve had so much experience, with antennas
and other RF systems components.

So, when you think about RF systems,
think about D & M. Your problem may
have already been solved . . . and an easily
adapted production model may be available
at low cost and great savings in time.

WRITE FOR ILLUSTRATED CATALOG.

Excellent positions in a growing organization affording
opportunities for stock participation, as well as many
other benefits, are offered to engineers. Contact R. E.
Anderson, Chief Engineer.

WEST COAST: EAST COAST:

1434 Westwood Boulevard 29 New York Avenue
Los Angeles 24, California

CIRCLE 99 ON READER SERVICE CARD

Westbury, L. |, New York

DORNE & MARGOLIN,Inc.
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NEW PRODUCTS

DEMAND NEW TOOLS!

We not only keep up, we
actually keep ahead of
your needs for special
hand tools. Already pro-
duced and stocked in
quantity by Utica are the
important new pliers,
wrenches and other spe-
cial hand tools that you
will need in the assembly
of your new designs. All
have been proved through
application. All are backed
by famous full guarantee.

Get the full story. Talk to
your Utica distributor or
write for our latest hand
tool catalog.

Utica Drop Forge & Tool
Division, Kelsey-Hayes
Company, Utica 4, N. Y,

tools the experts use!

actual negative resistance of the
tunnel diode at any point on the
curve. This shunt can be provided
as an optional feature at additional
cost.
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Character Generators
TRANSISTORIZED

SKIATRON ELECTRONICS & TELEVI-
SION CORP., 180 Varick St., New
York 14, N. Y., offers the series
2000 and series 3000 Alphadyne
character generators. Series 2000
supplies all 10 digits, 9 letters and
3 symbols. All transistorized, the
unit is approximately 6 in. by 6
in. by 6 in. and consumes less than
5 w. Characters can be written as
fast as 40,000 per sec. Prototype
quantities are priced at about
$3,000 each. Series 3000 provides
full alpha-numeric—all 10 digits,
all 26 letters and 4 symbols. Also
fully transistorized, it is approxi-
mately 6 in. by 6 in. by 8 in. and
consumes less than 5§ w. Characters
can be written as fast as 17,000
per sec. Prototype quantities are
priced at about $5,000 each. Both
units write numbers, letters and
symbols on any ert display.
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Subminiature Connector
VARIETY OF SIZES

CICOIL CORP., 13833 Saticoy St,
Van Nuys, Calif.,, has developed a
subminiature connector designed
for use with Cicoil subminiature
super-flex stranded wire harnesses.
The “138” connectors are molded
of high temperature thermal set-
ting epoxy, polyurethanes, silicone
rubbers, and other materials to
meet customers’ requirements. The
male pins are recessed and as the
female pins engage they are com-
pressed around the male pins to
form a secure electrical and
mechanical self-locking connection.
The materials exhibit excellent di-
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electric characteristics and will
withstand a wide range of tem-
perature and other environmental
extremes. The “138” is made in a
number of sizes, with and without
the self-locking feature.
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Variable Air Capacitor
HIGH Q, MINIATURE

JAMES MILLEN MFG. CO., INC., 150
Exchange St., Malden, Mass., an-
nounces a new high Q miniature
variable air capacitor. Rotors and
stators are precision machined
from extruded solid brass. Termi-
nal is an integral part of stator
block. Shaft is an integral part of
rotor. Screw-driver slot adjust-
ment or % in. extended shaft for
knob. Only 6 parts to a complete
capacitor. Stock sizes, 15, 25 and
35 pf single or dual units.
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Servo Drive Systems
VARIABLE SPEED

PEGASUS LABORATORIES, INC., 3690
Eleven Mile Road, Berkley, Mich.
A notable characteristic of the 540
series servo drive systems is the
performance of the drive in the
zero speed region where speed regu-
lation, no load to full load, and long
term speed stability are typically of
the order of 0.1 rpm. This, coupled
with the high available torque, en-
ables direct coupling of the servo

electronics + JUNE 10, 1960

[[NEW RACK PANEL
OSCILLOSCOPE
with Identical X and Y Amplifiers

GREATER SENSITIVITY...
STABILITY...COMPACTNESS...

than any scope in its class/

. in less space from new ETC
4, x 59" rectangular C-R
tube. Bezel adapter fits all
standard cameras.

. for X and Y axis simplify
precise studies of phase shift
and servo mechanisms,

... in only 16” depth by 7”
high. Fits standard relay racks
with doors closed.

New Model K-11-R — outstanding in
performance, price and size—sets new
standards for general-purpose oscillo-
scopes. Identical, high-sensitivity horizon-
tal and vertical amplifiers have less than
3% phase shift below 100 kc. A built-in
calibrator and wide range of accurate
sweep speeds simplify measurements of
voltage and time without external patching.

Carefully miniaturized, but with relia-
bility foremost in mind, the K-11-R is built
around a compact new ETC rectangular
C-R tube that gives the same raster area
as a conventional 7" round tube.

Write for complete specifications

PERFORMANCE BRIEFS

X AND Y AMPLIFIERS

Sensitivity: 500 uv/cm to 150 v/¢m.

Stability: 1 mv/hr after warmup,
Bandwidth: DC to 300 ke,
Attenvator: 15 calibroted ranges.

Coupling: OC or AC, balonced or unbai-
anced thru panel or reor receptacle for

Price: *685°

console operction.

CALIBRATED SWEEP
Linear-Sweep Time Base: 3% occ.
Colibrated from 100 msec/cm to 1%
usec/em. Uncalibroted from 1 sec/cm to
2 psec/cm.
Trigger Sync: [nt., Ext., or Line on voltage
rise from 0.023 usec/v to 20 msec/v.
CALIBRATOR
Intemal, line frequency squore-wave af
400 millivolts peak-to-peak.

Phllc o " Pa.

eleetromie tube corporation

1200 E. MERMAID LANE °

PHILADELPHIA 18, PA. -*

CHestnut Hill 7-6800

Headguarters for SINGLE- and MULTI-BEAM SCOPES and dependable C-R Tubes ... since 1837
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This One

EVENT
RECORDER

does more
work than

20 STOP WATCHES

Each of the 20 pens, writing on a moving,
time-calibrated chart can give you split-
second, stop watch timing of individual
events.

In addition, the time relationships of the
events are also recorded. With an E-A
Event Recorder, you can have a permanent,
indisputable record of such things as:

@ Productive and idle time.
@ Flow of materials.
@ Position of gates and dampers.

@ Time of failure in destruction
tests.

® Sequence of switching as in
—appliance control testing,
—electrical substation monitoring,
—missile firing.

You save time and costs with these versa-
tile recorders which “picture’ both se-
quence and duration of events—in produc-
tion and processing ... in research... in
plant safety.

Send for Catalog Section 50
for full information.

The

ESTERLINE-ANGUS
Company

No. 1 In fine Recording Instruments
for more than 50 years
DEPT. E, BOX 596, INDIANAPOLIS 6, INDIANA

drive to such loads as machine tool
lead screws without intermediate
gear reduction. The no load to full
load regulation at the high end of
the speed range is approximately
0.2 percent and the actual speed
will be within 1 percent of the
setting on the speed control dial.
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Video Detector Diode
X-BAND TYPE

SYLVANIA ELECTRIC PRODUCTS INC.,
Woburn, Mass., announces the type
IN31A, an X-band video detector
microwave diode for use in radar,
communications systems, counter-
measures, and other microwave ap-
plications. It meets the full range
of military environmental tests in-
cluding temperature cycle, shock,
vibration, centrifuge, and moisture
resistance. Type 1N31A is a high
temperature (150 C) hermetically
sealed diode in a coaxial package.
It has a figure of merit of 200 mini-
mum at 9,375 Mc and a video im-
pedance range of 3,000 to 17,000
ohms.
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Power Meter
EXTREMELY STABLE

FXR, INC., 26-12 Borough Place,
Woodside 77, N. Y. Model B832T
transistorized temperature compen-
sated power meter is a compactly
packaged unit which will accurately
measure either c-w or pulsed r-f
power in five full scale direct read-
ing ranges from 30 pw to 3 mw.
Values can be read in mw or dbm.
Readings are virtually drift free.
Provision is made to calibrate the
d-c voltage at all levels and the
bridge is self-balancing at 200
ohms. Range switching without re-
calibration is another advantage.
Instrument is energized by a self-
contained rechargeable nickel cad-
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Before You BUY
Try WAYNE KERR

EXTREME ACCURACY
MEASUREMENT

o of resist , induet and capacitance
at frequencies between 15 ke and 100 me

* of bal

d ond unbal d imped

o of either two or three terminol impedonces

Radio Frequency Bridge B-601. Designed
on transformer ratio-arm principle. Ex-
tremely stable. Transistor adaptors avails
able to measure transistor characteristics
under working conditions.

VHF Admittance Bridge B-801. Trans-
former ratio-arm technique results in ex-
treme stability at all frequencies. Calibra-~
tion independent of frequency. Sources
and Detectors available.

SPECIFICATIONS

B-601 B-801
Frequency Range 15ke-Sme 1-100me
Capacitance 0.01-20,000 uuf  +230 uut

Susceptance
Equivalent
Inductance 0.5uH-50mH
Resistance 100-10MQ  100-10K0
Accuracy 1% +2%
PRICE $640,00 $800.00
Special adaptors cover ent of tr
and semiconductor parameters

OTHER INSTRUMENTS: Audio to VHF Briddes
and Oscillators; Attenuators; Microwave Equip.
ment; Vibration and Distance Meters; Waveform
Analyzer; Voltmeters.

Send or call for complete literature.

WAYNE KERR
CORPORATION

1633 Race St., Philadelphia 3, Pe.
Tel: LOcust 8-6820

Representatives inmajor U.S. cities and Canada
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mium battery. The charging circuit
operates from a 105 to 125 v a-c,
50 to 400 cps source. The use to
charge ratio is 2 to 1. A series 218
thermistor head is a required ac-

cessory.
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Oscilloscopes
STABLE TRIGGERING

N. V. PHILLIPS, Gloeilampenfabrie-
ken, Eindhoven, Netherlands, an-
nounces two new oscilloscopes for
routine measurements in labora-
tories, production lines and indus-
try. The two types, both being
equipped with a 10 cm flat face ert
(1.9 Kv accelerating voltage), differ
in the design of the vertical ampli-
fier. Type GM5606 is to be used for
measurements in the range of 0-200
Ke (—3 db) with 10 mv/cm sensi-
tivity. The GM5601 covers the fre-
quency range 0-5 Mc (rise time 75
nsec; sensitivity 100 mv/cm). Both
vertical amplifier and time base
generator controls have an accuracy
of = 3 percent. Provided with ex-
ceptionally stable triggering of fre-
quencies up to 1 Mc with adjustable
trigger level and time base magni-
fication of max. 5 times with 3 per-

cent accuracy.
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Tantalum Capacitor
HIGH-TEMPERATURE

KEMET C0., 11901 Madison Ave,,
Cleveland 1, Ohio. Series J solid
tantalum capacitors can operate at
full-rated voltage at 85 C. They can
be operated at as high as 125 C
at 2/3 rated voltage, and at room
temperature their working voltage
is approximately 7 of the rated
value. Units are available in ca-
pacitances ranging from 0.33 to 330
uf, and in 6, 10, 25, 35, and 50 v
ratings. The 50-v, 85-deg capacitor

electronics - JUNE 10, 1960

Airpax engineers design advanced data and process con-
trol equipment for industrial and military applications,
The illustration shows a magnetic amplifier Propor-
tional Logic Network. High gain, highly reliable PREAC
magnetic amplifiers drive the proportional coincidence
gates producing, in effect, a two dimensional servo drive.

Custom design falls naturally into the capabilities of the
highly skilled group of Airpax engineers. Each a specialist
in a particular field, the composite effort of the group
will result in the solution of your most complex problem,

Ask for the Special Magamp Bulletin.
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environmental
applications &

gualification

THE RESEARCH AND
ENGINEERING
FACILITIES OF GTL
HANDLE ORIGINAL
PROJECTS FROM
CONCEPTION THROUGH
DEVELOPMENT,
FABRICATION
AND TESTING.

COMPLETE, UP-TO-DATE
ENVIRONMENTAL
FACILITIES FOR TESTING
AND EVALUATING
ELECTRONIC,

ELECTROMECHANICAL,
MECHANICAL,
PNEUMATIC
AND HYDRAULIC
COMPONENTS
AND SYSTEMS.

wm’(odmj for complete facilities

and [capabilities brochure.

GENERAL TESTING

LABORATORIES

48 COMMERCIAL AVENUE,
MOONACHIE, NEW JERSEY

is available in capacitance values up
to 22 uf. The new capacitors are
supplied in four military case sizes,
with the smallest measuring only &
in. in diameter and } in. long. All
are supplied either with or without
insulated cases.
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Power Rectifiers
PIV FROM 100-400 V

SYNTRON CO., 241 Lexington Ave..
Homer City, Pa. Styles ES-33 and
ET-33 silicon power rectifiers have
peak forward voltages of 1.3 v
maximum at 50 amperes. Peak in-
verse current is 5.0 ma at 100 C
and a thermal drop of 1.25 C/w
maximum. Mounting torque for
style ES is 100 in.-lb maximum and
style ET is 800 in.-lb maximum.
Over-all length for ES is 3% in.
maximum and for ET is 3/ in.
maximum. Piv ranges from 100 to
400 v in 100 v steps.
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Bezel Assemblies

FOR C-R TUBES

JAN HARDWARE MFG. CO., INC., 38-
01 Queens Blvd., Long Island City
1, N. Y. Brilliant edge lighting
of precision engraved reticules, free
of glare, feature a new series of
crt bezel assemblies. Exposing the
maximally useful area of the tube
face, these units facilitate study of
the signal display and reduce eye
strain. Molded neoprene rubber
cushions securely nest the tube and
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USE
THE
BUYERS'
GUIDE
AS A
MARKETING

TOOL

You'll find key information from the
marketing viewpoint in the electronics
BUYERS’ GUIDE. It will help you to see
the whole picture of industry activity
clearly.

You’ll find facts about the markets...
materials . .. design—available nowhere
else.

You’ll find who makes which products
and where they are located.

You'll find a reflection of the size, in-
terests and stature of more than 4,000
companies.

Best of all, the BUYERS’ GUIDE anpd
Reference Issue is accurate, complete
and authoritative. You can act on the
information it gives you. osB

¢ o o
———ws oo one

B

'BUYERS'
IDE 1
FIND
WHAT and REVERENCHN ISSUS
YOU
NEED : avsian-monseTion ua
IN

me electronics

BUYERS' GUIDE
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absorb shock to protect against
breakage. Complete assemblies for
3 in., 5 in. and 7 in. curved and
flat-faced ert’s consist of : Cast alu-
minum and/or molded plastic bezel,
scale calibrated reticule, colored
light filter, molded rubber shock
cushion and mounting hardware.
Bezels are finished in smooth, non-
reflecting dull black, baked enamel
throughout.
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Lab Power Supply
TRANSISTORIZED

POWER INSTRUMENTS CORP., 235
Oregon St., E1 Segundo, Calif. New
transistorized laboratory power
supply features an automatic cur-
rent limiting circuit as well as pre-
cision voltage regulation. Short
circuit current can be selected (40,
100, 200, and 350 ma) on front
panel. Voltage regulation is better
than 0.1 percent. Voltage range
0-32 v d-c. Ripple is less than 1
mv. Output impedance is less than
0.2 ohm. Input 105-125 v, 50-400
cps.
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Oscillator Cavity
FOR PULSE SERVICE

TRAK ELECTRONICS CO., 48 Danbury
Road, Wilton, Conn. The minia-
turized type 9127 S-band oscillator
cavity is end-tuned in the range of
2,650 Mc to 3,650 Mc. Power out-
put is 100 w peak minimum over
the band. (0.001 duty cycle, 1 usec
pulse. 1,500 v pulse). Output pulse
rise time is less than 0.1 psec; tem-
perature stability, = 0.1 percent
from 0 deg to + 71 C; shock, 100
g for 3 millisec in each of 3 major
axes; vibration, 15 g to 38,000
cycles; size, 1 in. in diameter by 43
in. long, excluding mounting brack-
ets and output connector; weight,
approximately 7 oz; output imped-
ance, 50 ohms; output connector,
type TNC.
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they even work toasted!

At 25°, almost any pot can be a herol But push them right on up
to their ambient limits — and design begins to tell. The test-bench
engineers will tell you that ACEPOTS have an endearing habit
of running with 25°C-reliability at 165°C! That's why they're
specified when high temperature operation is important.

Here are ACEPOTS' special design features: a molded insulating
bond between contact and shaft to eliminate any play or change
in wiper pressure; an improved higher tempera-
ture-resistant winding card, which never changes
shape with heat; superior insulation between case
and resistance element: and chemical and thermal
stabilizing procedures at high temperature prior to
final sealing which cure all elements. Which is
why, simply, at high temperature — ACEPOTS

work. See your ACErep and try them for yourself!

This %" ACEPOT®, designed for conservative operation to 165°C,
typifies ACEPOTS' utmost reliability throughout full temperature

¢ycling.
-3 ELECTRONICS ASSOCIATES, INC.
™ 99 Dover Street, Somerville 44, Mass.
SOmerset 6-5130 TMX SMVL 181 Waest. Union WUX
= Acepot® Acetrinr® Acose!® Aceohm® *Reg. Appl. for
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POWERFUL

POTENT
3 AMP

90 LF
PULSES

50 millimicrosecond pulses
at 3 amperes and higher . .
just what the doctor ordered
for the engineer working in
high speed transistor and
diode switching research and
goodness knows what else!

Available immediately . . .
Model 1051 Millimicrosecond
Current Pulse Generator,
Write for Bulletin 59-G

rese engineering, inc.

731 ARCH ST,, PHILADELPHIA 6

MAGNETIC CORE TESTERS « HIGH SPEED MEMORIES « LOGIC CIRCUIT PLUG-INS
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The pick of the crop!

Thumbnail summaries of sales literature on materials, com-
ponents, equipment, and facilities keep you up-to-date in about
3 minutes of quick, easy reading in “Literature of the Week.”

Another reason why it will pay you to subscribe to electronics
(or renew your subsecription) right now. Fill in the box on
Reader Service Card. Easy to use. Postage free.

FIND WHAT YOU NEED IN...

electronics

Literature of

DIGITAL CONTROL SYSTEM
Datex Corp., 1307 S. Myrtle Ave.,
Monrovia, Calif. Bulletin No. 350-2
illustrates and describes a punched
card-programmed digital control
system. System components are
listed and a block diagram is in-
cluded.
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COMPRESSION TERMINALS
Electrical Industries, 691 Central
Ave., Murray Hill, N. J. Bulletin
SCT-60-101 lists a wide variety of
glass-to-metal compression termi.
nals. Electrical specifications and
installation data are included.
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VOLTAGE DIGITIZERS Adage
Inc., 292 Main St.,, Cambridge 42,
Mass. Applications information con-
cerning Voldicon voltage digitizers
has been compiled by the company
and released as a bulletin entitled,
“What Adage Voldicons Are Do-
ing.”
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DIODE EVALUATION Flite-
Tronics, Inc., 3312 Burton Ave.,
Burbank, Calif.,, has published a
4-page catalog on its recently intro-
duced diode testing system. Catalog
is designed for all manufacturers
and users of diodes.
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E-FORM PELLETS Epoxy Prod-
ucts, 137 Coit St., Irvington, N. J.
A 4-page technical bulletin dis-
cusses the advantages of E-Form
epoxy pellets; the variety of pellet
compounds available; and various
epoxy packaging techniques such as
encapsulating, sealing, impregnat-
ing, ruggedizing, potting, and seal-
ing, embedding and bonding. All are
illustrated by simplified diagrams.
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COAXIAL CONNECTORS Kings
Electronics Co., Inc., 38 Marbledale
Road, Tuckahoe 7, N. Y. Complete
technical data on the TNC series of
threaded coaxial connectors are cpn-
tained in a new 12-page catalog.
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GERMANIUM DIODES Ohmite
Mfg. Co., 3683 Howard St., Skokie,
IlIl. Bulletin 158C lists 223 “IN”
germanium diodes produced by the
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the Week

company as well as the 390 types
“OMC” diodes. With all important
parameters given, users can make
a ready comparison between differ-
ent types to select the best unit.
CIRCLE 386 ON READER SERVICE CARD

PRECIOUS METALS Texas In-
struments Incorporated, Metals &
Controls Division, 34 Forest St.,
Attleboro, Mass. Gold, silver, and
platinum-group metals in various
solid, clad, and cored mill forms are
described in a new 6-page brochure,
“Precious Metals for Industrial Ap-
plications” (GP-22).
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PHOTOELECTRIC TAPE READ-
ER Photocircuits Corp.,, 31 Sea
Cliff Ave., Glen Cove, N. Y. Data
sheet No. 2120 outlines in de-
tail the operation of model 100
photoelectric tape reader which em-
ploys a printed armature motor.
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WAVEGUIDE SWITCH Don-Lan
Electronics, Inc., 1101 Olympic
Blvd., Santa Monica, Calif. A recent
bulletin covers the Delta micro-
miniature waveguide switch model
No. W-6KS and W-115KS designed
for 12,400 to 18,000 Mec.
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GEARHEADS & SPEED REDUC-
ERS Guidance Controls Corp., 110
Duffy Ave., Hicksville, L. I., N. Y.,
has available a data sheet on the
new line of Series 11, 400 cycle
servomotor gearheads and speed re-
ducers.
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TRANSISTORIZED CHOPPER
Victory Engineering Corp., 524
Springfield Road, Union, N. J. The
new VECO Chopperette solid state
transistorized chopper is described
and illustrated in a 4-page data
sheet now available.
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T-W OSCILLOSCOPES Edgerton,
Germeshausen & Grier, Inc., 160
Brookline Ave., Boston 15, Mass.
Data sheet 7070 contains features,
applications and specifications on
models 707 and 708 traveling wave
oscilloscopes.
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How to keep computers compact

You can often save space, weight and money in equip-
ment employing sine-cosine operations by ‘“designing in”
Gamewell Sinusoidal Potentiometers. Far lighter and
more compact than gears, cams, and other complicated
mechanisms, they’re widely used in analog computers,
data converters, Tacan systems, and radar components.
Advanced design produces functions with smoothness and
precision unobtainable by other resistive methods. For
details and latest catalog, write THE GAMEWELL CoOM-
PANY, 1376 Chestnut St., Newton Upper Falls 64, Mass.

-
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CONDENSED SPEC OF RVG-30XS-4

ResistanCe o vvenns.. 16,000 ohms 5%
Conformity........... 1.0% peak to peak
Starting Torque....ouuuu.. 0.5 oz. in. max.
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Crmewell

PRECISION POTENTIOMETERS

INTEGRALS OF
HIGH PERFORMANCE
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Mc GRAW-HILL

OIRECT MAIL LIST SERVICE

McGraw-Hill Mailing Lists
Will Help You

Merchandise your advertising
Condvct surveys

Get inquiries and leads

for your salesmen

Pin-point geogrophical

or functional groups

Sell direct

Build vp weak territories

Aid dealer relations

Direct Mail is a necessary supplement to
a well rounded Business Paper advertising
program,

Most  progressive companies allocate. a
portion of their ad budgets to this second
medium at the same time as they concen-
trate on the best business publications.

600,000 of the top bwying influences in
the fields covered by the McGraw-Hill
publications make wp our 150 mailing
lists. Pick YOUR prospects out of our
Industriol Direct Mail catalogue.

Write for your free copy.
it contains complete informotion.

INCOME
TAXES

are going
DOWN

for everybody in

MISSISSIPPI

Executives will weigh this
mandatory tax reduction pro-
gram in their future plans.

Top Income Tax bracket will
be reduced 50%, graduated
over a six-year period.

$5,000, married couples $7,000.

Main Street merchants view

tax reduction as a very real
incentive to industrialization.

Personal Exemptions are in-
creased $1,000; individuals now

For Further Information Contact
MISSISSIPPIAGRICULTURAL AND INDUSTRIAL BOARD
Jackson, Mississippi
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PEOPLE AND PLANTS
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Sectronics Ine

Don-Lan Expands Facilities

IN AN EXPANSION into manufacture
of complete ultraminiature high-
efficiency radar antenna systems,
Don-Lan Electronies Ine., Santa
Moniea, Calif., has acquired an ad-
ditional 17,500 sq ft in a new plant.

The expansion, according to gen-
eral manager Harold W. Arlidge,
has grown from the firm’s position
in making various components used
in antenna systems, including co-
axial switches, attenuators, and ra-
dar antennas.

Engineering, sales offices and en-
larged manufacturing facilities will
be lecated in the new building which
is adjacent to the firm’s present
quarters. In addition, the firm has
acquired a site for an antenna pat-

Announce Formation
Of New Corporation

ELECTRONIC LABORATORIES CORPORA-
TION was recently formed in Tor-
rance, Calif., to manufacture close-
tolerance crystal filters, crystal os-
cillators, and related communica-
tions equipment.

Wolfgang G. Prenosil has been
named executive vice-president and
general manager of the company.
He was formerly director of tran-
sistor marketing for the Semicon-
ductor Division of Hoffman Elec-
tronics Corp.

Robert G. Kinsman has been ap-
pointed director of engineering.
Prior to joining ELC, Kinsman was
in charge of design and develop-
ment of crystal filters for the In-
dustrial Systems Division, Products

tern range, Arlidge said.

All this follows a broad plan of
development into complete antenna
systems, says chief engineer Don-
ald Lanetot, who founded the com-
pany three years ago. Don-Lan now
makes all types of parts used in an-
tenna systems, but markets them
separately as components, Lanctot
said.

Now a subsidiary of Regan In-
dustries, Inc., of Burlingame, Calif.,
Don-Lan was purchased through a
stock transfer in July, 1958.

Products of the firm are aboard
the Talos, Tartan, Atlas, Falcon,
Sidewinder and Pioneer V, and are
engineered into many others, the
company says.

Group, of Hughes Aireraft Co.

Prencsil said ELC plans to ac-
quire other firms in related fields
of communications, communications
components and equipment in the
immediate future. Such acquisi-
tions will broaden the product needs
of the company and will be made on
a cash basis.

Connector Company
Changes Name

KEN-TRON CORPORATION is the new
name of the Waltham Horological
Corporation of Lynn, Mass. Ac-
cording to Paul Goldstein, firm
president and general manager, the
new name reflects the new look of
this manufacturer of r-f connectors
and telephone plugs and jacks.

General Ceramics
Promotes Manley

JOHN P. MANLEY has been named
vice president and general manager
of the General Ceramies Division
of Indiana General Corp., Val-
paraiso, Ind.

In his new post, Manley will be
responsible for all operations of
the Keasbey, N. J., division, pro-
ducer of ferrite material, compo-
nents and memory products. For-
merly vice president of sales,
Manley came to the General Ceram-
ics Division in 1955 from The
Indiana Steel Products Co., where
he served as eastern regional sales
manager.

Alloys Unlimited
Appoints V-P

JOHN J. DRANEY has been named

vice-president in charge of the
newly created Chemical Produc
Division of Alloys Unlimited, Ing.,
Long Island City, N. Y. He wijll
supervise the development and p
duction of chemicals and inter-
metallic compound materials for
the semiconductor and related elec-
tronic industries.

Draney announces that one of the
new products scheduled for early
production will be gallium arsenide
in polycrystalline and single crystal
form for use in tunnel diode pro-
duction. A complete range of other
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This **bazooka’ type cannon of 1395 fired lead,
lapidary and finned missiles. Their main disadvan-
tage — practically impossible to aim or guide to
its target. The missile was named after Henry VIII
because he was considered a connoisseur of walking
sticks which were often used to conceal weapons.

Today, as a vital part of one of the world’s largest
electronics companies, Raytheon’s Missile Systems
Division is making significant contributions to the
art of missilry. The exciting new Pin Cushion Project
for selective missile identification, the constantly
advancing Navy’s air-to-air SPARROW III and
Army’s HAWK are examples of their outstanding
creative work.

We are seeking highly creative people to maintain
Raytheon’s leadership in this challenging field. For
these people, Raytheon’s Missile Systems Division
creates a climate for talent — perhaps your talent.

I4 thC)ENTUFr’Y.’

WALKING STICK

ENGINEERING WRITERS . . . will be respon-
sible for writing operating & maintenance man-
uals. Should have a strong technical back-
ground. Experience should include 4-to 6 years
in the preparation of manuals for complex elec-
tronic systems, such as missile guidance and/or
radar. Men with proven administrative ability
find this experience put to good use.

EDITORS .. . to bring text and illustrative ma-
terial together at the production stage of in-
struction & maintenance manuals and also to
make certain the content of the manuals con-
forms to government specifications and termi-
nology.

Please send detailed resumés or letters to: Mr.
Robert T. Hodges, Employment Manager, Mis-
sile Systems Division, Raytheon Company, An-
dover Plant, Andover, Massachusetts.

19A

MISSILE
SYSTEMS

D/VISION

. Creates a climate for talent.
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LINT-
FRE

ACID RESISTANT- STATIC FREE

N

. 1
)

specify
ANGELICA

UNIFORMS

Wherever utmost cleanliness is a
must, Angelica is the scientific
choice! Engineered ‘‘down to the
last thread” for full protection of
delicate assemblies. Smooth mono-
filament fabrics create no lint —
Angelica’s superb tailoring allows
none to gather. Acid-resistant and
static free fabrics in styles for every
job—comfortable, easy to launder,
long wearing.

Whether you rent or buy, your An-
gelica representative will help you,
as he has others—to choose the right

]

garments for your needs.

1427 OLIVE ST., ST. LOUIS 3, MO.

107 W. 48th ST., NEW YORK 36, N. Y. ‘
177 N. MICHIGAN AVE., CHICAGO 1, ILL.
1900 W. PICO BLVD., LOS ANGELES 6, CALIF, |
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intermetallic material is being
scheduled for future production.
Before joining Alloys Unlimited,
Draney managed the technical serv-
ice department of Grace Elec-
tronics, Baltimore, Md. Prior to
that he was engaged in inorganic
chemical research at Merck & Co.

Fleming Moves to
New Position
DoNaLp C. FLEMING has joined

Spectrol Electronics Corp., San
Gabriel, Calif., as senior project
engineer in charge of the company’s
reliability and standards program
for precision wire-wound potenti-
ometers.

Fleming comes to Spectrol after
7 years at the AC Spark Plug Divi-
sion of General Motors, where he
supervised a staff of parts engi-
neers. Previously, he worked for
the Naval Ordnance Lab., White
Jak, Md., as an R&D engineer test-
ing motors, synchros, and small
electromechanical devices.

Nytronics Appoints
Two to Board

APPOINTMENT of John M. Temple-
ton of Englewood, N. J., and Ervin
Pietz of Watertown, Mass., to the
board of directors of Nytronics,
Inc., has been announced by Joseph
B. Schaefer, chairman of the board.
At the same time it was announced
that Schaefer, Bernard M. Gold-
smith, president, and Kenneth Lle-
wellen, secretary-treasurer, will
continue as members of the Ny-
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BENDIX
- MS-R

ENVIRONMENT RESISTANT

Connectors

Bendix MS-R serie- are the
small, lightweight, more ef-
ficient and compatible en-
vironment resisting class of
connectors as specified in
the latest version of MIL-C-
5015.

Main joint and moisture
barriers at solder weld ends
have integral O’ rings.
Grommet design of “slip-
pery rubber” is sealing me-
dium for individual wires.
This provides easier wire
threading and friction-free
travel of grommet over
wires.

Many other features are
described in MS-R Bulletin.
Send for your copy today, or

Call your
Avnet
Applications
Engineer

For dependable service

and immediate delivery *

AVNET

-
AVNET+70 State St.,Westbury, N.Y.-ED 3.5800
AVNET*5877 Rodeo Rd., Los Angeles 16, Cal.- UP 0-6141
AVNET+751 Main St.,Waltham, Mass.. TW 9-8330
| AVNET+4180 Kettering Bivd., Dayton 39, Ghio- AX 8-1458
AVNET+2728 N. Mannheim Rd., Melrose Park, I11.- GL 5-8160
AVNET*1262 N. Lawrence Sta, Rd., Sunnyvale, Cal.-RE 6-0300
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tronics board of directors.

Nytronics, Inc., manufactures
miniature electronic devices. Its
divisions include Essex Electronic
Division of Berkeley Heights, N. J.,
Essex Electronics of Canada, Ltd.,
of Trenton, Ontario, and Lexing-
ton Electronics Division of Lexing-
ton, Ky.

Brush Instruments
Hires L. B. Dunn

BRUSH INSTRUMENTS, Division of
Clevite Corp., Cleveland, Ohio, has
appointed L. Briggs Dunn as qual-
ity control manager.

Since 1951 he has been employed
by General Electric Co., most re-
cently serving as quality control
engineer. His experience at GE also
included engineering and manufac-
turing assignments.

IRC Opens West Coast
Engineering Lab

A NEW West Coast Engineering
Laboratory for customer service on
precision potentiometers has been
opened by International Resistance
Co. in Hollywood, Calif.

The new facility will be under
the direction of Robert Zarnosky
who has joined the firm as applica-
tions engineer,

Zarnosky was most recently man-
ager of specifications and standards
for Collins Radio Co., Burbank,
Calif., and was formerly affiliated
with the San Fernando Electric
Mfg. Co., San Fernando, Calif., as
a project engineer.
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HUMIDITY

ALTITUDE

THIS “BABY”
CAN REALLY
TAKE IT!

AMPEX

specifies Hill signal generators
for use in the AR-200 magnetic tape
recorder because of their high relia-
bility under extreme environmental
conditions. The compact Hill units
generate a precision 60-cycle fre-
quency which is power amplified to
operate the recorder's capstan drive
motor. While paralleling the qualities
of advanced laboratory recorders, the
sturdy Ampex AR-200 will withstand
shock upto 15 G's, operate at altitudes
of 100,000 feet, function under ex-
cessive temperature changes and in
up to 100% humidity. It displaces
only 1.6 cubic feet.

BULLETIN FS 17900
fully describes Hill's Signal Generator used
in this application. Write for your copy.

Hill Electronics manufactures precision,
crystal controlled frequency sources, filters
and other crystal devices for operation un-
der ali types and combinations of conditions.

HILL ELECTRONICS, INC.

MECHANICSBURG, PENNSYLVANIA
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EMPLOYMENT OPPORTUNITIES

—— N The Advertisements in this section include all employment opportunities—execu.
Positions Vacant

tive, management, technical, selling, ofice, skilled, manual, etc.
4
‘(.OAVERAGE Positions wanted

NN Part Time work

Civil Service Opportunities
Selling Opportunities Wanted
Selling Opportunities Offered

Empioyment Agencies
Employment Services
Labor Bureaus

DISPLAYED ———RATES——— UNDISPLAYED

The advertising rate is $34.33 per inch for all adver- I $2.40 per line, minimum 3 lines, To figure advance
tising appearing on other than a contract basis. payment count 5 average words as a line.
Contract rates quoted on request. Box Numbers-counts as 1 line.

An advertising inch is measured %" vertically on a | Discount of 10% if full payment is made in advance
column—3 columns—30 inches to a page. | for 4 consecutive insertions.

Subject to Agency Commission. Not subject to Agency (‘'ommission.

Send NEW ADS to CLASSIFIED ADV. DIV. of ELECTRONICS, P.0. Box 2, N. Y. 36, N. Y.

ACE ELECTROMGS DWVISION

ELECTRO-PHYSICS LABORATORIES

. the ever-growing importance of this unit of ACF—a |
major, multi-division organization... the bringing together !
of our talents into a highly-regarded, cohesive force in Elec-
tronics . . . the expansion of activities simultaneously in a
number of broad areas of research, design and develop-
ment, in modern new facilities.

OUR NEW NAME
REFLECTS ...

a THE E“GINEER . . . diversification, with choice assignments in the
v fields of RF Communications Systems, Digital Data
X . Processing Systems and Data Transmission Systems ..,
B n' ME A"s and identification of your contributions to'challenging
#4s = projects of unusual interest.
‘.‘{iz

Research Consultants.. ewo or msee degree,
with up 10 5 years’ experience including background in data
transmission, ‘solid-state electronics, data systems development,
and systems and circuit design,

—Advanced degree in EE, with experience in communications
packaging, including: micto-miniaturization, thin-film,and other
solid-state development,

SENIOR ELECTRONIC ENGINEERS

—MSEE or BSEE with background or interest in data transmission, solid-state de-
velopment, systems and circuit design, or communications packaging.

—MSEE or BSEE with background in miniaturization and transistorization of RF
circuitry.

ElEcTRnNIc | —EE degree, for solid-state digital circuits and systems de-
sign. Background in data processing and wireline transmission
ENGINEERS |

desirable.
The Electro-Physics Laborateries are located in the suburban Washing-
ten, D.C. area, where post-graduate study is available in several nearby
universities. Housing is plentiful in attractive, well-established neigh-
borhoods. Our relocation allewance is liberal.

Please send resume to:
PROFESSIONAL EMPLOYMENT DEPARTMENT

sadmae.

ACF ELEGTRONICS DIVISION

act

INDUSTRIES, INCORPORATED
RIVERDALE, MARYLAND
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WAVE FILTER
DESIGNER

For Mid-West and
Pacific Coast Locations

At least 2 years experi-
ence in design and pro-
duction engineering of
electronic wave filters.

Excellent opportunity for
growth with major na-
tionally-known company
Comprehensive fringe
benefits and pleasant
working conditions. Our
employvees know of this
advertisement. All replies
confidential.

P-4435, Electronics
Class Adv. Div,,
P. O. Box 12, N. Y. 36, N. Y.

FIELD ENGINEERS

For assignment in United States and
overseas locations. Must possess ex-
perience in design of systems installa-
tion and maintenance in one of the
following:
MICROWAVE
COMMUNICATIONS

NAVIGATIONAL AIDS
(GCA-ILS-VOR TACAN)

RADAR
For information phone, wire, or write
R. G. WHITMORE
NATIONAL SCIENTIFIC LABORATORIES,
]

2010 Massachusetts Avenve, N. W,
Washington 6, D. C.

Telephone: HUdson 3-4030

CANADIAN REPRESENTATION
AVAILABLE

Canadian office of U, S. manufacturer of compo-
nents and materials for electronics industry inter-
ested in representing other U. S. manufacturers of
related, non.competitive products,

RA-1418, Electronics
Class. Adv. Div., 0. Box 12, N.Y. 36, N.Y.

EMPLOYMENT PROBLEM?

When you are in need of specialized men
for specialized jobs, contact them through
an employment ad in this publication.

JUNE 10, 1960 - electronics



ENGINEERS - SCIENTISTS

Electronics

New in approach — new in concept —
Republic Aviation’s space electronics |
programs are fostering the creation
of unique, highly-specialized elec-
tronic systems for spacecraft, missiles
and advanced aircraft. Leading the
way in this important progress is the
individual contributor —the man
whose fresh perspective illuminates
problems that defy conventional
thinking. Aiding him to prove the [
validity of his vital new concepts are

the extensive experimental facilities

of Republic’s recently completed
$14,000,000 Research & Development |
Center.

SENIOR ENGINEERS
WHO HAVE A HISTORY OF
ORIGINAL ACHIEVEMENT l
ARE INVITED TO INQUIRE
ABOUT OPENINGS
IN THESE AREAS:

Navigation & Guidance Systems/Radar
Systems / Information Theory / Radio
Astronomy / Solid State & Thermionig
Devices / Microwave Circuitry &
Components / Countermeasures /
Digital Computer Development /
Radome & Antenna Design / Receiver
& Transmitter Design / Miniaturization-
Transistorization / Radiation & Propa-
gation (RF, IR, UV) / Telemetry.
$SB Technique

Please write in confidence
to

Mr. George R. Hickman
Technical Employment Manager

0 Department 11F-2

TELUETRIC AVIATION

Farmingdale
Long Island, New York

electronics + JUNE 10, 1960

EMPLOYMENT OPPORTUNITIES

electrical or mechanical engineers

INTERESTING
DIVERSIFIED
Il GH-LEVEL
POSITIONS

Honeywell introduced the first successful autopilot of World War 11—
the C-1. Since then we have produced more flight control systems than
any other company. Today we are engaged in producing the automatic
flight control system and the rate stabilization control system for Project
Mercury, the flight reference system for the Titan, the solid state autopilot
for the F-104, and the adaptive autopilot which controls flight through
aerodynamic surfaces and reaction nozzles for the X-15.

One result of our X-15 Adaptive Autopilot effort has been the creation
of a permanent reaction control system and development section which
has been assigned to our Components Design Department.

Because of our expansion in this area we now have openings for
engineers with the following background and experience.

REACTION CONTROL
SYSTEMS ENGINEERS

Requires background in missile propulsion systems analysis as it relates
to reaction controls. Must be able to establish reaction control require-
ments by analysis of vehicle dynamics and have an understanding of
propellant fuels and oxidizers for specific systems; handle heat transfer
problems to optimize and compare several concepts for a given duty
cycle; determine optimum over-all performance characteristics, thrust
response with given inputs, and chamber pressure and oxidizer-fuel ratios
for various nozzle heat sink designs; assist on all proposal efforts requiring
propulsion system analysis.

REACTION CONTROL
DEVELOPMENT ENGINEERS

Requires background in rocket engine design, specifically bipropellant
type. Must be capable in valving design techniques for injection mixing,
oxidizer to fuel ratio adjustment, positive shut-off and valve actuation
methods, determining thrust at sea level and vacuum with various fuels
and combustion chamber designs. Must have working knowledge of high
temperature materials and materials compatible with exotic fuels and
oxidizers; ability to determine the optimum configuration (nozzle, valves,
torque motor, injectors, etc.) for given applications; ability to work with
design and layout draftsmen, model makers, and evaluation engineers in
following through with a design development.

If you are a qualified engineer, we would like to hear from you. Just drop
a line including pertinent information on your background, interests, and
accomplishments to Mr. James C. Burg, Dept. 664C, Honeywell Aeronautical
Division, 1433 Stinson Blvd. N.E., Minneapolis 13, Minn.

Honeywell

To explore professional opportunities in other Honeywell operations coast
to coast, send your application in confidence to H. K. Eckstrom, Minne-
apolis 8, Minnesota.
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EQUIPMENT - USED or RESALE

DVERTISING

The

advertising
on other than a contract basic.

rate s

DISPLAYED RATE

$24.75 per inch for advertising appearing
Contract rates quoted on request.

AN ADVERTISING INCH is mecsured % inch vertically on one column,
3 columns—30 inches—to a pag

EQUIPMENT WANTED or
in Displayed Style.

of

FOR "SALE  ADVERTISMENTS acceptable only

resistors, capacitors, rheostats, and potentiometers,

$2.40 a line, minimum 3 lines.

UNDISPLAYED RATE

average words as a line.
BOX NUMBERS count as one line additional in undisplayed ads.

DISCOUNT of 10% if full payment is made

in advance

To figure advance payment count 5

for four con-

secutive insertions of undisplayed ads {not inciuding proposals.)

The publisher cannot accept advertising in the Searchlight Section, which lists the names of the manufacturers
or other names designed to describe such products.

Send NEW ADS or inquiries to Classified Adv Div. of Electronics P. O. Box 12, N. Y, 36, N. Y.

SPECIAL PURPOSE TUBESl

2K41 .
2K42.
2K43.
2K44
2K47
2K 50
2X2A.
2X1000A .
JAP1A
3B24W
3B25.
3B28.
3BP1A.
3C22.
3C23.

3€24/24G. .
3Cas.

3D22.
3E29.
3J21. ..
3J31. ..
3K21.
3K22.
3K27. .
3K 30.
3KP1.
4-65A.
4-125A
4-250A
4-400A .

4-1000A . .

4831, .. ..
4C35.
4CX|000A

4PR60OA ... ... .45.00 . 5528/C6L ... .. 2.50
4X150A. . 8.85 J 15.00
4X2508.......32.50 5 FG-17.... 4.25
5BP1A . .12.50 b 'FG-32.... 7.50
5C22. . .17.50 b FG-57....10.00
S5CP1A. 10.50 354A. 10,00 5560 FG-95....15.00
SLP1A. 20.00 355A. .. 10.00 5586 150.00
5R4GY .. 1.00 393A. .. 500 5632/C3J. 8.50
S5RAWGY 2.50 394A . .. B hoo o o
SRP1A. ..10.00  396A 2C51

S5RP7A. 75.00 398A 5603

S5Y3WGT 1.25 401A ‘5590 o

6ACTW .40 403A 6AKS. ...

6AG7Y .. 1.00 4038 '5591

6AKSW 1.15  404A 5847 ..

6ANSWA, 3.00 407A .

6AS6 . . 1.00 408A /6028

6AS7G. . 2.35 409A/6AS6. .

6BL6. . .. 30.00 412A

6BMOA ... ... 35.00 415A. ..

6C21. . ..12,50 416B... a

CéJ. .. 12,50 417A/5842. .

6JAWA . . .. 1.50 418A .. >

6J6W .. .60 420A /5755, . o

6L6GAY. . 1.00 421A/5998. . 7.50 5684/C JJ/A |0 00
6L6WGB. . . .. 2.00 422A. 10.00 5685 CbJ/A .15.00
6L6Y. ... ... 1.25 423A/6|40. BN 2.35
6Q56G. 2.00 429A. 2.50
6SJTWGT 1.00 | 450TH. o 5.25
6SL7TWGT 1.25 4.25
6SN7WGT 1.00 375
6V6GTY 75 3.00
6X4W. . .. .85 3.00
6X5WGT . 1.00 1.00
TMP7 ... ..... 17.50 « 7S,
HK-24 .. 1.00 . W75
257.. . 7.50 125.00
26I5W.. ... 1.25 5725/6AS6W.. . 1.25
357... .. 7.50 5726 /6AL5W. 5
35TG. .. 2,50 5727 /2D21W.. . 1.25
FG-105 .33.35) 5728 /FG-67... 7.50
FG-172 .17.50 5740 'FP-54.. . .50.00
212E. .25.00 5744WA . 2.75
244A . 2.50 5749 6BA6W... 1.00
245A . 3.50 5750 /6BE6W. 1.50
2498B. . 7.50 5751 |2AX7W 1.50
249C . 7.50 5763. .. 1.50
250R . 7.50 5777.. 150.00
250TH .25.00 5778.. 150.00
252A . 6.00 5783..... 2.25
254A. .. .. . 2.00 5784. ... 2.50
257A. . ... ... 3.50 5787. 2.50
259A . 3.50 5799/VX 21. 3.00
2628 vaesa. 3.50 5800 VX-41. 3.50
2678...... . 7.50 5801 VX-33A.. 3.00
271A 10.00 5802,vX-328B.. 3.50
272A . 4.00 5803/vX-55... 2.00
274A 3.00 1.50
275A . 4.00 45.00
283A 3.50 2.50
287A . 2.50 3.00
293A . 4.50 1.50
3008 . 5.00 60.00
304TH 30.00 60.00
304TL 40.00 3.00
310A 3.75 2.50
311A 3.00 3.25
313C 1.00 4.85
323A 6.50 2.50
328A 2.50 2.00
329A 4.00 7.00
336A 2.50 1.00
337A 3.00 5881,/6L6WGB.. 2.00
339A oo 4.00 20007..... 200.00 | 5886. ... ... 3.50
347A. .. 1.50 2050 1.25 5894.. 15.00

|sol

AN TSN .\\

5896..........

5899A . 275

5902. 2.85

5903. . 5.00

5932 ‘6L6WGA.. 5.00 .

5948 '1754.. . .150.00 _ the Country’s lorgest
DaaReAL .. S00R and most dependable

5964. 85 supplier of

5965. 75

LR X A ¢ CONNECTORS

/6 :

5981/5650. ....25.00 FITTINGS & CLAMPS
5992, .. 2.50 | )

5993 .. 5.00 We stock more than 5,000,000 MS/AN
6004 50 ; CONNECTORS . . . 50,000 variations!
2005 /6AQS5W. . 1.50 These include . . .

021 2,00 ® “MS” (AN) o 89

6032 25.00 . ”MS“~(E , ® DPD : ?BRFE

6037 /QK-243..25.00 PRV .

164 ® K-RK

g°;; ; Sg 7 * K ° 126 ® GS

072. .0

6073. 1.25 & “MS” (AN) CONNECTORS, CLAMP:
6080 3.00 l FITTINGS are available at “DCE M. 'S,macng »
60BOWA 5.00 auanird LOWER . . in PRODUCTION
6082, 3.00 | d 3

6087 /5Y3WGTB..3.00 ' AMPHENOL — BENDIX — CANNON —WIN-
6098 /6AR6WA . 4.00 ansTEn—cour INENTAL—DEJUR AMSCO
6099 ... 1.00 , — H. H. BUGGIE — IPC KINGS — CINCH-
6100 6CAWA.. 1.25 . JONES — 311 . DIAMONO \
6101 6J6WA. .. 1.00

6‘:;A 2.00 FREE . Iu'es' bro:huve and

6112, . .. 3.00 list price chart
6115/QK-351..50.00 \ ‘&
6130/3C45. . .. 8.50

6134,6ACTWA. 2.85 "”Jl‘qquékfﬂ“n%
6136 /6AU6WA . 1.40 |

6137 /6SKTWA . 150 | Wilgreen Industries, Inc.
6146 3.75 | 100 Warren Street, New York 7, N. Y.
g:::/ucswxx ‘:-;g | | WOrth 4-2490-1-2 Wire: FXK
6189 /12AUTWA 1.85 CIRCLE 461 ON READER SERVICE CARD
6197. 1.85

6199. 35.00

6201 '12AT7WA 1.75

6202,/6X4WA . . 1.50

6211. .... 1.00 |

6216. ... 275

6263, ... .. 9.00

6264, . .. . 9.00

6265.. ... ... 2.25

6282/BL-11. .. 50 00

6299, ....30.00

6336.. .. .. 9.50 ‘

6352, ... .. 8.50

6386. ... .. 5.00

6390. ... .175.00

6438 .. 4,00

6463 .. 125

6533 ... 6.50

6544 500.00

6550, . 4.25

6626/OAZWA. . 2.25 | all types . . .

boateorani. 28 all sizes . . .

i Pcd 4 all tolerances . . .
6897, 18.75 20 million in stock at all times
OOV s - 10.80 WE'LL BUY OR SWAP
88?31\ g'so EXCESS RESISTOR INVENTORIES
8020. .. . .. 2.50 Write or Call for best offers
8025.. ... ... 4.00 Send for Catalog & Price Chart
003, 10 HARRY KRANTZ CO.

ALL TUBES ARE NEW, INDIVIDUALLY CARTONED, FULLY GUARANTEED

Prices are FOB

shippén

g point

western engineers

ELK GROVE, CALIFORNIA

SUPPLIERS OF ELECTRON TUBES SINCE 1932

Orders for less than
$10 cannot be
processed

B9 Chambers St.
WOrth 2-5727

New York 7, N. Y.

CIRCLE 462 ON READER SERVICE CARD

GLASS TUBIN

P.O. Box 206

PYREX - NONEX - URANIUM
BULB & CYLINOERS
WRITE FOR FREE MONTHLY LIST
HOUDE GLASS COMPANY

PHONE COLFAX 1-4800
Keyport,

G

N. J.
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ELECTRONIC

INVENTORIES

WAR TERMINATION

WRITE OR WIRE FOR INFORMATION ON

COMPLETE LINE OF SURPLUS ELECTRONIC
COMPONENTS. ALL PRICES NET F.O.B.

PASADENA, CALIFORNIA

SIMPLE DIFFERENTIAL
WITH BALL-BEARING
SUN GEARS

The 1:1 reverse ratio
spur gears are 4B-tooth,
32 pitch brass with
3/16" available face.
On one side, the shaft
is  23.64” dia. for
11/16” and has a pin hole, then increases in
dia. fo .377* for the remaining 3/16" of fength.
On the other side, the shaft is .377 dia. ¥a" lg.
2-13/16"" dia. is required to clear the body.

Stock no. A6-115. .. each $15.00

SIMPLE DIFFERENTIAL
WITH SPACED-
. OUT SUN GEARS

1:1 reverse ra-
"ho spur gears

=== are aluminum,
3/32 face, 32
pitch, 32 tooth on
one side, 48 tooth
on the other. The
body is 34" thick, but the sun gears are spaced
out so that they are 12 apart. Va' dia. shaft
on each side is 23/3 long. OA length 3Vg".
Requires 1-23/32*° dia. to clear the body.
Stock no. A6124.................. each $4.50

SIMPLE
DIFFERENTIAL

1:1 reverse ra- -
tio, 60 teeth
on large gear;
1" shaft

Size: 3" lo
1-15/16" dia.
Stock no. A6-104................. each $3.95

DUAL SIMPLE
DIFFERENTIAL

1:1 reverse ra-

tio on both, 18

Size: 3%" long x

1-7/16" dia. Shaft size: p* and 5/32*.
Stock no. A6-107................. each $7.50

SPERRY
VERTICAL
GYRO

Part  $#$673073, Motor
115 volts, 3 phase, 400
cycle, 8 watts, 20,000
RPM.  3-minute runup, synchro pickoffs, roll
360°, pitch 85°. Synchro excitation 26 volts,
400 cycle, 150 m.a. Vertical accuracy =+1>°.
Weight 3‘/2 Ibs. Approx. dim., 534" L., 45"
W., 41" Price $35.00

MINNEAPOLIS-HONEYWELL RATE GYRO

(Control Flight)
Part no. JG7005A, 115
volts A,C., 400 cycle,
single phase potentiom-
eter take off resistance
530 ohms. Speed 21,000
f.p.m. Angular momen-
tum 2V2 million, CM2/
sec. Weight 2 lbs. Di-
mensions 4-7/32 x
3-29/32 x 3-31/64,
Price $22.50

electronics < JUNE 10, 1960

C&H

OUR SALES CO.

21764-E East Calarado St.
Posadena 8, Colifornia
MUrray 1-7393

VARIABLE SPEED BALL DISC
INTEGRATORS (Al Shafts

Ball Bearing Supported)
No. 145 Forward & Reverse 2V3-0-2V4. Input
shaft spline gear 12 teeth 9/32” dia. 34" long.
Output shaft 15/64’ dia. x 15/32* long. Control
shaft 11732 x 34 long. Cast aluminum con-
struction. Approx

Input shaft 5/16” dis. x T t‘
>
‘.
11764’ dia. x 11/16" long. Cast

3" x
long: Output shaft 15/64’" dia.
aluminum construction. Approx.$]8.50 eqa.

: . size 3" x
‘ 23" .. ... .$17.50
No. 146 Forward & Reverse 4-0-4,
% sVale
x 9/16' long. Control shaft
size 412" x 412" x 4"

SMALL DC
MOTORS

(approx. size
overall 334"
x 1Ya” dia.:)

5067043 Delco 12 VvDC PM 1”7 x 17

x 2",
10,000 rp $7.50

5067126 Delco PM, 27 VDC, 125 RPM,
Governor Controlled 15.00 ea.
5069600 Delco PM 27.5 VDC 250 rpm  12.50
5069625 120 rpm, mfr. Delco, 27 VDC gov-
ernor controlled $15.00
5069230 Delco PM 27.5 VvDC 145 rpm  15.00
5068750 Delco 27.5 VDC 160 rpm w. brake 6.50
5068571 Delco PM 27.5 VDC 10,000 rpm
(1x1x2*") 5.00
5069790 Delco PM, 27 VDC, 100 RPM,
Governor Controlled 15.00 ea.
##5069800 575 rpm, mfr. Delco, 27 VDC, PM
reversible governor controlled, equipped with 27
VD GNCIUTCHE - o - nsgeie = ok = lokere olaoole el = $17.50
5072735 Delco 27 VDC 200 rpm governor con-
trolled. 15.00
5BA10A118 GE 24 VDC 110 rpm 10.00
5BA10AJ37 GE 27 VDC 250 rpm reversible 10.00

5BA10AJ52 27 VDC 145 rpm reversible 12.50
5BA10AJ50, G.E., 12 VDC, 140 rpm 15.00
5BA10FJ401B, G.E. 28 VDC, 215 rpm,

10 oz. in., .7 amp. contains brake 15.00
5BA10FJ421, G.E. 26 VDC, 4 rpm, revemble,

6 oz. in., .65 amp 15.00

400 CYCLE PM GENERATOR

Mfgd. by T K M Electric Corp.

Model ®A-12

120/208 volts, 400 cycle, 1 or 3 phase, 1 kva,
pf 0.8, rpm 8,000. Approx. dim. 6’ x 5V2".
Internal spline drive. Price $100.00

400 CYCLE 1/3 PHASE GENERATOR
115 VAC. 3 KVA, Mfg. Bogue Elect. Mod.
2800S. External excitation 107 VDC. 1.1 amp.
3450 rpm. 1" shaft. $200.00

HONEYWELL VERTICAL GYRO
MODEL JG7003A-1

115 volts, 400
cycles, single
phase, 35 watts.
Pitch and roll
potentiometer

Speed 20,000
rpm, ang. mo-
mentum 12,500,000
gm-cm  2/sec.  Erec-
tion system 27 VAC,
to 2°,

Price $35.00 each

400 cycles, time 5 min,
Weight 5.5 Ibs.

CIRCLE 464 ON READER SERVICE CARD

SEARCHLIGHT SECTION

SELSYNS-
==
SYNCHROS |,
\k

1ICT cont. Trans 90/55V 60 cy. $27.50
I1DG Diff. Gen. 90/90V 60 cy. 34.50
1F 8yn. Mtr. 115/90V 60 cy. 34.50
1G Gen. 115V 60 cy. 34.50
1HbG .. 37.50
HICT . 37.50
18F Qvn ‘\lt. . 115/90V 400 cy 12,50
2J3TRY torque receiver. 34.50
23TRE torque recelver... 37.50
23('T4 control transtormer. 34.50
23CT6 control transformer 37.50
230X control transmitter. 37.50
7DG ditterential generator 37.50
2J1F1 Gen. 115/57.5V 400 7.50
2J1F3 Gen. 115/57.5V 400 cy. 10.00
2JIFAL Gen. 115/57.5V 400 cy 7.50
2J1G1 57.5/57.5V 100 cy. 5.00
211H1 Diff. Gen. 57.5V. 7.50
215D1 Cont. Trans. 105/55V 60 cy. 17.50
2J15F1 Cont. Trans. 105/55V 60 cy. 17.50
2)5H1 Gen. 1157105V 60 ¢y......... 17.50
2I15M1 Gen. 115/37.5V 400 cy....... . 17.50
5°T Cont. Trans. 90/35V 60 cy...... . 3450
51 Difr. Mtr. 90/90V 60 ¢cy.......... . 34.50
S5DG DIff. Gen. 90/%0V 60 ¢y........ . 34.50
5F Syn. Mtr. 115/90VAC 60 cy...., . 34.50
3G Sy Gen. 115/90VAC 60 cy..... . 34.50
SHCT Cont. Trans. #0755V 60 cy.... . 37.50
G8DG DIff. Gen. 90/90V 400 cy...... . 12,50
6DG Difr. Gen. 90790V 60 ¢y........ . 25.00
#G Syn. Gen. 113/90VAC 60 cy....... . 34.50
7G 8yn, Gen, 115/90VAC 60 cy........ . 42.50
C56701 Type 11-4 Rep. 115V 60 cy..... 20.00
€689405-2 Type 1-1 Transm, 115V 60 cy. 20.00
C69406 Syn. Transm. 115V 60 cy........... 20.00
C69406-1 Type 11-2 Rep 115V 60 [0 20.00
(78248 Syn. Transm, 115V 60 c 8
78410 Repeater 115V 60 cy 0.

2
115 volts, 60
30.00

FPE 49-7 Diehl servo motor,
cycle, 10 watts.

400 CYCLE, 3 PHASE GENERATOR
BY MASTER ELECTRIC Type AG, frame 364Y,
7.5 kw, 342B rpm, pf
.95 Star connected
120/208 3 phase, 22
amps, Delta connected
120 volt single phase
66 amps. Self excited.
Complete with control
box, voltage regulator,
Bet AC  voltmeter and fre-
vency meter. Shaft 1”
ia., 2” long; overall
dirg. of unit: 21”x1B"x

Price $395.00 each

400 CYCLE PM GENERATOR

115/200 volts A.C. 1-
or 3-phase, 200 watts.
4,000 r.p.m. Approx.
dimensions: 434" dia.;
3” long; V2" shaft,
AN connector. $75.00

400 CYCLE MOTOR GENERATOR
Mfgd. by General Electric
Model =5ATB324
Output 120/208 volts AC, 400 cycle, 11.75 kva,
32.6 amp., pf .85. Input 220/440 volts AC, 60
cycle, 3 phase, 15 h.p. Unit complete with
motor starter and controls. Price $750.00

ONAN MOTOR GENERATOR SET
MG 075.G-1

Generator 115 VAC; 480
cycle; 5.3 amps; .6KW;
PF 1.0; also 26 VDC;
@ 100 watt; 3.8 amps;
Driven by 115-230 VAC
—2hp motor; 40 cycle;
single phase; 3450 rpm;
10.5 amps.

Price $135.00

16mm SINGLE FRAME CAMERA

mfgd. by Bell &
Howe!l (200 series)
50 ft. magazine

load operates on 12
volt DC, has rotary
solenoid, standard C
mount, less lens and
view finder; excel-
lent for photograph-
ing records, nature
study, etc.

Price $35.00 each
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SAVE TIME and EXPENSE

on PURcHAsING RELAYS

IMMEDIATE
DELIVERY

Off Shelf ltems

CONTACTORS
SOLENOIDS

AN TYPES

CHOPPERS

DELAY

CRYSTAL CAN
SUB-MINIATURE
FREQUENCY RESONANT
POWER TYPES

HERMETICALLY
SEALED TYPES

IMPULSE TYPES
MERCURY WETTED

OVER
1,200,000
in 20,000
DIFFERENT TYPES
MOST MAKES

DELIVERY
WITHIN
72 HOURS

Items requiring assembly
and/or adjustment

SENSITROLS
STEPPERS

A-C TYPES
TELEPHONE TYPES
MINIATURE TYPES
PLATE CIRCUIT TYPES
POLARIZED TYPES
OVERLOAD

HIGH VOLTAGE TYPES
AIRCRAFT TYPES

CONTACT TYPES
LELAND ROTARIES

WE DELIVER RELAYS
NOT PROMISES

MINOR SWITCHES

PRODUCTION

SEND FOR CATALOG E

Y,

NO LONG
SALES SPIEL...

. . . but if you PURCHASE
TUBES or COMPONENTS . . .
you must have a copy of

the NEW 1960 **'GREENSHEET"’

A complete catalog of specialized in-
dustrial ELECTRONIC TUBES and
COMPONENTS . .. featuring BARRY
ELECTRONICS savmns to industry.
5 " ¥  Write for your copy.
We are one of the country's

‘ largest, diversified suppliers of
unused tubes.
Factory Authorized Distributors For:
® National Electronics’ Power Tubes
e Westinghouse Special Purpose Tubes

and Semiconductors

4
— HIGH QUALITY AT SENSIBLE PRICES — 3
4
%
CARD

WAlker 5-7000
TWX: NY1-3731
i et )|

CORPORATION
NEW YORK 12, N. Y.

512 BROADWAY

lA P N
CIRCLE 466 ON READER SERVICE CAR

BTAL?

SILICON *750 Ma DIODES
GENERAL PURPOSE 400 Piv at 250 Ma

SPECIAL 2 for $1........ 25 for $10
rms/piv | rms/pic | ems/piv ems/piv_
35/50 70/100 |40/200 | 210/300
25¢ 35¢ \ 55¢
rms/piv }ms/m'v. }ma/piv | rms/piv
280/400 350/500 4%0/600 490/700

Dero'e 20° for copocitive mpu'
EXPORTERS—OEM-—DISTRIBUTORS .
WRITE FOR QUANTITY PRICES

| WRITE FOR NEW...36 PAGE PARTS CATALOG |

*TAR> 111 Liberty St., New York 6, N. Y.
REctor 2-6245

CIRCLE 467 ON READER SERVICE CARD
118

QUANTITIES IN STOCK

RELAY CORP.

42 A WHITE ST., NEW YORK 13, N. Y.

* WAlker 5-9257

CIRCLE 465 ON READER SERVICE CARD

Tor M Har

SILICON RECTIFIER
FROM 250 MA TO 6-12-18 & 35 DHP

FACTORY DIRECT. Exclusive Distributors for Name
Brand. Immediate Oclivery. All Types

500 MA. RECTIFIERS Q VAR.

Input Working Range RMS/ACV Res or Cap

PIV/RMS PIV . RMS PIV 'RMS PIV/RMS
50/35 100/70 200/140 300 210
.20 oa, .30 ea, .35 ca. .45 e

10 for 1,90 | 10 for 2.90 | 10 for 3.40 10 for 4 ‘3s

PIV/RMWMS PIV RMS PIV RMS PIV/RMS

400/280 500/35%50 6007420 700 490
.55 ea, .65 ea, -85S ea. 1.00 ea.

10 tor 5.25 10 for 6.2S 10 for 8.00 10 10? 9.50

PIV RMS PIV /RMS PIV. RMS PIV/RMS

800 360 900 /G30 1000/700 1100770

1.10 ea. 1.30 eca. 1.75 ea, 2.10 ea,
10 for 10.50 /10 for 12,50 10 for 17.00 10 for 20.00
Designed for Bridge or C.T. up to 750ma 0.C
SPECIAL!!! All Purpose Rechﬂer 400 piv @ 250ma
40 ea. 2S for 9.00
DISTRIBUTORS—OEM—EXPORTERS
WRITE QTY PRICES
» SPECIALS: 100 Diffcrent Pres, Res.
1204, 10, Tot. Only $1.90/c.
e S.P.D.T, C.H. TOGGLE SWITCH ST420 ea,
e 100 ASST . RADIO & TV KNOBS Pushons Sl 90 c.
Al Material Guarantced. $2.00 min. order. Orders
F.0.B. NYC. Include check or money order., Shpg
charges plus. C.0.0, orders 2595 down,

WARREN DIST. CO.

NYC 7, NY 87-89 Chamber St, WO 2.5727

1,W,1W.2W,

CIRCLE 468 ON READER SERVICE CARD

GENERAL ELECTRIC

Stepdown Transformer

CONSTANT VOLTAGE Type
Model No. 9T 921Y1033G2
KVA. 1.36 EPS Cy-60 Ph. 1
HV. 115, 208, 230 V Input
LV. 47.5, 48, 50 V — 25A.
Resonant capacitor permanently attached to
coil and core. Transf. leads connected to

term’l board. Sh. Wt. 60 lbs. App. dim.
10x8x8:MTG Holes 6x4.

Brand new—200 available.
Single units $24.95 FOB N, Y.
MANUEL KLEIN INDUSTRIES, INC.
56 Warren St. COrtland 7-2420 N. Y. 7, N. Y.

FOR SALE
400 CYCLE GENERATING UNIT

3J-phase, 4-wire 120/208—208/416 wvolt, 30
kw, portable gasoline engine drivenm, in-
tegral switchboard.

RADIO ELECTRIC CO.
520 Holliday St. El Paso, Tex.

CIRCLE 470 ON READER SERVICE CARD

NEW SURPLUS
25,000 955's in cartons. 5 cents each

R.W. ELECTRONICS
Department L
2430 S. Michigan Ave. Chicago 16, lllinois

CIRCLE 471 ON READER SERVICE CARD

SEARCHLIGHT
Equipment
Locating Service

NO COST OR OBLIGATION

This service is aimed at helping
you, the reader of “SEARCH-
LIGHT?”, to locate Surplus new and
used electronic equipment and com-
ponents not currently advertised.
(This service is for USER-BUY-
ERS only).

How to use: Check the dealer ads
to see if what you want is not cur-
rently advertised. If not, send us
the specifications of the equipment
wanted on the coupon below, or on
your own company letterhead to:

Searchlight Equipment
Locating Service

¢/o ELECTRONICS
P. O. Box 12, N. Y. 36, N. Y.
Your requirements will be brought
promptly to the attention of the
equipment dealers advertising in
this section. You will receive re-
plies directly from them.

Searchlight Equipment Locating Service
c¢/o ELECTRONICS
P. O.Box 12, N. Y. 36, N. Y.

Please help us locate the foliowing equipment
components,

CIRCLE 469 ON READER SERVICE CARD
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LIBERTY

4J57/9
4)60/62

See pages 622, 23 & 24
of the 1959 Electronics

Buyers’ Guide for a
\ more complete listing.

SEARCHLIGHT SECTION

Phone:
(-MAGNETRON SPECIALS. WAlker 5-6000
2J26-7 ........ $12.50
gjg?/ .......... ?;.50 Cables:
4 el e .50
2)42 . 45.00 o

ELECTRONICS, INC.

582 BROADWAY
New York 12, N. Y.
CIRCLE 472 ON READER SERVICE CARD

® RAYTHEON RECTICHARGERS e
(POWER SUPPLIES)
ALL NEW AND ORIGINAL BOXED

QUANTITIES ®

Advance Electronics

6 West Broadway » New York 7, N, Y. = REctor 20270

CIRCLE 473 ON READER SERVICE CARD

Regulated Filtered
AC—Input DC—Output
220 Vv 12 V-55A. .. ... New 527500
1nsv 22-24 cells @ 6A.New 1 ]900
nsv 22-24 cells @ 3A.New 6950
ns v 12 V-5A ....... New 3750
e EXCELLENT VALUES AND LIMITED

lab grade TEST EQUIPMENT for sale

standard brands—military surplus
(new or professionally reconditioned)
experienced problem solvers and budget-
cutters

ENGINEERING ASSOCIATES
434 Patterson Road Doyton 19, Ohio

CIRCLE 474 ON READER SERVICE CARD

« CONTACTS.

FOR THE FIELD
OF
ELECTRONICS

ANTENNA PEDESTAL
SCR 584—MP 61B

Full azimuth and elevation sweeps. 360 degrees

in azimuth. 210 dearees in elevation.
to | mil. or better over system. Complete for full
tracking response.
degrees per seeond squared EL.4 degrees per second
squared. Angle slewing rate: AZ 20 degrees per
sec. EL. 10 degrees per sec. Angle tracking rate:
10 degrees per sec. Includes pedestal drives, selsyns,
potentiometers, drive motors, control mnphdynes
Excellent condition. Quantity in stock for im-
mediate shipment. ldeal for missile & satellite
tracking, anteniia pattern ranges, radar systems,
radio astronomy. any projeet requiring accurate
response in elevation and azimuth.

Completc description in McGraw-Hill Radiation
Laboratory Series, Volume I, page 284 and page
209, and Volume 26. page 233.

AUTOMATIC TRACKING RADAR

SCR 584 is in like new condition, ready to go, and
in stock tor immediate delivery. Ideal for re-
search and development, airway control. CCA,
missile tracking balloon tracking, weather fore-
casting, antiairerart defense, tactical air support.
Write us Fully Desc. MIT Rad. Lab. Series, Vol.
I, pps. 207-210. 238, 284-286.

AN/FPN-32 GCA RADAR

Lab. for Electronics **Quad’” type portable ground
contiol approach radar system. 3em, scarch and pre-
cision approach. C(omplete systems in used, good
condition. A verv late type system - in stock $5500
ea. Exc. cond,

WESTINGHOUSE 3CM RADAR
Complete X band system oper. from l15v 60cy ac

with 40kw power output 2J55 magnetron. Ranges
0-1.5, 4, 16. 10 miles. Includes installation wave-

guide. An ideal system for lab school, demonstra-
$1800. New with spares.

tion or shipboard.

550

RADIO RESEARCH [Haiiod
INSTRUMENT CO.

JUDSON
6-4691

Accurate

Angle acceleration rate: AZ, 9

3CM AIRBORNE 30 DISH

Cutler feed dipole, 360 deg. rotation in azimuth,

px 18 deg. in elevation, compl. w/drive motor
(ZBv dc) SBLSYNS etc., all 2em Ixk" wavegulde
incl. AZ&EL. Rotating joints. $275 ea.

TS 731/URM SUMMATION BRIDGE

1000 to 4000 mes. RF power measuring Bolometer
wheatstone bridge wattmeter. AN URM-20 c¢/ots
731/URM wattmeter, MX 1806 URM-20 wave-
guide kit factory new. Your price $395.00.

1 MEGAWATT PULSER

MIT Radiation Lab Model 9 pulser. Dese. in
“*Rad Lab Series’ Vol. 5 pps. 152-160. Supplies
I megawamt output using 602! tubes. Conplete
modulator 115v 60 cycle input enclosed in single
cabinet. Also 22000v power supply for magnetron
in second cabinet. As new condition. In stock for
immediate delivery.

AN/APS-10 3 CM. X BAND RADAR

Coniplete RFF head including transmitter, recelver,
modulator. Uses 2J42 mauletmn Fully described
in MIT Rad. Lab. Series Vol. pps. 616-625 and
Vo!l. II, pps. 171-185, $37500, (omnlete X band
radar system also wvail inclu. 360-deg antenna,
PPIL. svn pwr supply. Similar to $17,000 weather
radar now in use hy airlines, $750 complete.

10 CM. WEATHER RADAR SYSTEM

U8 Navy Ravtheon 275 KW peak output S bhand.
Rotating yoke 1’lan position Indicator. Maguetron
supplied for any 8 band frequency specified, incl.
Weather Band, 4, 20 and 80 mile range, 360 degree
azimuth sean. Sensitive revr using 2K28/707B and
IN21B. Supplied brand new complete with instruc-
tion hooks and installation drawings. Can he sup-
plied to operate from 32VDC or 115 volts. Price
$950. Tdeal for weather work. 1Ias picked up clouds
at 30 miles. Weight 488 )hs,

COLLINS MICROWAVE LINK

MW 103 Microwave Link. 7000 MC band. Very
late tvpe. Sets and parts. 7 terminals in stock.
Will sell part or as one lot.

2C40 LIGHTHOUSE CAVITY

AN/APW-11A transmitter cavity for 2C40. Com-
plete 8 band coverage at max. power. Temperature
compensated. New $77.50 ea.

TEST SETS
TS-263A/TPS-10 X band F.M. signal generator,
covers entire bhand, Includes wavemeter, thermistor
bridge, calib. attenuator, regulated pwr. supply. A
complete source, [Uses 2K25 osc. New 232500,

TS743/U Sigmal generator. Covers 15,250 to 16,250
me. CW, pulse, FM, Calibrated attenuator. .1 to
2usec pulse widths, 1—100gsec delay. 100 to 1000
ecps range, —10 to —9% dbm. $975,

FLEXIBLE WAVEGUIDE
17x14"x4"” $5.00 ea, 114”x5,"x12" $19.50 ea.
17x%"x9" $10.00 ea. ” 1”x11e"x12"” $55.00 ea.
17x1%"x24" $21.50 ea. 2"x11%"”x18” $65.00 ea.

VD-2 PPl REPEATER

Floor standing console with rotating yoke PPIL
TBPTCRT. 4, 20, 80, 200 mile ranges, Will display
or repeat anv PPl info locally for remote. New
& complete. With inst, hook. $375 ea.

EQUIPMENT VANS

Fully insulated, wired for 110vac with lights and
outlets. Tucludes heater thermostat controls. 20 ft.
long apx, 8 ft. wide, 10 ft. high. Fifth wheel for
hauling by std, truck tractor. Duttressed walls for
handling high roof torsion. 1 entrance door, 2
equipment doors. 4 wheel rear axle. Will hold
10 tons of equipment. Elevator from van floor to
roof incl. in some units, Exe. condition $2000 ea.
Mtg. Freuheuf. Large quantity in stock.

N. R. Real & Co.

Corporote Consultants
Reorganizations
Mergers
Venture Capital
Acquisitions
Expansion Capital
Stockholder Relations
Proxy Solicitations

Write for free information on the mony ad-
vantages of a public stock offering or a
merger with a listed or unlisted compaony.
No charge for services wunless deal is

consumaoted.
258 Broadway New York 7, N. Y.

New York REctor 2-4550
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W= BUY
COMPONENTS ?

1960 NEW
Send for your FREE 20 page catalog of

Quality Components . . .
. « . Immediate “"off-the-shelf’’ delivery
. Available in production quantities
. Priced right
ltems are fully described and pictured. You
see what you buy . . . and we stock what
you seel
Speciolizing |n lndustrlal Electronics
Since 194

RADIO COMPANY
DERF 17 Hudson St. N. Y, 13, N. Y,
WAIlker 5-2366

900 000000000000000000000000000000000000000000000000000000003000004

RELIABLE
TUBES

FREE . ..

COMPLETE
NEW 1960
TUBE CATALOG

ON REQUEST

PAGE ELECTRONICS

136 Liberty St. New York 6, N. Y.
COrtlandt 7-4245

) 0000000000000 000000000000000000000000000000000900

CIRCLE 47S ON READER SERVICE CARD

electronics - JUNE 10, 1960

CIRCLE 477 ON READER SERVICE CARD

CIRCLE 478 ON READER SERVICE CARD
119




Cut, bend
axial leads

AUTOMATICALLY,
INSTANTLY

on diodes,
resistors, etc.

Bend-Amatic

Component Dispenser

Sample configurations

TD]PFI___[I}
FCIJ}H*#:]]:

If just one of your production peo-
ple repetitively cuts and bends 25
component axial leads to the same
dimension, you are economically
entitled to investigate the Benda-
matic Dispenser. In several com-
panies, the Dispenser has paid for
itgelf in 12 to 16 hours of auto-
matic operation.

Cuts, bends, feeds up to 6 com-
ponents in predetermined order for
instant placement in chassis, ter-
minal board, printed circuit. Ideal
for production line use, or pre-
forming components for inventory.
Bench-top mounting ; automatic or
manual operation. Six bins, 48"
storage capacity. Precision manu-
facture, simple, dependable.

Lead-to-Lead Accuracy: £ 0.003”
Lead Length: 0" to 1"
Setup Time: 20 to 30 seconds

DEVELOP-AMATIC EQUIPMENT

Automatic Machines for Cost Reduction
4062 Fobion Woy, Polo Alto, Colif.
DAvenport 1-3376

Represented by:

W. A. Brown and Co., Orlando, Indian River,
Fla.; Huntsville, Ala.; Alexandria, Va.; Winston-
Salem, N.C.; Towson, Md. The EMF Company,
Chicago, Ill. Arthur T. Hatton, West Hartford,
Conn., Newtonville, Mass. G. S. Marshall Com~
pany, Son Morino, Redwood City, San Diego,
Calif.; Tucson, Arizona. The I. E. Robinson Co.,
Upper Darby, Comp Hill, Penn.; Asbury Park, New
Jersey. S. Sterling Co., Detroit, Michigan, Cleve-
lond, Ohio, Pittsburgh, Penn.
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* Ace Electronics Associates, Inc.... 107

*

Afrpax Electronics, Ine........... 108
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American Cystoscope Makers, Inc... 98

American Electronics, Inc., Nuclear
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* See advertisement in the June, 1959 Mid-Mouth
ELECTRONICS BUYERS GUIDE for camplete line
of products ar services.
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" do you know

' what's expected
from
semi-conductor

materials?

| -

There were more than a
dozen articles on semi-
conductor materials in
electronics in recent months.
Each was specially edited to
give you all key facts, ideas or
trends—and there’s more com-
ing! Accurate electronics’ re-
porting tells you what’s hap-
pening now ... what’s ez-
pected in materials and com-
ponents. Don’t miss dozens of
articles on basic subjects ed-
ited to keep you informed, help
make your research, develop-
ment, sales and marketing
plans pay off. It pays to sub-
scribe to electronics (or re-
new). Fill in box on Reader
Service Card now. Easy to use.
Postage free. 2

FIND WHAT

YOU NEED IN
electronics

electronics * JUNE 10, 1960

|

Wayne Kerr Corp............... 102
# Wheelock Signals, Inc............ 37

White, S. S.

Industrial Division «.......... 81
*
CLASSIFIED ADVERTISING
F. J. Eberle, Business Mgr.
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{Used or Surplus New)

POr 1Sale rpsrensi- o - pa e oo Bovals 116-119
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Honeywell, Aeronautical Div......... ... 115
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Krantz Company, Harry.................. 116
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Radio Research Instrument Co........ ... 119
Republic Aviation ...................... 115
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* See advertisement in the June, 1959 Mid-Month
ELECTRONICS BUYERS GUIDE for complete line

of products or services.

This index and our Reader Service Numbers are pub-
lished as a service. Every precaution is taken to make
them accurate, but ELECTRONICS assumes no re-
sponsibilities for errors or omissions.

BRUCE A. WINNER, Advertising Sales Man-
ager. R. 5. Quint, Assistant Advertising Sales
Manager and Buyers’ Guide Manager. Fred
Stewart, Promotion Manager. Richard J. Tom-
linson, Production Manager. George E. Pom-
eroy, Classified Manager. Hugh J. Quinn,
Circulation Manager,

ADVERTISING REPRESENTATIVES
NEW YORK: Donald H. Miller, Henry M. Shaw,
George F. Werner.
BOSTON: William S. Hodgkinson.
PITTSBURGH: David M. Watson.
PHILADELPHIA: Warren H. Gardner,
J. Boyle.
CHICAGO: Harvey W. Waernecke, Martin J.
Gallay.
CLEVELAND: P, T. Fegley,
SAN FRANCISCO: T. H, Carmody, R. C. Alcorn.
LOS ANGELES: Car! W. Dysinger, D. A.
McMillan, Marshall Freeman.
DENVER: J. Patten.
ATLANTA: M. Miller.
DALLAS: Robert T. Wood.
LONDON: Edward E. Schirmer.
FRANKFURT: Stanley R. Kimes.
GENEVA: Michael R, Zeynel.

William
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 IMMEDIATE DELIVERY
-~ i |ANYWHERE
IN THE

NATION

ELECTROLYTIC
AND

PAPER TUBULAR
CONDENSERS

"*35 YEARS OF PROVEN
DEPENDABILITY"

COSMIC CONDENSER CO.
853 WHITTIER STREET, BRONX, N. Y.
LUdlow 9-3360
CIRCLE 205 ON READER SERVICE CARD

SINCE
1925

EDOXGORRORIAVHION!
College Polng, L., M. _J
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Our Bigger, Better Buyers’ Guide

ON THE 4TH OF FEBRUARY, question-
naires were mailed to 6,238 manufacturers
serving the electronics industry, and since
then we’ve been hard at work compiling our
20th annual Buyers’ Guide and Reference
issue. We’'ve mailed a second questionnaire
to those who failed to answer the first, and
letters and telegrams have been pouring out
—and in—to finish the job. As is the case
every vear, multiple revisions and hundreds
of product classification changes must be
made to keep up with our fast-growing in-
dustry. The Guide is a monumental piece of
work, and we’re particularly proud of its com-
pleteness and accuracy.

This year the Guide has its own editor,
George Sideris of the ELECTRONICS edi-
torial staff, who has been performing this
specialized duty since last December. His job
has been the compilation of the many pages
of engineering and industry reference ma-
terial that make the Guide far more than a
catalog of products and manufacturers, and
to assist in the determination of needed new
classifications.

This year, also, the Guide will contain the
name, address and telephone number of every
manufacturers’ agent or field office for each
of the companies whose products are listed.

Incidentally, we make no charge for any of
our listings. To do so would impair complete-
ness. And we insist that we be supplied with
catalogs or other tangible evidence that items
listed are actually available. Not to do this
would impair usefulness.

The 1960 Buyers’ Guide and Reference issue
will be sporting a hard cover this year. In
production, we are employing for the first
time a new photographic process of reproduc-
ing listings which preserves previously
proven accuracy and still enables us to make
last-minute changes.

We’ve scheduled the Guide this year to ap-
pear in July, rather than in June.

If you are a subscriber to ELECTRONICS,
your copy will be delivered next month. And,
by the way, if you are reading a company
copy of the magazine, and the Guide is
spirited away or sent to the library, you may
want your own copy. If so, check the appro-
priate box on our reader service postcard and
enter your own, non-pilferable subscription to
ELECTRONICS and the Guide—sent to your
home, or your office. If your subscription or-
der reaches us before July 1st, the 1960 Buy-
ers’ Guide will be mailed to you as part of the
subscription.

P ol

PUBLISHER

electronics » JUNE 10, 1960



A few years after the Battle of the Alamo, a Texan was showing
a friend from Oklahoma around the famed battle site.

Everything was preserved just as it had been on the historic day.

The donkey still plodded patiently on his treadmill, making the
great radar antenna turn round and round.
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““What's that?” the man from Oklahoma asked.

“Why anybody knows what that is!” the Texan said. “That's
radar.*  Invented right here in Texas. It can see in the dark, this
radar can. You can't make a move without its knowing it, no

matter if you're two miles away.”

“If that's what radar is — some ass on a treadmill, goin’ no-
where . . . for something that can see in the dark and you can’t get
away from — we’ve had them in Oklahoma for years.”

“You've had radars for years?”

“Sure,” the Oklahoman said, “Only we call "em husbands
and wives.”
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-~ BOMAC

Leaders in the design, development and manufacture of TR, ATR, Pre-TR tubes; shutters;
reference cavilies; crystal protectors; silicon diodes; magnetrons, klystrons; duplexers;
pressurizing windows; noise source tubes; high frequency triode oscillators; surge protectors.

Offices In major cities—Chicago ¢ Kansas City « Los Angeles « Dallas « Dayton « Washington
Seattle » San Francisco « Canada: R-O-R Associates Limited, 1470 Don Milis Road, Don Mills,
Ontario « Export: Maurice |. Parisier, 741-745 Washington St., N. Y. C.14, N Y.

© BOMAC 1960




RCA radiator efficiency
allows you to cut blower
horsepower in half

Resulting space and weight savings permit more compact packaging, greater design versatility

Recently a leading manufacturer of communications equipment ran a comprehensive series of tests comparing the heat dis-
sipating capabilities of RCA-7203/4CX-250B, with integral radiator, to a standard JAN/4X-250B. The results: the JAN/4X-
250B required twice as much blower horsepower.

The integral radiator on RCA-7203 is an exclusive RCA development. It is used on many types of RCA tubes for air-cooled
operation. Its remarkably efficient louvered construction is a logical development in radiator design. .. but only RCA has
mastered the complex manufacturing problems involved.

This high-efficiency integral radiator is one of the things that makes RCA power tubes so popular in designs where space and
weight are critical considerations. For further information about this and other pace-setting features of RCA power tubes,
including the new Cermolox* line, write:

The Marketing Manager, RCA Electron Tube Division, Industrial Tube Products Department, Lancaster, Pa.

*RCA’s line of coaxial, precision-aligned grid, beam power tubes of ceramic and metal construction. See RCA’s forthcoming advertisement on this complete line.

RCA ELECTRON TUBE DIVISION— FIELD OFFICES...Government Soles: Horrison, N, J., 415 S. 5th Street, HUmboldt 5-3900 « Doyton 2, Ohio, 224 N, Wilkinson
SC BAldwin 6-2366 » Woshington 7, D.C,, 1725 °K’* St., N.W., FEderol 7- 8500 Industrial Products Sules De'ron 2, Michigon, 714 New Center Building, ‘I'Rmny 5-5600 » Nework 2,
J 744 Broad St., HUmboldt 5-3900 » Chicogo 54, Illmoas Suite 1154, Merchondise Mort Plozo, WHiteholl 4. 2900 Los Angeles 22, Colif., 6355 E. Woshington Blvd,, RAymond

3 8361 » Burlingome, Calif., 1838 El Comino Reol OXford 7 1620

The Most Trusted Name in Electronics
RADIO CORPORATION OF AMERICA

®



