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SUBMINIATURE TEMPERATURE
COMPENSATING DISCAPS

]

.235
MAX
.y SPECIFICATIONS
- POWER FACTOR: Over 10 MMF less than .1% at 1 mega-
cycle. Under 10 MMF less than .2% at 1 megacycle,
WORKING VOLTAGE: 500 V.D.C.
TEST VOLTAGE {FLASH): 1250 V.D.C.
£ CODING: Capacity, tolerance and TC stamped on disc
3 INSULATION: Durez phenolic-vacuum waxed
i\ﬂ INITIAL LEAKAGE RESISTANCE: Guaranteed higher than
T | 7500 megohms
AFTER HUMIDITY LEAKAGE RESISTANCE: Guaranteed
"n'wo”‘_ higher than 1000 megohms
u LEADS: No. 22 tinned copper (.026 dia.)
T AcTuaL TOLERANCES: 5% +10% «20%
size The capacity of these capacitors will not change under
voltage.
T.C. TOLERANCES:
| Capacity
MMFD. | NOP  N75 NI50 N220 N330 N470 N750 N1500 N2200 |

[1.5t091+£120 £120 +£120 +120 +£120 4120 +120 + 250 +500

—

[10t0 68| 60 +60 160 £60 +£120 £120 £120 +250 +500‘

DIsCaP
CERAMIC
CAPACITORS

Modern electronic design demands
miniaturization of all component parts but it is
axiomatic that small size is difficult to achieve
and still maintain performance characteristics.
RMC has now incorporated the features
of the Tvpe C temperature compensating
DISCAPS in a subminiature size. The
maximum diameter of the disc is only .235 and
these new subminiatures are available in the
following TC values and capacities:

NPO 1.5-13
N- 75 3-13
N- 150 3-15
N- 220 3-15
N- 330 3-15
N- 470 3-20
N- 750 3.6-24
N-1500 10-51
N-2200 20-68

Now vou can depend on RMC for your
requirements for subminiature temperature
compensating capacitors.

RADIO MATERIALS COMPANY
A DIVISION OF P, R. MALLORY & CO., INC.
GENERAL OFFICE: 3325 N. California Ave., Chicage 18, IIl.
Two RMC Plants Devoted Exclusively to Ceramic Capacitors

FACTORIES AT CHICAGO, iLL. AND ATTICA, IND.

Circle 1 on Inquiry Card
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Three Regional
Shows

McKENNA,

We'd Like to

See...

ELECTRONIC INDUSTRIES

Publisher o

Several years ago, in August and
again in October 1955 to be exact, we
commented on the desirability of having
three regional conventions. We sug-
gested the March IRE National Conven-
tion in New York as one, the August
WESCON activity on the West Coast as
a second. We picked the National Elec-
tronic Conference held in Chicago in
October as a logical third.

Since our original suggestion, both the
Eastern and Western shows have demon-
strated growth patterns that are in
keeping with overall industry growth.
The midwest conference, however, has
failed to blossom forth. Why should
this be? Well for one thing the confer-
ence ran into some competition with the
newly established Canadian annual IRE
show. There are also several other
“splinter-type” conventions in other
mid-west areas. Then, too, perhaps past
NEC conferences have lacked that “pro-

BERNARD F.

OSBAHR, Editor

fessional spark” because until recently
it has been a committee-type operation
that involved new appointments annual-
ly. Also, its exhibit area has not been
comparable to the other larger shows,.

We are gratified to see the new efforts
being made this year to spur interest in
this regional event and we hope to wit-
ness future NEC growth on a par with
the other two ‘“main” events. Three
overall regional electronic shows can
effect important industry economics to
attendees and exhibitors alike. They
should also do a better job of dissemi-
nating technical information because
more of the industry principals and per-
sonalities would attend the broader base
shows. In next month’s issue, October,
we'll be telling you more about this
year’s NEC Conference which we hope
will be the forerunner to our original
idea and suggestion.

More of a marriage between Educa-
tional TV and municipal and state spon-
sorship or ownership. In recent months
much has been written on the relative
merits of free vs. paid TV. Not much
has been said about educational TV and
the great possibilities it offers as public
services. In the days of “radio’” munici-
pality or civic-sponsored stations met
with some success. If similar support
could be extended to areas now having
educational TV outlets, many benefits
would be obtained.

For one thing, the public could be
made more civic-minded through local
programs of a type that are not avail-
able on commercial outlets. They could
be made more conscious of state and
civic problems through interstate net-
working. They might come closer to
understanding how all various depart-
ments of the national government func-
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tions through “national” educational
networking. Civic-sponsored education-
al-TV would permit many of the lesser
known government officials and agencies
to get their message to the publie. At
election time we could get more of a
first hand picture of who’s whe and
doing what.

It seems to us that Commercial-TV is
providing essentially what the mass of
the public seems to want by way of en-
tertainment. Add pay-TV and we add
“more-select” entertainment. This me-
dium, however, would largely have to
parallel the commercial TV program-
ming roads too, in order to stay alive eco-
nomically. Educational TV, coupled with
civic financial support or ownership,
could offer on both local and on a na-
tional basis the programming of depth
and broadened dimensions that many
people seek.
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Highlights

I Of This Issue

Analyzing the Dynamic Characteristics of Relays page 70

Though little has been written about them, the dynamic characteristics
of an electromagnetic relay are most significant in deciding where and
how a specific relay should be applied. The dynamic characteristics
of a relay describe its behaviour during the transient time, when the
armature moves and contacts are opened or closed.

Dynamics of Relays!

Cooling Power Transistors page 77

The present mounting methods used for power transistors can be ®
broken down into three classes: plate heat sink, cold plate and baffling.
This article compares them and goes on to describe five mounting
methods for future electronic equipment that are suitable for all b
silicon type power transistors. S

Designing a Video Amplifier with 30 MC Bandwith page 86  ANGLE COOLIAG AIR

A design procedure for common-emitter video amplifiers requiring a
very high bandwith is presented. Grown-diffused germanium tetrode
transistors are used in the amplifier section. The procedure applies
to certain other types of high frequency transistors such as the graded

COLC PLATE
or diffused base types. e

Flip-Flop Circuits Using Saturated Transistors page 88

Several methods have been used to design bistable flip-flop circuits Cooling Power Transistors
using transistors as saturated switches. The method presented here

separates the design into a steady-state solution and a transient solu- Wideband Video Amplifier

tion, with the steady-state solution subdivided into the ON state and
the OFF state for each transistor.

Shrinking the Directional Coupler page 91

A new directional coupler configuration adapted to shielded stripline
construction is described, in which significant size reduction has been
achieved. Design data and performance curves illustrate how the
design lends itself to broadbanding. A secondary feature is the
property of coupling variation simply by dielectric shim substitution.

Electronic Hardware Chart—Il: Fasteners page 102

Second in the series that began in last month's Electronic Industries:
The first installment covered male-threaded fasteners; this second
part of the series covers female-threaded fasteners. This study is the
most exhaustive survey of electronic hardware ever conducted.
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RADARSCOPE

NEW MISSILE TRACKERS

Convair-Astronautics engineers C. M. Hay, ). Moody and R. Christy
check out one of the eight new parabolic antennas to be installed
in a new Azusa tracking system, at Cape Canaveral, Fla. The 4-ft.
parabolics transmit signals between airborne missiles and the ground
station.

NEWEST COMPUTER ELEMENT, called “Biax,” is
a small rectangular bar of ferrite magnetic material.
Developer Aeronutronic Div., Ford Motor Co., claims
that 3,000 Biax elements can replace 12,000 to 15,000
semiconductors in a computer. They operate from
30°F. to over 260°F. Biax elements have been inter-
rogated over 100 billion times at a 10 megacycle rate
with no loss of output signal. The basic concept is
that of flux interference between orthogonal mag-
netic fields or two fields at right angles to each other.

USSR-WESTERN EUROPE TV LINK may be a re-
ality by 1962. Red officials have expressed the hope
that the coaxial cable network now being installed
to connect Hungary, Poland and East Germany with
Russia may be eventually tied in with the Euro-
vision system of television that services all of
Europe.

ELECTRON TUBE SALES are expected to top $1
billion by 1965, in spite of the rapid advances being
made by semiconductors. W. Walter Watts, RCA
Group Executive Vice President, foresees tube sales
of 930 million for 1960. That figure is based on fac-
tory prices and includes all receiving, transmitting
and both new and rebuilt picture tubes.

4

THE FAA is considering a rule that would require
all passenger carrying air transport aircraft to be
equipped with weather radar. The excellent safety
record of air carriers having weather radar has
emphasized the effective role that radar can play
in increasing air safety.

RADIO IMPORTS from Japan are accounting for
about 85% of the total dollar buying of Japanese
exports to U. S. For the first four months of 1959,
Japanese electronic equipment totaled $11.4 million
factory price. This is more than half as much as the
entire 1958 volume and nearly four times the volume
for the same period of 1958.

TV TAPE RECORDING will greatly increase its
flexibility through a new ‘“picture freezer” intro-
duced by Hughes Aircraft at WESCON. When
hooked into TV monitor circuit, the new device will
halt the picture, and hold it for as long as 10 minutes.

IMPORTANT STEP toward standardizing FM ster-
eocasting was taken last month by the National
Stereophonic Radio Committee (NSRC). It agreed to
narrow technical considerations to three types of
stereo broadcast transmission systems: systems using
a frequency modulated subcarrier; those having an
amplitude modulated subcarrier to the main FM
carrier; and the third is a foreign import—the
British EMI Percival system which offers some sig-
nificant electrical advantages but which will yet
have to prove its worth in performance tests.

SPACE PLATFORM

This artist's conception shows construction of the space platform
being designed by Raytheon for the military. It will function as a
radar or TV relay station suspended high in the sky and powered by
helicopter-type rotors. Power for the unit will be beamed from the
ground by high power microwave stations. Microwaves will be turned
to heat, and heat to steam.

A - LANDING GEAR JETS
8 - COMMUNICATIONS ANTENNA

€- RADAR REFLECTOR

Photo—Aireraft and Missiles Manufacturing
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Analyzing current developments and trends throughout the electronic

industries that will shape tomorrow's research, manufacturing and operation

DETONATING ENEMY MISSILE warheads by ex-
tremely high power microwave radiation is being
investigated by Varo Manufacturing Co. under an
Air Force contract. The Air Force believes it may
be possible to destroy the missiles over distances of
1000 miles or more.

NEW CRT’s IN SIGHT include square 19 in. tube
which would replace the 18 in. square tube. It is
now being sampled to manufacturers. Glass bulb
manufacturers are also looking to build a number
of other sizes and shapes.

COLOR TV PEOPLE are particularly optimistic as
the Fall buying season nears. Backed up for the first
time by a really significant effort from another ma-
jor TV manufacturer—Admiral—RCA executives
expect color sales this Fall to exceed last year’s
by 2509% to 300%.

AUTOMATIC TRANSISTOR PRODUCTION is a
great step closer through research at Westinghouse
in constructing long ribbons of semiconductor de-
vices by forming them along the surface of long,
thin crystals of germanium. The crystals are only a
fraction of an inch wide and a few thousandths of
an inch thick. The technique was developed under
the $2 million “molecular electronics” contract
awarded to Westinghouse by the Air Force.

NEW SILICON POWER TRANSISTOR capable of
delivering 5 watts power at 30 MC was introduced at
WESCON by Pacific Semiconductors Inc.

“IT’S YOUR PROBLEM” was the answer that
Commerce Dept. reportedly gave to electronic in-
dustry officials’ plea for protection against foreign
imports. The answer, not unexpected, makes it clear
that industry must adopt its own methods of meet-
ing the challenge. Three are being mentioned. Al-
ready in the wind, and likely to get strong labor
backing, is a “buy American” campaign. Another
would require any product containing foreign parts
to indicate this fact legibly. on the cabinet. Whether
either program will gain any support is question-
able. Component manufacturers are happily totaling
up record profits, in spite of the inroads made by
foreign imports, so it is unlikely that very much
steam can can be put into a program aimed at stav-
ing off trouble unlikely to reach really serious pro-
portions for 5 to 10 years. Most likely reaction to the
threat will be a very accelerated move to automa-
tion, in every phase of manufacturing possible. But
here manufacturers will have to face the opposition
of the labor unions.

ELECTRONIC INDUSTRIES - September 1959

STEEL STRIKE should not bother consumer elec-
tronic industry too much, unless it stretches out
more than 7-8 weeks.

NASA, since its formation in October 1958, has let
R&D contracts amounting to $183 million. More than
75% went to the aerospace industry.

LOOK FOR a scramble by American companies for
licensing and distribution arrangements with for-
eign manufacturers, on a reciprocal basis. Advan-
tages are two-fold: the U. S. firm gets a cut of the
profits from imports; at the same time his foreign
distribution and sales are facilitated in foreign coun-
tries. Example: CBS Electronics and Ronette of
Amsterdam, Holland, last month swapped licensing
and distribution rights for Ronette line of phono-
cartridges and microphones against the Columbia
CD phono-cartridge, in their respective areas.

PADDLEWHEEL SATELLITE

Explorer VI gets last minute check before launching at Atlantic
Missile Range. Shown is the satellite package which the big Thor-
Able rocket boosted into earth-girdling orbit. Panels foldec down to
sides are the banks of silicon solar cells.




SPRAGUE RELIABILITY
in these two dependable
wirewound resistors

MINIATURE NEW SMALLER SIZE

e gacxet.  KOOLOHM

Sprague’s new improved construction gives cven
greater reliability and higher wattage ratings to fa-
mous Blue Jacket miniature axial lead resistors.
A look at the small actual sizes illustrated, em-
phasizes how ideal they are for use in miniature

INSULATED-SHELL POWER RESISTORS

New Koolohm construction features include welded
leads and winding terminations—Ceron ceramic-

2w
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electronic equipment with either conventional wir-
ing or printed wiring boards.

Get complete data on these dependable minified
resistors, write for Engineering Bulletin 7410.

TAB-TYPE BLUE JACKETS: For industrial applica-
tions, a wide selection of wattage ratings from 5 to
218 watts are available in Spraguc’s famous Tab-
Type Blue Jacket close-tolerance, power-type wire-
wound resistors. Ideal for use in radio transmitters,
electronic and industrial equipment, ctc. For com-
plete data, send for Engineering Bulletin 7400A.,

SPRAGUE ELECTRIC COMPANY

233 MARSHALL STREET » NORTH ADAMS, MASS.

SPRAGUE COMPONENTS:. RESISTORS o

INTERFERENCE FILTERS o PULSE NETWORKS o

Circle 3 on Inquiry Card

CAPACITORS o
HIGH TEMPERATURE MAGNET WIRE o

insulated resistance wire, wound on special ceramic
core—multi-layer non-inductive windings or high
resistance value conventional windings—sealed, in-
sulated, non-porous ceramic outer shells—aged-on-
load to stabilize resistance value.

You can depend upon them to carry maxinium
rated load for any given physical size.

Send for Enginecring Bulletin 7300 for complete

technical data.

THE MARK OF RELIABILITY

MAGNETIC COMPONENTS

ELECTRONIC INDUSTRIES

TRANSISTORS
PRINTED CIRCUITS
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As We Go To Press...

S gisen

"5 000-Mi. Radar' From

lonospheric Bending

A method of detecting guided
missiles by their trails of ionized
gas has been developed by an
Office of Naval Research team un-
der Dr. William J. Thaler.

The technique has been devel-
oped from two comparatively re-
cent discoveries. One is the phe-
nomena of ionospheric bending, in
which r-f waves aimed at certain
angles to the ionosphere cover
great distances by bouncing re-
peatedly from the ionosphere to
earth and back again.

The other discovery, originally
by Stanford University, was that
ionized meteor trails are effective
reflectors of r-f energy.

Dr. Thaler and his team, organ-
ized as Project Teepee (reportedly
Thaler’s Project) combined these
techniques into the “Ionospheric
Back Shatter Radar.”

R-F waves on frequencies be-
tween 5 MC and 30 MC are beamed
at the 1ionosphere. The waves
bounce back to earth and again
are reflected toward the iono-
sphere, and the process is repeated
until the wave is interrupted by
an object which will give a “re-
turn.”

Ground equipment shows on a
’scope face how many times the
r-f wave has been reflected, so
that distance can be computed.

As to results, Dr. Thaler reports,
“Using  breadboard equipment,
promising results have been ob-
tained over long ranges. We are
confident that a system capable of
reliable detection over intercon-
tinental ranges is feasible.”

HANDS-OFF

Air Force and Lock-
heed technicians ease
giant B-47 Stratojet
to smooth landing by
remote control from
truck in foreground
at Eglin AFB, Florida.
Drone  version of
bomber will be used
as target for missiles.

et et AR B e

Vacuum Tube Cathodes

of Semiconductors?

The possibility that electrons
flow can be induced in an electron
tube without the power-consuming
function of heating the cathode
has been raised by Westinghouse
research scientists.

Physicists have recently discov-
ered how to obtain a constant flow
of electrons directly out of the
surface of certain semiconductor
materials.

The latest semiconductor to yield
this unique flow of electrons, two
Westinghouse research physicists
report, is silicon carbide. The den-
sity of the electron flow, they find,
is equal to that in the average
electronic tube of today.

Dr. Clarence Zener, director of
Westinghouse research, said, “By
removing the most serious limita-
tion of the ordinary electronic
tube, this discovery in semiconduc-
tors may bring a new lease on life
to the very device which semicon-
ductors seem destined to outmode.

“One can visualize a tube in
which the usual heated cathode is
replaced by a small semiconductor
crystal having a built-in ‘junction’

like that in a transistor. The crys-
tal would consume a negligible
amount of power and would yield
electrons instantly and indefinitely
when a small electric voltage is ap-
plied across it.

“Such a device would, in effect,
combine into a single operating
unit many of the inherent advan-
tages of both semiconductors and
vacuum tubes. It would result in
what one might call a ‘solid state’
electronic tube.”

First "Value Analysis™
Contract Let By Navy

Westinghouse Electric Corp. last
month received the first Navy
Bureau of Aeronautic development
contract calling for “value analy-
sis.” The $508,190 contract is for
development of airborne radar
target simulators.

Under a newly formed Value
Analysis Committee the develop-
ment contract will come under
continuing scrutiny to assure the
Navy that it is getting the greatest
possible value for the defense dol-
lar.

More News on Page 8

Field Tactical Air Defense System Goes Overseas

JELECTRONIC INDUSTRIES -

AN/MSQ-18 tactical
air defense system
now being deployed
overseas was design-
ed by Hughes Air-
craft Co. to give
field commanders
immediate control
over AA missile bat-
teries. Complete
system mounts in 5
2V5-ton trucks. By
automatic  plotting
the time for pin-
pointing targets is
reduced from min-
utes to split seconds.
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ELECTRONIC SHORTS

» A $1,920,000 contract has been awarded Ryan Aeronautical Company’s
Electronic Div. by the U. 8. Navy for additional spare parts and other sup-
port equipment for the Model APN-122 (V) Doppler Radar Navigator. The
ss{stem automatically computes and displays ground speed and drift angle
without the aid of ground stations, wind estimates or true air-speed data.

) Florida Div., Radiation Inc., has received a contract from the Boeing Air-

plane Co., Seattle, for telemetry equipment for the Minuteman Missile Pro-

gram. The contract is for the ground portion of the PCM/FM telemetry

equipment for the Minuteman ICBM. This contract, plus a recently

awarded airborne portion, places with Radiation the entire PCM Telemetry

;gzp(;)(;},sibility for the Minuteman. Total amt. of both contracts is $5,-
,000.

» A dish antenna as tall as a 15-story building will soon appear on the

Sta.nford University campus. It will be a “radar telescope” with a para-

bqllc reflector 142 ft. in dia. When completed in about a year, the big dish

will be 'America’s largest and the world’s second largest. A 20-60 mc radio

:ian;m}lltber, requiring a 1,000,000 w power supply, will be installed with
e dish.

» The University of Michigan Research Institute has announced a program
aimed at the development of a high altitude sounding rocket. The project
under the direction of L. M. Jones and W. Spencer, is covered by a $75,000
budget with funds from Ballistic Research Laboratory.

? A study program to identify new approaches to anti-missile defense dur-
ing the next two decades has been established by the Advanced Research
Projects Agency of the Dept. of Defense. The Program known as GLIPAR
.——Gu.ide Line Identification Program for Anti-Missile Research—is to
1d§nt1fy any unorthodox approaches to ballistic missile defense which
might provide a very high capability over the next 20 years. Twelve con-
tracts totalling $1.5 million for the initial phase of GLIPAR will be let by
the Office of Naval Research acting on behalf of ARPA.

) Dept. of Defense has awarded three contracts for the design and develop-
ment of a delayed-relay communications satellite, to be known as PROJ-
ECT COURIER. Firing of a satellite to test the capability of PROJECT
COURIER is expected to take place within a year and at a relatively low
orbit of 500 miles. The contracts are: Philco Corp., Phila., Pa., $3,614,415;
(communications package); International Telephone and Telegraph Co.,
Nutley, N. J., $4,046,119 (ground-based communications stations); and
Radiation Inc., Melbourne, Fla., $1,283,740 (ground-based antennas).

» Electrical power for the heavily-instrumented Explorer VI “paddle-
wheel” satellite, shot into orbit recently is being provided by solar energy
converters. The converters developed by Hoffman Electronics Corp., Los
Angeles, consists of 21,000 silicon solar cells. Fifty cells will produce
about % watt under direct sunlight.

» Sperry Gyroscope Co., Great Neck, N. Y., has revealed that it has been
working for 2 years on the development of a high-powered target track-
ing radar transmitter for the Nike-Zeus anti-missile system. The radar
is used for tracking an incoming missile to obtain data for directing the
Nike-Zeus missile against the target. Work is being done under a $4,000,-
000 contract from Bell Telephone Laboratories.

P Minneapolis-Honeywell is building a space capsule to simulate living
conditions on man’s first extended trip into outer space. Designed for
two astronauts for a period of 30 days, it will be used for research by the
Dept. of Astroecology of the Air Force School of Aviation Medicine at
Brooks Air Force Base, Texas.

) Consolidated Systems Corp., a wholly-owned subsidiary of Consolidated
Electrodynamics Corp., has received a $98,600 contract from the Goddard
Space Flight Center of the National Aeronautics and Space Administration
for development of miniature mass spectrometers that will be placed in
orbit within a satellite in 1961 to analyze and measure the elements of the
exosphere, the region of the atmosphere 150 to 600 miles above the earth.

As We Go To Press {cont.)

High Resolution Tube
Spots Close Targets

A new display storage tube, re-
portedly providing twice the reso-
lution capability of similar display
tubes, has been developed by the
RCA Electron Tube Division for
use in radar and specialized tele-
vision applications.

When used as a radar indicator,
the tube is capable of distinguish-
ing between two closely spaced
targets. Previous display storage
tubes would often make two such
targets appear as one object.

The new tube is capable of
resolving more than 800 TV lines
per display diameter of 3.8 in.
when operated at a display or pic-
ture brightness of approximately
100 ft.-lamberts. This brightness
is adequate for viewing in a well
lighted room without a light
shield.

The tube can be utilized in elec-
tronic equipment for long-range
radar display and airport surveil-
lance radar. In addition, it can be
employed for data transmission
including half-tones and for spe-
cialized television applications in-
volving narrow bandwidth trans-
mission over telephone lines.

HIGH-RISING MIX

Mixture being poured by G. E. Technician will
become a buoyant plastic foam capsule con-
taining space-information gathering devices
in missile nose cones. Capsule is ejected
just before impact, floats until recovery.

More News
On Page 17
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HIGH-SPEED COMPUTER SWITCHING TRANSISTORS

SILICON DDMT--Double Diffused

Mesa Transistor . . . now available

from Hughes to solve your high-speed
switching problems. This new silicon PNP transistor, which oper-
ates at low and medium current levels, gives you a cut-off fre-
quency greater than 50 megacycles. In addition, Beta—as a
function of collector current—is flat over 80 per cent of the
operating range.

Two other advantages: I. This Hughes transistor offers you
all the desirable characteristics inherent in the solid state diffusion
technique. 2. The tiny flexible leads of its gold plated package
may be soldered directly into circuits or used with standard
plug-in sockets.

This new device, while designed primarily for computers, is also
an excellent amplifier and oscillator, lending itself to an unusually
broad range of applications.

As in all Hughes semiconductor devices, reliability has been
specifically designed into this mesa transistor. They are manufac-
tured in the new multi-million dollar Hughes Semiconductor facil-
ity . . . using the finest equipment and newest techniques.

Your inquiry regarding these transistors will be given prompt
attention. Just write or call the Hughes sales office nearest you.

They are located in:

Boston, 4 Federal Street; Woburn, Mass.; WElls 3-4824
Minneapolis, 6121 Excelsior; Minneapolis 16, Minn.; WEs: 9-0461
Newark, 80 Mulberry Street; Newark 2, N. J.; MArker 3-3520

San Francisco, 535 Middlefield Road; Palo Alio, Calif.; DA 6-7780
Syracuse, 224 Harrison Street; Syracuse 2, N.Y; GRanite 1-0163
Chicago, 1515 N. Harlem Ave.; Oak Park, 11i.; N Ational 2-0283
Cincinnati, 816 Swifton Center; Cincinnati, Qhio; ELmhurst 1-5665
Philadelphia, | Bala Avenue; Bala-Cynwyd, Penn.; MOhawk 4-8365
Los Angeles, 690 N. Sepulveda; El Segundo, Calif.; OR 8-6125

Or write, Hughes Products, Marketing Department,
SEMICONDUCTOR DIVISION, NEWPORT BEACH, CALIFORNIA.

For export, write: Hughes International, Culver City, Calif.

SPECIFICATIONS: Absolute Maximum Ratings (25°C)
2N1254 2N1255 2N1256 2N1257 2N1258 2N1219

BVcEo 15V 15V 30v 3ov 50V 5av
BVcao 15v 15V 3ov 30v 50V 50V
BVzgo 5V 5v 5v 5v 50v 3v
Power Dissipation 250 mw

Ambient Temperature —65°C + 175°C

Creating a new world with ELECTRONICS
1

SEMICONDUCTOR DIVISION

HUGHES PRODUCTS

© 1959. HUGHES AIRCRAFT COMPANY
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DOUBLE YOUR

WITH ONLY ONE CHANGE—ON X-BAND AND S-BAND MICROWAVE SYSTEMS

You can now double the effective range of — tics of the Hughes PAX-1 and PAS-2B tubes,

your X-band or S-band microwave system
applications with no change in power require-
‘ments, no change in antennas, no change in
other system equipment!

How? By using Hughes PAX-1 or PAS-2B
backward-wave amplifiers in your microwave
systems you will achieve noise characteristics
much lower than from any other traveling-
wave tube, The lower the noise level, the
longer the effective range!

Recent advances in electron gun design (re-
sulting from noise phenomena studies con-
ducted by Hughes R & D laboratories) make
possible the extremely low noise characteris-

N

N

SEMICONDUCTOR DEVICES » STORAGE TUBES AND DEVICES +

10

" In your microwave system applications, these

Circle 5 on Inquiry Card

amplifiers alone offer you advantages not
obtainable by any combination of other low-
noise devices.

Only one voltage to vary...Another impor-
tant feature of the PAX-1 and PAS-2B back-
ward-wave amplifiers is a narrow, electronic-
ally tunable passband covering the entire
X-band or S-band spectrum. This feature auto-
matically provides image rejection, excellent
selectivity and anti-jamming capability. And,
once the initial setup has been made, only
the tuning voltage needs to be varied for com-
plete operation.

Creating a new world with ELECTROI\}ICS
|

RANGE!

ELECTRONIC INDUSTRIES -

SPECIFICATIONS: PAX-1 PAS-2B
(X-Band) (S-Band)
Minimum noise figure 4.5 db under 4.0 db
Gain over 20 db 10-25 db
Tuning voltage 420-650 v 180-1150 v
Maximum voltage 1500 v 2750 v
Bandwidth 12 me 1 me
Input-output isolation over 50 db over 50 db
Filament power 6w 10w
Magnetic fietd 1300 gauss 1000 gauss
Saturation power output 0.2 mw 1 mw

Write now for detailed specifications on the PAX-1
and PAS-2B: HUGHES PRODUCTS, Electron
Tube Division, International Airport Station, Los
Angeles 45, Calif. For export information, write:
HUGHES INTERNATIONAL, Culver City, Calif.

ELECTRON TUBE

HUGHES PRODUCTS

© 1955 HUGHES AIRCRAFT COMPANY

DIVISION

MICROWAVE TUBES + VACUUM TUBES AND COMPONENTS « CRYSTAL FILTERS » MEMO-SCOPE® OSCILLOSCOPES * INDUSTRIAL CONTROL SYSTEMS
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UE A

INTERNATIONBL AIRPORT.

HANEHES AIRCRAFT COMPANY
LIS ANGEES 45, CAL..

If you're looking for a high-performance crystal filter

At your service is a group of highly talented Hughes
Crystal Filter engineers who specialize in solving difficult
network problems. These men can design and produce a
crystal filter to meet your most exacting requirements! In
addition, Hughes offers you tremendous production
capacity — over 10,000 filters per month of a single type.
With Hughes Crystal Filters you get:

Precise Selectivity— Eliminates cross talk between chan-
nels, makes new systems possible.

Small Size — Reduces overall equipment size, makes filter
more reliable by eliminating air space, results in higher
stress factor.

High Frequency— Saves circuit costs, eliminates the need
for double conversion. Center frequencies 30 kc to 40 mc.

Low Passband Ripple— Eliminates errors in information,
enables end equipment to be more precise.

Wide Temperature Stability— Provides flexibility of use,
contributes to high reliability.

Low Insertion Loss— Enables system to operate on low
signal level—thereby combating noise and cutting cir-
cuit costs.

To avail yourself of the Hughes applications engineer-
ing service, or for additional information concerning
performance levels please write: TUGHES PRODUCTS,
Industrial Systems Division, Marketing Dept., Inter-
national Airport Station, Los Angeles 45, California.
For Export, write: Hughes International, Culver City,
California.

Creating a new world with ELECTRONICS
|

HUGHES PRODUCTS i
|

© 1959, HUGHES AIRCRAFT COMPANY

SEMICONDUCTOR DEVICES » STORAGE TUBES AND DEVIGES = MICROWAVE TUBES » VACUUM TUBES AND COMPONENTS « CRYSTAL FILTERS MEMO-SCOPE® OSCILLOSCOPES + INDUSTRIAL CONTROL SYSTEMS

ELECTRONIC INDUSTRIES + September 1959

Circle 6 on Inquiry Card 1




Plastic Microphone and Shielded | Shielded PA and Call Intercom Cable—Multiple
Power Supply Cables System Cables Pair Unshielded

Low capacitance, lightweight, small diam- Two-conductor, twisted pair. Variety of
eter. Oil and ozone resistant. Long flex life, gauges, insulations, shieldings, and jackets. Conductors paired with short lay twist. No
high tensile strength. Uniform quality and dimensions. crosstalk. Offers high dielectric strength,

free stripping, small diameter. Vinyl jacket
resists water, sun, oil, grease, and ozone.

Belden .. the most complete
Electronic Wire and

Strain Gauge Cable Unshielded Sound, Alarm System, | Special Intercom and
and Speaker Extension Cables Sound Cables

100% Shielded with conductors under
BELDFOIL* aluminum-mylar shield. Low ca-

pacitance, small diameter, extremely flex- | Two-conductor twisted pair. All insulations | For wiring systems requiring shielded lines
ible. Vinyl jacket resists water, sun, oil, and sizes. Uniform quality and dimensions | cabled with unshielded control lines. Wide
grease, and ozone. for dependable service and installation. variety of types and conductor groupings.

* Belden Trademark Reg. U.S. Pat. Off.

Intercom Cable—Multiple
Pair Individually Shielded

BELDFOIL aluminum-mylar tape elimi-
nates external interference and cross-
talk between pairs. Cables offer high

Rubber Microphone and Shielded Shielded Sound, PA, and
Power Supply Cables Intercom Cables

Maximum abrasion and impact resistance.

Limp—lies flat on stage or studio floor. Three conductors. Variety of gauges and dielectric strength, free stripping, small
Long flex life, high tensile strength. shields for every application. diameters. Viny!l jacket resists water,
sun, oil, grease, and ozone.
TV Camera Cables Juke Box Cable

For all color, and black and white TV
transmission. Lightweight, small diam-
eters, low friction coefficient, maximum
flexibility.

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

Broadcast Audio Cable Hi-Fi, Stereo, and Transmission Line Cables

PhOﬂOQFC‘Ph Cables Variety of types and ratings for every
application. Resistant to pulling, whipping,
twisting, and weather, for long-lasting in.
stallations.

Drain wire and shield isolation eliminate Shielded connector cords and pick-up arm
current loops. Free stripping jackets, fast cables. Extremely light, flexible — small
shield termination, small diameters. diameter. Excellent dielectric strength.

12 ELECTRONIC INDUSTRIES - September 1959



Antenna Rotor Cable

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

line of
Cable

RG/U Transmission
Line Cables

- i

[ e
Widest variety of RG/U sizes and types.
Approved under Mil-C-178B. Cables manu-
factured with strict adherence to govern-
ment specifications.

Community and Multiple Set
TV Antenna Cables

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

High-Voltage Cathode
Ray Tube Lead

Mil-Spec Hook-Up
and Lead Wire

High dielectric strength. Small diameter
with maximum flexibility.

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

Portable Cordage and Rubber
Multiple Conductor Cables

Hook-Up and Lead Wires

ey caal

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

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

These and many more

from Stock
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Test Prod Wire Unshielded All-purpose Sound
and Intercom Cable

Three conductors. Also for power supply
cords, speaker lines, and unshielded con-
trol lines.

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

Belden Electronic Wire and Cable

\

One wire source for
everything electronic
and electrical.

8-2-9

ELECTRONIC INDUSTRIES -

WIREMAKER FOR INDUSTRY
SINCE 1902
CHICAGO

September 1959

is available in many different packages

This handy Workbench Hook-Up Dispenser Kit is an ex-
ample of how Belden's packaging program helps minimize
waste . . mokes stock maintenance easy. Each kit contains
an assortment of Hook-Up Wire colors and types. The
dispenser is designed for workbench or wall mounting.

Ask your Belden jobber

magnet wire o lecd wire ® power supply cords @
cord sets = porlable cordage e electronic wire ®
automotive replacement wire and cable o aircroft
wire o electrical household replacement cords

Belden wires, cords and cables mean the lowest over-all cost
from your assembly line o field operation

Circle 7 on Inquiry Card 13



STEMCO THERMOSTATS
for precise, sensitive temperature control

STEVENS manufacturing company, /nc.

P. Q. Box 1007, Mansfield, Ohio

Circle 8 on Inquiry Card

STEMCO

THERMOSTATS

1, 2, TYPE €1 semi-enclosed (1), hermetically
sealed (2). Small positive acting with electrically
independent bimetal strip for operation from
~10° to 300°F. Rated at approximately 3 amps,
depending on application. Hermetically sealed
type can be furnished as double thermostat
“alarm” type. Yarious terminals and mountings.
Bulletin 5000.

3, 4, TYPE M* | semi-enclosed (3), hermetically
sealed (4). Snap acting bimetal disc type for
appliance and electronic applications from
~20° to 300°F. Rated: 3 to 10 amps at 115
VAC and 28 VAC/DC. Available with a variety
of mounting brackets, type of terminals and /or
wire leads. Bulletin 6000,

5, 6, TYPE MX | semi-enclosed (5), hermetically
sealed (6). Snap acting miniature units to open
on temperature rise for missile, avionic, elec-
tronic and similar uses. Temperature 10° to
260°F, 2° to 6°F differential. Depending on
duty cycle, rated: 1 to 3 amps, 115 VAC and
28 VAC/DC. Also available in ceramic bases
and hermetically sealed HC-6/U cans, with
various mounting brackets, Bulletin 6100.

7, 8, TYPE $* { adjustable (7), non-adjustable (8).
Positive acting with single stud or nozzle mount-
ing. Operation to 600°F. Rated at 15 amps at
115 VAC, 7 amps at 230 VAC. Spade, screw
or formed terminals, various adjusting stems,
etc, Bulletin 1000,

9, TYPE SA*{ adjustable (9), or non-adjustable.
Snop acting with electrically independent bi-
metal. Also single-pole, double throw. Single
stud or nozzle mounting. Rated at 1650 watts
at 115-230 VAC only. Spade or screw termi-
nals. Bulletin 2000,

10, TYPE SM* t manual reset. Electrically same
as Type SA (above) except for manual reset
feature. Bulletin 2000,

11, TYPE B adjustable (11) or non-adjustable.
For uses where heat generated by passage of
current through bimetal strip is desirable. Vari-
ous terminals, single stud or nozzle mounting.
Operation to 400°F. Average rating 5% amps,
115 VAC, Bulletin 9000,

12, 13, 14 TYPE A*{ semi-enclosed {12, 13),
hermetically sealed (14). Insulated, electrically
independent bimetal disc gives fast response
and quick, snap action control for appliance
and electronic applications from —~20° to 300°F.
Lower or higher temperatures special. Depend-
ing on duty, rated: 4 to 13.3 amperes, 115 VAC
and 28 VAC /DC. Various terminals and mount-
ing brackets available. Bulletin 3000,

15, TYPE R* 1 sealed adjustable (15), sealed non-
adjustable. Positive acting for operation to
600°F. Rated at 15 amps ot 115 VAC, 4 amps
at 230 VAC. Screw terminals. Bulletin 7000.

16, TYPE W* T adjustable (16), or non-adjustable.
Snap action bimetal strip type for operation to
300°F. Depending on duty, rated: 5 to 10
amps, 115 or 230 VAC. Screw or nozzle mount-
ings; spade or screw terminals. Bulletin 4000.

17, TYPE H1t adjustable. Positive acting for fry
pans, skillets, sauce pans, etc. Fail-safe, open
in low to 500°F in high. Rated at 1650 watts
at 115 VAC. Bulletin 10,000,

18, TYPE D* automatic (18), or manual reset.
For laundry dryers or other surface and warm
air applications. Snap acting disc type for
operation to 350°F. Open or enclosed. Rated:
25 to 40 amps at 120-240 VAC. Screw or
spade terminals, Bulletin 8000.

Ilustrations, for general information only, do
not necessarily show size comparisons. Fully
dimensioned and certified prints on request.
Manufacturer reserves right to alter specifica-
tions without notice.

*Refer to Guide 400 EQ for UL or CSA approved ratings,
tThese thermostats covered by patents |ssued or applied for.




Coming Events

conferences, shows, etc., occurring

A listing of meetings,
ober that are of special

during the period September-Oct

interest to electronic engineers

Aug. 31-Sept. 2: Army-Navy In-
strumentation Program, Symposium
and Industry Briefing, Statler Hil-
ton Hotel, Dallas, Tex.

Aug. 31-Sept. 2: Conference on Semi-
conductors, Metallurgical Society of
AIME, Statler Hotel, Boston, Mass.

Sept. 1: 6th International Meeting,
Institute of Management Sciences;
Paris, France.

Sept. 3-6: 13th Annual National Con-
vention and Aerospace Panorama,
Air Force Association; Miami Beach,
Fla.

Sept. 5-6: New England Division Con-
vention, American Radio Relay
League; Hartford, Conn. (Tent.)

Sept. 6-16: Production Engineering
Show; Navy Pier, Chicago, Il

Sept. 10-11: Midwest Sections Conf.,
ISPdI; Sheraton Hotel, French Lick,

nd.

Sept. 10-21: Radio, TV, and Records
Exhibition, Federation Nationale
Des Industries Electroniques; Exhi-
bition Park, Porte de Versailles,
Paris, France.

Sept. 11-13: Southwest Stereo/Hi-Fi
Show, Southwest Hi-Fi Representa-
tives, Inc., Shamrock-Hilton Hotel,
Houston, Texas.

Sept. 12-21: 6th European Machine
Tool Exhibition, Rond-Point de la
Defense, Puteaux (Seine), Paris,
France.

Sept. 13-16; 11th Electronic Industry
Conf., Electronic Representatives
Assoc.; Excelsior Springs, Missouri.

Sept..15: Conf. on Photosensitive Ma-
terials and Silk Screen Processes,
Western Assoc. of Circuit Manu-
facturers; Rodger Young Aud., Los
Angeles, Calif.

Sept. 16-18: Engineering Management
Conference, ASME; Statler Hilton
Hotel, Los Angeles, Calif.

Sept. 17-18: Engineering Writing &
Speech Symposium, IRE (PEGWS);
Boston & Los Angeles.

Sept. 17-18: 2nd Conf. on Nuclear
Radiation Effects on Semiconductor
Devices, Materials, and Circuits,
ODR, Advisory Group on Electron
Tubes; Western Union Auditorium,
New York City.

Sept. 18: Dinner Meeting, Associa-
tion of Electronic Parts & Equip-
ment Manufacturers, Chicago, Il

Sept. 18-20: Southwest Stereo/Hi-Fi
Show, Southwest Representatives,
Inc., Hotel Adolphus, Dallas, Texas.

Sept. 20-23: Petroleum Mech. Engrg.
Conf., ASME; Rice, Houston, Tex.

Sept. 21-22: 8th Annual Meeting, In-
vestment in Survival, Standards
Engineering Society; Somerset Ho-
tel, Boston, Mass.

ELECTRONIC INDUSTRIES -

Sept. 21-23: 8th Annual Meeting,
Standards Engineers Society; Som-
erset Hotel, Boston, Mass.

Sept. 21-25: 14th Annual Instrument-
Automation Conf. & Exhibition,
ISA; International Amphitheater,
Chiecago, Il

Sept. 22-24: Quarterly Conf., Elec-
tronic Industries Assoc., Plaza Ho-
tel, New York City.

Sept. 22-24: 3rd Industrial Nuclear
Technology Conf. ARF, AEC; Mor-
rison Hotel, Chicago, IlL

Sept. 23-25: 4th Annual Special Tech-
nical Conf. on Non-linear Magnetics
& Magnetic Amplifiers, ATEE, IRE;
Shoreham Hotel, Washington, D. C.

Sept. 23-25: The Business Equipment
Exposition, Office Equipment Man-
ufacturers Exhibits, Inc.; National
Guard Armory; Washington, D. C.

Sept. 25-26: 9th Annual Broadcast
Symposium, AIEE, IRE; Willard
Hotel, Washington, D. C.

Sept. 28-30: National Symposium on
Telemetering, IRE (PGTRC); Civie
Auditorium and Whitcomb Hotel,
San Francisco, Calif.

Sept. 28-Oct. 1: National Fall Meet-
ing, American Welding Society;
Sheraton-Cadillac Hotel, Detroit,
Mich.

Sept. 30-Oct. 1: Industrial Electronics
Symposium, IRE, AIEE; Mellon
Institute, Pittsburgh, Pa.

Oct. 1-2: 15th New England Section
Conf., SPI; Wentworth-by-the-Sea,
Portsmouth, N. H.

Oect. 5-7: 5th National Communica-
tions Symposium, IRE; Hotel Utica,
Utica, N. Y.

Oct. 5-9: 11th Annual Convention,
Audio Engineering Society; Hotel
New Yorker, New York, N. Y.

Oct. 5-9: 86th Semiannual Convention,
including Equipment Exhibit, So-
ciety of Motion Picture & TV En-
gineers; Statler Hotel, New York,
N. Y.

Oct. 5-16: 7th Anglo-American Con-
ference, IAS, Royal Aeronautical
Society, Canadian Aeronautical In-
stitute, Institute of the Aeronautical
Sciences; Hotel Astor, New York,
N. Y.

Oct. 6-7: Value Engineering Sympo-
sium, EIA; University of Pennsyl-
vania, Phila., Pa.

Oct. 6-8: 5th Conf. on Radio-Inter-
ference Reduction, Armour Research
Foundation, IRE, U. S. Army Sig-
nal Research and Development
Labs; Chicago, Tl

QOct. 6-9: 2nd International Sympo-
sium on High Temperature Tech-
nology, Stanford Research Insti-

September 1959
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tute; Asilomar Conference Grounds,
Cal.

Oect. 7-9: National Symposium on Vac.
Tech., American Vacuum Society;
Hotel Sheraton, Phila., Pa.

Oct. 7-9: Canadian Convention, IRE;
Toronto, Canada.

Oct. 8-10: Meeting, Optical Society of
America; Chateau Laurier, Ottawa,
Canada.

Oct. 11-15: 3rd Pacific Area National
Meeting, ASTM; Sheraton-Palace
Hotel, San Francisco, Calif.

Oct. 11-16: all General Meeting,
AIEE; Morrison Hotel, Chicago,
111.

Oct. 12-15: Annual Conference, Na-
tional Electronics Conference, IRE,
AIEE, EIA, SMPTE; Hotel Sher-
man, Chicago, Il

Oct. 13-14: Technical Conference, So-
ciety of Plastics Engineers, South-
ern Calif. section; Ambassador Ho-
tel, Los Angeles, Calif.

Oct. 13-16: Midyear Meeting of Lab
Apparatus & Optical Sections; Sei-
entific Apparatus Makers Assoc;
The Cavalier, Virginia Beach, Va.

Oct. 15-16: Meeting, National Assoc.
of Broadcasters; Mayflower Hotel,
Washington, D. C.

Oct. 15-17: Fall Meeting, National
Society of Professional Engineers,
Olympic Hotel, Seattle, Wash.

Oct. 17-25: International Fair of
Plastics Ind., Dusseldorf, Germany.

Oct. 18-22: Meeting, The Electro-
chemical Society, Inc., Deshler-Hil-
ton Hotel, Columbus, Ohio.

Oct. 19-20: Meeting, National Assoc.
of Broadcasters; Sheraten Hotel,
Chicago, 11l

Oct. 19-21: Fall Meeting, URSI, IRE;
Balboa Park, San Diego, Calif.

Oct. 19-22: Annual Conf. Int’l Munici-
pal Signal Assoc.; Stardust Hotel,
Las Vegas, Nev.

Abbreviations

AIEE: American Institute of Elec-
trical Engineers

AIME: American Institute of Mining
& Metallurgical Engineers

AIP: American Institute of FPhysics

ARF: Armour Research Foundation

AEC: Atomic Energy Commission

ASME: American Society for Me-
chanical Engineers

ASTM: American Society for Testing
Materials

EIA: Electronic Industries Associa
tion

IRE: Institute of Radio Engineers

ODR: Office of Director of Defense
Research

SMPTE: Society of Motion Picture &
TV Engineers
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Diode
Type

1N645
1N647
1N649
1IN677
1N681
1IN683
1N685
1N687

TECHNICAL DATA:

Maximum DC
Inverse Operating
Yoltage
{volis)

225
400
600
100
300
400
500
500

Maximum Average
Forward Current
@ 25°C
(ma)

400
400
400
400
200
200
200
200

Maximum Forward
Voltage Drop
@ 25°C

{volts @ ma)
1.0 @ 400
1.0 @ 400
1.0 @ 400
1.0 @ 400
1.0 @ 200
1.0 @ 200
1.0 @ 200
1.0 @ 200

OTHER CLEVITE DIVISIONS:

Clevelanc Graphite Bronze *

Brush Instruments

* Clevite Electronic Components * Clevite Harris Products
¢ Clevite Ltd. * Clevite Ordnance * Clevite Research Center

¢ Texas Division ¢

Intermetall G.m.b.H.

DIFFUSED
- SILICON

RECTIFIER

Clevite offers silicon rectifiers
designed for maximum reliability
in the severest military and
commercial applications.

A DIVISION OF

Circle 9 on Inquiry Card

Check these features:

HIGH DISSIPATION — 600 mw
SUBMINIATURE GLASS PACKAGE
HIGH VOLTAGE — up to 600 volis
HERMETICALLY SEALED

HIGH TEMPERATURE OPERATION —
up to 150 ma at 150°C
For details, write for Bulletin B217A-3

LLEVITE

TRANSISTOR PRODUCTS

241 CRESCENT ST., WALTHAM 54, MASS.
TWinbrook 4-9330



As We Go To Press (cont.)

"Paddlewheel” Carries
Heavy Load of Gear

The 15 major experiments in the
142-pound “Paddlewheel” satellite,
together with its advanced elec-
tronics, make it the most compre-
hensive scientific package the
United States has yet put in an
earth orbit.

The body of the satellite is
spheroid-shaped with a slightly flat-
tened bottom. It is 26 in. in di-
ameter, 29 in. deep and its alumi-
num skin is 1/16 in. thick. From
its waist jut four paddles of power-
generating solar cells.

Most of the experiments ride
bolted to a plastic and metal floor
within the satellite. They break
down into six main categories:

1. Three devices to map the ra-
diation belt ringing the earth.

2. A 2Y%-lb. scanning device—
similar to a TV camera—designed

Extension devices of the solar paddles are
checked before launching at Cape Canaveral

to relay a crude picture of the
earth’s cloud cover.

3. Solar cells on each side of the
four paddles, to create voltage to
recharge the satellite’s chemical
batteries in flight. The electronic
gear in the satellite includes three
transmitters and two receivers.

4. A micrometeorite detector
built to gauge the size and speed
of meteoric particles hitting the
satellite.

5. Two types of magnetometers
to map the earth’s magnetic field.

6. Four experiments to study the
behavior of radio waves.

The electronic gear in the satel-
lite includes 3 transmitters and 2
receivers.

The transmitters duplicate each
other in sending information on

nearly every experiment. Two of
the transmitters, operating at
108.06 megacycles and 108.09 meg-
acycles, send analogue informa-
tion which is recorded on tapes
and later graphed and analyzed.

A third transmitter, broadcast-
ing at an undisclosed UHF fre-
quency is the primary transmitter.
It sends digital data or coded im-
pulses which allow fairly rapid
data translation.

A low-frequency receiver is used
exclusively in one of the radio
wave propagation experiments. A
second high-frequency receiver can
command 30 different functions in
the satellite, including turning off
and on the primary transmitter.

The main transmitter is used
only an hour and a half out of
every six hours because it requires
more power (40 watts) than the
solar cells and batteries can supply.

EIA, NEMA Split Up
Semiconductor Roles

The Electronic Industries Assoc.
(EIA) and the Nationale Elec-
trical Manufacturers Assoc.
(NEMA) agreed last month to
split up the role that they have
been jointly filling in supplying
marketing data and general ser-
vices to the semiconductor field.

Under the new arrangement
EIA’s responsibility covers diodes
and transistors generally used in
signal and low-level applications,
and the semiconductors used in
home instruments.

NEMA becomes responsible for
all power and control rectifiers,
excluding those intended for use
in home entertainment devices.

Power transistors are divided
between the two associations.

Westinghouse Donates Lab
Equipment to Univ. of Pa.

The University of Pennsylvania
has received laboratory equipment
designed to teach the basic prin-
ciples of electrical-mechanical en-
ergy conversion from the West-
inghouse Educational Foundation.

The lab units include a frac-
tional dc motor and a 3 hp dc mo-
tor, 2 tachometers, a torque meter,
and a specialized rotating device
that can be operated either as a
motor or a generator on ac or dc.

ELECTRONIC INDUSTRIES ¢ September 1959

Video Tape Recordings
Can Be Edited, Mixed

A new method of producing TV
programs on tape, permitting for
the first time the electronic editing
or mixing of taped scenes and
sounds, has been developed by en-
gineers of Reeves Sound Studios,
Inc., and RCA.

The new concept permits mixing
information on television tape with
much the same flexibility as on
motion picture film.

A new Reeves facility will pro-
vide clients with video recording
as well as audio signals on mag-
netic tape.

The new method of assembling a
TV production on tape invclves the
use of pre-recorded tapes bearing

RCA’s E. C. Tracy {r) and C. H. Colledge
check TV tape recorder ordered by Reeves

picture information from any
number of cameras, along with the
sound tracks. By employing sev-
eral tape recording and playback
machines, with matching monitors,
the system will enable the pro-
ducer and director to see different
views simultaneously and choose
the most desirable scenes. Then
he can schedule the complete pro-
gram and electronically edit, or
“gplice,” the desired sequences into
a master monitor and recorder.

The Reeves firm has contracted
for the purchase from RCA of a
battery of television tape recorders
and a large amount of related
equipment.

The new flexibility is gained
through a recent development of
the David Sarnoff Research Center
which makes it possible to achieve
synchronization of television tape
machines. This synchromnization is
necessary so that electromic switch-
ing between pictures on one tape
machine and another does mnot
cause roll-over, or a vertical shift-
ing of the picture frame.

More News on Page 20
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GOVERNMENT ELECTRONIC Equipment, telephone ... ... .. 88518
. JA.PANESE ELECTRONICS . CONTRACT AWARDS Fﬁfer")s, band pass ... ... ... .. 66,603
1t is estimated thaf output by I9l.>2 vl This list classifies and gives the value of electronic Fuses ... .. .. .. ... ... . ... 140,369
exce.ed e n"~I|'|I-|°n IR ROCIUCTS equipment selected from confracis awarded by Fuses, cartridge ... .. ..... ... 165,742
pr%ilmafel$8| "f“ |on.d " h Ay government agencies in July, 1959. Generators, time mark ... ... .. 126,197
e e T T LT Handsets-headsets . ...... ... .. 121,251
from about $269 million in 1956 to more Amplifiers ... ... ... ... ... .. 166,840 Integraters. video . 250000
than $550 million in 1958. In October 1958 Amplifiers, synchro signal ... ... 733,738 Limi?ers f'use U ’ ) 9|:329
the monthly production reached 120,000 TV Analyzers . ... ... . ... .. 35,752 Loudspelcker Sy 121,759
sets, 300,000 transistor radios, and 3.2 mil- Analyzer, frequency .......... 23,632 Meters, radio interference 126,837
lion transistors. The monthly output of Analyzer & recording system, Meters, milliamp ... ... . .. .. 47,775
transistors was to approach 4.6 million by digital data ............. . .. 49,306 Meters, ohm .. .. .. . . .. . . 150,660
April 1959, Analyzer, spectrograph ........ 165,550 Meters, @ ........ .. .. .. . 41,125
Exports of electronic equipment have in- Antennas & antenna systems.... 2,489,820 Meters, radiac ...... . .. . . . 520,667
creased rapidly. Radio receivers {mainly Attenuators . ... .. ... ... .. .. 143,360 Monitors, coordinate data. .. .. . 740,250
portable) accounted for an impressive share Batteries, dry . ... ... ... . ... .. 593,073 Multiplexer ... ... . .. 125,957
of .exports and for the January through Batteries, storage ............. 90,120 Multimeters ... ... ... .. . 539,880
Ocfober period totaled $24 million, includ- Bridge, impedance ........... . 41,594 Multipliers, electronic ... ... . 216,250
ing shipments to the United States valued Cable, electronic ........ .. ... 636,089 Oscillators .. .......... 294,540
at dpproximately $12.8 million {1.9 million Cable, telephone ... .. ... ... 299,542 Oscilloscopes .. ... ... ... ... .. 1,166,892
units). —U. S. Department of Commerce Calibrators . ......... .. .. ... 32,500 Oscillographs ............ ... . 170,632
Capacitors .......... ... ... 143,550 Paper, recording .......... ... 40,550
DRY CELL BATTERIES—1958 Cells, solar ...... ... ... ... .. 34,480 Plotter, coordinate data ... .. . .. 64,520
During 1958, manufacturers’ shipments of ~ Chargers, battery ........ ... .. 85522 potentiometers ... .. ... ... 63,193
dry cell batteries totaled 1.4 billion, valued Circuit breakers ........... .. 118,927 Power supplies ...... ... ... 758,483
at $97.5 million. Coils, r-f ... 25,120 Radio sets .......... ... ... .. 141,781
Flashlight and radio dry cells accounted Computers ... .. ... ... .. 424,500 Radiosonde equipment ... ... . 934,815
for over 909, of the quantity and 80% of Computers, analog ... ... ... . 65,950 Receivers, radio ...... ... ... .. 7,917,689
the total value of civilian type dry cell Computers, digital ... ... .. 316,800 Receiver/transmitters .. ... ... . 111,074
batteries shipped during 1958. Export ship- Connectors e 244,566 Recorder, facsimile ... .. .. .. .. . 222,440
ments represent less than 109, of the total Controls, radio ... 342,576 Recorder, flight data ... ... ... 137,837
quantity and value of manufacturers' ship- Converters, radiosonde data .... 184,350 Recorder, video tape ....... . . 109,309
ments during the year. Converters, SSB . ...... ... ... . 176,505 Recorder/reproducers & acces-
—U. S. Department of Commerce Dummy loads .......... ... .. 45,045 sories .............. ... ... 1,122,822
Reflector, parabolic ..... .. . . 58,650
Relay, armature ... ... ... .. . 45,195
GROWTH OF TELEVISION IN HOUSEHOLDS Relay assomblios T 39.992
- Resistors ... ...... ... ... . .. .. 1,206,389
LB iy Semiconductor devices .. ... .. .. 156,868
496 504 51.5_ Total Number of Households Signal generators ..... .. .. .. .. 87,866
49.2 (000,000) Solenoids ... .. ..l 29,961
{ Switchboard equipment ... ... .. 219,635
43.6 Number of TV Households Switches ... ... . 169,792
{000,000 Switches, pressure ...... .. . ... 96,893
Switches, toggle ....... . . . . . 39,927
Switches, thermostatic ... .... . 126,382
Systems, data processing ...... 688,297
Systems, telemetry ... .~ . . .. 210,764
Synchros ... ... . .. . .. ... .. 1,929,823
Tape, magnetic ........ ... .. .. 156,793
Tape reader ... ... . ... . . . . . . 73,353
Teletypewriter ... ... . ... . 3,234,294
Test sets, radio ..... ... ... 89,997
Testers .. ... ... .. ... .. . 173,875
Transducers ... ... ... ... ... . . 50,783
Transformers .. ... . . .. .. 32,220
Transistors ... ... .. ... . . ... 88,000
Transmitters .. .. ... .. 360,773
Transmitters, radio ...... . ... . 260,287
Tranceiver .. .... ReceEainaaan: 31,752
. Transmitters, synchro . ... ... .. 48,390
3.0 Number of Multi-Set Households Transponders . ... ... . ... .. . . 1,860,322
% {000,000 Tubes, electron ...... .. . . . .. 2,389,756
Tubes, klystron .. ... ... ... . . . .. 181,300
April June Feb. Aug.  April Jan. May Tubes, magnetron ... .. . . . .. 541,632
1950 1955 1956 1956 1957 1958 1959 Waveguide assemblies ... ... . 122,368
Source: Estimates by A.R.F. based on dala from U.S. Bureou of the Census. Wire ... 33"934
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ANOTHER FIRST FROM PHILCO
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High Frequency MADTs*

for tuner, video IF, sound IF

Alloy Junction Units

for sweep, synchronizing and
audio stages

Special MADTs™

(withrevolutionary Phileocath-
oderay tube) for display circuits

LANSDALE TUBE COMPANY DIVISION « LANSDALE, PENNSYLVANIA
Circle 10 on Inquiry Card

Television breaks free from the electrical outlet! Phileo’s sensa-
tional new Safari plays anywhere without plugging in... and
only Philco Transistors make it possible.

Phileo Micro Alloy Diffused-base Transistors (MADT*) for the
tuner and IF stages are products of Philco’s famous FAT Lines
(Fast Automatic Transfer) . . . the first automatic transistor pro-
duction lines in the world. They are the only transistors manu-
factured by mass production methods to meet the exacting
standards of performance, uniformity and economy to make
transistorized television a practical reality. Their excellent high
frequency capabilities provide sensitivity and low nolse per-
formance comparable with conventional vacuum tube receivers.

This is another example of Philco’s leadership in Transistor
engineering and production. To meet your transistor requirements,
consult Phileo first. For complete information, write Dept. E1-959.
*Trademark Philco Corp. for Micro Alloy Diffused-base Transistor

ILCO




Capsule summaries of important happenings in affairs of equipment and component manufacturers

¥

H

FEDERAL ELECTRIC CORP., Paramus,
N. J., has just received an Air Force contract
for $42 million for the operation and main-~
tenance of the DEW Line. They are a service
organization of ITT.

POLARAD ELECTRONICS CORP. an-
nounced the receipt of $2,194,000 in contracts
in the closing days of its fiscal yvear. Included
were Air Force contracts for a specialized
electronic countermeasures receiving system to
be developed, a contract for continued pro-
duction of automatic ground checkout equip-
ment for the B-58, a contract for classified
vacuum tube research, and a Navy production
contract for microwave signal generators.

GRAND SLIDING MECHANISMS, INC., a
new manufacturer of precision drawer and
chassis slides for the electronic industry, has
gone into production at 2401 W. Ohio St.,
Chicago 12, IIl.

SYLVANIA ELECTRONIC SYSTEMS, div.
Sylvania Electric Products Inc., has announced
plans for a 67,000 sq. ft. addition to their Data
Systems Operations in Needham, Mass. The
addition will be utilized to expand engineer-
ing and manufacturing Bpace.

RADIATION, INC., has entered into a
contractual agreement with the U. 8. Air
Force Air Research & Development Command,
on a tactical Air-to-Surface Missile study pro-
gram to be performed by the Research Div. of
Radiation, Inc., in Orlando, Fla. At present
details of this program are classified.

BENDIX AVIATION CORP., Radio Div.,
Baltimore, Md., has been awarded 2 contracts
in the amounts of $1,429,185 and $3,871,500
by the Rome Air Materiel Areas, Griffiss Air
Force Base, Rome, N. Y. The contracts are
for new modification kits to update GCA
radar and continental air defense radar ByS-
tems, originally built by Bendix.

AMPEREX ELECTRONIC CORP., Hicks-
ville, L. I, N. Y., has announced the begin-
ning of construction of a new, 2-story, mod-
ern, air conditioned engineering wing to the
present Amperex building. Completion is
slated for October of this year.

STROMBERG-CARLSON has received a half
million dollar extension of a subcontract for
their automatic test equipment for testing the
electronic portion of the Nike-Zeus missile.
Contract was awarded by Bell Telephone lab-
oratories.

WALDORF ELECTRONICS is the new
name for the Electronics Div., Waldorf In-
strument Co.

EPSCO INC., Systems Div., Cambridge,
Mass., has received a contract from the Naval
Ordnance Laboratory, Silver Springs, Md., for
a Digital Data Printing System to be used
with a Digital Data Handling System, recently
delivered to NOL by Epsco.

MAGNETIC METALS CO. of Camden, N. J.,
has purchased a 22-acre tract in a Pennsauken,
N. J., Industrial Park. They have already
broken ground for construction of manufac-
turing facilities and administrative offices at
this location.

NARDA MICROWAVE CORP. has formed
a new High Power Electronics Div., to design
and build a2 new range of products for micro-
wave communications systems.

WALTHAM PRECISION INSTRUMENT
CO. is now developing a new timepiece, the
‘“‘satellite clock and time programmer.” It
is expected to be used in the first manned
satellite sent by the U. 8. into outer Bpace.
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AMERICAN MACHINE & FOUNDRY Cco.,
has organized a Research and Development
Div. for proprietary products.

NEW HERMES ENGRAVING MACHINE
CORP. and its subsidiary, Hermes Plasties
Inc., have moved to a larger factory at 154
W. 14th St., New York City. The new plant
containg the most modern equipment, is com-
pletely air-conditioned, and has been organ-
ized to streamline production and speed up
service facilities in all phases of their opera-
tion.

RAYTHEON CO. has received now contracts
totaling more than $20 million for the Army
Hawk missile program. More than $9 million
of this will be for maintenance parts.

ELECTRO-MECHANICAL RESEARCH,
INC., of Sarasota, Fla., has contracted to pur-
chase all of the assets of Applied Science
Corp. of Princeton. This agreement has been
approved by the Boards of Directors of both
companies and is subject to the approval of
the stockholders of ASCOP.

REYNOLDS METALS CO. is expanding its
aluminum strip conductor coil winding fa-
cilities in Richmond, Va., to meet the indus-
try’s increasing need for prototype and
quantity-production coils.

RADAR MEASUREMENTS CORP., manu-
facturers of electronies systems and system
components, has started full scale operations
in their new engineering-production facilities
in Hicksville, L. I, N. Y

TAYLOR FIBRE CO., Norristown, Pa., re-
ports that new technical advances in the
bonding of various metallic and non-metallic
materials to laminated materials have been
made. They say this will open up new design
opportunities using combination laminates.

TULLAMORE ELECTRONICS CORP., a
subsidiary of the Victoreen Instrument Co. of
Cleveland, is moving to new headquarters and
plant facilities at 6726 S. Ashland Ave.,
Chicago.

MINNESOTA MINING & MFG. CO. has
been awarded a 1 year research contract by
the National Institutes of Health for work on
the synthesis of new compounds to be evalu-
ated as possible cancer chemotherapy agents.

P. R. MALLORY & CO. INC., has an-
nounced that the Mallory Capacitor Co. fa-
cilities for the production of solid tantalum
capacitors have been moved to new Indian-
apolis quarters and that output has been
doubled.

HAZELTINE CORP. has begun operations
at the new electronics test and engineering
center established at the Weir-Cook Municipal
Airport in Indianapolis, Ind., by their division,
Hazeltine Technical Development Center, Inc.

HARRIS MANUFACTURING CO., INC.,
St. Louis, now has a printed circuitry division.
They have complete precision printed circuit
board production facilities including tool and
die, and fabricating equipment.

FORMICA CORP.s new glass melamine
grade FF-60 will head their list of new quali-
fled products of type GME material, under
the revision of specification MIL-P-15037. This
is said to be the first approval in the indus-
try of glass melamine under this new classi-
fication. It will be used for circuit-breakers,
panel boards, switch bases and shipboard
power generation and distribution systems.

ELECTRONIC INDUSTRIES -

WESTERN GEAR CORP. has acquired a
financial interest in Tridea Electronics, Inc.,
of Pasadena, Calif. Tridea has been active
in radar, air navigation computers, and mis-
sile guidance systems.

AMPEX CORP. has received an order of
$2.5 million for Videotape® Television Re-
corders. The order was placed by the National
Education Television and Radio Center for 43
U. S. educational television stations.

HOFFMAN ELECTRONICS CORP., Los
Angeles, Calif., has received a contract for
the production of specialized test equipment
to be used with TACAN air navigation BYS-
tems. The $6 million contract was awarded
by the U. 8. Air Force.

ARNOUX CORP. announced receipt of =z
Navy contract for approximately $300,000. The
order is for a telemetry data, receiving and
recording station to be installed at Point
Mugu, Pacific Missile Range.

PACKARD-BELL ELECTRONICS CORP.
has been awarded an initial subeontract in
excess of $2 million by the Lockheed Missiles
and Space Div. for elements of the automatic
checkout system for the U. 8. Navy “Polaris”
fleet ballistic missile.

EITEL-McCULLOUGH, INC., San Carlos,
Calif., has announced expansions totaling
53,400 sq. ft., including 27,000 sq. ft. of a
new building to be completed by Oectober.

INTERNATIONAL ELECTRONIC RE-
SEARCH CORP., Burbank, Calif., has started
construction of an office building. The new
building will be completed by January 1960.

THE NATIONAL CASH REGISTER CO.,
Electronics Div., Hawthorne, Calif., will utilize
their “ROD” magnetic memory element as
the key component of a computer buffer mem-
ory, they are building for the Naval Ordnance
Test Station at China Lake, Calif.

ROBERTSHAW-FULTON CONTROLS CO.,
the Aeronautical and Instrument Div., has re-
cently been awarded contracts totaling almost
$500,000 by the Martin Co., Denver Div. These
contracts, repeat orders, call for helium pres-
sure regulators to be used on the TITAN
ICBM, now under development.

THE SIEGLER CORP. has been awarded a
$100,000 contract from the Sperry Utah Engi-
neering Co. for the manufacture of special
electronic test gear for the Army’s “Sergeant”
missile.

PARABAUM, INC. of Hawthorne, Calif.,
has been awarded over $400,000 in new con-
tracts for the production of astrodome type
shelters. These shelters, designed for the pro-
tection of missile tracking instruments, are
to be used by White Sand Missile Range, New
Mexico and Naval Ordnance Test Station,
China Lake, Calif.

LENKURT ELECTRIC CO.s contract to
develop the AN/FCC-17 Multiplexer Set for
the Air Force has been amended to add more
than $1 million in design and conmstruction of
prototypes. The proposed all-purpose system
for both fixed plant and tactical applications
will transmit voice, teletype and data signals
and will anticipate future requirements for
high-speed data and graphics.

LIBRASCOPE, INC., s subsidiary of Gen-
eral Precision Equipment Corp. has been se-
lected as a member of an industry-Navy team
working on a submarine integrated control
system (SUBIC) that may permit manpower
reduction on atomic powered submarines from
the present average 100-man crew to 12 men.
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% ... A New Microminiaturized Toroidal

The new Burnell & Co. MT 34 and MT 35 microminiature
Kernel toroidal inductors are made to order for the engineer
whe isn’t content with outer husk solutions but gets right
to the core of second generation missile communication
problems.

MT 31 microminiature Kernels can be supplied with in-
duetances up to 500 mhys and the Kernel MT 35 is available
in inductances up to 200 mhys. MT 31 Kernels are recom-
mended for frequencies to 30 kes and the MT 35 is applicable
to frequencies up to 200 kes depending on inductance values.
Q for the MT 34 is greater than 55 at 25 ke and for the MT 35
more than 60 at 100 kes.

Size of the MT 34 and MT 35 is .417” OD x .215”, spacing
between leads .37 x 1”7 L with a weight of .06 ounces.

The new microminiature Burnell MT 34 and MT 35 Kernels
provide maximum reliability as well as considerable econ-
omy in printed circuit use. Completely encapsulated, the
Kernels will withstand unusually high acceleration, shock
and vibration environments.

Write for special filter bulletin MTF to help solve your
circuit problems.
*missiles

FREQUENCY (KC)

2 3 5 10 2030 50 100 200 300
Qi—  KERNEL TOROIDS

80

60
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Snapshots . ..
of the

Electronic

Industries

RESEARCH ROCKET

ARCON. upper air research rocket developad by Atlantic
Reszarch, goes into its launcher for a shot at NASA’s Wallops
Island, Va., as part of its final flight test program.

AIR-PORTABLE TOWER
Surveying a proposed microwave route in remote Snoqualmie
Fass, Wash., this hclicopter handles an entire 200 ft. alumimum
towen in ene tlight. Upright Scaffolds, Inc., made the tower.

NUCLEAR $PACE SHIP

Nuclear powered space ship proposed by Lockhced would have
reactor separated from spacecraft by mile-long coaxial czble.
Reactor, glowing at 2,100°C., “boils” electrons cff outer cells.

MICRO-POSITIONING

The 15 micro-miniature components in Mel
par’s new miniaturized circuit are positicned
with this new micro-manipulator by [ab
physicist Stanley Bryla.
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CHECKOUT

At West Coast Div.
of Magnetic Ampli-
tiers, Inc. technicians
check out static se-
quencer that controls
count-down activities
for launching and
handling of Polaris
missile.

VEBRATION SYSTEM
Giant 200 KW shaker (below) manufactured for Boeirg by Ling
Elactronics is one of the two largest in the world. It will exert Q" .BALL

a vibratory force of 25000 Ibs through test frequency ranges . . . .
from 5 to 2,000 cycles per second. |t mounts on 200,000 Ib. slab. Nortroans A. Vogel “(a,k?OVE) and. G. Click, and NASA's K. San-
derson inspect the ‘Q7-ball attitude sensor designed and pro-

duced by Northrop Corp. for use in NASA's X-15 near-space aircraft.

LAB MACHINES

Details of the gen-
eralized lab machines
being donated by
Westinghause to ac-
credited college elec-
trical engineering de-
partments are ex-
plained to educators
at meeting in Pitts-

burgh.
NEW TRACKING SYSTEM
The new Azusa f#racking system for the Atlantic Missile Range, Diego plant of Convair (Astronautics) Div. of General Dynamics.
Cape Canaveral, Fla., is undergoing final checkout &t the San C. M. Hay, Convair-Astranautics enginees, checks plastic radomes.
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DUAL DISPLAY ON LINEAR TIME BASE—
Comparison of waveforms at two points in
o anging circuit. This kind of display is use-
ful in many types af investigation.

!

DUAL-BEAM X-Y CURVE TRACING—Typical

TYPE 502 CHARACTERISTICS

HIGH-GAIN AMPLIFIERS

200:microvolts/cm deflechon factors, both dc-coupled ond ac-coupled. 16
calibrated steps from 200 pv/em to 20 v/em

Possbands — dc-to-100 ke at 200 pv/cm, increasing ta dc-to-200 ke at
I mv/em, de-to-400 ke at 50 mv/cm, and to de-to-1 me at 0.2 v/em. Vertical
response af the lawer sensitivities varies according to switch position as fol-
lows: 0.5 v/em—dc-10-300 ke; 1 v/em—dc-10-500 ke; 2 v/em—de-to-1 mc;
5 v/em—dc-10-300 ke; 10 v/em—dc-to-500 ke, 20 v/em—de-to- 1 me.
Differential input, Both Channels—Rejection ratios: 1000-to-1 at | mv/em or
less, 100-to-1 at 0.2 v/cm, 50-to-1 at 5 to 20 v/cm.

Constont input Impedonce, 1 megohm, 47 puf, both channels.

WIDE-RANGE SWEEP CIRCUIT (Common to both beams

Single-knob control for selecting ony of 22 accurately-calibrated sweep
rates from | psec/cm to 5 sec/cm.

Sweep Magnificotion—2, 5, 10, and 20 times, accurate within the maximum
calibrated sweep rate.

Automotic Triggering—fully automatic, or preset with amplitude-level selec-
tion when desired. Sweep can also be operated free-running.

X-Y CURVE TRACING OPERATION

Horizontal-input amplifier permits curve-tracing with bath beoms simultane-
ously at sensitivities to 0.1 v/cm. For curve-tracing at higher sensitivities (1o
200 pv/cm) with one beam, one of the vertical amplifiers can be switched
to the horizontal-deflection plates,

OTHER FEATURES

Amplitude calibrator, 1 mv 1o 100 v in decade steps — square wave, fre-
quency about 1 kc.

3-kv accelerating potential ‘an new Tektronix 5" dual-beam crl. 8-cm by
10-cm linear-display area, each beam, §-cm overlap.

Electronicolly-regulated power supphes..

Price . .. $825 f.o.b. factory

Circle 12 on Inquiry Card

production-test opplication: display of El
loops of two tronsformers manufactured
under identical conditions.

TWO-GUN CATHODE-RAY TUBE.

200 uv/cm SENSITIVITY, BOTH BEAMS.
DIFFERENTIAL INPUT, ALL SENSITIVITIES.
2, 5, 10,.and 20 TIMES SWEEP MAGNIFICATION.

X-Y CURVE TRACING with TWO BEAMS— (
zontal input sen ity to 0.1 v/em).

SINGLE-BEAM X-Y CURVE TRACING at 200 uv/cm,
BOTH AXES.

EXTRA FEATURE—Both amplifiers have transistor-
regulated parallel heater supply.

Here are a few uses for the Type 502:

IN ELECTRONICS —Use the Type 502 as a general-pur-
pose oscilloscope and also to show simultaneously the
waveforms at any two points in a circuit, e.g. input and
output, opposite sides of a push-pull circuit, trigger
and triggered waveform, etc.

IN MECHANICS —Display, compare, and measure out-
puts of two transducers on the same time base; plot
one transducer output against another—pressure against
volume or temperature for instance; measure phase
angles, frequency differences, etc.

IN MEDICINE —Display, compare, and measure stimu-
lus and reaction, or the outputs of two probes, on the
samc time base; use differential input to cancel out
common-modc signals, or to eliminate the need for a
common terminal; use in routine investigations, etc.

IN ALL FIELDS—The Type 502 can save you more than
its cost in time—in as little as one application!

Tektronix, Inc.

P.O.Box 831 ¢ Portland 7, Oregon
Phone CYpress 22611 ¢« TWX-PD 311 « Cable: TEKTRONIX

TEKTRONIX FIELD OFFICES: Albertson, L.1., N.Y. « Albuquerque * Atlanta, Ga. * Bronxville,
N.Y. « Buffola + Cleveland « Dollas « Dayton * Elmwaod Park, lil. « Endwell, N.Y. * Houston
Lothrup Village, Mich. = Eost Los Angeles * West Las Angeles © Minneapalis * Mission, Kansas
Newtanville, Moss. « Orlondo, Flo. « Palo Alto, Colif. * Philodelphia * Phoenix * Son Diego
St. Petersburg, Fla. « Syracuse = Towson, Md. « Union, N.1. * Washington, D.C. + Willowdole, Ont.

TEKTRONIX ENGINEERING REPRESENTATIVES: Hawtharne Electronics, Portland, Oregon.,
Seattle, Wosh.; Hytronic Measurements, Denver, Colo., Salt Loke City, Utah.

Tektronix is represented in 20 overseos countries by qualified engineering organizations.
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Trimpot’ Trio

MODEL 236 MODEL 260 MODEL 200

°
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b
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MODEL 236 HUMIDITY-PROOF
TRIMPOT

Completely sealed to meet Mil Specs for
humidity, sand, dust and salt spray, this
proved wirewound potentiometer dissipates
0.8 watt at 70°C., operates reliably at tem-
peratures up to 135°C. Resistances

from 10Q to 100K. Choice of terminals

and mounting types.

MODEL 260 HIGH-TEMP

HIGH-POWER TRIMPOT

A favorite Mil Spec wirewound unit for
hot spots. Use it where you need depend-
able, continuous operation from —65°C
to +175°C. Dissipates 1.0 watt at 70°C.
Resistances from 10Q to 100K. Choice of
terminals and mounting types.

MODEL 200 GENERAL-PURPOSE TRIMPOT
Up-to-the-minute version of the original
wirewound Trimpot—used in more military
and commercial programs than any other
leadscrew-actuated potentiometer.
Maximum operating temperature is 105°C.
Dissipates 0.25 watt at 70°C. Resistances
from10Q to 100K. Choice of terminals

and mounting types.




Electronic Industries International

WESTERN EUROPE

Standards Chief on Tour

Harvey W. Lance, Chief of the Elec-
tronic Calibration Center at the Na-
tional Bureau of Standards, Boulder,
Col., is visiting 15 countries of West-
ern Europe and North Africa to in-
vestigate the electronic standards
structure of those countries. Countries
include: England, France, Germany,
Spain, Portugal, Italy, Greece, Tur-
key, Morocco, Belgium, Holland,
Switzerland, Norway, Sweden, and
Denmark.

The USAF has a number of con-
tractors in Western Europe and
North Africa doing such work as
overhauling aircraft and electronie
apparatus, as well as producing origi-
nal equipment. Mr. Lance will act as
an electronics expert in a survey being
made by the Air Force of the sources
of standards in these countries and
the application of these standards to
Air Force Contracts. It is important
that consistent standards be used in
all of these countries and that they in
turn agree with the standards used in
the U. S. Although the NBS is well
informed on European work in most
areas, there has been little liaison
with some countries on high frequency
and microwave standards.

CBS to Market Dutch Line

CBS Electronics, a div. of Columbia
Broadcasting Systems, Inc., has

Computer Draws Crowds
IBM RAMAC 305 Computer answers ques-
tions about America for these visitors to the
American National Exhibition in Moscow. Mil-
lion word memory answers over 4000 questions.

26

reached an agreement with Ronette
(Ronette Piezo - Electriche Industrie
N.V.) of Amsterdam, Holland, for the
distribution and license rights in the
U. 8. for the company’s line of phono-
graph cartridges, microphones, tone
arms, and other products. Ronette
will be licensed to mfg and sell the
Columbia CD cartridge in the Eu-
ropean market.

USSR

Protest Russian Use
of Admiral Trademark

The Admiral Corporation, Chicago,
has protested strongly to the general
manager of the Soviet Exhibition of
Science, Technology and Culture, held
recently in New York, over the Rus-
sians’ display of a TV receiver with
an Admiral trademark. The company
claimed infringement by the Russians
of its proprietary trade mark which
is registered in the U. S. Patent Of-
fice and in most of the countries
throughout the world.

Admiral asked that the Russian
TV set be removed from public dis-
play and that the Exhibition “Cease
and desist from displaying anywhere
any TV or radio receiver bearing the
Admiral name.”

Said Ross D. Siragusa, president
of Admiral, “We have no intention of
starting an international incident, but
we definitely want to safeguard our
trade mark. While we manufacture
and sell Admiral TV receivers and
other products in 90 countries
throughout the world, we do not want
anyone to think we are manufactur-
ing or offering our products for sale
in Russia.”

UNITED KINGDOM

Ampex Represents Marconi
in U. S.

Ampex Corp., Redwood City, Calif.,
has been appointed sole distributor in
the U. 8. for Marconi’s Wireless Tele-
graph Co., Ltd., TV and broadecasting
equipment. Ampex will maintain a
stock of complete systems, compo-
nents, and spare parts for all of the
Marconi broadcasting division prod-
ucts it distributes, and will also pro-
vide regular quality control checks.

Marconi equipment in the agree-
ment includes the Mark IV TV cam-
eras, camera control units; power
supplies, studio ecabinets, intercom-
munication equipment, remote control
equipment, master and waveform
monitors, diascopes, stabilizing ampli-
fiers, video mixers, distributing ampli-
fiers, sweep generators and other test
equipment.

ELECTRONIC INDUSTRIES -

AUSTRALIA

New Licensee for Elco

Elco Corp.’s (Philadelphia) newest
fliliate 1s International Resistance
Holding Company, Sydney, Australia,
which will operate as Elco-Austral-
asia. Arrangements include manufac-
ture of Elco’s products and the con-
tribution of the company’s technical
skill in manufacturing. The parent
company manufactures a line of tube-
sockets, shields and varicon connec-
tors for the electronics, nucleonic and
missile fields.

Visits U. S,

Robert Eland (right), Standard Coil Products
Director of R & D, greets Alfred Deutsch,
Director of Thorn Electrical Industries, Eng.,
in los Angeles. Deutsch visited Standard's
R & D lab.

WEST GERMANY

General Radio Displays
at West German Congress

The General Radio Company, West
Concord, Mass., will display its com-
plete line of sound meters and analy-
zers during the Third International
Congress for Acoustics, September
1-8 in Stuttgart, West Germany.

German Jets to Get Bendix
Navigation Equipment
Bendix Aviation Corp., International
Div., will supply an advanced elec-
tronic navigation device to equip
Lockheed F-104 “Starfighter” jet in-
terceptors for the West German Air
Force. The initial order is for $1,-
600,000.

Developed by Computing Devices of

(Continued on Page 30)
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IRC Resistance
Strips

and Concentric
Disc Resistors

BASIC CONSTRUCTION

{nsulator coated with a resistance material.
tnsulator usually recommended is a paper
grade of XXXP laminated phenolic but other
fillers (such as fabric base, woven fiber glass,
.glass fiber mat or ceramics) are also supplied.

ca ]

Standard Shapes

A

Design Shapes
THICKNESSES
Standard: .027” +.005”
Minimum thickness: .015”

WIDTHS

Maximum: 5"

TERMINATIONS

1. Conductlve colloidal silver (available in a
varlety of terminal patterns). Nonsolder-
able; requires clips, spring jaws, rivets,
eyelets, or other pressure contacts.

2. Solderable silver or conductive adhesives.

3. Copper laminated base for solderable
applications.

DESIGN CONSIDERATIONS

a. Diameterof punched holes should be equal
to, or larger than, thickness of material.

b. Dimensions should not be less than 1%
times thickness of material.

c. Distance from any outside edge to any hole
should preferablybea minimumof1% times
thickness of material, and never less than
material thickness.

d. Ratio of length of strip to width should
be as large as possible.

PROTECTIVE COATINGS

Where no contact is to be made to the re-

sistive film, it may be coated for protection

from handling and environment.

RESISTANCE VALUES

Discs: 5 to 100,000 ohms.

Strips: 19 ohms/square to 1.0 megohm/square

RESISTANCE TOLERANCES

Discs: +20% Standard; +10% or *5%
available.

Strips: + 20% Standard; £10% available.

STANDARD DIMENSIONS

Discs: %” to 1%” Diam. Thickness—.027"
+ .005". Special diameters and thicknesses
available.

Strips: Length—12", Width—%"to 2%". Speclal
lengths, widths and thicknesses available.

MAXIMUM POWER RATING

Limited by surface operating temperature—
which should not exceed 100°C.

ELECTRCNIC INDUSTRIES -+ September 1959

A Way to Miniaturize

that Challenges Your Imagination

Electronic components are shrinking in size and weight: Impor-
tant in the current miniaturizing process is a wafer-thin
resistance material with startling design possibilities.

This material, available from IRC originally as Resistance
Strips and Concentric Disc Resistors, may now be shaped,
punched, and terminated in a variety of ways and sizes. The
uses are limitless to anyone with imagination requiring mini-
ature volume controls, say for hearing aids, or miniature ad-
justable resistors for matching transistors. And now, new IRC
techniques can produce on many insulating surfaces micro-
miniature printed resistors!

APPLICATIONS INVITED

IRC has a wealth of design and manu-
facturing experience with strip and disc
resistors and is prepared to counsel with
you or take over production and even
assembly. Whether your use is standard
or special, write for information today
... Bulletin T-1A

INTERNATIONAL RESISTANCE CO., 401 N. BROAD STREET, PHILADELPHIA 8, PA.

Circle 14 on Inquiry Card



DELCO RADIO

NEW POWER TRANSISTORS

MILITARY-COMMERCIAL

Per e ot e st
| INTTGH | N2 | NIONT | IN1150 | ZNT1GD. RS,
| 50 60 30 transistor line with this new 5-

I Ve max. \ : 80 80 volts ampere germanium PNP series.
; ; Types 2N1168 and 2N392 are spe-
; I max. ;9 5 5 5 7 cially designed for low-distortion
“ — linear applications, while 2N1159
“ leo (Vec 2 volts) 65 65 65 65 65 and 2N1160 are outstanding in
Typical 23 € “e reliable switching mode operations.
. HFE (3 amp.) . — |60-150 | 30-75 | 30-75 | - Type 2N1011 is designed to meet
' MIL-T-19500/67 (Sig. C). It joins
. HFE (5 amp.) - - - - 20-50 2N665, MIL-T-19500/68 (Sig. C);
. : P 2N297A, MIL-T-19500/36 (Sig. C)
. AC Power Gain - 37 DB _ - - — and JAN2N174, MIL-T-19500/-
(l.=0.6 amp.) 13A to provide a selection for mili-

Vm (lc =1 amP.) 2] tygi?al OyEi?al 22 22 volgomin. tary ees

Write today for engineering data
Thermal Gradient .15 15 1.2 1.2 1.2° on Delco Radio’s line of High
max s c/w Power Transistors.

DIVISION OF GENERAL MOTORS
. E I ‘ O KOKOMO, INDIANA
. BRANCH OFFICES
. ) ’ Newark, New Jersey
1180 Raymond Boulevard
Tel: Mitchell 2-6165
. # R Santa Monica, California

726 Santa Monica Boulevard
Tel: Exbrook 3-1465
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EARTHBOUND
'AND BEYOND

Cannon's complete line of RF coaxial plugs meet the exacting demands
of today’s technology with room to spare! Wherever coaxial cable is used;
land, sea, air, or outer space, Cannon’'s RF plugs—standard, miniature,
and light-weight aluminum —provide the exact type and size for any

‘ CANNON
'\lll('l!(
’ application . .. whether industrial or military » Aircraft s Missiles* Ground

S

_ Support Equipment s Ships = Submarines = Write for literature to:

3208 Humboldt Street, Los Angeles 31, California = Please refer to Department

Largest Facility in the World for Plug Research—Development—Manufacture
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ATUBE
WITH A
FUTURE

THE NEW
Amperex®
UHF TWIN-TETRODE
TYPE 7377

The need has long existed for
stable tubes in the 500-1000
Mc. range. Now, with the avail-
ability of the Type 7377, the
UHF equipment designer is
provided with a uniquely con-
structed, uniquely efficient twin-
tetrode capable of stable oper-
ation up to 1000 Mc.

THE UNIQUE CONSTRUCTION OF THE NEW
AMPEREX TYPE 7377 » »» @ The plate lead structure and pins are

isolated from the main socket, thereby making the anode pins an integral part of the external
circuit. ® Plate lead structure, plus a tuning stub (which extends downwards through a
cutout in the socket) permits exceptionally compact equipment packaging. ® Frame grid
structure provides optimum reliability. ® Getter structure, and hence getter film, isolated
from cage structure.

PLUS THE COMBINED EXCELLENCE OF THESE
IMPRESSIVE FEATURES ® Delivers 5.5 watts output (ICAS) at

tsa
960 Mc. @ Extremely low plate output impedance and capacitance. (Plate output cap: 0.82
wuuf for both sections in push-pull operation.) @ Internally neutralized plate-to-grid capaci-
tance (0.145 uut for each section.) @ High transconductance (10,500 micromhos) @ High
gain and high figure of merit.

IS YOUR GUARANTEE OF UNIQUE SUITABILITY
AS AN RF AMPLIFIER OR FREQUENCY MULTI-
PLIER FOR:

transmitters

® Telemetering ® TV link communications ® Mobile and small
® Broadband amplifiers

TYPICAL OPERATION, CLASS € AMPLIFIER

£,
F

Plate Voltage....
Grid No. 2 Voita
Negative Grid No.
Plate Current....

ask Amperex

.2 x 10 watts
-2 x 5.4 watts
.8 watts &

Plate Input Pow:
Plate Dissipation..
Plate Power Outpu
Load Power Output..
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(Continued from page 26)

Canada Ltd., Ottawa, a Bendix affili-
ate, the device is an advanced “dead
reckoning” navigation system for sin-
gle-seater fighter aircraft. Called a
position and homing indicator, it com-
putes where it is and keeps track of
all course changes and speeds. The
pilot has a choice of five pushbuttons,
each marked with the name of a tar-
get or destination. Pushing a button
causes the pilot’s indicator to show
him the heading to fly and the dis-
tance to go in nautical miles. Heart
of the system is a miniature analog
computer.

US.S.R.

Executive Delivers Videotape of
Nixon-Khrushchev Debate

Phillip L. Gundy, Vice President of
Ampex Corp., Redwood City, Calif.,
personally carried the tape which re-
corded the now famous debate be-
tween Vice President Nixon and So-
viet Premier Nikita Khrushchev at
the opening of the American National
Exhibition in Moscow. He carried the
tape, two inches wide and approxi-
mately 1200 feet long, to New York
in a briefcase.

The Russian Premier had demanded
assurance from the Vice President
that the tape would be shown to U. S.
TV audiences. Mr. Nixon urged the
Soviet Premier to agree that the
Russian people also would be permit-
ted an opportunity to see the taped
broadcast. Mr. Gundy reported that
copies of the tape were reproduced
and furnished not.only to U. S. net-
works and to independent stations,
and also to the Canadian Broadcast-
ing Co., but both a tape and a kine
copy of the tape were rushed to
Moscow by air.

NORTH AFRICA

New Telephone
System for Tunis

The existing telephone system in
Tunis, capital city of Tunisia, com-
prising 13,000 lines of two different
automatic systems, will be dismantled
and replaced with 21,000 lines of
modern crossbar system under a $2,-
500,000 contract with the Ericsson
Group, Stockholm, Sweden. In addi-
tion, a long distance central exchange
will be built, and suburban exchanges
will be automated with 4,000 lines.
The contract also calls for installa-
tion of an automatic, 1,000 line sys-
tem in the city of Bizerte.

Scheduled for completion in four
years, the project will be under the
direction of Ericsson technicians from
Sweden who will train local manpower
for operations. 25 Tunisian tech-
nicians will receive telecommunica-
tions training in Stockholm.
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A HOFFMAN SEMICONDUCTOR APPLICATION CASE HISTORY

THIS
VOLTAGE STABILITY
PROBLEM
HAD TO BE
SOLVED

FOR CIRCUIT
RELIABILITY INA &
JET ENGINE
TEMPERATURE
INDICATOR

Engineers of the B & H Instrument Company,

= Fort Worth, Texas, required an extremely reli-

Ty | able voltage reference device for their BH183

! AutoTemp jet engine temperature indicator,

used in the Lockheed Electra. . . . They chose a

T Hoffman 1N1530A Zener Reference Element, be-

{ cause of its STABLE characteristics even when

R S 7 . Zubjected to widely varying environmental con-
POTENTIONMETER Z itiOnS.

SCHEMATIC Cey —_— § |

SAACRAR . oton The low 8.4 volt, zener operating voltage of
! IN1530A Hoffman 1N430 and IN1530 Zener Reference

OF *‘BH183 oo Jumcrion Ac rowen inrut Elements, makes them uniguely suited for use

AUTOTEMprr | Sormmerme weet in circuits which are operating at a low [.C.

REFERTNCE VOLTAGE
*OR BRIDGE

~c anrurms | voitage level (from 10 to 30 volts). The units
have a voltage stability of =0.1%, or less, over
a temperature range from —55°C to 4-100°¢,

at 10mA.
I e :5,'21: There are over 180 Hoffman Zener Devices avail-
HOFTAN BERERENCE f able . . . now in the widest possible range of
REGULATOR voltage and power dissipation ratings. Write us

ZENER VOLTAGE AC POWER INPUT

REFERENCE . . . telt us your problem . . . the Hoffman semi-
conductor sales engineer in your area will pro-

vide the solutions.

If you need a job in electronics done quicker and better, contact
CORPORATION
Circle 18 on Inquiry Card SEMICONDUGTOR DIVISION
930 PITNER AVENUE EVANSTON, ILLINOIS




R

@ m°CONTROL ELEMENTS
g

CATALOGUE

FACSIMILE

This 8-page abridged catalogue is intended as an
introduction to the Muirhead range of precision
products. It contains abridged specifications and
descriptions of Muirhead Analysers, Oscillators, ¢
A.C. Bridges and associated equipment; Tuning
Forks; Laboratory Equipment and Precision
Components; Control Units and Facsimile
Transmission Equipment.

It is available without charge and will be mailed
upon request.

MUIRHEAD INSTRUMENTS INC - 441 LEXINGTON AVE-N.Y.17-U.S.A.
MUIRHEAD INSTRUMENTS LTD - STRATFORD - ONTARIO - CANADA
MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND

399/1
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1000 to 10,000 mc

Absolute measurements
of microwave

interference and
susceptibility

POLARAD

Polarad Model FIM is
approved Class A MIL SPEC
under MIL-1-006181C (MIL-1-22600)

and Ramo- Woolridge Weapons System
Specification WDD-M-PRO-2

For the first time, one single microwave test sys-
tem — Polarad Model FIM Field intensity Receiver —
is capable not only of measuring the absolute level
of radiated or conducted interference, but also of
determining the signal susceptibility of other in-
struments and components to such external inter-
ference. it combines a calibrated antenna system,
a calibrated receiver and an internal calibrated
signal generator.

This versatile precision test instrument serves
also for field intensity measurements, propagation
studies, antenna pattern analysis, r-f leakage meas-
urements, analysis of I-f signals—and characteristics
of transmitters, receivers, and other microwave
components. Model FiM

Four sensitive plug-in tuning units, each with 3 6’
UNI-DIAL control. Meter indicates average, peak or
quasi-peak value of r-f signals. Audio, video and

recorder outputs. SN ANESESISEENERERES EESEESEEaIEES 1

POLARAD ELECTRONICS CORPORATION:

Please send me information and specifications on:

[C] Model FIM Calibrated Field Intensity Receiver £l
] Model K-200 Microwave Tube Tester*

MAIL THIS CARD

for detailed specifications.

Ask your nearest Polarad
representative (in the
Yellow Pages) for a copy

f “‘Not Mi . . EDN
o easurements” [] Model P-3 Transistorized Power Meter*
My application is:
POLARAD aiue
ELECTRONICS Ttk ' PEpis
CORPORATION Company
43-20 34th Street, Long Island City 1, N. Y. Address
Representatives in principal cities City Zone State

*See reverse side of this page.



PORTABLE MICROWAVE
TRANSISTORIZED TUBE TESTER
MICROWAVE Simplified Test Saves
POWER METER Spyateedl

determine microwave tube performance. Model K-200 gives
o 10 to 39,000 m¢ rapid, positive decision on costly microwave tubes. Quickly
4 ] pays for itself by enabling you to reclaim questionable tubes

® Battery or line operated from salvage. Allows Incoming Inspection to check tubes upon
o Light and rugged receipt and throughout warranty period, without tying up
o Measures absolute r-f power instantly without tuning EAE = e o - -

Tests all microwave tubes including
internal and external cavity types, pencil
triodes, rocket and lighthouse tubes. A
scroll indicates quick setups to test for
filament continuity, short circuits, static Mode! K-200
d-c tests, life tests, and dynamic tests.

Used for: field or laboratory measurement of absolute r-f power
levels; testing and calibration of signal generators, attenu-
ators, traveling wave tubes; testing coax and wavegunde Sys-
tems; measurement of power at locations where AC power
lines are not available.

Thermistor elements make the unit safe from accidentat
overload. Thermistor maunts available in coaxial and wave-
guide sizes.
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Postage b
. . ostage Stamp S
Will be Paid Necessary MAIL THIS CARD S
by If Mailed in the for detailed specifications. 24 FREE LIFETIME SERVICE g
Addressee United States f;‘,‘,ﬁ‘s’;‘{,t';‘i?,,':s(‘inp{’,!?ad <3 ONALLPOLARAD B2
Yellow Pages) for a copy INSTRUMENTS
of “‘Notes on Microwave > .

Measurements"*

BUSINESS REPLY CARD
First Class Permit No. 18, Long Island City 1, N.Y.

POLARAD
ELECTRONICS
CORPORATION

43-20 34th Street,.Long Island City 1, N. Y.

Representatives in principal cities

POLARAD ELECTRONICS CORP

43-20 34th St., Long Island City 1, N. Y.

POLARAD



For most applications, solid 446 stain-
less alloy electrodes are best suited to
our users needs. They are ideally suited
to the perfect mating between our
V24M glass and the pin. This fusion
of glass and metal together with com-
pression accounts for the rugged leak-
proof character of Fusite Terminals
under rough production handling and B
makes for easy solderability.

o SRR ] e & 2 o s

CONSIDER THE PLUS OF COPPER CORED ELECTRODES

When your application indicates the need for greatly improved
electrical or thermal conductivity, you still need not sacrifice
these inherent Fusite advantages. At slight additional cost,
any of our terminals can be ordered with electrodes that have
a copper core of as much as 25% of the total electrode area.
Copper cored wire has up to 10 times increased current
carrying capacity, yet, you maintain nearly all the advan-
tages of solid 446 stainless.

Would you like to make tests?
Write Department G-5

2l TE - B THE F“SlTE CORPORATION

™ . PROTECT PRODUCT

G 6000 FERNVIEW AVE., CINCINNATI 13, OHIO
% Woodford Mfg. Co.., Verscllle;, Kentucky.

In Europe: FUSITE N, V. Konlgsweg 16, Aimelo, Holland

€————Circle 20 on Inquiry Card Circle 21 on Inquiry Card 35



Only Sealectro
/

makes b

I
,/‘/ m
o

& Terminals

and only &

= Sealectro

7 offers over

TEFLON* TERMINALS

In All Types and Sizes...and in 10 Colors/

No need to improvise or lose valuable production time. Now you can choose
from over 1000 Sealectro “Press-Fit” Teflon Terminals in miniature, sub-
miniature and micro-miniature sizes, in ten standard E.I A. Colors — all
for immediate delivery!

Only from Sealectro can you be sure that each terminal will be precisely
matched to meet your most critical tolerance requirements, and manufac-
tured of the finest materials available, in providing you with a superior
product.

Don’t waste time — don’t take chances — just call Sealectro today for ALL
your “Press-Fit” Teflon terminal needs.

*Reg. Trademark of E. I. DuPont de Nemours & Co., Inc.

1" - N -

méé%_& CORPORATION

. 189 HOYT STREET - MAMARONECK, N. Y$.
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Tele-Tips

THE ENGINEER and his in-
volved private life is the subject
of a new book, “The Angers of
Spring.” The jacket blurb is right
from Freud; “An American novel
about electronics engineers and
the women they want, but do not
understand.”

CAN A COMPUTER be built that
will duplicate the learning be-
havior of the human brain? Dr.
David G. Willis of Lockheed be-
lieves so. Willis’ theory is that
changes tuke place each time
the neuron is excited, and this
change affects the subsequent be-
havior. In effect, by retaining a
record of their activities through-
out their whole life, neurons funec-
tion as memory elements.

NEW ARMY RADAR is so sensi-
tive that it can spot a man walk-
ing 2 miles away. In fact, in a
test under ideal conditions in a
desert, the radar picked up a
soldier walking 15 miles away. It
can even distinguish men from
women, by the differences in their
walks.

ELECTRONIC WRIST WATCH
will be marketed some time next
vear by Bulova. Designed around
transistors and powered by a
chemical battery, the watch elimi-
nates mainspring and balance
wheel. Models will run approxi-
mately 17-18 months without
changing battery.

“FLYING SAUCERS” are getting
less and less attention, as the Air
Force steps up its investigation
of UFO’s (Unidentified Flying
Objects). The latest report, for
the first six months of this year,
shows 143 reports of UFOQ’s, with
only 3 not definitely identified as
being either balloons, aircraft,
astronomical, birds, searchlights
or hoaxes.

SPACE GENERATOR that uses
solar energy has been developed
by Westinghouse and Boeing for
space vehicles. Actually a thermo-
(Continued on page 40)

ELECTRONIC INDUSTRIES + September 1959



Here’s how to pick

the best
for your money

Price is no clue when diodes sell for about the same, and just
looking at them tells nothing. But if you ask the right ques-
tions about the three key factors in the production of quality
germanium gold bonded diodes, you have your clues to more
long-term reliability for your money. Here they are:

BAKING TIME AND TEMPERATURE

bear a direct relationship to long-term stability. You get a measure
of the quality of diodes by asking: ‘‘How long do you bake, and
at what temperature?'’ (All GT diodes are baked at 140°C for
at least 96 hours—the highest and longest in the industry!)

STRICT, STATISTICAL, HISTORY LOGGING
traces the progress of every single wafer made
from each ingot of germanium. At GT, if a few wafers fail to
pass the stringent GT quality tests along the way, then
all from the ingot are suspect and can be identified and
pulled out. There are no ‘‘stowaways’” in a
shipment of GT quality diodes.

LEVEL OF TESTING STANDARDS
reveals the level of quality. Ask about ‘‘everyday”
i test standards. (In the GT Seal Test, diodes are
\ # submerged in a penetrant-dye solution for 24 hours
under 75 psi. This test is so sensitive that
it will reveal a leak so small it would take over 300
years for 1 cc of gas to diffuse through the case.)
“V/’ » All GT quality tests— 1009 electrical, 1009 shock
Yz /" and vibration, and 1009 temperature cycling
/. \ —are at the highest industry level...
\ and as a final mark of quality, the color bands
on GT Germanium Gold Bonded
Diodes are baked on to stay.

GT is equipped to supply diodes tested to
individual customer requirements,

such as JAN Qualification Inspection Tests
and many others.

o ); / To get the full measure of quality in
/

i o Germanium Gold Bonded Diodes,
Z /;'7( /
P
i
| / ¥

-
of '»—4(:’ i g

~ see your GT representative; or write directly to
S s -
TF!A@ISITO, CORPORATION

the company with know-how NOW.
1-27 138th Place, damalc" 35, New York

4

7

o
Nze ‘{::7/4
. 8

- 3
B \ -

FOR IMMEDIATE DELIVERY FROM STOCK, CONTACT YOUR NEAREST AUTHORIZED
GENERAL TRANSISTOR DISTRIBUTOR OR GENERAL TRANSISTOR DISTRIBUTING
CORP,, 91-27 138TH PLACE, JAMAICA 335, NEW YORK. FOR EXPORT: GENERAL
TRANSISTOR INTERNATIONAL CORP., 81-27 138TH PLACE, JAMAICA 33, NEW YORK.
PRECISION MAGNETIC RECORDING HEADS AVAILABLE FROM

GENERAL TRANSISTOR WESTERN CORP., 6110 VENICE BLVD.. LOS ANGELES, CALIF.
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THERE is an important difference in chart

papers and recording supplies . . . and the reason

is that all Brush equipment and supplies

are engineered as a total entity.

Chart paper, pens, ink and the equipment are

specifically designed to realize the full

potential of the recording system. The result
—highest quality chart records attainable.

Brush chart paper is:

—precision ruled to insure exact calibration.

—dimensionally stable in any atmosphere.

—super-smooth to minimize erratic trace
and pen wear.

Your records are accurate, permanent,

immediately usable, legible and easily

reproduced when you use Brush chart paper.

For the most dependable results from your
Brush equipment — make certain you specify

Brush chart paper and supplies. Complete

stocks available from strategically located

DIVISION OF

: : factory branches and sales representatives
= = EEESEE = e o throughout the U. S. and Canada.
=t iR Et 2| b e
Rtk 1 b wanll 1 - 5 Write for free literature *‘Check
STt 1t 1 the Record,” containing samples of
e s Brush engineered chart paper.
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) i
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377H AND PERKINS | CLEVITE | CLEVELAND 14, OHIO
CORPORATION
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SYLVANIA MEDIUM AND Méﬂ.spw SWITCHING TRANSISTORS

OFF 0.25 1

ON

Ts
0.15

Both IN FPPIN and PIN F° types that

tenths of microseconds

switch in

Design engineers can get both
NPN and PNP medium and high-
speed switching transistors in
quantity from Sylvania. Each type
in the line is designed especially
for computer and switching appli-
cations. They feature close control
of current gain and frequency cut-
off and are especially adaptable
to high-temperature use.

These Sylvania medium and
high-speed switching transistors
are widely used in military equip-
ment because of their outstanding
reliability and stability. Each of
the types is subjected to 1009,
leak tests and stabilizing tests
that assure top performance under
the toughest operating conditions.

¥ SYLVAN lA

Subsidiary of

Each type is encased in a JEDEC
TO-5 package with the Sylvania
welded hermetic seal for full pro-
tection against humidity and other

severe environmental conditions.

Send for your free booklet on
Sylvania computer transistors, or
call your representative.

SYLVANIA MEDIUM AND HIGH-SPEED SWITCHING TRANSISTORS

GENERAL TELEPHONE & ELECTRONICS

ELECTRONIC INDUSTRIES -

September 1959

NPN Freq. Cutoff, fab
Veg =6v.lc =1ma
Type Collector to Base V Emitter to Base V Power Diss. min.
2N358 25v 25v 100 mw o 5 mc
2N377 25v 15 v 150 mw @ 2.5 me
2N385 25v 15v 150 mw 4 me
2N388 25 v 15v 150 mw 5 mc
2N438 25v 25v 100 mw 2.5 mc
2N438A 25v 25v 150 mw 2.5 mc
2N439 25v 25v 100 mw 5 me
2N439A 25v 25v 150 mw 5mc
2N440 25v 25v 100 mw 10 mc
2N440A 25v 25v 150 mw 10 mc
2N679 25v 15v 150 mw 2mc
PNP Vee =51le =1 ma
2N404 —25v —12v 120 mw min. 4.0 mc
2N425 —30v —20v 150 mw 2.5 mc
2N426 —30v —20v 150 mw 3.0 mc
2N427 —30v —20v 150 mw 5.0 mc
2N428 —30v —20v 150 mw 10.0 me
Sylvania Electric Products Inc.
Semiconductor Division
100 Sylvan Rd., Woburn, Mass.
Circle 25 on Inquiry Card 39



INDEPENDENT LINEARITY (%)

.2 3 .5 5 0 20 30
REVOLUTIONS (MILLIONS}

Limit Linearity Changes for
more than 50 Million Cycles

Whe.re performance is paramount and critical
applications demand the ultimate in reliability . , .
Markite Potentiometers are specified.

The results of the quality control test charted above
show why . . . linearity stability for more than 50
million cycles.

At Markite, achieving this high degree of reliability
is nothing startling .. . it's normal . . . it's inherent
... it's a product of Markite’s program to surpass
minimum requirements.

To complement reliable performance, Markite Conduc-
tive Plastic Potentiometers also provide:

Infinite resolution.
Independent linearity to 0.05%, in 1%, in dia. units,
Operation in ambient temperatures up to 200°C.

* Shock and acceleration resistance in excess of 100g.
Vibration resistance in excess of 70g.
Rotational speeds up to 1,000pm.
Operation under all applicable Military Specifications,

Write for Design Data and Catalog for Rotary
and Rectilinear Potentiometers

|
50 {oC

PRODUCTS CORPORATION
155 Waverly Place * New York 14, N. Y.

Circle 26 on Inquiry Card

| Tele-Tips

(Continued from page 36)

electric generator the new device
takes heat from the sun and by
means of generating materials
converts it to electricity.

LATEST RED JOKE making the
rounds in Moscow identifies the
foremost Russian inventor as
Comrade Reguspatoff (Reg. U. S.
Pat. Off.).

HIGH-SPEED PRINTER devel-
oped by A. B. Dick Co. for use
with computers uses a cathode-
ray electrostatic printing tube,
which beams the characters onto
resin-coated paper. Printing rate
is 20,000 characters/sec, or up to
180 ft/min of standard rolls of
paper.

COMPUTERS are being put into
use to help the airlines meet the
scheduling and passenger han-
dling problems of the jet age.
Bendix Aviation Corp. is building
a special computer for United
Airlines that selects an optimum
flight plan from data on the type
of aireraft, route to be flown,
wind and temperature in relation
to the altitudes available, fuel
consumption and gross weight.

RUSSIANS are accused of pirat-
ing American trademarks. Ad-
miral Corp. asked the Soviet Ex-
hibition of Science, Technology
and Culture in New York to re-
move a TV set bearing Admiral's
trademarks.

PHYSICIST Dr. Otto Halpern won
an important victory for science
and engineering last month by
wresting a $340,000 settlement
from the Defense Dept. for his
invention of an absorbing mate-
rial that prevents aircraft from
being detected by enemy radar.
His 18-year fight for patent
rights, turned down repeatedly
by the government on security
grounds, thus ended with him re-
linquishing completely his rights
to “the development of a mate-
rial and method for absorbing
electromagnetic radiation.” The
device is still in use.

ELECTRONIC INDUSTRIES - September 1959



Specialized designs for the most exacting requirements

The versatility of design and reliability of performance
offered by Bendix* Cable Assemblies result from over a
quarter century of precision manufacturing in this field.
Our outstanding research and design facilities are avail-

MISSILE CONTROL CABLE: This cable is fabricated using both
Benseal® (a plastic molded covering) and Bendix electrical
connectors. Protects vital circuitry controlling the firing of
missiles.

CONTROL HARNESS: This configuration, encased and sealed in
metal braid and complete with junction box, can safely
withstand the adverse effects of engine environment such
as heat, vibration, and oils.

HEAVY DUTY CABLE: Ground support cable assembly built and
designed for hard usage at missile launching sites. Heavy
duty moldings and a tough neoprene tubing combine to
resist wear.

Export Sales & Service: Bendix International Division, 205 E. 42nd St., New York 17, N.Y. Canadian Affiliate: Aviation Electric Ltd., 200 Laurentien Blvd., Montreal ?, Quebec

able for custom designing cable assemblies to meet your
specialized requirements on each installation. Cable as-
semblies shown are typical Scintilla Division developments

in cabling for aircraft, electronic and missile applications.
*REG. U. 5. PAT. OFF.,

THERMOCOUPLE HARNESS: Flexible, completely sealed and suit-
able for continuous operation in ambient temperatures of
—65°F to 1500°F. Thermocouples are singly detachable
and the sealed harness eliminates any chance of trouble
from altitude, moisture or other contaminants.

FUEL CELL CABLE: Safely conducts electricity to fuel control
valves, pumps, switches and gaging devices immersed within
fuel cells. Features: unbroken stainless steel bellows type
conduit, double layer protection between current carrying
conductors, stainless steel integral connector shells.

RIBRON CABLE: Ribbon type cable terminated to both standard
MS or Bendix Pygmy® connectors. Advantages offered
by this type of wiring include durability, performance,
lightness, plus minimum space requirements.

SCINTILLA DIVISION anj-/

SIDNEY, NEW YORK

ELECTRONIC INDUSTRIES -+ September 1959
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TAPING CRITICAL INFORMATION?

“ScorcH” Brand high potency oxides

let you pack more bits per inch!

MMinnesora ZNIiNiNG AND T\ ANUFACTURING COMPANY

(3M )
-+ WHERE RESEARCH IS THE KEY TO TOMORROW \\,\A A
Dy, =

42 Circle 28 on Inquiry Card

Every day Scorcu Brand High Resolution Tapes
are getting the nod for more instrumentation jobs.
The reason? Performance. In taping high frequency
data, the sharper resolution lets you pack more
pulses to the inch—a greater density of informa-
tion to each foot of tape.

At the root of this advance are the high potency
oxides used in the magnetic coating. The higher
magnetic retentivity of these oxides—about a third
more than standard—offers distinct advantages. It
permits the use of a thinner magnetic coating which
may be combined with a thinner polyester base.
Naturally, this means a more flexible tape — one
that conforms for more intimate tape-to-head
contact, automatically improving resolution in the
taping of high frequencies.

Even so, you don’t have to sacrifice output in low
frequencies. For in addition to the marked increase
in sensitivity to short wave lengths, ScorcH Brand
High Resolution Tapes show some increase in sensi-
tivity even to long wave lengths.

These more flexible tapes cut drop-outs, too.
With better tape-to-head con-
tact, there’s less chance that .
a stray bit of dust can sneak ( 7
between tape and head to N
cause a drop-out. The superior
magnetic properties of SCoTCH
Brand High Resolution Tape
No. 159 show up in oscillo-
scope tests—producing a good squared-up hystere-
sis curve like that shown at the right, and symboli-
cally illustrated at the left.

Whatever your application—data acquisition,
reduction or control programming—you can count
on ScorcH Brand technology to create tapes of
higher uniformity and reliability for error-free
performance.

ScotcH Brand High Output Tape No. 128 pro-
vides the sensitivity for good output in low fre-
quencies, even under extremes of ambient temper-
ature. SCOTCH Brand Sandwich Tapes No. 188 and
189 offer extremely long life and reduced head
wear in digital work and many AM, FM and PDM
applications. Finally, for top performance at low
cost per foot, ScorcH Brand Instrumentation Tapes
No. 108 and 109 remain the standard for the
industry.

Where there’s no margin tor error, there’s no
tape like Scorcu Brand. For more details, mail
reader inquiry card or write Magnetic Products

Div., Dept. MBR-99, 3M Co., St. Paul 6, Minn.

© 1959 3M Co.
‘“SCOTCH" is a registered trademark of 3M Company, St. Paul 6, Minnesota.
Export: 99 Park Avenue, New York, N.Y. In Canada: Lendon, Ontario.

SCOTCH BRAND MAGNETIC TAPE
FOR INSTRUMENTATION

- BN

A7

e
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...and now,
COAXICON fits a wider
range of cable sizes

COAXICON offers not only the fastest method of attaching disconnects to your shielded wire . . . it is
not only the most reliable disconnect you can buy —for either free hanging or panel mounted applications
... not only the most economical on the market . . . but . . . COAXICON now fits shielded cable sizes up
to 14" O.D. with interchangeable contacts that permit a wide variation of inner conductor diameters in
each cable size.

Further, COAXICON mounting clips accommodate a wide range of panel thicknesses for through-panel
applications. Whether your requirements include RG type coaxial cable, standard coaxial cable or other
shielded cable types, with solid or stranded conductors, look to AMP for the precise Coaxicon Disconnect

you need.
If you're not now using the A-MP Coaxicon, send for literature today. It can solve many shielded

circuit problems for you.

AMP INCORPORATED

GENERAL OFFICES: HARRISBURG, PENNSYLVANIA

A-MP products and engineering assistance are available through subsidiary companies in: Austratia « Canada England ¢ France ¢ Holland ¢ Japan
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the REASONS "WHY”

CLEVELITE*

FLY-BACK COIL FORMS
ARE YOUR BEST BUY!

1. Coupling HIGH QUALITY...and ECONOMY ... this phenolic
tubing is now used as the standard coil form by all leading radio
and television manufacturers.

2. SEVEN GRADES are available, ensuring the correct electrical and
physical characteristics needed.

3. NO TOOL CHARGES! You save because it is completely fab-
ricated to your specifications in our plants,

HIGH DIELECTRIC STRENGTH, with ratings up to 250 v.pm.

5. LOW MOISTURE ABSORPTION, averaging only 5% at 95° F,
relative humidity, is another important property.

6. HIGH HEAT RESISTANCE, retains its specific characteristics up to
a continuous temperature of 250° F.

7. CHEMICAL RESISTANCE to normal strength basic, acidic, and
salt solutions,

UNIFORM CLOSE TOLERANCES guarantee a maximum unit per-
formance regardless of size of production run,

.

G

Write for our latest **Clevelite’ brochure,

Why pay more? For quality products...call Cleveland!

*Reg. U.S. Pat. Off,

PLANTS & CLEVELAND
SALES OFFICES: CONTAINER

: THE
CLEVELAND C?ZQZ%SD"
g:;ggo PRESCOTT, ONT.
MEMPHIS SALES OFFICES:
co

LOS ANGELES
PLYMOUTH, WIS,

geiseuRe N . 6201 BARBERTON AVE. « CLEVELAND 2, OHIO

OGDENSBURG,N Y

REPRESENTATIVES:

NEW ENGILAND: R. S. PETTIGREW & COMPANY CHICAGO: PLASTIC TUBING SALES, 5215 N
10 N. MAIN ST, W HARTFORD, CONN. RAVENSWOOD AVE., CHICAGO

NEW YORK: THE MURRAY COMPANY, 604 WESY COAST: COCHRANE-BARRON CO., 544
CENTRAL AVE. E ORANGE, N. J. S. MARIPOSA AVE, LOS ANGELES

PHILADELPHIA: MIDLANTIC SALES COMPANY, CANADA: PAISLEY PRODUCTS OF CANADA,
9 E ATHENS AVE.. AROMORE, PA. LTO. BOX 169 — STATION “"H”, TORONTO

NEW YORK
WASHINGTON
MONTREAL
ABRASIVE DIVISION at CLEVELANO. OHIO
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Personals

Solomon Charp has been appointed
a Consulting Engineer at General
Electric Co.’s Missile and Space Ve-
hicle Dept. He had been Sr. Staff En-
gineer with the Franklin Institute.

Robert E. Lewis joins Beckman &
Whitley, Inc. of San Carlos, Calif,,
as a Sr. Optical Engineer on the de-
velopment of optical systems for high-
speed instrumentation. He was previ-
ously in the Secientific Bureau of
Bausch & Lomb Optical Co.

Harvey M. Ross, Chief Engineer of
the Defense Systems Lab. at Motor-
ola’s Western Military Electronies
Center, has been named Manager of
Program Development.

R. W. Hanford

H. M. Ross

Richard W. Hanford has joined the
Engineering Staff of Advanced Mili-
tary Systems, Defense Electronic
Products, Radio Corp. of America. He
had been Technical Director, Missouri
Research Labs., St. Louis.

Robert Beagles has joined Packard
Bell Electronics as Chief Engineer of
Advanced Development, Technical
Products Div. He has previously been
associated with three major compan-
ies—RCA, Bendix and North Amer-
ican Aviation.

Promotion of three engineers to Sr.
Scientists at ITT Laboratories, Nutley,
N. J., has been announced. Named
were Richard E. Gray, former Sr.
Project Engineer of the Radio Com-
munication Lab., and Henry F. Herbig
and Malcolm C. Vosburgh, former
Executive Engineers of the Wire Com-
munication and the Avionic Systems
Labs. respectively.

Dr. Robert M. Witucki has joined
Hoffman Electronies Corp.’s new Sci-
ence Center in Santa Barbara, Calif.,
as a Sr. Scientist.

J. James Farzan has joined The
Thompson-Ramo-Wooldridge Products
Co. as a Project Engineer.

Bernard R. Garrett has been ap-
pointed Aecting Chief Engineer of
Loral Electronics Corp. He was for-
merly Assistant Chief Engineer.

Circle 31 on Inquiry Card =—————3
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Burroughs NUMERICAL

READOUT
NIXIE® TUBE

‘._r,.g w'w‘;

SUPER - B6033

v
|

STANDARD — B503t

MINIATURE — B4032

%aw./ ultra

long life

DYNAMIC LIFE — 25,000 HOURS

STATICLIFE — 5,000 HOURS
(on one number)

ALL ELECTRONIC IN-LINE READOUT
CONTAINING TEN DIGITS “0” THRU “9”

The Ultra Long Life Nixie Tube offers
increased life for those applications |
requiring continuous display of one of f;
the ten characters for extended periods |
of time. Under these stringent condi- .|
tions a minimum of 5000 hours life on
one numeral can be expected. Where
the display is changed sequentially, even
as infrequently as every 100 hours, life
in excess of 25000 hours can be
expected.

NIXIE Tube Exclusive Features:

o ALL ELECTRONIC
o LOWEST COST

o LOWEST POWER
o LIGHTEST WEIGHT

e MOST READABLE FOR
NUMBER SIZE

o SMALLEST VOLUME AND
NUMBER SIZE

o MAXIMUM TEMPERATURE, SHOCK
AND VIBRATION SPECS

e AND NOW, LONGEST LIFE

- ‘NOTHER ELECTRONIC CONTRIBUTION BY
Burroughs Corporation

ELEcTmONIC !u.l

Division

SRR -
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Letters

to the Editor

"How to Specify Filters"

Editor, ELECTRONIC INDUSTRIES:

Thank you for the opportunity to
answer the letter reflecting the criti-
cism of the EIA committee, SQ-19,
regarding my article in your publica-
tion.

I must take issue with the first
sentence of the third paragraph of
Mr. Gross’ letter. I have tried to
take a practical approach in a field
that until recently has been handled
in a very theoretical manner. Per-
haps my answer to the committee’s
main point of contention, insertion
loss measurement, will substantiate
my statement.

When an engineer decides he will
use a filter, he must determine what
driving circuit he will use. While the
filter is being designed and built, he
can proceed with the design of the
driving eircuit by substituting a re-
sistor for the filter, using a value
that represents the filter input im-
pedance.

When the completed filter is re-
ceived, it can be substituted in the
driving circuit for the resistor. The
input voltage to the filter will be the
same as the driving circuit voltage
when the resistor was in the circuit.
Thus, from the practical viewpoint,
the insertion loss of the filter (or
more appropriately the voltage trans-
fer constant) is:

DB = 20 log 2
og E

]
Where Ei, = input voltage to the filter
at the reference frequency

at the

and Il, = output voltage

reference frequency.

Academically, I would never argue
with the correctness of the general-
ized formula for insertion loss stated
by so well known an authority as
author Shea. However, those engi-
neers who have used a filter to com-
lete the d.c. path to the plate of the
driver tube, would find themselves
hard pressed to determine insertion
loss by measuring the current on the
load side of the filter before and af-
ter insertion. Obviously, the current
is non-existent before insertion of
the filter.

I believe as long as impedance
values are kept in mind, either in-
sertion loss or voltage transfer con-
stant as I establish them are correct.

The formula for attenuation or
frequency response, as stated in the
letter, is identical to the one given
in my article so therefore I am at a
loss to determine why it is reiterated.

The committee is correct in dis-
agreeing with the labeling of the
pass band as the band of minimum
attenuation in band reject filters.

ELECTRONIC INDUSTRIES -

Reject band is correct and I referred
to it as such in my text when dis-
cussing the attenuation reference

level. The drawing was in error.
Again, 1 was misleading in my
statement about phase shift. Al-

though I was referring to single sec-
tion filters I did not state so in the
article.

Regarding input or output impe-
dance measurement, the filter impe-
dance is usually largely resistive at
the center band or reference fre-
quency where the measurement is
made. For all practical purposes, the
measurement is sufficient and correct.

I feel the committee misinterpreted
my remarks regarding size. For a
given type of filter the fact remains
that filter size decreases with in-
creasing frequency, and, for equal
numbers of sections and similar elec-
trical parameters, low pass and high

pass filters are physically larger
than band pass and band rejection
types.

Toroids are notoriously affected by
voltage levels, exhibiting changes in
inductance. Below one volt the in-
ductance variation is negligible. The
effect is most apparent on extremely
narrow, band pass or band reject fil-
ters. For example on a 30 cycle
band pass filter (3 db bandwidth)
measured at one volt rms input the
bandwidth will reduce to about 24
cyeles at a 10 volt rms input level,
due to detuning because of inductance
change. Again, I repeat, that low
level operation below one volt rms
reduces this effect to a great extent.
Filters can be operated at high lev-
els but the engineer should be fully
aware of the complications. Of great
importance is measuring filter re-
sponse and other characteristics at
exactly the same voltage level as is
to be applied to it in the ecircuit.

Most texts, when discussing filters,
refer to the 3 db points when men-
tioning band edge frequencies or cut-
off frequencies. In recent years 6 db
and 10 db points have been used
quite frequently. I have found that
in conversations with various engin-
neers, unless a specific db reference
is given, each engineer is referring
to a different standard. I am rec-
ommending that the 3 db points re-
main the standard reference, not that
other important points should be neg-
lected.

Quoting from my article, I stated,
“Although the pass band is one par-
ticular part of the frequency re-
sponse curve, it is the most impor-
tant characteristic and therefore,
should be specifically defined.”

I hope this letter eliminates any
reader confusion caused by my ar-
ticle. If better military and indus-
trial filter specifications are created,
at least in part due to the article,
then I am quite satisfied.

Stanley Boyle
Supervisor

Radioplane,
Div. of Northrup Corp.
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TYPE 1000 and 750 T-POTS

INHERENT STABILITY

I
R

Assured in a DALOHM 750 or 1000 Trimmer Potentiometer

The ability to perform reliably under extreme
conditions of heat and humidity is only one
mark of the inherent stability that is standard in

Dalohm trimmer potentiometers.

Stored on the shelf for months...or placed
under continuous load . . . operating in severe
environmental, shock, vibration and humidity

— —— — —

WIRE WOUHD o SEALED » HIGH POWER « DALOHM
TYPE 750 and 1000 TRIMMER POTENTIOMETERS

Miniature and standard sizes with
completely sealed cases. Three
terminal configurations provide
the solutions for demanding de-
sign problems.

750 1000
Rated at ...2 walls 2.5 watts
Resistance
range ...... 10 ohms to 30K ohms 10 ohms to 50K chms
Standard
tolerance ...~ 5% R A
Size ........ 180" x .3007 x 1.000” 180"’ x .300” x 1,28
Screw
adjustment .17 =+ 2 revolutions 25 = 2 revolutions
Weight .....2 grams 2.5 grams

been “firmly infixe

conditions . . . Dalohm precision trimmer poten-
tiometers retain their stability because it has

d” by Dalohm design and

methods of manufacture.

e Completely sealed

Meets humidity requirements of
MIL-STD-202A, Method T106A or
MIL-E-5272A, Procedure 1

End resistance is 3%, maximum

Nominal resolution is from 0.1 %
to 1.2%

Temperature coefficient is
50 PPM/° C.

Meets load life requirements of
MIL-R-T19A

Surpasses applicable paragraphs

of MIL-R-12934A

Write for Bulletins R-41A and R-44, with handy cross-reference file cards.

ELECTRONIC INDUSTRIES -

September 1959

For all applications demanding trimmer poten-
tiometers that meet or surpass MIL specifica-
tions, you can depend on Dalohm.

SPECIAL PROBLEMS?

You can depend on DALOHM, too, for
help in solving any special problem in the
realm of development, engineering, design
and production. Chances are you can
find the answer in our standard line of
precision resistors (wire wound, metal
film and deposited carbon); trimmer
potentiometers; resistor networks; collet-
fitting knobs; and hysteresis motors. If
not, just outline your specific situation.

from DALOHM
Better things in
smaller packages

DALE PRODUCTS, INC.

1304 28th Ave., Columbus, Nebr.
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Bulletin: omisms...|

Now you can freely design
these advanced push-pull
miniatures into your applica-
tion because the Deutsch DM

Series is built to meet this
new miniature connector Mil

Spec.

Loaded with special Deutsch-
developed features, these en-
vironmental miniatures have
been proved under the pun-
ishing conditions of more
than one hundred major elec-
tronic systems for military
and commercial use.

or exceed

* quick disconnect

e environmental

* unique ball-lock coupling
» moisture sealed

» vibration dampened

e continuous dielectric
separation without voids

e positive lock without
safety wiring

» operation to 250°F.

For complete technical information, contact your Deutsch Representative
or write us for Data File A.9.

The Deutsch Company

7000 Avalon Boulevard + Los Angeles 3, California

© THE DEUTSCH COMPANY, 1959
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TRADE-MARK

EVERY

CAPAGITOR SHIPPED HAS

Inserting a sack of “Keme:’ capacite-s in an oven for tecting at 125°C.

BEEN LIFE TESTED FOR AT LEAST 250 HOURS!

...and more than 90% of regular production capac-
itors have been life tested for at least 300 hours.

There is no one simple test to assure product
quality in the manufacture of solid tantalum ca-
pacitors. Only a series of rigid tests can achieve
this goal. At Kemet Company this program starts
with 100% life testing.

Every capacitor shipped has passed a 250 to 300
hour life test at its rated voltage in a 125°C. oven.
This test includes leakage, capacitance and dissi-

Write today for NEW EXPANDED
“ELECTRONICS PRODUCTS
ENGINEERING BULLETIN”

This six-page folder provides
performance curves, operating
characteristics and specifications.
In addition, it offers a decade
series of capacitance values.

pation measurements. From each test batch, two
statistical samples are subjected to additional
testing. One group is life tested for 1000 hours;
other groups are slated foer environmental tests.

Kemet Company has always conducted life tests
with very low series resistance...no more than
100 ohms. In compliance with Air Force Specifi-
cation MIL-C-26655, tests are now conducted
without resistors.

“Kemet" and ““Union Carbide" are registered trade-marks of Union Carbide Corporation.

KEMET COMPANY

DIVISION OF CORPORATION

OFFICES: 11901 Madison Avenue, Cleveland 1, Ohio

e

ELECTRONIC INDUSTRIES + September 1959
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How Indiana Steel’s engineers
help you solve micro-wave
magnetic problems

Engineers at The Indiana Steel
Products Company are in constant
contact with leading manufacturers
of micro-wave equipment on prob-
lems involving permanent magnets.
Consultations with Indiana’s magnet
specialists have resulted in time and
cost savings — often eliminating
expensive redesign.

CASE IN POINT:
A leading micro-wave component
manufacturer. Problem: Produce a
special load isolator magnet to fit
smaller space contour in a new radar
unit. Also, deliver the new magnet
to the customer in 12 days.
Solution: Indiana engineers turned
to their previous design files, se-
lected an existing magnet and modi-
fied it to meet the new size specifi-
cations. Gauss tests showed that the
new design met the customer’s
specified magnetic field range. The
magnet was delivered within the
time specified.

This is just one of many hundreds
of cases where Indiana permanent
magnet specialists have applied their
unequaled experience to solve a mag-
net problem ahead of a customer’s
deadline. Indiana not only has the
engineering know-how, but also
manufacturing equipment from pre-
viously designed magnets which may

Sales Offices in:

Boston, Chicago, Cleveland, Los Angeles,
New York, Philadelphia, Rochester

be quickly adapted to meet special g
requirements, 3
THREE BASIC DESIGNS FOR g
LOAD ISOLATOR APPLICATIONS o
Permanent magnet specialists at 35
Indiana Steel utilize three basic
magnet designs for load isolator ap- - 5
plications. These are, two variations &’%

of the C magnet, and the U magnet.

v i

Poow e
S e nbin G

All three of these designs can be
varied to meet specific customer re-
quirements. Actual size and shape of
any individual magnet is dependent
upon size limitation of the load iso-
lator, and the magnetic field strength
needed.

WIDE EXPERIENCE IN ,
MICRO-WAVE APPLICATIONS
Magnet specialists at Indiana have
designed and produced permanent
magnets for a wide range of micro-

wave applicationsincluding pm-focus
traveling wave tubes, load isolators,
radar magnetrons, backward wave ’ ) !
oscillators. And, you can be sure the
material selected is best for your
particular application because Indi-
ana Steel produces all permanent
magnet materials. Our engineers will
give prompt attention to your micro-
wave problems or any other perma-
nent magnet applications. Call your

Indiana man or write us direct. Ask
for Catalog No. 20, “Alnico V Load
Isolator Magnets.” Dept. N-9.

Flat C Magnet

sttt o bk e s

THE INDIANA STEEL PRODUCTS COMPANY INDIANA
VALPARAISO, INDIANA

PERMANENT ,
OF PERMANENT MAGNETS MAGNETS

WORLD’S LARGEST MANUFACTURER

IN CANADA: The Indiana Stee! Products Company of Canada Limited, Kitchener, Ontario
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CHECK THESE CBS 7548 CHARACTERISTICS

Pulse ouputcurrent .................. 1 amp max
Risedime.. ... ..ot 4 mus (N.S.)
Transconductance (I, = 18 ma)..... 25,000 umhos

Photo taken with direct coupling to CRT (Tr 1.5mus):
amplitude 1 amp.,rep. rate 100kec.

Practical
secondary-emission
pulse tube with...

ULTRA-FAST RISE TIME
HIGH PULSE CURRENT
AND DEPENDABLE LIFE

b 3
REGULATED T0 £1.0%

E¢ *

High-Performance Pulse Generator with Fast Rise Time

The new CBS 7548 easily outperforms conventional tubes
and transistors in triggered or free-running pulse generators.
This practical setondary-emission tube generates in the
cireuit shown pulses with a rise time of less than 3 millimi-
croseconds. Its high dissipation ratings for plate ard dynode

an - . . permit an amplitude of one ampere or a repetition rate up to
‘;a Maximum Ratings for Pulse Service 300 ke. Under specified operatirr)xg conditions, the tube has a
Plate voltage................ooooeoe -1000 vde life expectancy of 5000 hours. Note the simplicity of cireuit
L Dynode voitage. ... 300 vdc ma<‘ie pqssible by this new break-through by CBS advanced
| Screenvoltage. . .. ... 200 vdc engineering.
Plate dissipation ... .. ... 4w The miniature CBS 7548 also combines high transcon-
Dyncde dissipation ... 3w ductance with low capacitances for a gain-bandw.dth prod-
ig Screan dissipation ... 14w uct of 350 compared with 120 for a 6AKS. Check the char-

o . o E % i s
o, e o o

More
Reliable Products

acteristics. Write for Bulletin E-352 giving complete data.

tubes

through Advanced Engineering ®

CBS ELECTRONICS, Danvers, Massachusetts

A Division of Columbia Broadcasting System, Inc.
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Books

Portfolio Selection: Efficient
Diversification of Investment
By Harry M. Markowitz. Published 1959 by John

Wiley & Sons, Inc., 440 Fourth Ave.,, New York

16. 344 pages. Price $7.50.

Embracing several fields of wide-
spread and growing interest—finance,
economics, operation research, and
electronic computers—this book ap-
plies modern techniques of analysis
and computation to the problem of
finding combinations of securities
which best meet the needs of the pri-
vate or institutional investor. Efficient
diversification is sought, taking into
account factors such as lightly in-
come and appreciation, uncertainty
of income and appreciation, and the
degree to which various security re-
turns tend to rise and fall together.

The author discusses the theory of
rational behavior under risk and un-
certainty and its relationship to prob-
lems such as the choice of criteria and
a portfolio analysis. He seeks a firm
theoretical foundation for financial
practice and makes use of conceptual
and computational advances—mostly
post World War II—not previously
available in financial literature.

Of particular interest to the Opera-
tions Research specialist is the de-
velopment of a computing technique
for solving “quadratic programming”
problems that arise in analyzing
portfolios.

Paris Symposium on Radio Astronomy
Edited by Ronald N. Bracewell. Published 1959

A pretty dark situation, indeed—when a single electron tube failure can by Standard University Press, Stanford, Calif.
612 pages, Price $15.00.
shut down an equipment or entire production line test facility! Use Sponsored jointly by International

Astronomical Union and the Inter-

IERC’s new set of a, b, ¢’s to help you get improved electronic equip- national Scientific Radio Union. the

ment reliability. @, The practice of replacing tube failures in manner Paris symposium of 1958 brought to-

d attitude Ii . . . . . gether the world’s leading researchers
and attitude like that of replacing a light bulb is neither protection nor in radio astronomy to exchange in-
cure against a continuing high rate of electron tube failures! Down- formation on the latest advances in
. & shs © . © b’ W their field. This volume records the
time, labor replacement costs often add up to 10 times the tube cost! research papers presented at this sym-

posium, a report of the discussions,

G- You can actaally increase tube life up to 12 times by specifying and and a dozen detailed summaries of the

using IERC Heai-dissipating Electron Tube Shields! The full facts, in background and current state of
he f f d . f . major fields of radio astronomy. The
the form of @. complete product literature, @« test reports, §. engineer- index incorporates a key to the tech-
ing data and @, tube shield application guides, especiaily prepared nical literature.

y g . pp. & > €8pe .I y prepared to The main topics covered are moon
help you “see the light]” are available on request —write today! reflections; radio emissions from Jupi-

ter and other planets and from the
quiet and active sun; radio studies of
the discreet radio sources (radio
stars) ; radio evidence from the large-
scale structure of our own and ex-
ternal galaxies; cosmology; and mech-
anisms by which solar and cosmic
radio waves are generated.

This book will be useful not only to
an astronomer but also to scientists
and engineers concerned with new re-
sults bearing on interplanetary space,
as well as to other scientists and
amateur astronomers interested in
the latest discoveries throughout the
universe.

(Continued on page 54)

Patents 2807659, 2766020 or Patents Pending.

Cross-licensed with North American Auviation, Inc,

International Electronic Research Corporation

145 West Magnolia Boulevard
Burbank, California

Foreign Manufacturers: Europelec, Paris, France. Garrard Mfg. & Eng, Co., Ltd., Swindon, England.
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fixed composition RESISTORS

Today's slickest looking resistors . . . and every bit
as good as they look! Unmatched for load life and
moisture resistance. They're approved resistors—
direct from a MIL-R-Il approved manufacturer. And
now, for the first time, you can get such resistors in
a full line of RC-42 (2-watt); RC-32 (1-watt) and
RC-20 (V2-watt) types IMMEDIATELY
from distributors’ stocks at

rock-bottom prices!

Now! PICK ’EM OFF “\ -
DISTRIBUTORS’ SHELVES!

. . . for military prototypes, small runs, production emergencies
or ‘‘hurry-up’’ projects

. « » in any standard value or tolerance

. . . at lowest prices in lots up to 1,000 resistors of a value

Complete stocks —and we mean fully proved and accepted for criti-
complete—in the hands of the 28 cal applications. Equally important,
selected Stackpole distributors you actually get them at less than
listed below help you handle every factory prices in lots up to 1,000
job with highest quality resistors, of a value!

BALTIMORE, MD. DENVER, COLO. SAN DIEGO, CALIF. WEST PALM BEACH, FLA.
Kann-Ellert Electronics, Inc. Denver Electranics Supply Co. Rodio Parts Co. Goddard Distributers, inc.
BATTLE CREEK, MICH. GLENDALE, CALIF. SCRANTON, e WICHITA, KANSAS
Electronic Supply Corp. R. V. Weatherford Company I - Pursell Interstate Elecironic Sup. Corp.
BIRMINGHAM, ALA, INDIANAPOLIS, INDIANA SEATTLE, WASH.

MG Electrical Supply Co. Radio Distg. Co. C & G Rodio Supply Co- W.':?ﬁﬁ?i’.‘”é‘;mﬂffﬁg Corp
BOSTON, MASS. KANSAS CITY, MO. ST. LOUIS, MO. ’
Soger Electrical Supply Burstein-Applebee Co. Interstate Supply Co. W|NSTON-SALEM, N. C.

BROOKLYN, N. V. MELBOURNE, FLORIDA SYRACUSE, N. V. Dolton-Hege Radio Supply
Elecironic Equipment Corp. Electronic Supply Morris Electronics of Syracuse

CLEVELAND, OHIO MIAMI, FLORIDA TACOMA, WASH. ... and 6 C/STACKPOLE, T00!
Pioneer Elecironic Supply Co. Electronic Supply C & G Radia Supply Co. Attractively pockaged by G-C

DALLAS, TEXAS NEW YORK, N. Y, WASHINGTON, D. C. Elecironics for service replace-
Wholesale Electranics Supply Co. Harvey Radie Co. Electronic Wholesalers, Inc. ment uses, Caldite 704 Resis-

DAYTON, OHIO PHILADELPHIA, PA, WATERBURY, CONN. tors are also available throuch
Srepco, Inc. Almo Radio Co. Bond Radio Supply Co. Inc. over 800 G-C distributors.
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How big is a dropout?

A dropout can be measured more than one way.
Physically, the surface imperfection that causes a
dropout is microscopic — often quite invisible to the
naked eye. Financially, though, this molehill can
become a mountain —may cost you thousands of
dollars from a single error.

That’s why our customers invariably demand per-
fection from our EP Audiotape, the extra precision
magnetic recording tape. They just can't afford
dropouts.

Audio Devices’ battery of Automatic Certifiers
is one of the unique means used to make sure EP
Audiotape always meets customer specifications.
The Automatic Certifier records and plays back
every inch of the EP Audiotape under test. These
tests can be so demanding that if the tape fails to
reproduce just one test pulse out of the 40 million
put on a single reel, the entire reel is rejected.
There are no ifs, ands, or buts.

This is one of many special quality-control opera-
tions to which EP Audiotape is subjected. From raw
material to hermetically sealed containers, every
reel gets individual attention.

EP Audiotape quality is so well verified by instru-
ments like the Automatic Certifier that every reel
is guaranteed to be defect-free! For more informa-
tion write for free Bulletin T112A. Write Dept. TT,
Audio Devices, Inc., 444 Madison Avenue, New
York 22, N. Y.

TRADE MARK

AUDIO DEVICES, INC.

444 Madison Ave,, N. Y. 22, N, Y.

in Hollywood: 840 N. Fairfax Ave.

In Chicago: 5428 Milwaukee Ave.

Export Dept.: 13 East 40th St., N. Y., 16

Rectifier Division: 620 E. Dyer Rd., Santa Ana, Calif.

Circle 40 on Inquiry Card
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(Continued from page 52)

Programming Business Computers
By Daniel D. McCracken, Harold E. Weiss and

Tsai-Hwa Lee. Published 1959 by John F. Wiley

& Sons, Inc., 440 Fourth Ave., New York 16.

510 pages. Price $10.25.

This volume is directed to the read-
er who lacks an extensive background
in mathematies but who is involved or
expects to be involved in day-to-day
application of electronic computers
to business data processing problems.
The book begins with a discussion in
fundamental topics, such as: the na-
ture of the data processing problem,
the central concept of the file, flow
charting, and general characteristies
of electronic computers.

The authors then employ numerous
examples to explain all the standard
techniques of coding. These examples
are written in terms of a hypothetical
computer called DATAC, which is a
compilation of the features of many
machines. The reader who under-
stands the principles which are pre-
sented in terms of DATAC will find
no difficulty in applying them to real
machines.

The authors also include an exami-
nation of such advanced techniques as
the principles of sorting, rerun, tim-
ing estimates, file organization, auto-
matic coding, and large random ac-
cess storage devices.

The book concludes with a summary
of the steps involved in establishing a
computer application, and a critical
examination of the accounting and
auditing problems associated with
electronic data processing.

Automation, Cybernetics,

and Society

By F. H. George, Ph.D. Published 1959 by Philo-
sophical library, Inc., 15 E. 40th St., New York

16. 283 pages. Price $12.00.

The age of automation will see
whole fields of daily human labor
revolutionized and lives shaped and
molded by the machine. The possibil-
ities are endless and yet are the
cause of much confused thinking and
many doubts. How far will it reach
and where will it lead us? How little
is known of eybernetics and its appli-
cation as automation, yet these are
among the vital scientific domains of
the future. There is no more exciting
development of the various disciplines
of logic, psychology, physiology, and
philosophy than in these new fields.
Yet these are not purely scientific
problems, for there is nobody whose
life will not be influenced by auto-
mation.

This book is an essential overall pic-
ture of these new subjects and the
ramifications. It is not a text intend-
ed for specialists in any field, for it
is primarily aimed to clarify this im-
portant problem, not only for the seci-
entists, but for the executive and the
layman.

(Continued on page 58)
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BUILT-IN GERMANIUM TRANSISTOR
RELIABILITY APPLICATION NOTES

r - -------------------------------------
. 630 WATT DC-TO-DC POWER CONVERTER 90% EFFICIENT
(]
' 20uf,,20v
1 BTy
. ) +I(—___
; IK L L AAA-2
/4w Q DI 150 L
- f 30w U o
o— o
INPUT 500 | _ N . i“
Low Res (0.052) at high temperatures sgvoLts A 2N5148 L2 D3 2
insured by large ring emitter-base 25 AMPS  50v | t D4
area. Leakage currents minimized by o : * )
all welded construction . . . no con- + ° S
taminating solders or fluxes used! 2N514B L3 L5 D2
H - D5
1
1
jzo,;f
20v
0——4—_1 —
20 20w
NOTES
LS may be wound according to the output voltage desired, Core-type 50022-2A Magnetics, Inc.
g ot O i redlar i por Size should L, g2—2NS14B 80 volt 25 amp each mounted of 3 7 0.
High curren-carying capacity and {1 Tesheagen o e S G W L e
maximum safety agamst ov.er-heatlng LZ.' L3—17 turns each #10 bifilar wound aluminum 1/16” thick. Operation to 50°C. '
provided by heavy 90-mil emitter lead. L1, L2—4 turns each #16 Frequency about 1 ke.

REDUCE YOUR COMPONENT COSTS
WITH ONE TI POWER TRANSISTOR!

Save on overall costs and up your circuit reliability by  units feature guaranteed gain at maximum rated cur-
selecting one specific TI germanium power transistor rents and 1.5 volts Veg. For your high current switching
for your high power circuitry job. The need for tran-  applications, all types highlight typical switching times
sistor paralleling is greatly reduced... and, in many  at 25°C of 12.0 usecs (ton) and 7.0 usees (tos).
applications, eliminated. .. with TI’s newest high  Contact your nearest Texas Instruments sales engineer
current alloy-junction power transistor series. If you  for applications assistance or your nearby TI distrib-
are using two types in parallel for a 25-amp job, save  ytor for off-the-shelf delivery at factory prices. For high
by using one TI high current alloy-junction transistor!  yeliability, high performance, and a full year product
Ranging from 10 to 25 amps in 40, 60, or 80 volt types, all guarantee, you can rely...on TI!

1
]
\4 @ \g ‘u \ g S A\ K

. . ~ D R o & & ~ ~ J > » > (]

maximum ratings at 25°C 5 5 5 £ &£ £ £ F s £ £ £ & A

¢$ L ~ ~ o & ~ ~ o~ ~ o~ & 3 H

|

Vego  Collector-to-Base Voltage (I, = —5ma, ¢ = 0) —40 —60 —80 —40 —60 —80 —40 —=60 —80 —40 —60 —80 v ]

Vex  Collector-to-Emitter Voltage (Ve = +0.2v, I¢ = —5ma) 40 —60 —80 | —40 -—60 —8 | —40 —60 -8 | —40 —-60 —80 v :

Vego  Emitter-to-Base Voltage (1 = —5ma, I¢ = 0) «— =30 —30 —30 —30 v H

Ie DC Collector Current -10 —=15 -20 -25 a ]

1 DC Emitter Current 10 15 20 > 25 a :

lg Base Current ) a 1

H Total Dissipation 80 w []

i T, Junction Temperature 95 °C :
]

b - S— - 4

O

silicon diodes and rectifiers
ranTicep solid tantalum capacitors INCORPORATED

germanium and silicon transistors TEXAS ‘{.H!:\ l NSTR UM EN TS

ol bon fil l ® SEMICONDUCTOR-COMPONENTS DIVISION
precision carbon film resistors 13500 N. CENTRAL EXPRESSWAY
sensislor silicon resistors POST OFFICE BOX 312 - DALLAS, TEXAS
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PUTTING MAGNETICS TO WORK

Hold your frequency under fire (and ice)!

New linear permalloy core keeps filters frequency-stable over
a wide range of temperature conditions—at half the cost

Designers of audio filter networks, faced with the high price
of components and the need for frequency stability over a
wide swing in ambient temperatures, can now benefit from a
most significant development—the linear molybdenum perm-
alloy powder core.

The linear cores we've developed are used with polystyrene
capacitors. This combination costs as little as half the price
of temperature-stabilized moly-permalloy cores and the sil-
vered mica capacitors with which they must be used.

What’s more, frequency stability is increased! For tempera-
tures ranging from —55°C to +85°C we have observed fre-
quency stability variations as low as 0.05%,. This is consider-

Circle 42 on Inquiry Card

ably less frequency shift than normally expected with tem-
perature-stabilized combinations.

We guarantee the temperature coefficient of these linear
cores within a very narrow range! Information regarding
sizes, prices and performance behavior awaits your request.
Popular sizes,. in 125 permeability only, available immedi-
ately from stock. Magnetics, Inc., Dept. EI74, Butler, Pa.

>

MAGNETICS inc.
. R J

Circle 43 on Inquiry Card ———



INSURE ACCURACY,
INCREASE RELIABILITY, 8
REDUCE SIZE of ~

PRATT & WHITNEY’S
Numerical Control...

Pratt & Whitney’s Numerical Control is a fully automatic,
ultra-precise means of translating blueprint data into
a series of machine positions. Applied to jig borers
and other precision Pratt & Whitney machine tools, settings
are made quickly, with high reliability to .0001" accuracy.

In operation, the Planning Engineer transfers to a Numerical
Planring Chart all dimensional data from the blueprints
whick are necessary to determine
the pasitions. Ordinary clerical help then
punch these data into a tape. Machine positionings
are then controlled by the tape or,when required,
by a dial on the Operator’s Console.

He-e is what P&W’s Mark H. Sluis has
to sa~ about the vital part played by !
Clare Relays and Stepping Switches: a0 o] Yoeo [T Y

“In the 4EA Numerically Controlled Jig ! —‘@ ;
Borer, punched-tape information is decoded = y D Tihaiod e
by C.are Type J Relays and fed to a
storaze bank of 25 Clare Type 11 Stepping W
Switches. The selection of the proper \ 4 ‘
storaze switch is accomplished by a
distributor —a Clare Type 26 Stepping
Switch. In addition to storing the required
comnand data for the slide positioning
of th_s machine, logic circuitry
comprises some 115 Clare
Type J Relays.

“Far ultra-reliability of
the digit-selection circuitry,
a dozen Clare Type HG4
four—pole Mercury-wetted
Contact Relays are utilized.

‘“Through use of the
Clare relays and stepping
switches, our circuitry
has increased in
reliability, and a ; _ -
large contribution : — T S : 3 i o
was made which . . , - y '

One of fve banks cf Clare Type J
Felays in P%'A Numarical
Conirol. At ieft, im cylindrical
can,a C er2 Type HG4
Mercury-wetied Contact

GPERATOR'S _
KEY BOARD.

A Pratt & Whitney 4EA Numeri-
cally Controlled Jig Borer.

8

4
redu-tion of the :

enabled us to
cont-ol system.” MO

realize a 6:1 size
@

For complete information

on Clare Relays and
Stepping Switches

contact C. P. Clare & Co.,
3101 Pratt Bivd., Chicago 45,
Ilino#s. In Canada:

C. P. Clare Canada Ltd.,

G Catie @LARI::I E\'RLE: Il—.m§ Indushiat
ntasio. Cable . 1
Addrass: CLARELAY i Industrial Field



40 KV at 3 amp.

The ripple frequency of this unit js extremely low due to

a full wave 6 @ power supply. The model shown here is a

130 KVA, 3 phase unit and can be furnished with either askarel or
ordinary transformer oil.—This unitized power supply is just
one of many special transformers and equipment

that are custom-built by NOTHELFER.

Each NWL DC Power Supply is tested for core loss, polarity,
voltage, corona, insulation breakdown and aging characteristics
and must meet all customer’s requirements before shipment.

We shall be pleased to quote you up to 300 KV and up to 500 KVA,
depending on your individual requirements.

Casing & Wiring manufactured by
Research-Cottrell, Inc.
Bound Brook, N, J. /

ESTABLISHED 1920

SAY: NO—TEL—FER

NOTHELFER WINDING LABORATORIES, INC., P. 0. Box 455, Dept. EI-9, Trenton, N. J.
(Specialists in custom-building)
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Books

(Continued from page 54)

Control Engineering
By Gordon J. Murphy. Published 1959 by E. Van

Nostrand Co., Inc., 120 Alexander 5t., Princeton,

N. J. 385 pages. Price $7.50.

Mathematically sound and up-to-
date, this new book presents a thor-
ough coverage of modern automatic
control theory at an intermediate
level. It treats both elementary and
advanced topics in some detail, filling
the gap between general introductions
and exhaustive treatments.

Dr. Murphy draws problems and
illustrations from many fields, includ-
ing process control, fire control, in-
ertial guidance, and nuclear reactor
control. His extensive and clear pres-
entation of the subject makes the book
invaluable for students and workers
in all areas of control engineering.

Following an introductory chapter
is a thorough discussion of time re-
sponse, including a development of
Laplace transformations which is ap-
plied extensively throughout the book.
The characteristics of a large number
of control-system components are then
presented, and design in the complex
domain (the S-plane) is carefully
covered.

The use of frequency-response tech-
niques, a complete treatment of ac
carrier systems, and the analysis of
systems with time lag are next pre-
sented. The author then deals at
length with sampled-data systems and
the statistical analysis of linear con-
trol systems. The final two chapters
are devoted to non-linear control
theory, including the use of describ-
ing functions and the phase plane.

Molecular Science and
Molecular Engineering
By Arthur R. von Hittel, Published 1959 by John

Wiley & Sons, Inc., 440 Fourth Ave., New York

16. 446 pages. Price $18.50.

This is the third and final volume
in a series of modern materials re-
search. Written for the professional
scientist and engineer, it presents the
fundamental molecular properties of
matter and their applications derived
by molecular strategy.

Proceeding from classical to molec-
ular science, the chapters advance in
unifying vision from the structure of
atoms and molecules and the behavior
of charge carriers and gases to the
formation and structure of con-
densed systems, to dipoles and their
spontaneous alignment in photo elec-
triecs and photo magnetics, and finally
to ions and electrons in liquids and
solids. Thunder storms and explo-
sions, gas-discharge and solid-state
devices, the molecular concepts pro-
ducing mazers and memory systems,
transducers, transistors, parametric
amplifiers, ion-exchange resins, ete.,
appear in an exciting sequence of
contributions supported by numerous
tables and illustrations.
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Armold Pulse Transformer
Cores ate individvally tested

under actual pulse con

adrtions

72372¢C

Here's
technical data on

ARNOLD
SILECTRON
CORES

Bulletin SC-107 A
. . . this newly-
reprinted 52-page
bulletin contains
design information on Arnold Tape Cores wound
from Silectron (grain-oriented silicon steel). It
includes data on cut C and E cores, and uncut
toroids and rectangular shapes. Sizes range from
a fraction of an ounce to more than a hundred
pounds, in standard tape thicknesses of 1, 2, 4
and 12 mils.

Cores are listed In the order of their power-
handling capacity, to permit easier selection to fit
your requirements, and curves showing the effect
of impregnation on core material propetties are
included. A valuable addition to your engineering
files— write for your copy today.

ADDRESS DEPT. T-99

ELECTRONIC INDUSTRIES -

September 1959

The inset photograph above illus-
strates a special Arnold advantage: a
10-megawatt pulse-testing  installa-
tion which enables us to test-prove
pulse cores to an extent unequalled
elsewhere in the industry.

For example, Arnold 1 mil Silectron
“C” cores—supplied with a guaran-
teed minimum pulse permeability of
300—are tested at 0.25 mictoseconds,
1000 pulses per second, at a peak flux
density of 2500 gausses. The 2 mil
cores, with a guaranteed minimum
pulse permeability of 600, receive
standard tests at 2 microseconds, 400
pulses per second, at a peak flux

density of 10,000 gausses.

The test equipment has a variable
range which may enable us to make
special tests duplicating the actual
operating conditions of the trans-
former. The pulser permits tests at
.05, .25, 2.0 and 10.0 microsecond
pulse duration, at repetition rates
varying anywhere from 50 to 1000
pulses per second.

This is just another of Arnold’s
facilities for better service on mag-
netic materials of all description.
@ Let us supply your requirements.
The Arnold Engineering Company,
Main Office & Plant, Marengo, 111,

£ARNOLD

SPECIALISTS in MAGNETIC MATERIALS

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES
Find them FAST in the YELLOW PAGES
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EIMAC PIONEERED INTERNAL-ANODE TETRODES-
PERFORMANCE LEADERS FOR OVER A DECADE

Developed and introduced to the in-
dustry in the mid 1940’s, Eimac’s line
of internal-anode radial-beam tetrodes
immediately received widespread and
enthusiastic acceptance. Well over a
million have been sold since that time.
These tubes, quality leaders from the
very start, still maintain that position
through advanced processing tech-
niques, inherently sound design and
continuing concern with production
refinements.

Clean electrode design, for example,
and the exceptionally hard vacuums
achieved on Eimac-developed rotary

vacuum pumps, result in consistently
reliable tubes with an exceptional
ability to withstand high momentary
overloads and peak powers. Rugged
filament design with high reserve
emission contributes greatly to their
reliability and long life.

Stable operation at high frequencies
is assured by low inter-electrode ca-
pacitances and low lead inductances.
Driver requirements and associated
circuitry are simplified by the high
power gain and low driving power
requirements of these tube types.

These features, plus other Eimac

Circle 46 on Inquiry Card

design innovations such as the Pyro-
vac” plate and non-emitting grids
make Eimac internal-anode tetrodes
your logical choice for new equipment
designs, as well as tube replacements,
when exceptional performance and
reliability are required. Most types
available for immediate delivery.
*Registered Trademark

EITEL-McCULLOUGH,INC.

San Carlos, California
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Before Buying Ultrasonic Cleaning Equipment

GET A

FREE

ULTRASONIC |

CLEANING
ANALYSIS

To show you . .. at no cost . . . how ultrasonic

. cleaning equipment fits into your operation,

z National Ultrasonic Corporation now offers you a
. free ultrasonic cleaning analysis. An Applications
Laboratory is maintained in which your sample
parts are cleaned by specialists and returned within
two weeks of their receipt together with the equip-
ment and cleaning agent recommended for your
particular application and their costs.

For your ultrasonic cleaning requirements, National
Ultrasonic Corporation provides:

G
-

" ® Two lines of cleaners which cover the com-
. plete range of ultrasonic cleaning equipment
through extremely high power units.

® NUclean® solvents and detergents, especially

E formulated for ultrasonic cleaning.
]
ANDARL Or all applicatic i g averag p
gl
- Model No. Power Inside Crystal % of bottom
s i (115 volts A.C. | Capacity Output Tank Radiating covered
~4, i 1 phase 60 cycle) | (gallons) {watts) Dimensions (in.) Surface with
. i e Average Peak Length Width Depth | (sq.in.) crystals
100 60 240 9% 5 6 12 25
¥z ' ) 120 125 500 | 10% 8% 6 24 27
i 3 140 250 1000 | 143% 113% 10 48 27.5
" 160 13 500 | 2000 | 20 16 10 96 30
od 00
s ) 0 | appiicatio | g g gy ae
- Model No. Power Inside Crystal % of bottom
_— (115 volts A.C. | Capacity Output Tank Radiating covered
G 1 phase 60 cycle) | (gallons) {watts) Dimensions (in.) Surface with
% Average Peak | Length Width Depth | {sq.in.} crystals
poT 200 1 60 240 | 7 4 7 12 43
i 220 125 500 9 6 10 24 44.5
i 240 250 | 1000 [ 12 9 12 | a8 44.5
p— 260 12 500 2000 | 16 12 16 96 50
-
ational

WRITE FOR COMPLETE INFORMATION

111 Montgomery Ave., Irvington 11, N. J,

62 Circle 48 on
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ESsex 1-0550 e TWX NK 1030

Iitrasonic corp.
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10 we COUNTER

does everything without plug-ins

RM\; Hi {LT

Frequency counting to 10Mc  with 0.1v sensitivity

- TIME ———

;———— TIME ———

RN
) 2-channel time interval measurements
— e TIME
Phase difference measurements -
fiiy i
U J“
n——»—coum —
Frequency ratioc measurements
Add this heterodyne unit (Mode! Or add this computing transfer
7570 Series) to measure frequen- oscillator (Model 7580) to get a L0
cies up to 1000Mc. counter display of frequencies up o
to 15,000Mc. A

Complete specifications on Models 7370, 7570 and 7580 will be sent on request. A 4

B eC k M AN | Berkeley Division

2200 Wright Avenue, Richmond 2, California
21 a division of Beckman Instrumenis, Inc.
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AN ASW SYSTEM...DISPLAY/AIRBORNE RECEIVER/SONOBUOYS

Anti-submarine warfare equipment designed,
developed and produced by The Magnavox
Company, in conjunction with the Navy De-
partment, provides patrol aircraft with eyes
that see underwater by day and by night. The
AN/ASA-16 Display System, together with
SONOBUOYS, AN/ARR-26 Receiver systems
and other associated equipment provide air-
craft with a clear picture of the ocean-depths
below them. They are part of the continuing
contributions of The Magnavox Company in
aiding the U.S. Navy to combat the growing
submarine menace.

§ 1]

MAGNAVOX capabilities are in The Fields Of Air-
borne Radar, ASW, Communications, Navigation PRODUCTS

Equipments, Fusing and Data Handling . . . your THAT SEE BY
inquiries are invited. y, THEMSELVES

F T )) i s ./ v MIS'LES

COMMUNICATIONS RADAR DATA HANDLING ASW

THE MAGNAVOX CO. ¢ DEPT. 109 o Government and Indusirial Division « FORT WAYNE, IND.
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STABLE
- VOLTAGE
IR | e

| 6,303

6,302

6,301 l
6,300

6,299 T wa 1 e :
' =N

SPECIFICATIONS RATINGS
Maximum Operating
Voltage Range Temp. Coefficient? Dynamic? and Storage | Max. Gperating
at Iz = 7.5 ma at 25°C | (—55°C to 4+-100°C) | Resistance at 25°C Temperature Temo. at

Type (Volts) atlz = 75ma atlz =75ma Range tz =75ma

s (%/°0) (ohms) c0) L)
Mn. Max.

IN82I 59 6.5 01 15 —65to + 150 +125
1IN8221 *=59 *6.5 = 01 15 —65t0 4 150 +125
INg23 59 6.5 =+ 005 15 —65to + 150 +:25
1N824! *59 *6.5 =+ 005 15 —65t0 4 150 +125
IN825 59 6.5 =.002 15 —65t0 4 150 +:25
1N827 59 6.5 =001 15 —65 to 4 150 +125

'Double anode types.

2Determined by measuring a change of voltage from —55°C to +25°C and a change of voltage from +25°C
to 100°C.

3The Dynamic Resistance is measured by superimposing a smali A.C. Signal upon the test D.C. Current.

(lac RMS = 1/10 Ipc Test)

1N822 and 1NB24 types meel all specifications, including temperature coefficient, in both directions.

This new line of subminiature silicon voltage references features a
combined lower dynamic resistance and voltage stability exceeding
that of any standard cell.

Manufactured by diffusion, these devices offer temperature coeffi-
cients as low as 0.0019%, °C. Unique single piece construction enables
the reference to maintain excellent voltage stability when subjected to
severe thermal shocks, Axial lead design and hermetically sealed glass
encapsulation insure a rugged unit capable of providing long term
reliability over wide ranges of environmental conditions.

These new subminiature references are also available in double
anode types for symmetrical clipping applications.

Send for bulletin TE-1352.

Rating Type Number
Select from the nation’s ~ 250 MW S = e
broadest line of 250 MW 1N708 — 1N745
400 MW 1N746 — 1N759
regulators and references, 750 MW SV804 — SV824
including these types: 1 WATT IN1765 — 1N1802
10 WATT SV904 — SV924

Contact your nearest authorized Transitron industrial distributor for
in-stock quantities 1-999.

“Tra ngitron

electronic corporation » wakefield, massachusetts

“Leadership in Semiconductors’’
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213,149,873

%

Test proves reliability of P&B's LS telephone type relay

These 16 LS relays, wired into a self-cycling chain, each operated 213,149,873
times before the test was discontinued. This test was made for a nationally
prominent manufacturer and the certified results are available upon request.

Here is proof of the inherent reliability of P&B telephone type relays. ..
and of the kind of performance you can expect when you specify them. LS
relays are available with up to 20 springs (10 per stack) and are adaptable for
printed circuit mounting.

Whenever multiple switching of loads up to 4 amperes is required, the LS
can usually meet space, weight and—importantly—price considerations. Get
full information today by calling or writing Zeke R. Smith, vice president,
Engineering, or contact your nearest P&B representative.

LS ENGINEERING DATA

GENERAL: COIL:
Breakdown Voltage: 1,000 volts rms 60 cy. Resistance: 55,000 ohms max.
min. between all e'e";e“'s‘ R Power: 65 mw DC per movable standard
Ambient Temperature: —55° to +85° C. (50 mw possible); 3.5 watts max. at
Weight: 3 to 4 oz. , ) 25° C.
Dimensions: 15" W. x 2%" L. x 12" H, .
(4 Form C) Voltage: Up to 200 volts DC,

Enclosures: Sealed or dust cover (W can)
Sealed or dust cover, up to 6 Form C, .
single contacts (D can) TERMINALS:

Mountings: Four #6-32 topped holes %" x Contacts: Three #18 AWG wires,
%s" o.c. Other mountings available, Coil:  Three #20 AWG wires.
CONTACTS: Available with octal plug, taper tabs or printed
circuit pins,

Arrangements: 20 springs (10 per stack) max.
Material: %" dia. twin palladium, Other ma-
teriols ovailoble for specific appli-
combns. PaB STANDARD RELAYS ARE AVAILABLE AT

Load: 4 amps @ 115 volts 60 cy. resistive.  YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR

90000000000 0000000000000000000 000008

.
.
»
»
.
.
.
.
-
.
.
.
.
.
.
.
.
.
.
.
.
.
.

POTTER & BRUMFIELD

TS RELAY

Short coil relay is available
in AC and DC versions. Long
life construction. Can be sup-
plied (DC) with up to 20
springs (10 per stack).

GS RELAY
Excellent sensitivity: 50 mw
X ."\‘t per movable arm minimum
’\‘ﬁ"/ (DC). For applications re-
F quiring many switching ele-
[ ments in small space.

BS RELAY

Long coil provides high sen-
sitivity (25 mw per movable
arm) and room for slugs for
pull-in delays (150 milli-
seconds max.) or drop-out
delays (600 milliseconds
max.)

FREE

LS DETERMINATION DATA
Send today for booklet con-
taining certified results

of recent test described above.
Data includes test circuit,
interim and final measurements.

@000000000000000000000000 ¢

DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO
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the new lOOk in 50 and 100 ampere electrical connectors!

Supercon

ELECTRICAL
CONNECTORS

All current-carrying metal parts are ma- All plastic parts are molded of durable nylon Pin plugs quickly assembled with a single
chined of high-grade orass and gold-plated for excellent resistance to corrosive chem- nut after cable connection.

for stable electrical contact and resistance icals, heat, oil and grease, abrasion and

to corrosicn. impact, chipping and cracking.

i

SOCKET PIN
RECEPTACLE P~ _ PLUG
/ y
/3 J
{ '’/ s
Receptacke caps ard bodies are color- Positive-grip, functionally designed plugs Plugs can be connected to a range of cable
matched for quizk drcuit identification in provide best handling ease and convenience. sizes by fastening screws or by soldering.
front and back of pamel.
SOCKET
PLUG

PiInN
RECEFPTACLE

-0)" ‘(‘u—-“"'

Wide variety of colors permits greater lati- Socket plug grips are of a simple, two-piece
tude in patchcord distribution layouts. threaded construction for quick assembly.

Six distinctive colors!

THE

SUPERIOR ELECTRIC
COMPANY

Bristol, Connecticut, U.S.A.




Superco

e laboratories -

F
1 /e

50 AMPERE TYPES

MAXIMUM FLEXIBILITY of power
supply boards and distribution
panels . . . mabile and portable
equipment can be transported to
any location . . stationary
patchboards provide centralized

factories -

classrooms -«

research and development centers

EQUIPMENT SAVINGS are made
possible by utilizing one piece
of apparatus to do the work of
many . . . installation of costly
permanent switching gear and
wiring is minimized.

3 3/4 u

| 3/16

&

»
]
( I 3/16

ELECTRICAL
CONNECTOR

testing facilities

;

- D >

4 /2~ 5
16
“ a ) 9
> |/ /

nE

1/4" MAX

/

MOl E

L 1AILK 29

100 AMPERE TYPES

RAPID INTERCHANGE and inter-
connection of electrical appa-
ratus permits many tests or oper-
ations to be made and changed
in the quickest possible time —
set-up time is decreased.

SAFETY AND EFFICIENCY are as-
sured by low-resistance, fully in-
sulated connections . . . circuits
can be energized with safety to
user and equipment . . . all metal
parts recessed for maximum pro-

control location.

tection.

FAST... EASY... 2 STEP ASSEMVIBLY

PIN PLUGS

= -

Attach the cable to the pin plug with the
two fastening screws or by soldering.

-

Slip the grip over the pin plug and
tighten in place with the assembly nut.

THE SUPERIOR ELECTRIC COMPANY, Bristol, Connecticut

] L]

name

Please send
SUPERCON Bulletin.

Please have your
representative call.

company

“address

city state

' s € c . s ° ¥ 3

SOCKET PLUGS

Slip the socket plug grip over the cable
and attach the cable to the socket plug
with the screws or by soldering.

T
=5

Screw the socket plug shield and grip
together securely.

Bulletin giving full technical

RECEPTACLES

After opening the pane! hole, screw the
cap and the base together securely.

U |
- -
M

Attach the wiring by lug, clip-lead, wrap-
around or by soldering.

Supercon

...FOR YOUR FILES
Request SUPERCON

-

information, ratings
and specifications.

g

THE SUPERIOR ELECTRIC COMPANY

Bristol, Connecticut, U.S.A.



Next month

ANALYZING DYNAMIC CHARACTERISTICS OF RELAYS—II

Second of the three-part series which begins in this month’s El. In the first section Prof. Cameron defines
the terms that would be used in describing relay action. In this, the second part, he discusses exactly
how a relay behaves during the period when the armature is moving from an open to a closed position.

HIGH ACCURACY SHAFT ANGLE ENCODER

As the trend increases foward the use of digital data it becomes more and more important to convert
analog data to digital data with maximum accuracy. Where it is possible o obtain data in the form of
shaft rotation the optical shaft angle encoder can convert analog data to digital data with extremely
high accuracy. Described in this article is a highly advanced device now moving into the machine tool
and industrial production fields.

A STANDARDS PROGRAM THAT WORKS . . .

A large Eastern equipment manufacturer has set up a standards progrom that makes a definite distinc-
tion between a standard item and a preferred item. The component and material lists are preferred
lists. The engineer may, when desirable, depart from the preferred list. The program prides itself on
being flexible.

Our regular editorial departments are designed tronic Shorts, Coming Events, El Totals, Snapshots
to provide readers with an up-to-the-minute sum- of the Electronic Industries. El International, News
mary of world, wide important electronic events. Briefs, Tele-Tips, Books, Rep News, International
Don't miss Radarscope, As We Go To Press, Elec- Electronic Sources, Personals, Industry News, efc.

SEMICONDUCTOR SYMBOLS

An illustrative presentation of graphical and letter symbols that will be extremely valuable to engin-
eers when they are writing or talking on a higher or theoretical level.

1959-60 SURVEY OF MICROWAVE POWER GENERATORS

Up-to-the-minute technical specifications for microwave vacuum-tube detectors, oscillators, amplifiers,
traveling wave tubes, backward wave tubes, klystrons, and magnetrons. Also included will be semiconductor
detectors, mixers, amplifiers, masers, parametric amplifiers and tunnel diodes.

Watch for these coming issues

*NOVEMBER *JANUARY *MARCH

Microwave Issue Industry Review Annual IRE Issue



It is during the transient period
when the current is building up in the coil

and the armature is moving from the open position

fo the closed position that most of the relay problems occur.

This article first defines the relay terms

we are dealing with, and then analyzes what happens

during this period by means of oscillographic presentations.

By PROF. CHARLES E. CAMERON
Oklahoma State University,
Stillwater, Okla.

The Dynamics of Relays

Part One of Three Parts

HOUGH little has been written about them, the

dynamic characteristics of an electromagnetic relay
are most significant in deciding where and how a
specific relay should be applied. The dynamic char-
acteristics of a relay occur during the transient time,
when the armature moves and contacts are opened or
closed.

A relay can be defined as an electrically controlled
device which closes and opens electrical contacts or
circuits. The electrical control might have one of
several forms; however, here we are concerned only
with those called “electromechanical.”

This device functions when the contacts are closed
or opened. Generally speaking, the functional opera-
tion of a relay is no problem when the relay is open,

Fig. 1: An elementary relay.

70

or when it is closed. But even so, the parameters
which determine the static characteristics should not
be arbitrarily or entirely fixed. The parameters which
determine the static characteristics are related, and
as such only a definite number should be specified.
There is some tendency in writing specifications to
somewhat arbitrarily specify too many of the param-
eters. Impossible values sometimes result when try-
ing to design a relay to satisfy the specifications.
Only during the transient period when the current
builds up in the coil and the armature moves from
the open position to the closed position do most of the
perplexing problems arise. Yet, the dynamic behavior
of a relay has received very little attention.

The relay must be studied in relation to the net-
work in which the coil is placed because the operate
time and release time of a relay are determined in
part by the circuit. It is misleading to indicate
operate or release time without telling something
about the circuit as well.

It must be recognized that the transient char-
acteristics of a relay have, as yet, not been defined.
It is, therefore, proposed to explore some of these
little understood relay attributes in an attempt to
clarify some of the confusion.

The drawing of Fig. 1 is a schematic diagram of
an elementary relay. It is well to have in mind some
of these fundamental concepts when attempting to
visualize the performance of this device.

ELECTRONIC INDUSTRIES + September 1959



Relay Classification

Any attempt to classify relays into different classes
or types meets with numerous difficulties but for our
purpose we will use six different classes. Much dis-
agreement will arise from some of the subdivisions,
but this scheme does recognize the extensive varieties
which occur in the types of relay which are or may
be manufactured. There are perhaps other types
which have not been included.

Unfortunately, the words used to classify relays
into different types and categories will not meet with
general acceptance. In fact, much difficulty has been
encountered in working out a satisfactory definition
of the word “relay.” There are two general phases of
relay application (a) control, and (b) protection.
This discussion is confined to the area which has been
called “control.” Protective relays are usually of the
inductance disk types and they are used on power
systems for various methods of protective schemes.

The variation of electrical, mechanical, and mag-
netic structures have led to numerous varieties. Each
yvear new adoptions are devised to meet more exact-
ing demands of circuits designers. This relay classi-
fication is an attempt to divide the whole field of
relays into different areas and then sort out existing
relays and place them under different classifications.
This helps to emphasize the magnitude of the prob-
lem and the countless variations which presently are
being made.

Static Characteristics

The force exerted on the armature of a relay by
the magnetic field is a function of the length of the
air-gap as well as the coil current. The static force-
distance characteristic shows the force on the arma-
ture at various positions including the open and
closed values. Several schemes have been developed
for recording the force on the armature of a relay
for various locations of the armature. The force in
grams is plotted against the armature travel in
inches.

RELAY CLASSIFICATION

I. D.C. RELAYS

(a) Neutral
(b) Polarized

1l. A.C. RELAYS
(a) Specify frequency range

Ill. CONTACT REQUIREMENT

(a) Direct current
(b) Alternating current
(¢) Radio frequency

IV. TYPE OF PERFORMANCE

(a) General purpose
(b) Marginal

(¢) Fast

(d) Slow

(e) Sensitive

(f) Timing

(g) Latching

(h) Sequential

(i) Frequency sensitive

ELECTRONIC INDUSTRIES -+« September 1959

A REPRINT

of this article can be obtained by writing on company letterhead to
The Editor

ELECTRONIC INDUSTRIES, Chestnut & 56th Sts., Phila. 39, Pa.

For a specific relay with a given coil and spring,
there are several variables which are interrelated.
The static characteristics of a relay show how these
terms may be used and their significance. These
variables are: (1) ampere-turns, watt input, or cur-
rent to actuate the relay, (2) release current, (8)
spring tension, (4) residual air-gap, and (b) arma-
ture travel. Fig. 2 shows the performance curves or
the static characteristic curves for a relay. If the
spring tension remains unchanged from the open
position to the closed position, this would be indi-
cated by a horizontal line on the curve sheet. On the
other hand, if the spring tension has changed, it
would be so indicated. In most instances, the change,
if any, may be neglected.

A typical set of excitation curves which are plotted
for different values of magnetic pull on the armature
against the length of the air-gap is given in the
figure. With one value of ampere-turns, the foree on
the armature will vary from the open position of the
relay to the closed position of the relay similar to
the so-called excitation curves. In other words, the
horizontal projection of an ampere-turn curve (or
watt input) will show the air-gap and the vertical
projection of the ampere-turn curve will show the
force exerted on the armature. It will be assumed that
the equation:

212
F = 6.409 X 107 Xt grams
where F = force in grams
N = number of turns
I = current in amperes

X = air-gap in inches

V. METHOD OF ELECTRICAL CONTROL

(a) Electromagnetic
1. Moving iron (plunger, clapper, ball, rotary)
2. Moving permanent magnet
3. Moving conductor
4. Electric coil
(b) Thermal
1. Bimetal drive
2. Pressure drive
3. Expansion drive
(¢) Magnetostrictive
(d) Electric field
1. Piezo-electric
2. Electrostrictive
3. Electrostatic

Vl. MECHANICAL ACTION
(a) Two-position
1. Interlock
2. Latching
3. Ratchet
(b) Three-position
(i.e., neutral, positive or negative)
(¢) Multi-position
1. Stepping
2. Coordinate
3. Crossbar
4. Sequential
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Relay Dynamics (Continved)

expresses a relationship which meets the actual con-
ditions in a relay.

When three of the five variables are known or
assumed, they may be used to fix a point on the opera-
tional cycle and the limits of the other two variables
may be found. Let it be assumed that (1) the residual
air-gap, (2) armature travel or air-gap, and (3) the
initial spring tension are known. The intersection of
an NI curve on the vertical line which represents the
air-gap in the open position at the value of the initial
spring tension will locate the “pick-up” value for the
armature. Any value of ampere-turns (or current)
in excess of this position of balance will cause the
armature to start moving toward the closed position.
The closed position will be found by the intersection
of the ampere-turn curve with the vertical line which
represents the closed position of the armature. The
length of the residual air-gap will determine the
closed position.

The vertical distance to point “B” will represent
the force on the armature when it is in the closed
position. The vertical distance to point “A” repre-
sents the initial spring tension or bias on the arma-
ture. When it is assumed that the initial spring ten-
sion has not changed the difference between the final
tension and the initial tension will be the force
exerted on the core and on the contact springs or the
contact pressure. When the current through the coil
of the relay is decreased, a value of ampere-turns is
found which intersects the line which represents the
initial spring tension and contact force, and the verti-
cal line which represents the residual air-gap. This
value is located at point “C” for zero contact force.
The relay releases at this value of current. The
release value of ampere-turns intersects the vertical
open position line at point “D.” To cause the relay
to close again, the current will have to be increased
until point “A” is reached. It is to be noted that the
release current is considerably less than that value
which will actuate the relay.

When the coil current has been increased so that
the force on the armature is slightly in excess of the
pull by the spring, point “A’” is reached and the
armature closes. The force on the armature is in-

Fig. 2: Static charac-
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creased up to the point “B” where the armature has
closed. If the coil current is decreased gradually, the
force on the armature is decreased until the armature
spring pulls it into the open position.

These relationships are called the ‘“Static Char-
acteristics” since time or motion is not a part of the
diagram. The force is represented as being mea-
sured at an armature position when the armature
is not moving. It is seen that as such, it does not
give the moving or dynamic characteristics of the
relay.

The pull which is exerted by the magnetic field on
the armature of the relay must be sufficient to over-
come the initial spring tension, the friction of the
moving mechanical parts, produce the desired veloc-
ity of the armature and have sufficient contact pres-
sure. No indication is given by the pull equation as
to what velocity would be expected of the armature.

It is evident that as the ampere-turns or watt input
to the coil are increased the armature velocity will
also increase. High speed relays will require more
watt input than slow speed relays.

A residual air-gap is used on direct current relays
to prevent freezing of the armature to the core.
Residual magnetism which is present in an iron cir-
cuit after the exciting current has been removed is
sufficient to hold the armature closed in some in-
stances. By moving the vertical line back and forth,
it is seen that the residual air-gap influences the
retaining current and the release time. As the air-
gap becomes larger, the release current increases and
the release time is made shorter.

It has been convenient to discuss the normally-open
relay unless otherwise indicated. A restoring spring
is used to supply the restoring force to the armature
which will cause it to return to the open position
when the magnetic force supplied by the coil is
removed. When the spring tension is increased, a
larger operating current is required as well as a
longer operating time. On release, the higher spring
tension gives a higher release current and a shorter
release time.

Relay Performance Definitions

Relay performance and some of the items which
are of interest are illustrated in Fig. 3 and Fig. 4.
Some of the definitions of relay performance are like-
wise illustrated by these drawings.

It is noticed that operate time is measured to the
instant that the contacts make. There is a short
period of time before the armature has completed its
travel, and this represents owertravel. In this par-
ticular case a “NO” contact arrangement is used.
Chatter time is illustrated by a series of short lines.
If, in a relay there is appreciable chatter time, the
final actuation time becomes important. Where the
final actuation time would be defined as the time from
coil energization to termination of chatter following
contact actuation.

The word chatter has been used as a generic term
to include intermittent opening and closing of con-
tacts regardless of the cause. The word “bounce”
implies rebound as a result of the impact of the
contacts, which is a form of chatter.
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If the current to the relay coil is gradually in-
creased, a value is found for which the relay will just
operate. In most instances, the must operate value
is of mere importance and this value is larger than
the just operate value.

Fig. 4 shows the current decay upon release con-
ditions. The release time is indicated as the time
interval from coil de-energization to the functioning
of the NO contacts, since NO contacts were used as
an illustration.

Relay Definitions

Operate time: The time interval from coil energiza-
tion to the functioning time of the last contact.

Release time: The time interval from coil de-energi-
zation to the functioning of the last contact.

Seating time: The elapsed time after the coil of the
relay has energized to the time required for the
armature to seat.

Armature overtravel: Overtravel of the armature is
that portion of the available stroke which takes
place after the contacts have touched.

Adjustment: Relay adjustment is the modification of
the shape or position of the parts of a relay to
affect the operating characteristics, i.e, armature
gap, restoring spring, contact gap.

Must operate: A specified functioning value, such as
current, at which all relays meeting the specifica-
tion must operate.

Just operate: The just operate voltage or current is
the measured functioning value at which a par-
ticular relay operates.

Contact actuation time: The contact actuation time
is the time at which a specified set of contacts
function.

Contact chatter: Contact chatter is the intermittent
closure of open contacts or the opening of closed
contacts.

Chatter time: The measurement of chatter time is
made on an oscillogram of the trace which is a
record of the contact current of the relay.

Relay Transient Characteristics

The electromagnetic relay has an electric circuit
which converts the energy to actuate the device. This
is accomplished by the interrelated magnetic circuit.
A second electric circuit which is of considerable
importance is the circuit in which the contacts are
placed. When the contacts do not function as in-
tended, the relay is not satisfactory. The other parts
of the relay—in particular, the mechanical moving
parts—might be termed the mechanical circuit. The
diagram of an elementary relay (Fig. 1) shows the
working parts of a relay with the exception of the
magnetic circuit. The flux path of the magnetic
circuit may be visualized through the core, armature
air-gap, armature and part of the frame and then
back to the core. The flux leakage path is one item
which should not be neglected in the analysis of the
relay structure.

It has been said that an ideal relay should function
in zero time, consume zero power and control any
desired value of current for any and all conditions.
This is most certainly an ideal state of conditions.
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Under satisfactory conditions it is most surprising
that relays can and do perform a wide variety of
duties. It must be realized that the coil must be
energized and since this coil is an inductive circuit,
a definite time is required for the current to buildup
sufficiently to pull the armature into the desired posi-
tion.

The armature is a mass of iron and it must be
moved from one position to another at a comparatively
high velocity. When this mass of iron has reached
the end of its travel, it should not rebound. A short
time before the end of the armature travel the con-
tacts should have touched. These contacts should offer
a minimum of resistance and function perfectly in
every case. With all of these extreme requirements, it
is quite interesting to know that literally millions of
relays perform their allotted functions every day with
a minimum of trouble.

There are several transient conditions which exist
in a relay. They are: electrical, mechanical, magnetic,
thermal, and many others. The electrical and mechan-
ical transients are interrelated through the magnetic
circuit. The equations which describe the electrical
and mechanical transients are nonlinear, which com-
plicates the solution. It is difficult to measure the
magnetic quantities and this gives more complications,

An analysis of the performance of a relay by
oscillographic evidence does assist in this study.

Circuit Used in Obtaining Oscillograms

The diagram of Fig. 5 shows the circuit which was
used to obtain the oscillograms for the electric trans-
ients of electromagnetic relays. The circuit in Fig. 5
is simplified to show only the basic elements. The
current shunt connected in the ground lead of the test
relay is used to obtain a voltage which is proportional
to the current in the relay coil. This voltage then is
applied to the Y input of an oscilloscope.
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Relay Dynamics (Continved)

The discharge resistance serves two purposes: one
is to provide for a complete circuit to ground and the
other is to provide arc suppression for the contacts on
the control relay. By providing a complete circuit to
ground the coil current decay can be observed, other-
wise the circuit would have to be completed through
the opening contact of the control relay and the sup-
ply voltage. The opening contact of the control relay
would result in an are, which exhibits variable resist-
ance, causing a peculiar coil current decay. The
energy stored in the magnetic field of the relay test
coil would have to be dissipated in the arc of the con-
trol relay contact if the discharge resistance was not
connected across the test relay coil.

The control relay is used to provide the necessary
isolation between the voltage required for the test
relay and control relay. This also allows other refine-
ments such as providing a triggering pulse for the
oscilloscope.

All of the oscillograms presented in this article
were recorded from a dual beam oscilloscope. Some-
times only a single beam was used when showing
multiple traces of the same variable but under differ-
ent conditions. Multiple traces were obtained by
taking multiple exposures and relocating the camera
after each exposure.

The relays were operated from lead acid batteries
of 175 ampere-hour capacity placed in a separate room
from the relay test lab.

Operate Transient Coil Current

In a circuit which consists of resistance and induc-
tance, or an R-L circuit, it is desired to find the cur-
rent equation during a short interval after the switch
is closed. The use of Kirchhoff’s emf law gives
di
t R+ L dl =F (1)
which may be solved for the instantaneous value of
current, i, or

= £ (L — e RuL) 2)
R

where ¢ = circuit current
R = cireuit resistance
E = applied d-c voltage
L = circuit self inductance

e = base of natural logarithms
{ = time

' = turns linked by the flux

z = distance

Eq. 2 gives the instantaneous value of current at
some time, ¢, after the switch was closed. This equa-
tion applies to a circuit where the inductance is
constant. It does not apply to the inductance of the
relay coil because the inductance will vary with the
change of flux.
Eq. 1 may be changed to give
de

1,R+]\l—dT= (3)
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do di

e N =1 =
where N 5 o
o =[0Grn)

or stated in words, the flux in the magnetic circuit is

a function of the current in circuit and it is also a

function of the air-gap of the magnetic circuit. Then

./ 0¢ di d¢ dr)

L N (Pt o T .

_ E (az‘ dt dr dt

1= — -

R

It can be shown that Eq. 4 satisfies the transient
coil current build-up curve. An oscillogram of the
transient buildup current is shown in Fig. 6. In Eq.
4, x is the air-gap and when dx/dt=0, the armature
has stopped moving. At that instant the armature
has touched the core of the relay. The second term
within the parentheses becomes zero and the current
continues to build-up until the Ohm’s law value has
been reached.

and where

(4)

Fig. 5: Circuit used to obtain relay transients.

Oscillogram Fig. 16 shows the transient current
and the armature motion for the period of “operate”
or “make” for a normally-open relay. These two
traces on the oscillogram were recorded simultane-
ously. It is interesting to note that the armature
does not start to move until some time after the coil
has been energized. It has been found that the in-
stant at which the armature starts its motion is not
the same for all relays. This would be expected since
the design parameters would not be identical for
every relay.

The significance of Eq. 4 is that it is not an ex-
ponential relation such as exists in Eq. 2 and that it
does satisfy the requirement of the relay magnetic
circuit to have a variable flux dependent upon the
change of armature position. Eq. 4 is an equation of
rate of change for four different terms:

D¢/, o¢/dx, di/dt, and dx/dt.

It is recognized that dynamic relationships of the
relay must be expressed in the equation for current
if that equation is to represent the current-time
transient values,

A study of the transient coil current trace which
is recorded simultaneously with a trace which gives
armature travel or motion reveals many significant
details about relay behavior. At the time the current
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has reached the lowest part of the cusp on the build-
up current in Fig. 16, it should be noted that the
motion of the armature of the relay has practically
ceased. There is a small amount of motion recorded
after the seating time of the armature. This may or
may not cause contact chatter but in any event, it is
worth an investigation.

Since the magnetic circuit of a relay consists of
iron and an air-gap, it would be expected that the
inductance of the circuit would not be constant. When
the magnetic circuit is further complicated during
transient conditions by motion of the armature, it is
hazardous to make any assumption about the transient
current. In Fig. 6 the bottom traces show the tran-
sient coil current when the armature was free to
move. A second trace was obtained by blocking the
armature closed, and a third trace was obtained with
the armature blocked open. The top part of the
oscillogram shows these three traces superimposed.
This study indicates that the final Ohm’s law value
of current is reached in due time but by three widely
different routes.

It has been found that many interesting details
about relay operation may be observed by study of
the transient current for ‘“make” and for “release.”
When the trace of the transient current and motion
of the armature are recorded simultaneously, this
method of study reveals many characteristics not
previously suspected.

The location of the cusp on the trace of the tran-
sient coil current build-up is not the same for dif-
ferent relays or for different conditions of operation.
For example, compare the build-up currents of Fig. 17.
For the top trace, the cusp takes place near the final
value of current; whereas, in the lower traces this is
not the case.

With traces of two different functions recorded
simultaneously some interesting conclusions may be
reached. In Fig. 8 the horizontal traces indicate the

Fig. 6: (Top) Coil
current with arma-
ture blocked open
(top), free to move
and blocked closed.
(Bottom) Coil cur-
rent decay armature
free to move and coil
current build-up with
armature free to
move. Time scale:
15 msecs/in. of scope
face.
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closing of normally-open (NO) contacts. The instant
at which the contacts touch may be located cn the
oscillogram. As would be suspected, the time during
the stroke of the armature at which the contacts first
touch is not the same for all relays. The armature
travel and the contact air-gap would vary from one
relay design to another.

Decay of Coil Current

Let it be assumed that the coil of a relay has been
energized and the magnetic field has been established
by moving the armature to the closed position. If the
voltage across the coil is suddenly removed and simul-
taneously the coil is short-circuited, the flux and cur-
rent will not be reduced to zero instantaneously.
Under these conditions, the differential Eq. 5 will be

d
iR+ R)+N *d“l’ -0 (5)
. /o0 di o¢ dx)
' R+ 1 N(Z L L2 ) 6
o AU (ai a T dr  dt ( ©)

X (a¢ di o¢ dr)
N\ @ ar dt
and = -———97 @ __a_T [ )

where R; is the discharge resistance and R is the
coil resistance.

The terms inside the parentheses of the current
decay equation are rates of change. The relative mag-
nitudes of these rates of change determine the cur-
rent decay. An inspection of Fig. 18 shows that with
the lowest value of discharge resistance, the decay of
current required a longer time than that for the larg-
est value of discharge resistance. In other tests, it
has been found that the current will drop almost in-
stantaneously to the zero value and then become nega-
tive for a short period of time before it comes back
to a positive value and then reduces to zero. An opti-
mum value of resistance may be found to give the
shortest release time. The delay in release time de-
creases up to the optimum value of discharge resis-
tance.

For the oscillogram in Fig. 18, the armature does
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not start to move until the coil current has decreased
to less than one-tenth of the initial value of current.
Up to this time
dr
=
¥ (5 W)
ol ). 3

and

This equation shows that two rates of change
a¢/ot and di/dt  are the factors which determine the
instantaneous value of current before the armature
starts to move. During the short period of time that
the armature releases, the current tends to increase,
as shown by the characteristic hump on the current
decay trace. The lower part of the oscillogram of
Fig. 18 shows the current decay for a discharge
resistance equal to the coil resistance. The two traces
are a record of the current decay and armature mo-
tion which were a simultaneous record of each.

Eq. 8 may be interpreted to give the explanation
for the characteristic hump in the decay current.
While numerical values of the different rates of
change in Eq. 7 might be somewhat difficult to
determine, the equation does serve the useful pur-
pose of offering a satisfactory explanation of the
relay behavior under release conditions.

The equation for current decay 7 is a relation for

a general case of an R-L circuit which may or may
not have an iron core for the inductance. In a
relay, before the armature has started to move, Eq. 8
shows the instantaneous value of current. It is instruc-
tive to consider the use of Eq. 8 for a simple R-L
circuit where the inductance is linear or the coil does
not have an iron core. Then

84.> = a constant K,
ot
. di
— KN —
i
and = ——
R+ R
. B i
then iR+ R)+ KN u =0
3
. di .
or iR+ R)+L— =0 where L =K, A

dt

and the solution of this differential equation yields

1(1' — (R + R1)¢t
TR L
which is the classical solution for current decay in
an R-L circuit with an external discharge resistance
of R;.

This argument shows that Eq. 7 and Eq. 4 are
general expressions which may be used for linear or
nonlinear inductances. More specifically, these equa-
tions then tell something about the transient condi-
tions in a relay.

What's New . . .

'Black Light' Dete