A McGraw-Hill Publication 75 Cente April 6,1962

electronics

SPECIAL New Power Sources and Energy Converters
Below: close up view of mirror and support structure

for solar thermionic energy conversion system. See p 35




Now you can have a universal oscilfoscope with
dual trace vertical bandwidth capacity greater
than 40 MC—with no sacrifice in sensitivity. Seven
separate vertical and horizontal plug-in units give
the new @& 175A the greatest versatility ever of-
fered in a general purpose 50 MC scope. Available
are dual-channel, single-channel and high-gain
vertical plug-ins, plus these horizontal plug-ins:
auxiliary, time mark generator, display scanner
and sweep delay generator.

The new & developed 12 Kv CRT presents an
easy-to-measure 6 x 10 cm calibrated display with-
out distortion or defocusing. The front panel as-
tigmatism control common to other scopes is no
longer necessary. In addition, phosphor and grati-
cule are on the same plane—thus eliminating CRT

These Plug-ins Give Utmost Versatility
to the d& 175A OSCILLOSCOPE:

Vertical plug-ins

% 1750A 40 MC Dual Channel Amplifier
(pictured in 175A opposite)

Permits viewing of two phenomena simultaneously,

bandpass dc to 40 MC, rise time 9 nsec, sensitivity 50

gnvlcm. Differential input for common mode rejection.
285.00

bl % 1752A High Gain Amplifier

o
=
®

Provides 5 mv/cm sensitivity dc to
18 MC with differential input for
o high common mode rejection.

=

o

$225.00
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Horizontal plug-ins

% 1780A Auxiliary Plug-In (shown in 175A opposite),
normal and single sweep, $25.00

% 1153A 40 MC Single Channel
Amplifier

~
6 . Bandpass dc to 40 MC, rise time 9
<+ ®  nsec, sensitivity 50 mv/cm. $155.00
»

. »

% 1181A Sweep Delay Generator

For detailed examination of com-

=" Plex signals or pulse trains. Per-

$ (' ‘ mits viewing expanded waveform

segment while still retaining pre-

sentation of earlier portions of the

waveform. Delay time 1 gsec to 10

sec.; delaying sweep, 2 usec/cm to
1 sec/cm. $375.00

% 1782A Display Scanner

Provides output to duplicate on X-Y recorder any
repetitive wave appearing on scope. Resolution with
permanent records higher than CRT or photograph.
(Available soon)

N

parallax error. The front panel is engineered for the
simplest possible operation.

& 175A features simplified circuity for more re-
liable performance and easy maintenance. Simple
triode circuits (6DJ8 tubes) are used in the vertical
amplifier. Complicated distributed amplifiers are
not employed. In addition, an & developed cable
delay line eliminates still more adjustments. Only 6
tube types and 5 transistor types are used through-
out.

The d 175A Universal Oscilloscope is housed
in the new d& modular cabinet . .. a single instru-
ment for both bench use and rack mount. Cover,
bottom and sides are easily removed for simple
servicing and routine maintenance. The ¢ 175A
is as easy to service as it is to use!

% 1783A Time Mark Generator

Permits easy time measurements
by providing intensity modulated
time markers on scope trace. Range,
10 psec, 1 usec and 0.1 gsec inter-
vals, £0.5%. $130.00

SPECIFICATIONS @ 175A

Sweep Generator

Internal Sweep: 0.1 ysec/cm to 5 sec/cm, +3%; vernier
extends slowest speed to 15 sec/cm

x1 and x10

Internal, from vertical input signal caus-
ing 2 mm or more vertical deflection,
or from power line. External, from sig-
nal 0.5 v p-p or more

Triggering Point: On positive or negative going signal; on
external signal, level adjustable —10 to

Magnification:
Triggering:

+10v
Horizontal Amplifier
Bandpass: DC to 500 KC
Sensitivity: 0.1 and 1v/cm

Vertical Amplifier
Bandpass: Main amplifier, dc to more than 50 MC

General

Power
Requirements: 115/230 v ac *=10%, 50-60 cps. Maxi-
mum of 425 watts, depending on plug-

ins used

Weight: Maximum of 70 Ibs., depending on plug-
ins used

Price: $1,325.00

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

HEWLETT- PACKARD COMPANY

1501 Page Mill Road, Palo Alto, California, Area Code 415, DA 6-7000
Sales and service representatives in all principal areas;
Europe, Hewlett-Packard S.A., Rue du Vieux Billard No. 1, Geneva;
Canada, Hewlett-Packard {Canada) Ltd., 8270 Mayrand St., Montreal
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6x10 cm

display;
sweep time
10 nsec/cm

DUAL TRACE
FAST PULSE DISPLAY .-

; New (1p) 5OMC
UNIVERSAL OSCILLOSCOPE

Turn the page for detailsl
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& 175A 50 MC Universal Oscilloscope
with & 1750A Dual Channel Amplifier,
#» 17€0A Auxiliary Plug-in installec.

175A 50 MC OSCILLOSCOPE

® Bright, 6 x 10 cm display with no parallax, reflections
or astigmatism

® Over 50 MC main vertical amplifier

® Dual trace, dc to 40 MC vertical plug-in

® Horizontal and vertical plug-ins for specific applications

® Easier to calibrate and maintain —no distributed amplifiers

® Positive preset syncing over entire bandwidth
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SOLAR ENERGY CONVERTER by Electro-Optical Systems
weighs 25 lb. A 5-ft concentrator focuses solar energy into a
cavity to heat several cesium-vapor thermionic diodes. The
diodes change heat into current. Designed for Mariner-class inter-
planetary probes, the system will generate 135 watts in the

vieinity of Mars. See p 35 COVER

ELECTRON ACCELERATOR Starts Up. New 6-Bev research
tool is nearly ready for full-power operation. Among design
features are a scries of 16 resonant r-f cavities and energy
storage choke

100,000,000-BEV ACCELERATOR FEASIBLE? Designer at
national laboratory thinks it can be done. Size can be kept down
by using superconducting magnets

COMPONENTS STAR AT IRE SHOW. Manufacturers go all-
out to provide the industry with smaller building blocks. Empha-
sis in imstrumentation is toward faster, more versatile equip-
ment

LOW-POWER MICROWAVE Sends Computer Data over Moun-
tains. Experiments indicate knife-edge diffraction can reduce
data transmission costs. Technique can extend one-hop range to
hundreds of miles

INDUSTRIAL ELECTRONICS Is Fastest-Growing Market. IRE
president sayvs it will triple in next 10 years. But the big money-
makers will still be military and space electronics in 1972

18
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30

SPECIAL: NEW POWER SOURCES and Energy Converters.
This state-of-the-art survey deals with chemical batteries, fuel
cells, photovoltaic converters, thermal energy conversion and
nuclear-energy systems. Here’s how the future looks in part:
photovoltaic devices up to 1 Kw, solar-thermal systems from
100 w to 10 Kw and reactor systems for higher levels.

By D. Linden

TUNNEL-DIODE PARAMETERS Measured With Simple Test
Set. The tunnel-diode characteristic curve completely defines the
unit’'s performance but tracing curves can be unduly time con-
suming in production operations. This set conveniently measures
peak-point and wvalley-point current and peak-to-valley ratio.

By C. D. Todd
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CROSSTALK

SPECTRUM CHART. Next week we will publish
a new and—we think—uniquely useful spec-
trum chart, measuring 30 by 22 inches. Conven-
tional spectrum charts published in this country
give only the U. S. frequency allocations. We
are going to show International Telecommuni-
cations Union allocations throughout the world.

Actually, it will be five spectrum charts in
one. Parallel bands for each frequency range
show the international allocations in Region 1
(Europe, Africa and the USSR), Region II
(North and South America), Region III (Asia
and Australia), U. S. government and U. S. non-
government allocations. Basic classes of alloca-
tions are shown in eight contrasting colors, with
key initials for each subclass. The chart also
shows all secondary uses for each band.

This arrangement will help engineers quickly
locate allocated frequencies for virtually any
kkind of electronic equipment, anywhere.

One of the important bonuses of using five
parallel charts is that equipment designers or
users can tell at a glance whether one type of
equipment many face interference from another
type of equipment at a specific frequency. Here
are a few of the conflicts apparent:

In the United States and abroad assignments
for fixed and mobile land communications are
made at 4.75 to 4.995 Mc. But a double check
should be made before this equipment is sent
overseas. Under international allocations, this
band is also available to broadcast stations, al-
though FCC does not authorize such use in the
U. S. Foreign broadcasters could even interfere
with communications here under certain con-
ditions.

Or, take the U. S. allocations at 75 to 100 Mc
for tv channels 5 and 6 and the adjacent f-m
band; Alaskans and Hawaiians can use these
bands for fixed communications. The U. S. has
maritime communications around 2 Mec.; but go
to Europe and you’ll find these frequencies used
for land communications.

Of course, the chart has the virtue of any new
spectrum chart: catching up with all the recent
changes in national and international allocations.

Radio allocations aren’t the only spectra
on the chart. There’s also a picture of the use-
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ful optical spectrum, packed with such informa-
tion as the frequencies of masers and lasers,
wavelengths for infrared sources and detectors,

optical materials, and so on. And we've in-
cluded the entire electromagnetic spectrum,
the sound spectrum, the range of musical
instruments (did you know that the frequencies
of black keys on a piano are 1.059 the frequency
of the next lower white key ?) and a world map
of the ITU regions.

The chart was prepared by Associate Editor
Solomon and our art department. Solomon did
the digging, into the most recent ITU Radio
Regulations, FCC rulings, and publications by
such government agencies as Office of Emergency
Planning. The art department did an excellent
job of humaneering, to make everything clear
and legible.

CLARIFICATION. When a systems designers
needs a specialized component, he often gives
the specialist a specification that lists input and
output characteristics. Magnetostrictive delay
lines, for example, are increasingly used in sonar,
radar, data processing and many other applica-
tions. If you’ve been wondering how they really
work and what malkes one kind different from
another, next week read the article by A. Roth-
bart and A. J. Brown, of Airborne Instrument
Labs. They discuss design, operation and com-
mercially available lines, in a really practical
roundup of the subject.



(ADVERTISEMENT)
New Nanosecond*
Pulse Transformers
for Ultra-miniature,
Ultra-high Speed
Applications

v

Digital circuit designers will find
the new Sprague Type 43Z Nanosec-
ond Pulse Transformers of consider-
able interest. These tiny transformers
have been carefully designed for the
all-important parameter of minimum
rise time at high repetition rates up
to 10 mc.

The new Type 43Z series is com-
prised of a broad line of 72 pulse
transformers in 10 popular turns ra-
tios. They are Sprague’s latest addition
to the most complete listing of pulse
transformers offered by any manufac-
turer for use in digital computers and
other low-level electronic circuitry.

Type43Z Pulse Transformersarede-
signed so that the product of leakage
inductanceand distributed capacitance
is at a minimum. They are particularly
well suited for transformer coupling
in transistor circuits since transform-
ers and transistors are very compatible
low impedance devices. Nanosecond
transformers are equally suitable for
transmission line mode of operation,
in twisted-pair transmission line cou-
pling, and in regenerative circuits.

The epoxy-encapsulated “pancake”
package is excellent for both etched
wire board or conventional chassis
mounting. To simplify ctched-board
design, these ultra-miniature pulse
transformers are available with leads
terminating at the side or the bottom
of each unit.

For complete technical information
on Type 43Z Nanosecond Pulse
Transformers, write for Engineering
Data Sheet 40235 to Technical Liter-
ature Section, Sprague Electric Co.,
35 Marshall St.,, North Adams, Mass.

*millimicrosecond
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COMMENT

The Retina

The letter from A. J. Reynolds in
the March 238 issue (p 4) is not
noteworthy for the closeness of its
reasoning, but is noteworthy for
classically illustrating a pathetic
fallacy. Mr. Reynolds feels strongly
that there are no such things as
photochemicals, and has permitted
this feeling to interpose between
him and the truth. Actually, his
body—and the whole world of na-
ture—are full of photochemicals:
chlorophyll, haemin and melanin,
to name three familiar ones; rho-
dopsin and iodopsin to get closer
to the point. All five of these sub-
stances are porphyrin complexes,
of which the body produces many
kinds. Porphyrins are known to
be conductors or semiconductors
(depending on how you look at
them), and temporary sodium or
potassium chelates of the basic
porphyrin ring may be generators
of the electrical impulses which are
read by the brain as sensory im-
pressions. Porphyrins are variously
photosensitive, as one would expect
from conductors.

Rhodopsin and iodopsin are two
of the several light-sensitive (and
color-specific) pigments in the reti-
nal structure, and both were re-
cently demonstrated by Harvard
University physiologists to be ca-
pable of trigeering a reaction that
starts with photon impact, produces
an interlocked and self-restoring
chain of chemical responses, and
ultimately sends an electrical sig-
nal down the optic nerve to the
brain. If that doesn’t permit them
to be classified as photochemicals,
the word needs a new definition.

FRANK LEARY
New York, N. Y.

The letter from reader Reynolds
denied the existence of any photo-
chemical action in the retina, and
instead set forth his theory that
the retina is purely electromag-
netic in action, whereby each cone
can be regarded as a quarter-wave
stub with an associated rectifier
and capacitor.

Field-Effect Transistor

The article, Field-Effect Tran-
sistor as a Negative-Resistance De-

vice, in your Feb. 2 issue (p 48)
was quite interesting, although at
first reading I found it quite con-
fusing. The confusion arose be-
cause it was not made clear at the
beginning of the article that the de-
vice under consideration was not
the conventional field-effect tran-
sistor. but rather a pnp transistor
modified to make use of the field
effect. Still further confusion re-
sulted from the use of source, drain
and gate, which is the terminology
adopted for the conventional single-
junction field-effect transistor.

However, once it is realized that
the device is actually a modified pnp
transistor, then it is fairly easy to
understand how the depletion re-
gion extending from the collector
(gate) effectively disconnects the
base (source) from the emitter
(drain), causing transistor action
and collector current to cease. The
result is the negative-resistance col-
lector characteristic illustrated in
Fig. 2 of the article.

WILLIAM E. EARL

The Foxboro Company
Foxboro, Massachusetts

Television Ratings

There is a reference omitted in
the article, Flying Spot Inspects Tv
Rating Records (p 31, March 2),
concerning a previous article that
describes the general system.

IrRA KAMEN
New York, N. Y.

The reference, in the first col-
umn of the article, is to A. C.
Lewis Brown, Recording and Tab-
ulating the Radio-Tv Audience,
Electronics, p 126, Jan. 1955,

Electron-Beam Parameters

In the Reference Sheet, Design
Chart for Calculating Electron-
Beam Parameters (p 50, Feb. 16)
there are some minor misprints
that may mislead readers.

The left side of Eq. 1 should read
r./r;,, Z, should read z, throughout,
and in the paragraph following Eq.
3, kT eV should read kT /e.

F. J. LEHANY
National Standards Laboratory
Commonwealth Scientific and

Industrial Research Organization

Chippendale, N.S.W., Australia

electronics



Tu N G -SUL RUGGED, RELIABLE SUBMINIATURES meeting
the most stringent military and industrial specifica-

. tions are a Tung-Sol specialty. Most of the sub-
s U B Ml N IATU R Es miniature tubes in the military preferred and
guidance lists (Mil-Std-200F) are available from

Tung-Sol.

TUNG-SOL SUBMINIATURES are available as
diodes and twin diodes, triodes and twin triodes,

indicator triodes for transistor circuit read-out,

pentodes, voltage regulators and references, and

thyratrons.

A1

o

908-9NNL

TUNG-SOL SUBMINIATURES are supplied for al-

most every kind of portable, wearable, airborne,

missile and space equipment: communications re-

]

ceivers and transceivers, telemetry, instrumentation

and computers, radar and video, radiosondes and

Tl

£

transponders.

0

TUNG-SOL SUBMINIATURES are used in all mod-

ern circuits: power supply, amplifier, gating, logic,

control, oscillator, mixer, detector, read-out, con-
verter, counter, trigger, switching, pulse generation,

relay and multiplier.

TUNG-SOL SUBMINIATURES operate over a wide
range of frequencies: d-c, a-f, i-f and r-f; wideband
or narrow band, HF, VHF and UHF.

WRITE FOR CATALOG containing detailed char-
acteristics and applications information about
Tung-Sol subminiature tubes. Tung-Sol Electric Inc.,
Newark 4, N. J. TWX: NK 193. Sales Offices: Atlanta,
Ga.; Columbus, Ohio; Culver City, Calif.; Dalias,
Texas; Denver, Colo.; Detroit, Mich.; Irvington, N.J.;
Melrose Park, lll.; Newark, N.J.; Seattle, Wash.
CANADA: Abbey Electronics, Toronto, Ont.

®TUNG-SOL
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a Bi-directional Power Monitors, 2-1000 MC, 1-1000 W

Termination Wattmeter, 20-1000 MC, 0-500 W

Bi-Directional Power Monitors

For intermittent or continuous measurement of incident
and reflected power

Accuracy: +=59% of full scale

Insertion VSWR: Less than 1.08, 5 watt- 1 kw ranges;
less than 1.15, 1 watt range

Price: $110.00 (Type N connectors)

PLUG-IN ELEMENTS FOR 164 POWER MONITORS

Full scale ranges 1, 5, 10, 50 watts

Model Frequency Range Price
180-52 25-52 MC $110.00
180-148 50-148 MC $110.00
180-470 144-470 MC $110.00
180-1000 460-1000 MC $110.00

Full scale ranges 10, 50, 100, 500 watts Full scale ranges 50, 100, 500, 1000 watts

Model Frequency Range Price Model Frequency Range Price
181-250 25.250 MC $75.00 270-30 2-30 MC $170.00
181-1000 200-1000 MC $75.00 270-75 10-75 MC $115.00
270A-470 70:470 MC $115.00

Peak Power Monitor

Direct-reading rf Peak Power Monitor, reads both
incident and reflected power

Frequency range: 200-1215 MC

Peak power ranges: 0-1/3/30 kw full scale
Accuracy: * 109 of full scale

Insertion VSWR: 1.15 max.

Price: $780.00

Average Reading Wattmeter

Especially useful for terminating rf coaxial
transmission systems, measuring power
Frequency range: 20 to 1000 MC
Accuracy: =59,

VSWR: 1.20 to 1 (max.)

Power range: 100FN, 0-30 w, 1-100 w:
500FN, 0-150 w, 0-500 w

Price: 185A-100FN, $260.00; 185A-500FN, $375.00

SIERRA ELECTRONIC CORPORATION

A Division of Philco Corporation
7696A Bohannon Drive, DAvenport 6-2060 (Area Code 415)
Menlo Park, California
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ELECTRONICS NEWSLETTER

Nike Zeus Intercepts Another Target

DESPITE the cloud over Nike Zeus’ future (p 12, March 23), tests
of the system are continuing. The Army last week announced that
a Nike Zeus successfully intercepted a Nike Hercules missile at
the White Sands Missile Range, N. M. This was at least the second

Hercules intercept by Zeus — an-
other was announced last December.

Operational tests for the Western
Electric-developed system (p 24.
Jan. 13, 1961) are planned for this
summer in the Pacific, at facilities
previously set up at Kwajalein (p
20. April 21, 1961). Live nuclear
warheads may be used if a decision
is made to resume atmospheric test-
ing (one purpose of atmospheric
nuclear bombs tests is to determine
if radar or computers will black
out. it was reported last week).

The target tracking radar used
in the Nike Zeus system has also
been given a workout on Ascension
Island. In one trial last yvear. it
tracked an Atlas ICBM fired from
Cape Canaveral. The radar employs
a narrow beam of high-power
pulses. emitted by a Sperry Gyro-
scope transmitter. Range and ac-
curacy of the radar are classified,
but aircraft were warned of dam-
aging radiation within 15 miles of
the test site.

Russians Make Radar
Antenna from Cement

Moscow publication Yunyy Tekhnik
savs that a cloud observation radar
of the Hydrometeorological Service
has a 20-meter paraboloid reflector
made of reinforced concrete plated
with zine.

The fixed antenna is said to cost
hundreds of times less than a metal
antenna. Tt is part of a 3.2-¢cm. nar-
row-heam svstem used to evaluate
cloud moisture content and move-
ment of cloud droplets and crystals.
Vertical range is reported 10 Km.

In another science report. Tass
said that decameter (10 to 30-
meter) radiotelescopes are being
huilt at Kharkov to explore distant
constellations. A special antenna is
used to avoid interference from
broadcasting stations. Antennas are
said to consist of 128 elements re-
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sembling television aerials.
Astronomers at a Yalta observa-
tory report they have determined
by spectrographs that the upper
atmosphere of Venus contains oxy-
gen molecules. indicating life may
exist on the planet. They also found
evidence of nitrogen. It has already
been determined that Venus’ atmos-
phere contains carbon dioxide.

Air Force to Contract
Alaskan Command System

BOSTON—Air Force Electronic Sys-
tems Division. Bedford, will receive
proposals April 25 for the Alaskan
Air Command data-processing and
display system. AN/FYQ-9. The
svstem (416L)Y will provide early
warning information to NORAD
and reduce time needed for trans-
mission and display of air situation
and weapons status at Norad’s
Alaskan regional combat center and
subordinate operations. Some 43

IRE Show Sets Record

NEW YORK—Attendance at what
may be the final IRE Show broke
all records last week. Registra-
tions reached 73,479, some 3.500
over advance estimutes.

This may well have heen the
last of the IRE shows. IRE and
AIEE members are to vote this
summer on the proposed merger
of the two societies. TRE mem-
bers attending a svmposium on
the merger last week indicated
thev were in favor by a large
majority.

If the merger is consummated
by January 1 as planned. a com-
bined convention would be
staged. probably in New York
next spring. Attendance of 100,-
000 is anticipated

companies will get a bidders’ brief-
ing next Tuesday at Rome Air De-
velopment Center. Sage program
office at Bedford is systems man-
ager.

Air Force Lab Gets
Bargain in Diamonds

BOSTON—Air Force Cambridge Re-
search Laboratories. which has been
making synthetic diamonds as part
of a study of high-temperature
semiconductors, now has $250,000
in natural gems for its experi-
ments.

U. S. Customs Service gave the
labs a half pound of forfeited
smuggled diamonds. The labs paid
$7.50 in court costs.

Relatively few natural gems have
the desired semiconducting prop-
erties (p 78, Aug. 26, 1960), but
they can be used for optical meas-
urements and to study irradiation
effects and other properties.

AFCRL researchers may also try
to diffuse impurities into the stones
under high pressure.

Norweigan Company Will
Make NATO’S Bullpup

PARIS—United Kingdom, Denmark,
Norway and Turkev have agreed to
final details of a NATO-sponsored
European production program for
the Bullpup air-to-ground missile
(p 7. Mar. 30). The agreement is
reported to include selection of a
Norwegian company as prime con-
tractor. NATO Council is expected
to give its formal approval shortly
and will then create an agency to
deal with European contractors.
The U. S. will probably buy some
of the European production; the
missile now in operation with the
U. S. Navy.

Magnetic Field Improves
Thermoelectric Cooling

POSSIBILITY of lowering thermo-
electric cooling temperatures by
applving a magnetic field to semi-
metal elements was reported by
Ravmond Wolfe and G. E. Smith. of
Bell Telephone Labs, at the Ameri-
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can Physical Society meeting in
Baltimore last week.

They attained a figure of merit Z
of 86 X 10°/deg K in an alloy of
88Bi-12Sb at a temperature of 100
K in a field of 1 kilogauss. The field,
available with a small horseshoe
magnet, is applied perpendicularly
to current flow in single-crystal ma-
terial.

At room temperature, applying a
17-kilogauss field raises figure of
merit for this material from 1.2 to
29 x 107/deg K. In a two-stage
device, with a 12-kilogauss field ap-
plied to the second stage, the sec-
ond stage attained a temperature
105 C below room temperature. The
principle is applicable to other
thermoelectric materials.

Computer Being Built
For Parallel Operation

BENDIX CORP. last week announced
some details of the large-scale G-21
computer it is developing for mili-
tary and other applications. It will
use three central processers linked
to a 57,344-word core memory.
Each processor will also have an ex-
clusive 8,192-word memory. for a
total capacity of 81,920 words.

A self-adapting executive pro-
gram will assign problems to the
processors automatically in order of
importance. The processors will op-
erate in parallel on elements of the
same problem, or on different prob-
lems. Operation will be on-line in
real time. Minimum cost for a basic
system will be $1! million.

Disarmament Inspection
Study Contract Given

BOSTON—Raytheon’s Missile and
Space division has been given a
$125,000 study contract to work out
details of the zonal inspection sys-
tem proposed by Secretary of State
Rusk at the Geneva disarmament
conference. A report is due in six
months to the U. S. Arms Control
and Disarmament Agency.

Method for reliable verification
of disarmament will presumably in-
clude electronic techniques, but
Raytheon declines comment. The
study will include proposed ways of
drawing zones in various countries,

8

extent to which inspection stations
would be needed and methods for
preventing secret arms movement.

Transatlantic Tv Trials
May Start This Summer

TELSTAR, DBell Telephone Labora-
torie’s private communications sat-
ellite (p 26, Feb. 16), may inaugu-
rate live transatlantic tv in late
June. The satellite is tentatively
scheduled for launching late in
May. Programs would be produced
jointly by the three American tv
networks and the United States In-
formation Agency. Signals would
be beamed to and from the satellite
via the U.S. station at Andover,
Me., and the British station at
Goonhilly Downs. First show would
probably be only 10 or 12 minutes
long.

U. S.-French Company to
Make Microwave Tubes

VARIAN ASSOCIATES and Compagnie
Francaise Thompson-Houston, of
Paris, are planning a jointly owned
microwave tube company to take
advantage of the growing European
microwave market, now estimated
at $50 million a year.

A plant to manufacture and dis-
tribute microwave tubes will be lo-
cated in Paris. It will start opera-
tions July 1 with 275 employees.
Varian and CFTH have been work-
ing together six years under a
cross-licensing arrangement.

Reentry Spacecraft to
Probe Radio Blackout

NASA is giving the Project Fire
(p 8, Feb. 23) contract to Republic
Aviation. The contract to be nego-
tiated will amount to about $5 mil-
lion for two reentry spacecraft. It
will be the first major space con-
tract for the Long Island, N. Y.,
company, recently hit by a cutback
in F-105D fighter-bomber produc-
tion. The spacecraft will be equipped
with instrumentation and telemetry
to provide data on—among other
things—loss of communications at
reentry speeds.

In Brief . . .

TWO-COLOR PERCEPTION theory work
at Sylvania Labs (p 9, Oct. 27,
1961) has won a $44,000 Air
Force contract. Object is to de-
velop mathematical formulation
of human visual mechanism.

OTHER STUDY contracts include
$100,000 to Emerson Research
and White Electromagnetics, in-
itial phase of study on aerospace
communications jamming avoid-
ance; and $100,000 to Norair, ad-
vanced missile electro-optical
guidance.

AUTONETICS has selected Minneapo-
lis-Honevwell as additional
source for two-axis, gas-bearing
gyros used in Minuteman. Ini-
tial order is $1 million.

ELECTRONIC ASSOCIATES is supplying
$900,000 in instrumentation to

NATO’s missile test range on
Sardinia. Packard Bell Com-

puter has $300,000 award for 64-
channel data systems for U. S.
Atlantic Range ships.

RAYTHEON gets three more missile
contracts: another $5.6 million
for Tartar fire control radars and
$1.7 and $4 million for Hawk
equipment.

NAVY has awarded Edo a $2 million
order for scanning sonar sys-
tems, and Alden Electronics $1
million for 205 facsimile weather
map recorders.

CUBIC CORP. will supply telemetryv
trackers, based on Agave system,
to locate and recover satellites
landing west of Hawaii. Contract
is for $800,000.

PAGE Communications Engineers is
participating in $5.5 million con-
tract for Minuteman communica-
tions at Ellsworth AFB. Page
also got $915,000 contract to
maintain and operate Army’s Pa-
cific  Scatter Communications
System.

INSTRUMENTATION contracts include
$2 million to GPL, components
and test equipment for doppler
radar; $1.2 million to Mine
Safety Appliances, gas detectors
for Titan II missile bases.
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New from Spraguve!

The Most Widely-Used Logic Transistor,
Type 2N1499A,Now Has a Smaller Brother...

1vee 2N979 ‘JT\L

LOW-COST LOGIC TRANSISTOR

Here is a new Sprague Transistor that is smaller in
size, yet identical in performance with the well-
known 2N1499A Logic Transistor.

Designed for use in saturated switching circuits,
this low-cost, hermetically-sealed MADT® Tran-
sistor is capable of switching at frequencies in
excess of 10 megacycles.

In addition to computer applications, this rugged

transistor is ideally suited for data processing and
instrumentation equipment.

There are two major reasons why The Sprague
2N979, as with the 2N1499A, is earning a high
level of acceptance:

1. DEPENDABLE PERFORMANCE— Specifi-
cally designed with parameters intended for logic

For application engineering assistance with-
out obligation, write Transistor Division,
Product Marketing Section, Sprague Elec-
tric Co., Concord, New Hampshire.

® T. M. Philco Corp

SPRAGUE COMPONENTS

circuits, these transistors consistently show low
storage time, low saturation voltage, high beta,
high switching speed. Their cases are cold welded
to insure reliability.

2. ATTRACTIVE PRICE— Available in produc-
tion quantities, these transistors are first-run
devices, not “fall-outs”. They are produced on
FAST (Fast Automatic Semiconductor Transfer)
lines with direct in-line process feedback, especially
programmed to insure high production yields.

Here are some key parameters:

TGBO +vvvrevonosonnonsssonnncasns 1 p.a typ.
BV(EBO creevcorcrnnanonasaneannns 20V min.
BVGES «+vevvevoconnnnaannnnnennns 20V min.
2 100 mc min

For complete technical data, write Technical
Literature Section, Sprague Electric Company,
35 Marshall Street, North Adams, Mass.

TRANSISTORS INTERFERENCE FILTERS

CAPACITORS PULSE TRANSFORMERS
MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS
RESISTORS PULSE-FORMING NETWORKS

April 6, 1962

HIGH TEMPERATURE MAGNET WIRE
CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and ‘@' are registered trademarks of the Sprague Electric Co.
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TWO DIGITAL INSTRUMENTS WITH
HIGH-QUALITY FEATURES AND
LOW-BUDGET PRICE TAGS

1. NLS 484A Digital Voltmeter-Ra-
tiometer With Printer Connection
and Buijlt-In Automatic Print Control

37,460, F.0.8. Destination in U. S. A.

2. VLS 784 Digital Ohmmeter With
Printer Connection and Built-In
Automatic Print Control

$7,460, F.0.B. Destination in U. S. A,

MOPLE Ater BISITAYL VOLPWE I(R

. 6” 2 |
TR

O @

The blue tag indicates that the 484A and 784 are NLS “off-the-
shelf™ instruments, Sce demonstrators in action today or take
delivery on your own instruments within 10 to 30 days.

10 CIRCLE 10 ON READER SERVICE CARD

Both the 484A and 784 feature plug-in stepping switches.

These new NLS instruments eliminate the need to sacrifice versa-
tility, accuracy, reliability or servicing ease in purchasing a
digital voltmeter or ohmmeter in the $1000-1600 price range. ®
Consider versatility, for example. Some low-priced DVMs don’t
measure DC voltage ratio, don’t have automatic range and polar-
ity changing, and don’t provide output and automatic control for
printers. The completely automatic 484A does. With it, you can
measure both DC voltage and DC voltage ratio with *+0.01%
accuracy . . . make measurements faster and easier than with any
meter having manual ranging — without the danger of over-loads
...plug in a printer for data logging ... plug in accessories to
measure AC or low-level DC or for go/no-go testing. With a 784
digital ohmmeter and a printer, you can measure and record
resistance antomatically and accurately from 0.1 ohm to 10 megs.
® Or consider the factors that contribute to the basic reliability
of the 484A and 784: simple, time-proven design (thousands of
carlier models of the same basic design are in use today) ...
quality_construction . .. and use of gnality components such as
heavy-duty plug-in stepping switches and a precision oven for
the Zener reference. ™ Then consider servicing, When it's even-
tually required, servicing can often be handled right on the spot
with electronic parts available in most stockrooms. Plug-in step-
ping switches can be replaced in minutes and 1000-hour-life
readout bulbs even faster without use of tools or soldering or
opening the instrument. Contact NLS for complete data, a
demonstration, or engincering aid for special applications.
BRIEF SPECS: 484A —ranges: DC voltage +9.999/99.99/999.9,
DC voltage ratio £99.99% . . . accuracy: +0.01% of f. s. on each
range . . . measuring time: 1 sec. average . . . automatic range and
polarity changing .. . input impedance: 10 megs for volts, 1000
megs for ratio . .. AC or low-lecel DC with accessories . . . auto-
matic control for data logging.

784 — ranges: 9999./999.9/99.99/9.999/.9999 kilohms . . . accu-
racy *=0.05% of reading *1 digit (+0.1% of reading above 5
megs) . . . automatic range changing . . . measuring time: 1 sec.
average . . . automatic control for data logging.

Originator of the Digital Voltmeter

non-linear systems, inc.

DEL MAR, CALIFORNIA
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All circuits are casily accessible.

BRIEF SPECIFICATIONS

Range: Any one fixed range from +=.9999 v to
+99.99 v. (4 decimal digits — auto polarity).
Totai Digitizing Time: 67 microseconds; 15,000
completely independent measurements per
second.

Over-all Accuracy: +0.01% of full scale *+1
digit for all error sources from 0° to 40°C.
Full scale is defined as 9,999 counts.

Input Impedance: 62.5 kilohms for 100 volt
range (625 ohms per volt). 50 megs with
Model 142 accessory amplifier.

Ciock: Internal or external. External clock
rate can be from 0 to 250 ke.

Digital Qutput: 0 v. = binary “0” (10 ma. max.
hold-down current); —12 v. = binary “1”
(680 ohm source impedance). Short circuit
does no damage. True bipolar output.
Dimensions: 54" high, 154" deep, 19" wide,
Weight: Approx. 26 lbs.

Price: 15 or 15B — $6,985 F.O.B. destination
in U.S.A.

The tae indicates the 135 is an NLS “off-tho shiclf™ instrioaner
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NLS A/D CONVERTER
BRINGS HIGH ACCURACY
T0 HIGH-SPEED MEASURING

Model 7156 Niakes 15,000

Measurements Fer Second
With Over-all Accuracy of
+0.07% 17 digit

Now you can specify an A/D converter that provides hight
acenracy and outstanding versatility in addition to high measur-
ing speed. That's NLS Model 15, a completely transistorized
instrument designed for uses such as missile checkont, com-
puters, process control, data reduction, wind tunnel research,
and telemetering. ® Over-all acenracy of Model 15 — all error
sources included — is =0.01% =1 digit from 0 to full scale from
0 to 10 C— Dbest in its speed range of 15,000 measurements
per second. Also, there’s no first reading error and no overload
error up to twice full scale at full speed. ® Versatile features that
make it the most useful A/D converter include: true bipolar
digital ontput in 8-2-2-1 code (not 1’s or 9's complements) . ..
digital readout for rapid calibration . .. high output current for
versatility in driving external circuits . . . constant input imn-
pedance during entire conversion process . . . automatic polarity
selection . . . operation from internal clock or from external
clock from 0 to 250 ke, ® Another version, Model 15B, provides
straight binary ontput (14 bits and sign). Other adaptations
inchide: decimal ontput instead of B-C-D, voltage peak meas-
urements, resistance measurements, and digital to analog con-
version. Contact NLS for complete data, a demonstration, or
enginecring aid for special applications.

Originator of the Digital Voltmeter

non-linear systems, inc.

DEL MAR, CALIFORNIA
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WEIGH
NEW R&D
PROCEDURE

CONTRACTS
TO LABOR
SURPLUS
REGIONS?

SCIENCE
OFFICE
SET UP

SATELLITE
COMPROMISE
OFFERED

SOMETHING
FOR B-70

12

WASHINGTON OUTLOOK

AIR FORCE is considering a *“dual development source procedure” to pro-
vide competition bevond preliminary engineering of major development proj-
ects. Contractors would compete until firm specifications were written into a
definitive contract. Two or three bidders would be paid to make more detailed
engineering studies. The winner’s contract would spell out specifications when
possible, not broad technical objectives. He would take on more risks but could
make higher profits under incentive contracts.

Air Force normally awards a letter contract after preliminary design pro-
posals. Some officials complain this gives the selected company the upper hand
in negotiations for a firm contract.

DEFENSE DEPARTMENT is experimenting with a new plan to channel
more defense work into labor surplus areas on fixed-price procurement by ad-
vertised bidding. If the contracting agency finds 50 percent of the production
subcontractable, and if there are potential subcontractors in labor surplus
areas, the low bidder would have to subcontract half the order to such firms.
If the low bidder refuses, the next low bidders will get a chance to match the
initial low bid-—with priority for next lowest bidder in labor surplus areas.
Firms in labor surplus areas must match low bid prices.

PRESIDENT KENNEDY has, under power of the Reorganization Act of
1949, established an Office of Science and Technology (OST) and beefed up cer-
tain functions of the National Science Foundation (NSF). Generally, OST will
advise him on developments much as his present science adviser does, but will
be staffed to delve deeper into government-wide scientific programs than the
science adviser could. Federal Agency programs will be coordinated by OST
instead of NSF.

The shift of the coordinator to the executive office will give it added au-
thority. The move is viewed as a compromise with Congress, which wanted a
new agency to handle all federal research. Congress is expected to accept the
White House’s new approach.

SENATE AERONAUTICAL and Space Sciences Committee has a com-
promise bill on communications satellite system ownership. It appears to
reconcile basic administration, industry, and congressional differences on the
1ssue. Adoption of a bill by Congress acceptable to the administration now
seems likelv.

The committee made these admendments to the administration’s owner-
ship plan (Evrecrroxics, p 12, Feb. 16) : one class of stock, $100 a share, will
be offered. half to communications companies and the rest to the public.

Capitalization would be set by an 18member board of directors, Company
investment in stock cannot be used to fix rate bases, but nonvoting securities
may be offered by the satellite corporation. Companies buying these securities
can use them in fixing international rate bases.

Ground stations can be owned by the corporation or communications com-
panies. The corporation could not be dominated by any communications com-
pany and would make competitive purchases of electronic equipment.

CHANCES ARE that as a token gesture Defense Secretary McNamara will
earmark some of the extra B-70 monev—probably less than $75 million—for
additional electronic subsystem development on the reconnaissance-strike ver-
sion. Congress wants McNamara to spend $320 million more (EunicTrONICS. p
12, March 30).

electronics



UHF to 90 Gc¢!

NARDA

) can supply you with more than 600 . i
/ l .
L nd] i PRECISION microwave instruments, ‘

-r. f. probes- c klystron mounts:

components and hardware! /

 thermistors - . tuneable shorts -

Write for

your free
/ F PR catalog!

. ridged waveguides -

W o

modulators -

SEND FOR FREE CATALOG TODAY!

Address: Department E-1-13

@@=y .. nardaq meoe

- hybrid junctions - instruments and

PLAINVIEW, L. I, NEW YORK -« AREA CODE 516 GE 3-9000
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OZALID NEWSLETTER

NEW IDEAS TO HELP YOU WITH ENGINEERING REPRODUCTION AND DRAWING

0zalid® Anhydrous Ammonia System consists of control box mounted on machine
and tubing to connect equipment with anhydrous ammonia cylinder, which may be
remotely located. Developer handling becomes simply, “valve on. valve off.”

New anhydrous ammonia gas system provides ultimate
convenience, cuts developer costs up to 50%, gives

from 2 to 6 months developing from a single cylinder!

A simplified, completely safe Oza-
lid Anhydrous Ammonia Kit brings
the convenience of pressurized am-
monia gas development to your dry-
developing diazo whiteprinter.
Depending on machine use intensity
and model, the unit saves enough on
ammonia costs to pay for its initial
expense in as short a time as a year.

A low price tag is only the first of
several reasons you should consider
using Ozalid Anhydrous Ammonia
in your diazo installation. Contents
of a single cylinder give up to six
months of developing, reducing de-
veloper handling to a minimum.

Heater rods, sealing sleeves, and
other vital parts in the developer
section have longer life because cor-
rosive action is lessened. Machine

warm-up time is shorter. Improved
employee morale results in increased
production. What’s more, chances
are you’ll see an improvement in
print quality.

The Ozalid Anhydrous Ammonia
Kit is specifically engineered to
meter anhydrous ammonia in the
simplest, most efficient method for
use with diazo machines. Units have
been proved in the field, and are al-
ready giving a high degree of cus-
tomer satisfaction.

Conversion Kits fit all Ozalid dry
diazo machines and can be easily in-
stalled on practically all others re-
gardless of make. Price of the kit is
$175.00. For information ask your
Ozalid man, or write Ozalid, Johnson
City, N. Y, Dept. 183.

New fast reprinting,
erasable sepia intermediate

Here’s a highly transparent inter-
mediate with a specially prepared
paper base that makes reprints
faster, yet is easily erasable. Ozalid
402 IZE is its name, has a dark sepia
image (but you can rub it out with
an ordinary abrasive eraser), has an
ideal matte surface for pencil and
ink additions, picks up fine line de-
tail beautifully, has excellent cover-
ing power, yet is surprisingly low
priced. Drafting room comments in-
clude, “like see-through”...*excited
about erasable feature”...“excellent
for overlay work.” Ask your Ozalid
man for samples and demonstration.

Crease and crumple this
tracing paper. Then,
make a print! Surprise!

New Ozaclear isn’t called ‘“‘clear” for
nothing. This tracing paper permits
only a hint of fracturing from
creases and crumpling ever showing
up on a print. Ozaclear is 100% rag,
with an excellent surface for pencil
and ink. But it’s that “no bruising”
quality that makes it stand out. Its
exclusive Ozalid-perfected transpar-
entizer holds its own against heavy
pencil pressure, leaving no trace of
ghosting when these lines are erased.
Want more details about permanent,
non-yellowing, high strength Oza-
clear? Ask your Ozalid representa-
tive or write Ozalid, Johnson City,
N.Y, Dept. 243.

Lennox gives branches
up-to-the-minute changes
on reproducible masters!

With eight scattered branches and
factories, Lennox Industries (Mar-
shalltown, Iowa) uses Ozalid diazo
intermediates to get out new prod-
uct drawings and drawing changes
quickly and maintain perfect stand-
ardization among plants.

Single duplicate originals are sent
to each plant, the plant, in turn, mak-
ing as many clear, sharp prints as
needed. Simple, fast, error-proof!

Ozalid, A Division of General Aniline & Film Corporation. In Canada: The Hughes-Owens Co. Ltd., Montreal

14 CIRCLE 14 ON READER SERVICE CARD
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(Adverticement)

Microminiature
Coaxial Connectors

e ‘ L7
W Z'\\
A

Microdot’s microminiature connectors
—including the world’s smallest 50-
ohm coax connectors—are available in
over one million combinations. Plugs
are available in straight or angle screw
tvpes and slide-on versions. Recepe
tacles include printed circuit and bulks
head feed-thru types. Only highest
quality materials are used. Conductors
are of silver-plated copperweld or cad-
mium bronze, center contacts are of
gold-plated coin silver. Housings are
silver-plated brass to assure minimum
electrolysis with aluminum panels,
“Teflon.” “Kel-F, polyethylene, and
neoprene are used as dielectrics, jack-
ets, bend relief caps, and pin protectors,

Microdot Inc., 220 Pasadena Avenue,

South Pasadena, California
CIRCLE 200 ON READER SERVICE CARD

Crimp-type Connectors

)

These solderless, coaxial connectors
are available in a variety of mounting
configurations, including snap-locking
versions. Male and female connectors
may be mounted interchangeably.
Mated length is 1'%1¢”. Working volt-
ages: 1,000 V. maximum. at sea level;
500 V. maximum, at 60,000 feet.
VSWR; less than 1.2 up to 2,000 mc.
Life; 5,000 matings, minimum, without
clectrical deterioration. Tensile strengths
of the crimps excced the breaking
strength of the cable. Hard gold plated
Bervllium copper and TFE plastic are
extensively uscd to assure optimum
reliability.

Microdot, Inc., 220 Pasadena Ave-
nue, South Pasadena, California

CIRCLE 201 ON READER SERVICE CARD
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NEW MICRODOT MICROMINIATURE MULTI-PIN CONNECTORS

These rugged, reliable 43"’ Series Microdot Microminiature Multi-pins are only 14 the
size, 13 the weight of previously available miniature multi-contact connectors. Yet per-
formance equals or exceeds MIL-C-26482 and applicable paragraphs of MIL-C-26500.
Ready now for advanced applications, these connectors pack up to 61 power contacts —
or 19 coaxial contacts — or a combination of both —into a shell the diameter of a quarter.

improved three-keyway design of the “43" Series prevents pin engagement with insert
face, permits 14 alternate pecsitions for each insert layout by “‘clocking’ shell keyways
rather than inserts. Inserts come in a variety of straight power, straight coaxial, and
combination power-coaxial laycuts. The Multi-pin design accommodates a mix of male
and female contacts in either plug or receptacle without changing inserts, allowing hot
or cold leads to either side. Closed-entry, crimp or solder contacts are gold-plated pure
coin silver to resist wear, maximize ampere ratings and conductivity, minimize tempera-
ture rise and resistance. Positive, push-pull, quick-disconnect coupling eliminates need
for safety wire. Operating force is always in direction of plug travel.

With all parts interchangeable, the "'43"* Series Microdot Microminiature Multi-pins are
available now in disassemblad kit form (for bench assembly or on-the-spot field circuit
design), or factory assemblad (as basic connectors) or as complete assemblies (with
Microdot cabie). Write today for iliustrated, detailed Bulletin MP-O.
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Microdot Multi-pin Connector Kit

MICRODOT INC.

220 Pasadena Avenue, South Pasadena, Calif.
MUrray 2-3351 SYcamore 9-9171

®
NO. OF NO. OF
SizE COAXIAL POWER
DESIGNATION *PLUG 0.D. CONTACTS CONTACTS
A = upto7 uptoil9
B Yhe” uptol2 upto37

€ 14" upto 1% uptobl




exploding bridgewire
electro/ordnance

L

something new in sensitivity .I-H

PYROTEGHN
— PROBLEM

9 Y. MASS
WITH ITT/McCORMICK SELPH
ELECTROEXPLOSIVE FIRING MODULES
for: Engine Ignition
Stage Separation
Thrust Termination
Missile Destruct

Wherever positive and
accurate bursts of igniter
energy are required

ITT for greater safety, dependability.

=

ITT Model 2783 Typical Exploding
Bridgewire Firing Unit.

Modular XBS consists of Power Sup-
ply, Cabling, Ordnance Component.

. . Eliminates bulky central power and
40 mw . 100 mw . 250 mw firing systems for XBS.
: For further information write
for Data File E-1815-1.

\
% ORDNANCE, INC. I I I
A subsidiary of S. H. Couch Company, Inc.

Industrial Products Division
International Telephone and Telegraph Corporation
15191 Bledsoe Street « San Fernando, Calit « EMpire 7-616)

WRITE FOR DATA SHEET #6

3 ARLINGTON STREET, NORTH QUINCY 71, MASS. Tel-Boston CYpress 8-4147
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SIMPLIFY DATA HANDLING

system

with a low cost, flexible
that provides

measurement

® variable ||
measurement | ju
rate and range
® lypewritten,
printed,
punched tape or
punched cards

7342 7344 7341
7343 7345 7343
7341 7342 7340

Dymec Model DY-5552 Data Processing System is a remarkably versatile tool for quickly accumulating data
on a wide variety of physical, mechanical and electronic processes. Any phenomenon of nature or science
that can be converted to a usable voltage or frequency can be measured and recorded through the DY-5552.
Digital output can be in any form or combination of forms needed for further machine processing, visual analy-
sis or transmission over any standard communication system. Applications are limited only by the imagination.

The moderately priced Dymec system consists of a voltage-to-frequency converter and electronic counter to
convert input information to digital form, plus a scanner/coupler, which transfers this digital data and is
capable of providing output for electric typewriter, Flexowriter, serial-entry adding machine and serial entry
card punch or tape punch. In many cases two of these recording devices can be operated simultaneously. In

addition, the system can drive a digital printer, such
as the Hewlett-Packard 560A.

This is one of many Dymec Data Processing Systems
which can be assembled from basic “building block”
instruments. Versatile, flexible input scanners, count-
ers, digital voltmeters, output couplers/translators
meet a wide range of needs for speed, multiple input
application, programming.

Describe your requirement today to your Dymec/Hewlett-Packard representative, write
Dymec for further information or call Dymec direct. Extension 223 or 224.

BRIEF SPECIFICATIONS

Input Ranges:

0to1lvdc 0to 10 v dc, 0 to 100 v dc, 0 to 1,000
v dc (30% overrange permissible except on
1,000 v range; either polarity measured with-
out switching). Frequency inputs, 1 cps to
120 KC. Gate times, 0.1 sec., 1 sec.

Accuracy:

DC inputs, .06%, =+ 1 count
Frequency inputs, .01%, + 1 count

Operating Speed:

Controlled by Display Time Setting (variable
from .1 to 15 sec. or indefinitely), maximum
operating speed of 5 full scale readings per
second.

Approximate price:

$3,600.00 (as pictured, including tape punch).

Data subject to change without notice. Prices f.0.b. Palo Alto

D Y N E C gGCOx

A DIVISION OF HEWLETT-PACKARD COMPANY

7044

Dept. E-4, 395 Page Mill Road, Palo Alto, Calif. « Phone DAvenport 6-1755 (Area Code 415) TWX-117-U
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Diameter of circular orbit is 236 ft. At left is one of the 16 resonant
r-f cavities which, with waveguide, are tuned to 475.83 Mc

Harvard-MIT research tool
has 16 resonant r-f cavities
tuned to one frequency,

a choke for magnetic energy

storage and other features

By THOMAS MAGUIRE

New England Editor

Six-Bev Electron Accelerator Starts Up

BOSTON—In the world's highest-
energy electron synchrotron, accel-
eration is provided by perhaps the
most extended system of high-Q
series-resonant circuits ever built
to operate in a single mode.

The Cambridge Electron Accel-
erator at Harvard reached a record
electron energy level of 2.2 Bev this
month and is expected to achieve
its top level of 6 Bev within a
couple of months. This will repre-
sent an energyv five times higher
than previous electron accelerators.

A 6-Bev electron synchrotron is

under construction in Erevan, So-
viet Armenia, and the West Ger-
mans are building one in Hamburg.

The $11.6 million CEA, designed
and built by an MIT-Harvard com-
mittee with AEC funds, will permit
experimenters to explore a new
range of phenomena in particle
physies, including electron scatter-
ing experiments which had been be-
vond the limits of existing equip-
ment.

The acceleration system for CEA
consists of 16 resonant r-f cavities
located in field-free regions between

100,000,000-Bev Accelerator Feasible?

CHICAGO—Lee Teng, newly ap-
pointed director of Argonne Na-
tional Laboratory’s particle accel-
erator division, told ELECTRONICS
that he sees no reason why an accel-
erator could not be built to produce
particles with energies up to 107
electron volts.

One of his present interests is
feasibility and design studies of ac-
celerators with energies in the
range of 300 to 1,000 Bev.

He is considering superconduct-
ing magnrets, which would keep
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magnet size down.

Teng was responsible for most of
the design work on Argonne’s $47
million zero gradient synchrotron,
under construction. Its preinjector,
power supply and controls are fin-
ished and 10 of the 134 magnets
have heen delivered. The schedule
now calls for completion in 1963.

Three experiments for ZGS have
been accepted so far. These are
studies of neutrino-induced reac-
tions, K-meson reactions and an
anti-proton experiment.

magnet sectors and connected by
waveguide links to form a circular
loop 240 ft in diameter. Cavities
and links are tuned to 475.83 Mec.

Since the r-f system includes 32
half-wave resonators and 16 wave-
guide links, there are at least 48
possible modes of oscillation. But
for acceleration of electrons it is
essential to have identical phases in
all cavities, and this necessitates
one mode only. The TE,, mode, 10
bandwidths wide in frequency, is
selected by precise tuning of all
components.

The 475-Mc power supply con-
sists of a power amplifier (trans-
mitter) employving a high-frequency
RCA superpower triode as the out-
put stage. Peak power output is 225
Kw and average power 60 Kw for
the acceleration interval. The mas-
ter oscillator which excites the
transmitter determines frequency.

Electronic techniques designed
into CEA range from a massive
resonant circuit for the magnet
power supply to nanosecond cir-
cuitry and logie, including tunnel
diodes, for particle detection. Elec-
tronic aids measure parameters of
the various components, provide
basic sensing and timing mecha-
nisms and power units, and extract
output information.

Length of the path traversed by

electronics



Toroidal inductor acts as choke to store cnergy for

magnet power

the electrons imposes strict require-
ments on location of the magnets
and on the shape as well as the
value of the magnetic field, since
slight inhomogeneities would excite
oscillations of linearly increasing
amplitude. The important task of
observing nondestructivelv the elec-
trons in orbit is performed by 16
sets of coils which pick up the mag-
netic field component of the accel-
erated electron. One type of pickup
coil developed at CEA measures the
intensity of the circulating electron
beam. Another coil produces signals
which are proportional to the ver-
tical or horizontal displacement of
beam center-of-charge from the
ideal orbit.

Sensitivity of this svstem is
limited by signal-to-noise ratio and
corresponds to about 0.1 in. dis-
placement at a circulating charge
of 10" electrons. The signals from
the pickup coils are integrated and
amplified in 17 Mc bandwidth video
amplifiers and brought to the con-
trol room. They are displayed on
oscilloscopes as a visual guide to the
synchrotron operator in his adjust-
ments of optimum injection param-
eters.

CEA, like other syvnchrotrons,
operates on the principle of phase-
stable synchronous acceleration at
constant radius, analagous to the
synchronous electric motor. Par-
ticle follow a circular orbit in a
strongly focused, alternating gradi-
ent magnetic field and gain energy
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Fuaeh cavity consists of two half-wave resonators coupled

by an inductive slot in the center wall

in varying amounts from r-f elec-
tric fields applied at accelerating
gaps around the orbit.

The 25-Mev preaccelerator is a
traveling-wave linac, manufactured
by Applied Radiation Corp. Ttis in-
jector operates at a frequency of
2,855 Mc and consists of two 10-
foot sections of S-band, iris-loaded
waveguide, each powered b»y a
pulsed klystron tube of 5 Mw peak
pulse rating. It emits a pulse of 1

usec duration at a 60 cps repetition
rate in a slender, well-collimated
beam which is inflected into the
orbit by an auxiliary magnetic field
in one of the spaces between mag-
nets. The auxiliary field is main-
tained just long enough to fill one
turn of the orbit with electrons and
is then pulsed off very quickly (0.1
usec) so as not to distort the orbit
of electrons completing their first
turn.

Microwaves and Crystal Modulate Light Beam

Aireraft Armaments, Inc., reports it has modulated a light beam by using
the Pockels effcet in an elcetre-optical erystal. Refractive properties are
changed by applying an cleetrical field. Crystal, placed in a microwave
cavity, is driven by a pulsed, 700 to 1.200-Me, 20-watt source. Estimated
depth of modulation ts 10 to 30 percent. Device, solid-state analog of the
Kerr effect, is an approach to laser modulation
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83% of the answers
Stressed YEAR ROUND

Recreational Facilities

We've Got Them —

FOR INSTANCE . . .

— lakes for motor boating, fishing, swimming, sailing and water skiing —
mountains for climbing, camping, and fishing streams — ocean beaches —
year round golf courses — tennis — bowling — softball — horseback riding —
ample facilities for practically every participating and spectator sport.

1f you want year round recreation for happier, healthier living — write us
todoy!

ENGINEERS
Have YOU Answered
This Invitation Yet?

It hos appeared in recent issues of Scientific
American, Aviation Week, Aerospace Engineering,
Aerospace Management, Space Aeronautics and
a number of other publications. Answers received
so for indicate that we already offer o remorkobly
high percentage of the advontages desired by the
majority of Engineers AND THAT WE CAN PROB-
ABLY TAILOR A POSITION TO FIT THE REQUIRE-
MENTS OF THE EXCEPTIONS. You'll never know
how well your own desires and requirements can
be satisfied unless you challenge us to meet them
by telling us WHAT YOU WANT!

We challenge YOU TO DO IT NOW!

W

(A

THE ENGINEERING CENTER

LOCKHEED-GEORGI2 COMPANY ot Gordon

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION
AN EQUAL OPPORTUNITY EMPLOYER Professional Employment Manager

Lockheed-Georgia Company
—% 834 West Peachtree Street
) Atlanta 8, Georgia Dept. AAA-88
Where, we find, '

there's MORE of what MORE Engineers want MORE of.
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A New Performance Dimension in Digital Frequency Meters

Already recognized as having the broadest range ever offered at its low price, the Model 8175 110 Mc Digital
Frequency Meter now provides an added performance dimension: the legibility of ELectroluminescent
readout. Displayed in-line and in the same plane, EL digits are easily read from extreme angles. EL’s
glareless, even illumination and automatic display of decimal point and Mc assure greater accuracy by
minimizing human error.

Broad range (10 cps to 110 Mc) and readability are or:ly two important advantages of the Model 8175. Accu-
racy of 0.00004% or better from 1 Mc to 110 Mc exceeds FCC requirements. Frequencies are measured
with a flick of a switch —no “tuning.” With this simplified operation, a measurement can be accurately
made in about 15 seconds, even by personnel with limited technical experience.

Occupying only 8%" of vertical space in a 19" rack, Model 8175 is small and light enough to be moved about
easily when used on the bench. Price is just $2095. Write for Technical Product Bulletin 8175/7175, which
also describes the Model 7175 with decade-columnar readout for $1895.

BERKELEY DIVISION

RICHMOND. CALIFORNIA T-427
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GONTROLLE

For complete technical information, call your
G-E Semiconductor Products District Sales
Manager. Or write Rectifier Components De-
partment, Section 16D62, General Electric Com-
pany, Auburn, New York. In Canada: Canadian
General Electric, 189 Dufferin Street, Toronto,
Ontario. Export: International General Electric,
159 Madison Avenue, New York 16, N. Y.
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PROGRESS IN RECHFIER COMPONENIS

~—100mo

A revolutionary advance
in power semiconductors

REVERSE VOLTAGE ————3»

REVERSE
CURRENT

| |
RATED PRV 1700
1200 v A

AVALANGHE

A NEW 12 AMPERE RECTIFIER WITH PEAK
REVERSE RATING OF 1200 VOLTS, AND A SELF-
PROTECTIVE REVERSE "AVALANCHE™ POWER
DISSIPATION RATING UP T0 3900 WATTS

The most important step forward in rectifier technology since General Electric introduced
the SCR, the 2J218 Controlled Avalanche Rectifier is the first of a new generation of G-E
power semiconductors which eliminate a fundamental silicon rectifier limitation. Carefully
controlled non-destructive internal avalanche breakdown across the entire junction area
protects the junction surface, eliminates destructive local surface heating that permanently
Impairs or destroys the conventional rectifier's reverse blocking ability. In effect, 2J218 has
built-in “zener” diode protection, even well beyond 1200 volts. 600, 800, 1000 and 1200 PRV
types are now available ... all with these outstanding features:

SELF-PROTECTION @® self-protection againstvoltage transuefrts.‘.dlssl-
pates up to 3900 watts peak power in reverse
AGAINST VOLTAGE TRANSIENTS direction
@® new high reliability standards at PRV's up to
PRV AVALANCHEQVOHAGE 1200 volts (as well as lower voltages)
@25°¢C @ protection of other circuit components (including
Min. Max. transformers) from overvoitage through rigidly
spec’'d max./min. avalanche characteristics
1200 1500 1930 @ simplified rectifier series operation in high volt-
1000 1250 1550 agg applications . .. eliminates need for shunt
resistors
800 1000 1290 ® permits continuous operationinavalanche
600 750 1030 breakdown region at high voltage...unharmed
by hi-pot and megger tests

GENERAL @3 ELECTRIC
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When a transistor performs like this on a curve tracer,
we like to know why. Sometimes the answer is obvious.
Then again, we may find it not so easily explained. This
our semiconductor device people like. They enjoy sinking
their teeth into a knotty problem and sticking with it till
they shake out the answer—and it usually doesn’t take long
at Delco.

Why ? Easy.
When you toss a problem to a group of talented men
. . . provide the necessary research tools . . . in an environ-

ment that encourages personal initiative and achievement
. . . you can’t help getting results. This combination has
helped build a position of leadership for Delco in the de-
velopment and production of semi-conductor devices.

We intend to keep it that way—through expanding
facilities and fresh talent.

Our new R&D center—125,000 sq. ft.—houses labora-
tories equipped with the latest in sophisticated research
facilities. Our new semiconductor manufacturing center—
226,000 sq. ft.—scheduled for operation this June, will pro-
vide an expanded capability in the production of silicon
rectifiers. All of which adds up to new opportunities in
research, development and production of silicon rectifiers.

solid state electronics @

O\
\J/

&

Kokomo, INDIANA

+« SEMICONDUCTOR DEVICE DEVELOPMENT -

BS in Physics, Metallurgy or Electrical Engineering;
minimum of 2 yrs. experience in high current silicon rectifier
development; must be capable of developing these devices
and maintaining technical responsibility through pilot pro-
duction.

« PHYSICISTS, CHEMISTS AND METALLURGISTS

For semiconductor device development; experience in
encapsulation, alloying and diffusion, chemistry of semicon-
ductor devices, materials (to lead a program on metallurgical
research of new semiconductor materials).

+ ELECTRONIC ENGINEERS—

Experienced in machine controls (relay and/or static)
to assist in the development and application of static transis-
torized controls.

* TRANSISTOR PROCESS ENGINEERS—

EEs, MEs, and IEs to develop and create new processes
for manufacturing germanium and silicon semiconductor de-
vices and to develop automatic and semi-automatic fabrica-
tion equipment. Experience preferred.

If you're looking for an opportunity to fully exercise your personal
competence . ..among men of like talent ... in unmatched facilities
...thenlet us hear from you. Send your resume today to the attention
of Mr. Car! Longshore, Supervisor Salaried Employment, Dept. 102,

An equal opportunity employer

DELcO RADIO DiVvISION OF GENERAL MOTORS
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SSEMBLE ITTO

ELL IT TOMORR
ANYWHERE IN THE U'SA

The products you make, like the ones you buy, move fastest and safest when you specify ‘‘via AIR EXPRESS."
Door-to-door delivery overnight to 23,000 communities in the U.S., Puerto Rico and Canada, at rates that are
lower than you think. For example, 25 Ibs. fly 1,000 miles for only $8.12. So always be sure to insist on AIR
Express for your shipments in and out. It’s the only air shipping service with priority on all 36 scheduled
U. S. air lines — served by 13,000 REA Express Trucks that are always as near as your telephone.
CALL YOUR LOCAL REA EXPRESS OFFICE FOR AIR EXPRESS SERVICE
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Two DBurroughs wmen demonstrate
Ultronics’ stock quoting system (it
uses  Burroughs' Nivie and beam-

switching tubes for display circuit)

Eight of Martin Company's thin-film
triodes can go on a one-inch-square
water. Each has cathode, grid and
collector electrodes, like vacuwm tubes

Radical design of Raytheon Amplitron,
which has single magnet, cuts weight
to 16 oz. It delivers 25 watts at S
band, has 60 percent efficiency

Components Star at IR Show

NEW YORK—Two dominant trends
in electronic hardware seemed evi-
dent last week at the TRE Show:
new components are getting
smaller, tend increasingly to multi-
component modules; instruments
are getting bigger, faster, more
versatile.

The magic words at the show this
vear were masers and lasers, al-
though there was little that had not
been reported during the past year.
Here’s a sampling of some of the
new products not described in our
IRE preview issue (ELECTRONICS, p
22, 32 and 144. March 9):

It looked like everyv major semi-
conductor device manufacturer was
jumping on the integrated semicon-
ductor circuit bandwagon. Those
that weren’t showing models were
expected to have them ready soon.
Among present manufacturers are
Fairchild Semiconductor, General
Instrument, International Rectifier,
Motorola, Pacific Semiconductors.
Philco, RCA. Signetics, Sperry
Semiconductor and Texas Instru-
ments.

There were also numerous thin-
film circuits. Advanced Microelec-
tronics was offering three 1-Mec
logic modules from stock, a flip-
flop, multivibrator -and dual im
verter, all measuring 1.1 by 1.1 by
0.2 in. The line is to be extended
to eight 1-Mc¢ and eight 10-Mc¢ mod-
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ules. These have deposited passive
elements, inserted transistors and
diodes.

A line of miniaturized digital
logic modules was shown by a sub-
sidiary of Curtiss-Wright, Ad-
vanced Miniaturized Electronics.
Operating from d-¢ to 250 Kc, these
1 by 1 by 0.6-in. welded and encap-
sulated modules include two flip-
flops, two multivibrators, a block-
ing oscillator, OR and AND gates. a
pulse amplifier and an emitter fol-
lower.

McAllister and Associates
showed an engineering prototype
of a 4 by 2 by 1-in. analog-to-digi-
tal converter. The three-digit BCD
converter has a resolution of 2 mv
and an accuracy of 0.2 percent.

Epsco’s ADS-1 wideband d-¢c am-
plifier will soon be joined by three
more models, all chopper-stabilized
and using silicon transistors. For
low noise and drift, the amplifiers
are stabilized for operation with a
wide variety of inputs and feedback
networks. The minimum gain of
the ADS-1 model is 2 x 10

A microminiature chopper meas-
uring | by 2 by ¥ inch and her-
metically sealed in an inert atmos-
phere is available from Collins
Electronices, Ine. Three models are
available, for 60, 400 and 1,000-
cycele operation,

Leach showed a number of minia-

ture systems and components, in-
cluding a half-size crystal can relay
that weighs | oz.

Corning Glass showed several
new processes for cathode-ray
tubes. One is a photographic proc-
ess for making graticules within
the tube’s face glass. The graticule
can be edge-lit and eliminates par-
allax by allowing the viewer to
align himself with any graticule
line.

Another anti-parallax develop-
ment reported by Corning is a
graticule that is put inside the tube
bulb. This places the scale on the
same surface as the trace. The com-
pany also has a ceramic glass frit
coating said to increase Dbulb
strength 30 to 100 percent.

A mechanical switching module
with applications in multiplexing
was exhibited by Beardow, Inc. Its
maximum switching speed is 1,000
cps. Switching is clean with a 10
pv signal. Company claims module
life is over 100 million cycles, Any
number of modules can be com-
bined in a cam-operated multi-
plexer.

Allen-Bradley showed a ferrite-
ceramic filter designed for broad-
band filtering to eliminate interfer-
ence in tv tuners. While more ex-
pensive than conventional tubular
and discoidal type filters, the unit
is claimed to be 13 db more effec-
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tive in suppressing vhf and uhf
spurious radiations.

A  microminiature timer unit,
adapted from a military version,
was shown by ITT Federal Labora-
tories. The transistor unit uses flip-
flop and counter circuits to time
from 5 sec to 50 min with 0.01 per-
cent accuracy, giving a current
pulse at the end of each cycle, Unit
is crystal controlled.

Counter Memory

An electronic memory device for
operating Nixie tubes was shown
by Electronics Division of North
Electric. The unit is mounted on
a single circuit board 2} by 33
inches, acts as a locking memory
with a reset to clear all digits.

Bauseh & Lomb exhibited safety
eveshields for laser experimenters.
Made of absorbing plastic and a
dichroic mirror, the shields have 97
db attenuation at near invisible red
light wavelengths, but only 6.6 db
at visible light.

A switching time tester, able to
provide visual display of nanosec-
ond response times of transistors,
diodes and cireuit networks was in-
troduced by Hewlett-Packard. The
plug-in tester is designed for use
with the firm’s 1,000-Mc sampling
oscilloscope. 1t includes a less than
1 nsec rise time driving-pulse gen-
erator, 0.45 nsec rise time pulse
amplifier and two bias supplies.
Tests possible include rise and fall
times of transistors, forward
switching and reverse recovery
times of diodes.

High-Frequency CRO

Hewlett-Packard also had a d-c
to 50-Mc¢ oscilloscope which does
not use distributed amplifier tech-
niques in the vertical channel de-
sign, providing easier adjustment
and maintenance.

Plug-in units available include
dual trace d-c to 40 Mec, and high
gain d-¢ to 20 Me, 5 mv/em vertical
amplifiers; and sweep delay and
time mark generator units for use
with the horizontal sweep.

A klystron oscillator synchro-
nizer for phase locking to a fre-

quency standard was shown by
Dymee. The instrument accepts

signals up to 12.4 Ge. The firm
claims that precise phase and fre-
quency control of the output of a
reflex klystron can be obtained.

A pulse generator with rise time
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of under 0.25 nsec was shown by
Tektronix, Ine. The instrument can
generate pulses of various widths,
ranging from 0.5 nsec to 40 nsec at
full repetition rate, and up to 300
nsec at half rep rate. Qutput am-
plitudes from zero to 50 volts in
three decade ranges, all calibrated
and continuously variable are pro-
vided. Pulse polarity can be posi-
tive or negative.

Perkin-Elmer introduced a po-
tentiometer linearty tester that
simulates dynamic conditions. It
will test pots of up to 30 turns at
rotational speeds of 10 to 0.1 rpm.
P-E says that by incorporating a
special Vernistat a-¢ pot with step-
less output, problems such as noise,
drift, gearing precision and adjust-
ment of test pots are eliminated.

Camera Image Converter

An image converter for camera
studies of plasma physies, chemical
kineties and hypervelocity experi-
ments was shown by STI. Products,
a division of Space Technology
Laboratories, Inc. Exposure time is
less than 3 nsec.

Four plug-in units are provided,
for standard speed or high speed
and for frame or streak photo-
graphs. In frame operation, three
frames are exposed at times of 5
to 200 nsec, with intervals inde-
pendently adjustable from 0.05 to
10 usec. In streak operation, the
writing times are from 50 nsec to
10 usec.

The optical image is focused on a
photocathode, which transforms it
into an electron image, so that
shuttering and amplification can be
performed electronically. A focus-
ing electrode assures a distortion-
free image as the electron image
passes through the deflection plate.
The electron image is focused on

Corning uses photosensitive glass to
Jorm graticule inside the glass vicw-
g surface of ert

holds

exciter-multiplier
module of ITT S or C band trans-
mitter. Compact, solid-state, 1-Kw sys-
tem has only one tube, a klystron

Engineer

the photoanode, where it is again
converted, to a higher-intensity op-
tical image.

Circuit welding equipment was
much in evidence. In a weld sta-
tion set-up displayed by Weldmatic
division of Unitek, the operator
can select by push button any of
five preset weld energy-electrode
force combinations. Preset weld
schedules meet needs of most weld-
ing operations, even a relatively
complicated weld schedule.

W. H. Brady Co. brought out an
imprinter for special nameplates.
The machine is a manually-oper-
ated stamper that fills in model
numbers, frequency data and other
information on partially finished
metal plates, or prints complete
dials, serially numbered.

Weller Eleetric showed a temper-
ature-controlled soldering iron. A
thermo-magnetic plug in the tip of
the iron is attracted to a magnet as
long as its temperature is below a
critical temperature. A switch ac-
tivated by this motion supplies
heating current to the soldering
tip. When operating temperature is
reached, contact is broken—SBG,
GVN, LHD, GF, GS

27



Low Microwave Power Sends Data Over

Experiments indicate knife-edge diffraction can reduce data transmission costs
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SAN JOSE, CALIF.—IBM’s Advanced
Systems Development division has
demonstrated experimentally that
knife-edge diffraction may be used
for transhorizon data transmission
with low-power microwave equip-
ment. Signals are diffracted down
the other side of a mountain when
they strike a ridge.

Using a 15-watt transmitter, sig-
nals were sent between Monterey
and San Jose, a 45-mi path, by aim-
ing them at an intervening ridge
3,789 ft high. Data rates reached
as high as 500,000 bits/sec, IBM
said.

With suitable low-power equip-
ment, IBM thinks data could be
sent up to a few hundred miles at
rates up to a million bits/sec. If a
30-watt transmitter and scatter
propagation were used, range
might be 1,000 mi.

It was pointed out that the trans-
mitter and receivers used were de-
signed for multichannel telephony,
not data transmission. Binary data
transmission will tolerate more dis-
tortion and signal-to-noise ratios as
low as 10:1.

J. P. Vinding, who prepared a
report on experiments, listed these

Binary data generator and crrvaer detector.

ERROR
DETECTOR| | \VERTER |g»{ INVERTER TRIGGER TRIGGER
DATA
GENERATOR
SCHMITT SINGLE .
TRIGGER [T | "sHOT [ | P
1
=
ERROR
- SYNC L DETECTOR
AND
> GATE
L] e ouT
DRIVER o4 | | GATE
a0 | ERROR
10-STAGE _ GATE INDICATOR
SHIFT =
REGISTER[ T —
INVERTER EMITTER |
L TS FOLL DATA OUT

adjusted to perform each function
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These units are the same, but

potential advantages of knife-edge
diffraction over line-of-sight relay:
two stations could be used instead
of three to eight; stations would be
more easily accessible for mainte-
nance; only one frequency is re-
quired for each direction, saving
spectrum space.

IBM reportedly has no plans to
sell such systems, but wants to in-
terest communications firms in
their installation. It hopes that this
would lower transmission costs—or
make communications economical
where none is now available—to re-
duce overall cost of computer com-
munications systems. This could be
a deciding factor in some computer
sales,

The basic equipment was devel-
oped by Nippon Electric, of Japan.
It consists of a 15-watt transmitter
operating at 1,855 Mc, two f-m re-
ceivers with a sensitivity of about
—100 dbm, and a diversity com-
biner. Antennas have 10-ft para-
bolic reflectors.

Nominal baseband is 6 to 264 Ke;
however, 108 to 120 Kc is reserved
for noise measurement. Basic
transmission loss over the path is
203 db.

The receivers are placed about 80
ft apart on a line nearly perpen-
dicular to the direction to the
transmitter. There is short-term,
independent fading of the two re-
ceived signals, usually 10 to 15 db.
The largest received signal was
about —83 db.

The receiving system uses double
conversion. The demodulator has a
phase-locked loop design. There is
a variable gain amplifier in each in-
put of the diversity combiner. Gain
is adjusted according to noise
measured in the band 108 to 120
Ke. Outputs of the two amplifiers
are added and amplified to provide
a combined output. Data is recov-
ered from the received signal by
filters, equalizer and regenerator.

IBM added, for the experiments,
a data generator at the transmitter

electronics
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and an error detector at the receiv-
ers. These are identical units, de-
veloped by L. Provazek, that are
adjusted to perform each function.
They can produce up to 2 million
binary bits/sec.

An up level (ground potential)
is considered a binary ONE and a
down level (—6 v) a ZERO. The
shift register produces a 10-bit re-
petitive pattern. Character switches
allow the operator to chose any pat-
tern. A d-c reset puts the character
into the register, and when the re-
set switch is released the 10-bit
character recirculates in the regis-
ter.

The register can also produce two
pseudo-random patterns of 127 bits
and 889 bits, for test purposes.

Synchronous pulses are developed
by a single-shot eircuit driven by
the data and an AND gate. Gate out-
put is a single pulse coincident with
the last ONE of a data string. The
pulse can be used to synchronize an
oscilloscope and to reset the reg-
ister,

A synchronous pulse can be ex-
tracted from the data as long as
the data is repetitive and has a
uniquely long sequence of ONES dur-
ing its period. This condition, also
required for error-checking, is sat-
isfied by the 127-bit and 889-bit
patterns.

When the unit operates as an er-
ror detector, a clock synchronized
with the data drives the detector.
The detector is set to produce data
identical with incoming data. If a
difference is found on comparison,
a pulse is produced.

April 6, 1962
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It’s simple in design and simple in operation ... pushbut ton-casy...and
seldom in need of maintenance. Plenty of work hours. .. minimum down
time...with CEC"s 5-124 Recording Oscillograph. When there's need
for parts adjustment or replacement, a few twists
piece cover

strip off the single-
nd all four basic modules are exposed for easy handling.

B Little (75% ) l. too...recording on 18
hannels and producing all record parameters at writing speeds up to
[= ( ( 1 very1ar 3vevaanlyve 1

1ce
0
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METAL FILM RESISTORS
OFFER 5 TEMP. COEFFICIENTS
TO MEETALL CIRCUIT

REQUIREMENTS

RUGGED END-CAP

CONSTRUCTION

FOR LONG TERM
STABILITY

EXCEPTIONAL
RESISTANCE T0
MOISTURE AND |

MECHANICAL DAMAGE |

SURPASS MIL-R-10509
PERFORMANCE
REQUIREMENTS

|

Providing close accuracy, reliability |
and stability with low controlled
temperature coefficients, these |
molded case metal-film resistors out-
perform precision wirewound and
carbon film resistors. Prime charac- |
teristics include minimum inherent
noise level, negligible voltage coeffi-
cient of resistance and excellent
long-time stability under rated load
as well as under severe conditions of
humidity.

Close tracking of resistance values
of 2 or more resistors over a wide
temperature range is another key
performance characteristic of
molded-case Filmistor Metal Film
Resistors. This is especially impor-
tant where they arc used to make
highly accurate ratio dividers.

Filmistor Resistors, in Vs, Y4, V2
and 1 watt ratings, surpass stringent
performance requircments of MIL-
R-10509D, Characteristics C and E.

Write for Engineering Bulletin
No. 7025 to: Technical Literature

Section, Sprague Electric Co., 35 l
Marshall Street, North Adams, Mass,

For application engineering assistance,
write: Resistor Div., Sprague Electric Co,
Nashua, New Hampshire

SPRAGUE |

THE MARK OF RELIABILITY

‘Sprague’ and '@’ are registered trademarks of the Sprague Electric Co
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1972 Market: $20 Billion

VOLUME OF OVER $20 billion for
electronics markets in 1972 was
predicted by P. E. Haggerty, presi-
dent of IRE and Texas Instru-
ments, at the opening of the IRE
Convention last week., This is al-
most double the 1961 volume of
$11.7 billion, which was 2.2 percent
of the gross national product. The
1972 volume will be an appreciably
larger percentage of GNP, Hag-
gerty added.

The government market, includ-
ing military and space. will con-
tinue to account for a major portion
of the output, going from $6.9 bil-
lion in 1961 to $10 billion in 1972.
But the industrial market will be-
come the fastest growing, rising
from $1.9 billion in 1961 to $5.4
billion in 1972—from 16 percent to
27 percent of the total electronics
market. Consumer electronics will
go from $2 billion to $3.4 billion,
he said.

Haggerty attributes the indus-
trial electronics growth to increased
application of technologies and
products developed for the military.
He sees as the most promising fields
during the next ten years: direct
conversion of fuels to electrical
energy; development of masers to
light intensities required for inter-

Sealed Gas Laser

Sylvania plans to offer commer-

cially a helium-neon gas laser.
Sealed quartz tube meeds no vac-
wm station or gas-filling gear, has
Brewster angle windows and exter-
nal optical system

planetary communications, chemi-
cally-pure welding, microsurgery,
microscopy, precision industrial
etching, precision control of ma-
chinery, and positioning and ma-
neuvering of satellites in space; ap-
plication of integrated circuits to a
wide variety of consumer, indus-
trial, and military equipment.

Alfred M. Goldsmith, an IRE
founder, said plasma power genera-
tion, computer technology, space-
travel communications, medical
electronics and military defense
electronics will be the big contrib-
utors of electronics in the near fu-
ture.

Japanese Plan Survey of
Computer Market Here

TOKYO—The Japan Electronic In-
dustry Development Association ex-
pects to contract with Stanford Re-
search Institute for study of the
U. S. computer market. Ostensible
purpose of the survey is to obtain
background material for expansion
of the computer industry in Japan,

The proposed survey will deal
heavily with economic problems.
Emphasis will also be given pro-
grams and other software, and the
tendency of computer users to cen-
tralize or decentralize business op-
erations.

An association officer stated that
survey was not for purpose of sell-
ing computers in the U. S. market.
He said that the present high prices
of Japanese Computers and lack of
software make consideration of
sales in the U. S. unrealistic.

Name Contractor for
International Satellite

NASA is negotiating a contract, esti-
mated at $1,066,000, with Westing-
house Electric, for spacecraft for
the S-52 project. S-52 is one of two
scientific satellites jointly sponsored
by the U. S. and Britain. NASA will
handle launching, tracking and data
acquisition, the British will prepare
instrumentation and do the data
analysis.

electronics
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Jeffers Type 09 Mini-Stab Inductors

Jeffers’ new Type 09 MINI-STAB Inductor pro-
vides inductance values from 0.10xh to 100xh in
a case only 0.250 -+ 0.010 in length and diameter
of 0.095 + 0.003.

Jeffers’ popular line of MINI-STAB Inductors has
been extended to afford you new opportunities
for miniaturization — without sacrificing stability
or reliability!

Here are the standard Jeffers features that de-
serve your special notice:
MINIATURIZATION — achieved through more effi-
cient use of coil-winding space.

STABILITY —features an open magnetic circuit
with carefully selected coil forms.
QUALITY — guaranteed through Jeffers' excep-
tronal quality control and inspection system for
proving inductor performance under unusual ex-
tremes of temperature, humidity, vibration, shock
and stress.

TESTING — Jeffers’ Laboratory includes equip-
ment necessary to perform all tests on molded
inductors to assure full compliance with the re-
quirements of MIL C 15305.

JEFFERS ELECTRONICS DIVISION O SPEER CARBON COMPANY,

April 6, 1962

RATED CURRENT

SEENT DEFATING

e )
meNEm :

| ! L

EEEEANEERE

,olL.é-‘.Ng

R 11\ |
,lLl"x# l]#\‘x
LL!I él\]
w 1] l\‘
L JHAY
oLl LT TT1 [ ')
D s . 190 k) [X3)

AMBIENT TEMPERATURE (°C)

*Rated Current is based on a
90°C ambient, and 35°C tem-
perature rise.

Write today for assistance
with your inductor design
problems.
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Jeffers L Current COLCR CODE
Part Fo uh+10% (MA) 2nd | 3rd | Lith

L )| GLD | BRN | RLK]
LL1é-2 .09 1560 | atn | &N | gED
Ll1é-a JE —1kBo_ | 61D [ BRI
JNAT =N 9.0R | T 1380 | oLD [BRN |
bLiE<s ' 0.22 7125 | GLD | RED RED
LL16-E | 0.27 | ~ 1175 6D | Rm’
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L€ | 0,39 860 aLn
LL2é-2 | 0.7 310 | GLD | YEL_
LL26-2 0.56 __ 70 | GLD |GRN FU
LLZEL | 0,88 635 | GLD | BLU | GRY
1265 | 0,82 |2 __600 | GLD | GRY | RED
LL26-6 1 1.0 |25, i~ ShS | BRN | GID | @K
Lli3é-1 1,20 | 7.9 _ 1100 | BRN | GLD | RED
Lk36-2 1.0 | 7.9 0 1000 _BRN | oLp | GRN
LL3é-3 | 1.80 | 7.9 0.28  BES T'BRN | GLD | GRY
[LL3EL T 2,20 | 7.9 ) 760 | RED | GLD | RED
uk36-5 1 2,70 | 7.9 10,557 63 ['RED |G | VLT
L3366 3,30 17,9 [0.80 | % ;oac “GLD | ORG
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LLL!--a‘ 8,20 | 7.9 | &0 | 58 [2.Lo 7" 300" | cRY [nLp | RID
Lhléd | 10,00 | 7.9 | & | Z0 [ 3307 265 RN | BLK | PLK
106-1 [ 12.00 | 2.8 W0 | o |30 | 300 :BRN;RED K
1216-271716,00 | 2,5 | Lo | 3% [2,70 | 285 | wRN | GRN | BLK
13163 [ 18,00 | 2.5 t L5 [ 730 3,00 270 | BRN |GRY | BLK
&l 22,00 12,8 [TLE |26 [ 330 | 299 | ep [REN [ BLK
1M651727,00 | 2.5 | LS | 22 3,60 2bS tm-:n VLT | BLK
1326-1 | 33,00 | 2.9 | LS |28 [2,80 | 280 [ ORG | (RG |BLK
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1326-7 [100,00 | 2.5 | €0 1h [7.50 1 165 | BRN | BLX | BRW

INC. O DUBOIS, PENNSYLVANIA

CIRCLE 31 ON READER SERVICE CARD

3



32

| —

k \\-.\‘-\\\\\'._\‘.. \\\‘\\.‘1\“”‘””””"N///' "//'/ £/ SIS S
0 lbo 168" 500

200 4
DEGREES FAHRENHEIT

'¥MCJA:_

ACTUAL SIZE

NEW Temprint and Versaprint RECORDERS

Most sensitive recorders of their type

TEMPRINT is AP!'s new temperature recorder; VERSAPRINT is the
counterpart for any electrically transduceable variable. Both offer
full-scale sensitivities down to 2 microamps or 2 millivolts; tem-
perature ranges narrow as 300°F. with cold junction and copper
error compensation,

AP! recorders are inkless. They record on pressure-sensitive
paper. Every five seconds the pointer is clamped against the chart
producing a continuous, permanent record.

High sensitivity is made possible by the taut-band meter move-
ment. This movement is frictionless . . . has no hysteresis. More-
over, the taut-band movement is extremely rugged, withstands
shock and vibration; it's non-destructible in anywhere near nor-
mal usage.

High or low limit control or alarms are optionally available.

BRIEF SPECIFICATIONS

Accuracy: 294 of full scale.
Chart Width: 21/ inches.

Chart Speed: Standard, 1" per hour (31
days); 4", 2”, 3", 4” per hour avail-
able.

Mounting: Table or panel.
Depth Dimension: 615" (Behind panel: 6”).

Flip-top chassis sim-
piifies chart repiace.
ment. Hinged viewing
window permits chart
notations.

WRITE FOR BULLETIN 31

“"’;ﬁ? ASSEMBLY PRODUCTS, INC.

CHESTERLAND 4, OHIO
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MEETINGS AHEAD

CHEMICAL & PETRCLEUM INSTRUMENTA-
TION SYMPOSIUM, Instrument Soc. of
America DuPont Country Club, Wil-
mington, Delaware, April 9-10.

NONDESTRUCTIVE TESTING CONVENTION,
Society for Nondestructive Testing;
Pick-Carter Hotel, Cleveland, Ohio,
April 9-13.

PLASMA SHEATH sYMPosIUM, AF Cam-
bridge Research Labs; New England
Mutual Hall, Boston, April 10-12.

SOUTHWEST IRE CONFERENCE AND
sHow; Rich Hotel, Houston, Texas,
April 11-13.

AEROSPACE SYSTEMS RELIABILITY SYM-
POSIUM, 1AS; Salt Lake City, Utah,
April 16-18.

HIGH SPEED COMPUTING & MATHE-
MATICAL RESEARCH SYMPOSIUM, Assoc.
for Computing Machinery and Amer-
ican Mathematics Society; Chalfonte-
Haddon Hall Hotel, Atlantic City,
April 16-18.

FREQUENCY CONTROL sYMPosiuM, U.S.
Army Signal Research and Develop-
ment Laboratory; Shelburne Hotel,
Atlantic City, N. J., April 25-27.

WESTERN SPACE AGE INDUSTRIES & ENGI-
NEERING EXPOSITION/CONFERENCE,
sponsored by various business and
governmental organizations; Cow
Palace, San Francisco, April 25-29.

PULP & PAPER INSTRUMENTATION SYM-
POSIUM, Instrument Soc. of America;
Jacksonville, Fla., April 26-27.

MANNED SPACE FLIGHT SYMPOSIUM,
1aAs; Chase Hotel, St. Louis, Mo,
April 30-May 2.

INSTRUMENTAL METHODS OF ANALYSIS
SYMPOSIUM, Instrument Society of
America; Daniel Boone Hotel, Charles-
ton, W. Va., April 30-May 2.

SPECTROSCOPY SYMPOSIUM, Society for
Applied Spectroscopy; Conrad Hilton
Hotel, Chicago, April 30-May 3.

MOTION PICTURE & TELEVISION ENGI-
NEERS CONVENTION AND EQUIPMENT
EXPOSITION, SMPTE; Ambassador
Hotel, Los Angeles, April 29-May 4.

JOINT COMPUTER CONFERENCE, IRE-
PGEC, AIEE, ACM; Fairmont Hotel, San
Francisco, Calif., May 1-3.

NATIONAL AEROSPACE ELECTRONICS CON-
FERENCE, IRE-PGANE; Biltmore Hotel,
Dayton, Ohio, May 14-16.

WESTERN ELECTRONICS SHOW AND CON-
FERENCE, WEMA, IRE; Los Angeles,
Calif., Aug. 21-24.

ADVANCE REPORT

NATIONAL ELECTRON S CONFERENCE, ATEE,
e, et al; McCormiek Ilace, Chicago,
Oct. 8-10. May 1 is the deadline for sub-
nission of 150-1word abstracts (original
plus ) copies) to: Dr. Thomas W. Butler,
Jr.. E. E. Department, The University of
Michigan. Topics will include all scien-
tific and cnginecring aspects of clec-
tronics. Papers of both a tutoriad and
synoptic nature may be submitted.

electronics
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COLLINS FILTERS

When your circuit demands steep-skirted
selectivity in the 60-600kc range, specify
Collins Mechanical Filters
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steep-skirted selectivity approaching the theoret-
ically-perfect. This selectivity comes from a series
of resonating dime-size nickel-alloy discs with Qs
of 8,000 to 12,000 . . . up to 150 times more than
tonventional filter elements. Collins mechanical
filters are packaged in cases as small as ¥4 cubic
inch. They're electrically and mechanically stable
and don’t age, break down, or drift as a result of
extreme temperature or long, continuous service.
Frequency shift, for example, can be held between
1.5and 2 ppm/°C overa —25°C to +85°C range.

- N You can select center frequencies
from 60 to 600 kc with a wide choice of
bandwidths and case styles. All filters
display shape factors (ratio of 60db band-
width to 6db bandwidth) of 2 to 1 or
less and have minimum ripple and low
transmission loss. And filters with new
ferrite transducers show flatter passband
response, even lower transmission loss
and greater physical strength for missile
and other demanding application

More than 100 standard types of
mechanical filters are already cata-
logued, and the on/y mechanical filter
design group in the country is ready
to help you with special filtering
requirements,

April 6, 1962

A 0Only Collins mechanical fiters provide |

Widest frequency range . . . 10kc to 50me
...and smallest size . . . down to less than 1
cubicinch...  Collins Crystal Filters

You're closer to finding the right crystal
filter for your circuit when you contact
Collins because the 10ke to 50me range
will take care of almost any imaginable
application. Choosing Collins for crystal
filters will also help with your high-den-
sity packaging problems. For example,
there’s a series of filters from 4-20me in
cases well under 1 cubic inch, a 2 to 1
size reduction from what you'd normally

expect. 4
T s v
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A Engineering help at the circuit design
stage and rapid development of special pro:
totype filters are other reasons why so many
project and design engineers are checking
with Collins for crystal filter requirements.
In addition. Collins offers the consultation
of its design engineers, if required. as well
as special application data sheets to help
you detail specifications so that we can
submit a design and price proposal. If your
circuit requirements can be met by one of
the many crystal filters whose designs have
already been standardized. you can expect
deliveries from stock — 90-day deliveries
on production quantities.

Besides meeting your specs for center
frequency, bandwidth, impedance and size,
Collins makes certain your filters will per-
form under severe operating conditions. As
an illustration, Collins filters in the 1-30mc¢
range show a frequency shift of less than
-005% from —55°C to +90°C. Below | me,
filters have a frequency shift of less than
.01% from —40°C to +80°C.

For more information about our capabilities and products, call or write today; ask for Data Fila
201. Collins Radio Company, Components Division, 19700 San Joaquin Road, Newport Beach,
California. Engineering representatives in principal cities.

With Collins LC filters the catalog is only
partof the story . ... it’s capability and speed

@ that count most.

You may find exactly what
your circuit needs among the
hundreds of proven LC filter
designs for low pass, high pass,
band pass, telegraph tone, air-
craft navigation and other
applications already on file. But
if you don’t, we have the capa-
bility to design, produce and
deliver what you do need.

Through the sub-audio to 65
mece range, we consistently push
the state-of-the-art for our
customers by delivering filters
which meet conditions previ-
ously considered impractical or
impossible. In temperature sta-
bility, in resistance to humidity,
in size, in method of packaging,
we are filling new and special
requirements every day.

What’s more, you get reliabil-
ity and performance in the same
package with the hardware.
Your own inspection and test
procedures will prove that
Collins filters are the result of
a quality assurance program
that never lets up. v

COLLINS
",
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New
Power Sources
and Energy

Converters

Sources range from chemical batteries

to nuclear systems. Silicon solar
cells, proved reliable 1n satellites,
11re being redesigned for higher power

By DAVID LINDEN

U. S. Army Signal R&D Lab., Ft. Monmouth, N, J,

OVER the past five years, portable electrical power
sources have received much attention and many ad-
vances have been made. But, with the exception of
satellites, application of these power sources has been
slow. Development effort has failed to produce hard-
ware that approaches either claims or potentialities.

Many of the new power-source investigations re-
ported on three years ago' are still important and
are under extensive study. Several, such as photo-
galvanie, photoemissive or pyroelectric devices, have
since shown limitations. Recent progress is reported
here and the characteristics and capabilities of the
new power systems are compared.

Methods for converting the three prime sources of

April 6, 1962
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Nuelear reactor power sources appear most satisfactory
for space requirements. This space craft uses a medium
power (1 Kw-100 Kw) system consisting of a thermal
reactor coupled to a turboelectric converter

energy (chemical, solar and nuclear) into electrical
energy are summarized in Fig. 1. The chemical bat-
tery and the rotating heat engine, are in wide use
today. The others, while promising, require further
development to achieve performance characteristics,
reliability and low cost essential for general use.

Chemical Batteries

Chemical batteries are used in short-term applica-
tions (up to 100 hours), with proven performance,
high-power-to-weight ratio and relatively low cost.
They can be built to readily meet severe mechanical
requirements (shock, vibration, etc) as well as outer
space environment. They have the disadvantage of
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FIG. 1—Three prime energy sources and methods of
conversion

a high weight-to-energy ratio and may never exceed
a maximum of about 125-150 watt-hours per pound.
DBatteries operate satisfactorily only within a narrow
temperature range. Their shelf-life, too, is short,
although this can be overcome by reserve batteries
or storage at low temperatures.

The Leclanche or zinc (Zn)-manganese dioxide
(MnQO,) dry battery is widely used because of its
low cost and generally reliable and acceptable per-
formance. For commercial applications, its shelf-life
is adequate, but for long-term storage, it must be
refrigerated. The magnesium (Mg)-MnO. battery,
soon to be available in production quantities, will
fulfill the need for a long-life, nonperishable, portable
power source. It has twice the capacity of the con-
ventional zinc battery and a storage life in excess of
four years under normal temperatures (70-80 deg F').
With organic depolarizers (in place of the heavier
manganese dioxide), up to 100-125 watt-hours per
pound may be obtained under moderate drain and
temperature by 1965. These batteries are gradually
coming into military use and may compete in the
commercial market when costs are reduced.

For special uses, alkaline dry battery svstems have
advantageous characteristics. The zinc-mercuric oxide
battery has good shelf life and the highest capacity
of commercial dry batteries, although its low tem-
perature performance is poor and its cost high.
It is used in critical commercial and military opera-
tions, such as hearing aids, air-sea rescue equip-
ment and satellites. Recently, a zinc-alkaline-manga-
nese dioxide cell of moderate cost. designed for high
rate (3-10 hour rate) continuous duty service, has
been introduced and should find wide application.
Batteries with built-in heating devices and vest bat-
teries (worn under outer clothing) have also been
designed and are among the methods for achieving
performance at low temperatures « Fig, 2A),

Power requirements of missiles and rockets have

36

led to the development of a series of reserve bat-
teries. The automatically activated zince-silver oxide
battery reported in 1958° (Fig. 2B) is used in a
large number of DOD missiles. It is activated just
before use. The battery is kept warm by resistance
heating to insure performance regardless of the am-
bient temperature. Future designs will incorporate
chemical heaters. For lower power and pulse appli-
cations, the thermal battery has proved effective.

For lower drain (2-20 hour rate applications), the
water-activated battery is useful. Capacity is rela-
tively high, up to 20 watt-hours per pound. Once
activated, the reaction is exothermic and supplies
enough heat to keep the battery warm down to —65
deg F. This battery is excellent for radiosonde use,
ax a low-temperature battery for radio equipment
and in sea-water operations. A liquid ammonia sys-
tem is also under study as a reserve battery, because
of its promising low-temperature performance.

Interest in storage batteries has increased. New
power svstems have been introduced which require
a secondary battery for energy storage and for han-
dling peak power loads. Concurrently, new battery
tvpes have become available, with increased capac-
ities and hermetic seals, which have reduced mainte-
nance problems. This has also led to the use of
storage batteries in applications which heretofore
had used primary batteries almost exclusively, giving
an advantage of reduced operating costs.

The lead-acid battery is the most widely used sec-
ondary Dbattery. It provides reliable performance
under moderate operating conditions at reasonable
cost. It should maintain this good competitive posi-
tion in automotive and industrial applications. The
lead-acid battery, however, may not become impor-
tant in the new developments.

The nickel-cadmium battery, particularly the sin-
tered-plate construction, minimizes many of the
limitations of the lead-acid battery. It is noted for
its high cycle life. good shelf life, reliable perform-
ance and rugged construction, although its capacity
is not outstanding. It is easily recharged, capable of
being maintained on trickle or float charge, amenable
to overcharge and can withstand long periods of stor-
age. In the vented construction, the nickel-cadmium
battery has been substituted for lead-acid and nickel-
iron batteries in critical commercial and military ap-
plications such as aircraft, missiles, communication
and surveillance equipment. Offering greater poten-
tial is the sealed nickel-cadmium battery, which can
be operated with little maintenance, provided some
means of regulated charging is provided. These
sealed cells have the same characteristics as the
vented cells, but must be more carefully charged.
Hermetically sealed cells, on a 10-percent discharge
cycle, have furnished thousands of cycles and have
given over 2! vears of performance in the Explorer
VII satellite. Deeper discharges will, however, reduce
the cvele life. They are now available in a variety of
sizes up to 100 ampere hours and may spark the
introduction of many battery-operated devices in
commercial, industrial and military uses.

The cadmium-silver oxide battery is attractive be-
cause its capacity is about double that of the nickel-
cadmium battery, although its cycle life and perform-

electronics



zine-silver oxide battery used in many missiles

ance reliability are inferior. This system is being
investigated, too, in a sealed construction and will be
more competitive with the nickel-cadmium battery in
several years as its reliability and performance char-
acteristics are improved. However, its higher cost
will limit its use to those applications where small
size and weight is a prime requisite.

The zinc-silver oxide battery also is available in a
rechargeable design as well as a “wet” primary bat-
tery. Its advantage is its high capacity (three times
that of nickel-cadmium) but its evcle life is 30-100
cyveles, and then only under controlled conditions.
A rechargeable version of the zine-MnQ. alkaline
system is available. It, too, is limited in cycle life,
but its cost will be low for a rechargeable system.

Fuel Cells

The fuel cell or continuously fed battery is the
subject of extensive research and development in
many government and commercial laboratories, al-
though its wide application is not yet warranted.

Fuel cells operate like batteries. Fuel and oxidant
are fed into the cell when electrical energy is re-
guired and an electrochemical reaction produces elec-
tricitv. No moving parts are required except for
auxiliary functions. This gives a capability for quiet
operation, long life, and minimum maintenance.
Since the fuel cell converts chemical energy directly
into electricity, it is not Carnot cycle limited, and
offers the possibility of fuel conversion efficiencies of
70 percent or better, and theoretical capacities (based
on hydrogen and oxygen as the only active materials)
as high as 1,600 watt-hours per lb.

Fuel cell is a generic term, covering a variety of
electro-chemical systems and operations. Primary
fuel cells can be considered in three categories: The
low-temperature system operating between 60-90
deg C at normal pressures; the elevated-temperature
system operating at 200-260 deg C and the high-
temperature systems operating at 500-1,000 deg C.

The portable type most advanced is the low-tem-
perature cell. This uses hydrogen as fuel and oxygen
o1 air as the oxidant and water is the reaction prod-
uct. This fuel cell should become competitive with
other power systems in low-power applications from
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FIG. 2—Vest battery for radio set AN/PRC-6 (A). External (B) and internal (C) vicws of automatically activated

50 watts to several kilowatts. One design employs
metal electrodes and an ion-exchange membrane elec-
trolyte. Another design uses catalyzed carbon elec-
trodes and a liquid alkaline electrolyte.

A complete 200-watt air-breathing power source
Fig. 3, is one of several experimental units. A 50-watt
unit is being tested under Project Hope to deter-
mine its space flight capability and others are being
considered for future manned space flights. The po-
tential of the fuel cell has been demonstrated, but
further development is required before it is prac-
tical. Its limitations are heavy weight (300 lb/Kw),
large volume (10 cubic feet per kilowatt), the un-
solved problems associated with water and heat bal-
ance for operation over a wide range of temperature
and environmental conditions, and the need for de-
signs to handle ancillary functions and meet me-
chanical conditions. Within two years, the desired
minimum acceptable levels of 6 watts/lb and 200
watts/cubic foot with a 1,000-hour cell life should
be reached.

The performance of the low temperature fuel cell
can be increased by using pure oxygen instead of
air. However, for ground applications, there is no
advantage as the gain is minimized by the need to
supply oxygen. For space applications values up to
500 watt-hours/lb have been predicted if operation
exceeds 1,000 hours. This considerably exceeds the
capabilities of primary batteries, but fuel cells for
this application are as yet unproved and assumptions
in the estimate may be unattainable.

The supply of hydrogen remains a problem. It can
be supplied in tanks under pressure but this type of
storage is heavy (50-100 1b of storage equipment for
1 pound of hydrogen giving about 10,000 watt-hours
at 100 percent conversion efficiency). Using hydrides
as fuels, which are decomposed to hydrogen with
water or acid, the weight (including the generating
system) can be reduced to 20 pounds, or with cryo-
genic storage to 5 pounds. Ultimately, it will be
most desirable to use conventional carbonaceous fuels
as a hydrogen source.

Alcohols have recently been considered as a fuel in
low temperature systems. A number of experimenters
have reported the ability to oxidize methanol elec-
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FIG. 3—Portuble 200-watt fuel cell power source de-
veloped by GE

FIG. j—Advent communication sarellites will use solur
cell panels that constantly orient to the sun

trochemically both in alkaline and acid electrolytes.
Recent investigations are concentrated on acid elec-
trolytes because of the deleterious effects of carbon
dioxide absorption and reaction product formation in
alkali. With acid electrolytes, the lower potentials
and lower efficiency coupled with the present problem
of achieving anodic oxidation of the fuel at practical
current densities and low polarization will necessitate
considerable R&D effort before application can be
considered. The solution to these problems must pre-
cede the direct electrochemical combustion of hydro-
carbon fuels.

The elevated-temperature cell offers higher power
per unit weight and volume. The cell uses pure
hydrogen and oxygen. It is not attractive as an
economical primary system because of high cost of
pure fuels and will probably not be satisfactory in
sizes below 0.5 to 1 Kw.

High-temperature cells are promising for the di-
rect conversion of carbonaceous fuels. Because the
direct carbon cell has been demonstrated as infeas-
ible, efforts are now directed towards hydrocarbon
fuel gases and secondary fuels such as water-gas.
Calculations based on the use of activated hydrocar-
bons as fuels show the possibility of achieving effi-
ciencies up to 75 percent. These high-temperature
cells, however, are at least a decade away from appli-
cation. Even then, their use will be limited to large
fixed stations and they will not be suitable for port-
able applications.

Many of the fuel cells reported are regenerative
systems. In these cells, the reaction product is main-
tained in a closed system and reconverted to the orig-
inal reactants by an external energy. This regenera-
tion can be accomplished using electrical, thermal,
light, chemical and radio-chemical energies.

The most common type of electrolytically regener-
ated fuel cells is the H.-O. cell in which the reaction
product, water, is electrolyzed to vield hydrogen and
cxygen. These regenerative cells fulfill the same role
as a storage battery, although they are now inferior
to secondary batteries. If suitable gas storage systems
and mechanical designs can be developed, the elec-
trically regenerated systems could be superior for
applications requiring long discharge periods.

The thermally regenerative fuel cells are heat en-
gines and their efliciency is limited by Carnot cycle
consideration. System analyses indicate that the
thermally regenerative fuel cell will not be competi-
tive with other heat engines (Rankine cycle, thermo-
electric, thermionic) now being considered for space
and ground applications. Photochemically, radio-
chemical and chemical (redox cells) methods have
also been studied for the regeneration of fuel cells,
but results to date have not been promising.

Other techniques are being considered for the
conversion of chemical to electrical energy. For
short durations, high speed gas turbine engines are
being developed as a secondary power system for
missiles, using solid propellants, ethylene oxide or
hydrogen peroxide as the fuel. The turbines are ex-
tremely compact and can deliver a regulated output
(10-30 watt-hours per pound) over a wide tempera-
ture range. For most missile applications, the turbine
has not received as wide an acceptance as the auto-



matically activated battery.

The use of bacteria and other simple organisms to
produce power has been publicized recently. In these
systems, bacteria acts as catalysts, to generate the
fuel and oxidant necessary for electrochemical reac-
tions from sea water, vegetation, wastes or other
such indigenous materials. Many devices utilizing
this principle can be foreseen. An experimental bio-
ocean battery, has been built for the Navy by Magna
Products, Inc., using a metal fuel and bacteria which
derives the oxidant from sea water. Its energy den-
sity is low and it cannot be considered for portable
applications, but if a suitable environment is avail-
able, such as sea-water, this battery may be useful
for long-life requirements such as buoys, signal lights
—or ultimately, in the conversion of sewage to useful
energy.

Photovoltaie Converters

Solar energy is a free and inexhaustible source of
energy that is available for the taking. Solar energy
reaching the earth under conditions of full sunlight
15 about 1,000 watts per square meter and about
1,400 watts per square meter (2 calories ‘em® 'min)
just above the earth’s atmosphere.

At present, a satisfactory and simple means for
converting solar energy into electrical energy is the
silicon solar cell. Cells vary from one-half to several
square centimeters in size, the most common one be-
ing 1 em x 2 em. They have an operating voltage of
about 0.4 volt at optimum load and are connected in
series-parallel to provide the required power. Al-
though the theoretical efficiency of the silicon solar
cell has been calculated at about 22 percent, the efii-
ciencey of cells in production has leveled off to 10 to 12
percent, with some going as high as 14 percent.
Thus, at full sunlight on the earth’s surface, the out-
put of present-day solar cells is about 10 mw ‘em® or
about 40 watts per pound. However, they cannot be
designed for the full output power because of degrad-
ing factors. These include variations of the incident
energy, angle of the incident radiation, temperature,
and, for space applications, the erosion by microm-
eteorites, the type and duty cycele of orbit and satellite
crientation. Correcting for these factors and provid-
ing the necessary mechanical structure, the output
power of most satellite supplies is designed at about
& mw ¢m® and at 2 w 1b unoriented. Silicon solar cells
are now a reliable energy source for satellites. A sili-
con solar cell power supply placed on the Vanguard
satellite and launched on March 17, 1958 is still op-
erating after four years of service. Many other satel-
lites have successfully used solar cells, including
Pioneer V, Explorer VI and VII Transit, Tiros and
Courier. Designs up to 600 watts are now under con-
sideration for Advent and other larger systems
(Fig. 4).

The use of solar energy on the ground has not pro-
gressed as rapidly, mostly because of the less pre-
dictable solar energy on the ground and because of
the high cost of solar cells— approximately $5 for a
1 x 2-cm cell with an 8-9-percent efficiency. Most
ground applications are limited to experimental
studies. A transistorized radio operating with solar
cells is being marketed and the U. S. Army has con-
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FIG, 5—FEuxperimental solar powered battery charger
for photoflush gun

sidered using a solar package for recharging small
batteries and, in larger sizes, for remote unattended
operation. Figure 5 shows an experimental solar-
powered battery charger for a photoflash gun.

Work is under way to improve the operating char-
acteristics of the silicon solar cell and to develop
photovoltaic materials. One improvement in the
solar cell was the use of a gridded contact on the
surface of the cell to reduce its internal series re-
sistance. Because of this decreased resistance, the
eptimum operating voltage of the cell is higher than
the nongridded cells and increases the conversion
efficiency by about 2 percent. Concentrators to obtain
higher intensities of illumination and increase the
power output of the solar cell are also under con-
sideration. Drop-off in efficiency is slow with in-
creasing intensity and a fairly uniform increase in
power output is obtained with increasing intensity.
Simple flat-plate concentrating devices could give a
four-fold increase in power output and result in an
overall cost reduction of 50 or 75 percent. Filters
applied to the cell surfaces can also effectively reduce
the operating temperature of the cell, thus increasing
efficiency, and provide protection against mechanical
damage, surface contamination, micrometeorite ero-
sion, etc. Recently, the development of the blue cell
was announced, suited to space environment by its
greater response in the blue region, giving a 10-15
percent increase in output power. It is also expected
to have a longer useful life because the shallower
junctions have a higher nuclear radiation resistance.
Another approach is the phosphorus diffused n-p sili-
con solar cell. This cell is even more resistant when
exposed to radiation than the boron diffused p-n cell.
These radiation-resistant cells have about the same
efficiency as the p-n cell but should be useful for sat-
ellite applications and radiation environments,

The development of large-area solar cells made
by depositing the photovoltaic material directly on a
base material by vapor deposition or other tech-
niques also will be important in reducing solar
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FIG, 6—Thermoelectrie generatoys: 35-1b, 250eatt pro-
pane-fired generator (A); and model of 5-catt leaded-
gusoline poweered generator (B)
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source (B) used in weather station near North Pole
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cell costs. Techniques are being studied for de-
positing such thin films of silicon or other photo-
voltaie materials with the hope of achieving con-
version efliciencies of 5 to 10 percent. Development
of such a low-cost flexible mechanically-sound device
would inerease the opportunities for exploitation of
solar energy on the ground. Forecast for the future
is an inexpensive blanket-tvpe converter that can
be folded into a small. easily handled package
and opened and exposed to the sun to obtain
electrical power. Conceivably. up to 100 watts of
electrical power could be obtained with a square vard
of thin sheet solar converter. Other semiconductor
materials under investigation for solar energy con-
version include cadmium sulfide, gallium arsenide,
gallium telluride and even multienergyv-gap materials
which ultimately may lead to conversion efficiencies
in the order of 20 percent.

Thermal Eiergy Conversion

It is possible that production of electrical power
will continue to rely chiefly on thermal conversion
systems, although they will be completely different
from the rotating tyvpes of todav. The heat sources
will be radioisotopes, solar concentrators or ¢hemical
sources for the lower power levels and nuclear reac-
tors for higher power outputs. Conversion devices
will be thermoelectric and thermionic generators with
competition from Stirling or vapor Rankine cycle
heat engines. Regenerative fuel cells will probably
not be important. The magnetohvdrodvnamic (MHD)
generator may become an important system for high
power outputs, but it is in its infancy today.

Two important thermal energy conversion devices
for the low power or portable range, are the thermo-
electric and thermionic converters. Technologically,
the thermionic converter is not as advanced as the
thermoelectric device. However, its conversion effi-
ciency should be considerably higher than the thermo-
electric generator because it operates at a higher
temperature, thus giving a higher Carnot efficiency.

Efforts in the thermoelectric field have resulted
in the development of new materials with conversion
efficiencies up to 12 percent and the construction of
experimental units up to the five kilowatt size. Typi-
cal of recent units using new materials is a 35-Ib,
250-watt propane-fired generator built for the Navy
(Fig. 6A). Overall efficiency of the unit was about
1.1 percent, although the individual thermocouples
had an efficiency of 4.4 percent. Lead telluride was
used for the n-leg and germanium bismuth telluride
for the p-leg. The unit operated at a hot-junction
temperature of 450 deg C. with a cold-junction tem-
perature of 130 deg C.

The Army is developing a leaded-gasoline powered
generator for forward area applications, to provide
45 watts, with a weight of 10 1b, including fuel for
12 hours operation (Fig. 6B). The unit is expected
to have a thermocouple life of 1,000 hours. The Air
Force is sponsoring a program on a solar power
thermoelectric generator for space application, hav-
ing a power density of 20 watts per 1b.

Thermoelectric generators that promise lower
weight and smaller size are technologically ahead of
other new systems under investigation and will prob-
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ably be among the first used in practical applica-
tions, Testing of experimental models has brought
to the forefront a number of problems (poor contact
design and high resistance degradation and sublima-
tion of materials during use, inadequate mechanical
strength). These must be overcome before the sys-
tem requirements of reliability, long life and high
material efficiencies can be obtained. Initially ther-
moelectric generators will operate at low conversion
efficiencies, but overall performance will be adequate
so that they should be in use within two to three
vears.

The thermionic converter promises high conversion
cfficiency and power density. There are two major
types of thermionic converters, each offering a dif-
ferent solution to the elimination of space charge
that forms around the cathode and limits the per-
formance of the thermionic diode. In the earlier or
vacuum type, the spacing between the anode and
cathode surface is kept small (about 0.5 mil) to re-
duce the space-charge effect. In the newer approach,
an ionized vapor, such as cesium, neutralizes the space
charge, increasing the flow of electrons and useful
clectrical output. Cathode-to-anode spacing in the
cesium thermionic converters is about 10 mils, sim-
plifying the mechanical structure and giving a five-
fold improvement in performance over the vacuum
converter. Efficiencies of 15-17 percent at a cathode
temperature of 1,500 deg C have been reported.

The feasibility of the thermionic converter has
heen established.  Work is continuing to increase
power levels and efliciency, to find materials and
designs compatible with the high operating tempera-
tures. to achieve required long life and reliability
and to develop practical structures in combination
with the desired energy source. The thermionic con-
verter is being considered for space applications as it
is less susceptible to radiation than some of the other
devices and can operate at high levels of radiation
and high temperatures without serious damage. A
typical solar-thermionic energy source ix shown in
Iig. 7TA.  An assembly of thermionic converters,
mounted in suitable solar energy concentrators, can
be used on an orientation pedestal to provide power
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for a satellite or remote ground station. The thermi-
onic converter is also being considered for portable
ground applications, fired by gasoline, propane or
other conventional fuels. A 45-watt, 10-1b gasoline-
fired unit is being developed for the Army. Experi-
mental models of other portable units, in sizes up to
200 watts, will be available for test and evaluation
within two years.

The solar-Stirling engine systems and solar turbo-
generator systems also are being studied. They
may have advantages at the higher power levels, but
the trend is towards the static converters for the
medium and lower power level applications.

Nuclear Energy Systems

Nuclear energy provides a source of electrical en-
ergy in a compact form capable of yielding over 1,000
times the energy of a chemical source of the same
weight. 1t is an important energy system for high
power unattended or long-life operation.

There are two types of nuclear power sources,
those using the energy released in the decay of radio-
active isotopes and those employing a reactor, Al-
though some low-power batteries employing direct
conversion of nuclear energy have been developed,
recent emphasis has been on the conversion of nuclear
thermal energy into electrical energy, using both
solid-state and dvnamic heat engines.

Actual use of a portable nuclear-powered electrical
energy source occurred in June 1961 when a plu-
tonium-238 radioisotope fueled generator weighing
4.6 pounds was launched in the Transit IVA satellite
and provided 2.7 watts of continuous power. In the
summer of 1961 an atomic-powered weather station
(Fig. 7B) was established about 700 miles from the
North Pole. This Snap 7C unit, weighing 55 pounds
(plus 1,600 pounds of shielding) used heat produced
from radioactive decay of Strontium-90, and pro-
duced 10 watts of electricity by lead telluride thermo-
couples. Another similar device (Snap TA) is being
designed for a Coast Guard navigation buoy and
i= predicted to have a 10-year life.

The Snap (Systems for Nuclear Auxiliary Power)
program has been responsible for most of the develop-
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“ment of nuclear-powered electrical power sources.
This program is investigating both the radioisotope
and the reactor powered devices, as well as solid state
and dynamic engine converting devices.

Radiocisotope units have a disadvantage in that
the power production of the fuel is not constant, de-
creasing to one-half the original output in a half-
lifetime. As most of the useful radioactive materials,
with the exception of strontium-90, have lifetime of
under one year, the life of these units is limited and
the excess energy given off as heat during the early
life of the unit must be dumped. Strontium-90 has a
half-life of 25 years and provides a relatively con-
stant power over the useful life of an energy con-
verter, but heavy shielding must be provided and
generator designs have to be established to provide
protection. These characteristics will seriously
limit the usefulness of radioisotope devices for other
than remote applications.

The nuclear reactor power sources will probably
be most satisfactory for achieving the high power
requirements of space as well as certain terrestrial
applications.

Reactor systems for the space program are Snap
10A and Snap 2. Each uses a compact uranium-hy-
dride fueled reactor. In Snap 10, the reactor is
coupled to a thermoelectric converter to produce 500
watts of electricity and will weigh about 525 pounds
unshielded. In Snap 2 (Fig. 8), higher power is
achieved by coupling the system to a small mercury-
vapor turboalternator. The system has a thermal
power of 50,000 watts and a designed electrical power
output of 3,000 watts and weighs 750 pounds un-
shielded. The Snap experimental reactor, a proto-
type to demonstrate the feasibility of the Snap 2
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project, operated for over 4,000 hours before the
test was discontinued in November 1960. Demonstra-
tion flights of Snap 10 and Snap 2 are scheduled for
1963-64.

Snap 8, scheduled for 1965, is a scaled-up version
of Snap 2. It is rated at 30 Kw, but has a reactor
capable of driving two conversion systems to produce
60 Kw. The unshielded 30 Kw system will weigh
about 1,500 lb., the 60 Kw system 2,500 Ib. Higher
power reactor-electric systems in the 300-Kw and
10-megawatt range using thermionic converters in-
tegrated into the reactor core or high temperature
Rankine systems are also under consideration.

Conclusions

Although progress in the development of portable
electrical power sources has not been as rapid as
expected, a number of new power systems will be
available to the equipment designer within a few
years. This wide variety of systems will be needed
to satisfy new requirements. It is impossible to elimi-
nate any of the major types of power systems from
consideration as each will find a useful role.

A single ideal power source capable of fulfilling
every requirement will not be obtained. Selection of
the one most suitable for a specific application, there-
fore, represents a compromise among many factors.

A comparison of the power output of the different
power systems as a function of service time (pro-
jected to the 1965-70 period when the newer systems
should be available) is given in Fig. 9. The curves
show typical performance, but a wide variation in
performance is to be expected, depending on the
power level, the specific electrical requirements,
shielding, environmental requirements, space or
ground applications, and other design factors. The
chemical systems show up well for the short duration
requirement or, as a secondary battery, for energy
storage or for handling peak load requirements. The
fuel cell and chemical-thermal systems will fulfill re-
quirements in the medium life range. The solar and
nuclear reactor systems are good for long periods of
operation. The photovoltaic devices will be important
at the lower power levels up to 1 kw, the solar-
thermal systems from 100 w to 10 kw, and the re-
actor systems for the higher power levels.

These generalizations and broad comparisons can-
not, of course, cover all of the factors involved in the
selection of a suitable power source. More detailed
information on the performance of the power source
under the operating requirements of the equipment
should be obtained before any final selection is made.

The author acknowledges the assistance of the
members of the Power Sources division, U.S. Army
Signal Research and Development Laboratory, and
the industrial organizations who supplied information
and photographs used in this article.

The views of the author do not reflect the position
of the Department of the Army or Signal Corps.

REFERENCES

(1) D. Linden and A, F. Daniel, New Power Sources for
Space-Age Electronics, ELECTRONICS, p 43, March 20, 1959,

(2) D. Linden and A. F. Daniel, New Batteries for the Space
Age, ELECTRONICS, p 59, July 18, 1958.

electronics



TUNNEL- AR

DIODE

PARAMETERS

Important parameters can
be determined with enough
accuracy for most applica-
tions without actually
tracing the diode curve
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FIG. 1—Forward d-¢ characteristic curve for the tunnel diode

By CARL DAVID TODD Electronic Products Division, Hughes Aircraft Company, Newport Beach, California

AS TUNNEL DIODES become more
common in electronic circuits, the
need for measuring techniques and
equipment assumes greater impor-
tance. Much can be learned from a
study of the tunnel diode’s static
characteristic curve"®; however,
this procedure becomes time con-
suming for large quantities of tun-
nel diodes.

Thus, certain d-c parameters are
used to characterize tunnel-diode
operation. These can be defined
with the help of the static operat-
ing characteristic curve, shown in
Fig. 1.

The curve has been divided into
three operating regions. Region I
is the first region entered as for-
ward voltage V. increases from
zero. Current here is due primarily
to quantum-mechanical tunneling;
the slope of the characteristic, and
hence the small-signal resistance,
is positive.
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As applied voltage V. increases,
current enters Region II; here the
current decreases for an increasing
voltage. Current flow here is due
primarily to tunneling and the so-
called excess current effect.

Finally, region III is entered as
the slope changes from negative to
positive. The current now consists
of the excess, present also in region
II, with an added current due to
minority carrier injection as en-
countered in p-n junction diodes.

The peak tunneling current, I,,
is the maximum value of forward
current the major portion of which
may be attributed to tunneling. It
is the highest value of current for
which the value of equation dI/dV
is zero.

Valley current, I, is the mini-
mum forward current that will sus-
tain operation in any other than
the lowest voltage region (II). It
is the lowest current for which the

value of dI/dV is zero.

Peak to valley current ratio, H =
1,/1,, is the ratio of the peak tun-
neling current to the valley current.
For a perfect diode without the
presence of an excess current, the
ratio would be almost infinite. For
germanium tunnel diodes, values of
3 to 15 represent the normal
spread.

Reverse diode current I, is the
current flowing when the tunnel-
diode junction is negatively biased
by a reverse voltage V.

Junction power dissipation P, is
the steady-state power dissipated
by the junction, or the product of
I, and V, if operation is in the for-
ward region, or of I, and V, if op-
eration is in the reverse current
region.

Maximum voltage V, at I, = I»
is the forward voltage necessary to
cause a current flow greater than
the peak tunneling current I, by
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(A)

FIG, 2—Two simple test circuits: for

for measuring ratio H, (B)

an infinitesimal amount. It is also
the theoretical maximum voltage
that may exist across a tunnel di-
ode with an infinite-resistance load
line chosen for bistable operation.

Voltage at the peak tunneling
current, V,, is the forward voltage
that causes the maximum tunnel-
ing current to flow. Voltage V. de-
fines the boundary between regions
I and II in Fig. 1. For a voltage
less than V, by an infinitesimal
amount, the small-signal a-c re-
sistance is positive and for a volt-
age greater than V, by an infini-
tesimal amount, the small-signal
a-c resistance is negative.

Voltage swing V. is the maxi-
mum voltage swing for an ideal bi-
stable condition having two stable
voltages V. and V,; V, is the dif-
ference between V,, and V,.

Valley voltage V., is the forward
voltage necessary to cause the val-
ley current, I,, to flow, vet with dI/
dV equal to zero. This voltage de-
fines the boundary between regions
IT and TII. For a voltage slightly
below V., the small-signal a-c re-
sistance is negative and for a volt-
age greater than V,, the small-
signal a-c resistance is positive.

A simple test circuit for meas-
uring the current parameters I,
and I, is shown in Fig. 2A. The
tunnel diode is inserted in the test
socket and voltage V, is slowly in-
creased from zero until a sudden
increase occurs in the forward volt-
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(B)

measuring currents I and Iv, (A);

age of the tunnel diode as indicated
by vacuum-tube voltmeter, M.. The
current measured by meter M, just
before the tunnel diode switches is
the peak current of the tunnel di-
ode. If V, is large compared to V,,
of the tunnel diode, then the cur-
rent indicated by M, will be the
same before and after switching
has occurred. Capacitor C, pre-
vents premature switching of the
tunnel diode due to transients.

If voltage V1, is much greater
than peak voltage V., the value of
I, may be determined by dividing
the value of V, by the value of the
series resistor, R,.

The tunnel diode has switched
from region I to region III along
a constant current load line. If V,
is now decreased slowly, the tunnel
diode will switch back to region I
as the current is decreased below
the value of /,. Again this switch-
ing action mayv be noted by observ-
ing M.. The value of I, is that cur-
rent indicated by M, just prior to
the switching action. If the value
of V, is high enough with respect
to the valley voltage, no change in
current will be noted.

In either measurement, voltage
V, could have been held constant
and the value of the series resistor
R, varied to increase or decrease
the current as desired.

The circuit of Fig, 2B is similar
to that of Fig. 2A with the addi-
tion of switch S, and the variable

resistance R, If, as before, V, 1s
slowly increased from zero until
meter M, indicates a switching ac-
tion, the current flowing is equal to
I, and, in terms of the circuit con-
stants, is V,/R,, assuming V, is
much greater than V,. Now if V,
is kept constant, switch S, de-
pressed, and resistor R, increased,
the current through the tunnel di-
ode will decrease. When the cur-
rent drops to an amount equal to
I, M, will again indicate a switch-
ing action. The value of the valley
current

— ‘71
i Y “
The value of the ratio of I, to Iy
is
_ Vl_/_Rl - _&+,RE
"= vimrim R @

Note that the ratio obtained is in-
dependent of the supply voltage V,
although for accurate results, V,
must be much greater than /.. Fur-
thermore, a dial attached to re-
sistor R. may be linearly calibrated
directly in H.

If the test circuit of Fig. 2A is
used to measure the quantitative
values of the tunnel diode forward
voltage V. just prior to and im-
mediately after switching from re-
gion I to region III, the values of
V. and V,, respectively are ob-
tained. The voltage swing V,, is
the difference between V, and V,.

The voltage indicated by meter
M., just prior to switching caused
by a sufficient increase in R, is the
value of the valley voltage, V..

The shape of the tunnel diode
characteristic curve makes it diffi-
cult to obtain accurate measure-
ment of V. and V. by this tech-
nique although the results will be
adequate for most uses. Should an
accurate measurement of V, and
V, be necessary, a technique is
available for measuring the slope
to indicate operation at the peak or
valley points.”

A test circuit that will allow the
measurement of most of the d-c
parameters is shown in Fig. 3. It
consists of a wvariable current
source whose output is indicated by
a multiturn dial and a provision
for measurement of the forward
diode voltage, V, by the use of an
external vtvm.
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No effort has heen exerted to
stabilize the tunnel diode and hence
it will not remain in the negative
resistance region (II, Fig. 1) but
will proceed to either a low voltage
state, region I, or a higher voltage
state, region III. By noting the
reading of the d-¢ vtvm, the state
of the device may be determined.

The value of I, is obtained by
noting that value of current which
just causes switching from region
I to region IIl. If the current is
adjusted to a value less than I,
momentarily depressing switch S
(RESET) will cause the tunnel diode
to remain in region I. The current
is then slowly increased until the
reading of the d-c vtvm increases
sharply and the value of I. may be
read from R,. Should the dial he
turned too far, it should be turned
back a little at a time until that
current is reached, which will allow
steady reset back to region T on the
momentary depression of S..

Current I, is found by determin-
ing the value of current that just
demands switching from region 111
to region I. If the tunnel diode is
not in region 111, a momentary de-
pression of switch S. (SET) will
shift the operating point into that
region; I, may also be determined
as the maximum value of current
that will allow self-resetting after
S. has been momentarily depressed.

Two current ranges are provided
for I.; one covers a range from
about 50 microamperes to 1 ma. the
other from 0.5 ma to 10 ma.

The voltage drop across the tun-
nel diode is approximately 300 to
400 mv greater for region III than
for region I (for germanium
units). To compensate for this
voltage difference and retain the
same calibration. a diode (D)) with
approximately 350 mv forward
drop is placed in series with R,
when making /. measurements.
For other measurements, when the
tunnel diode is in region III, the
diode is shorted out. This compen-
sating voltage as well as the V.
drop of the transistor can be pro-
vided by a voltage drop across R..
This voltage is adjusted by chang-
ing R. until the dial reads correctly
at some low-scale reading.

The measurement of H is a two-
step procedure. The peak current is
measured in a normal manner leav-
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FIG. 3—Test set for quantitative measwrement of all d-¢c parameters of

the tunnel diode

ing the tunnel diode in region III
but with a forward current equal
to I.; FUNCTION switch S, is then
placed in the position marked H
and potentiometer R, is slowly in-
creased until switching from region
IT1 to region I is noted on the vtvm.
The ratio may then be read from
the dial of R,. Here again, if R, is
turned too far, it may be backed off
by a small amount at a time until a
momentary depression of S. leaves
the tunnel diode in region IT1.

The value of I, is approximated
by the value V,/R. For I, measure-
ment

I71[’ - ‘yl-’l

Ip = R

»
V. is drop across D, V., is V, with
dial set to /.. Performing the steps
for I./I. measurement, the voltage
V', is the same but the current
(equal to the value of /) is given
by
_ Ve = Vy
Iv = p 4 R )
If the forward drop across diode
D, is approximately equal to the
valley voltaze of the tunnel diode,
the valie of H reduces to:

ll),'; + I?q

H=""p,

(6))

The dial of R, may be displaced
by one turn to allow direct reading
if the total value of R, is made ten

times the value of R..

The peak voltage, V. may be
read on the vtvm just before the
peak current is reached and the
tunnel diode switches into region
II1. V, is the voltage indicated by
the vtym just after switching into
region III occurs.

The valley voltage V., may be ob-
tained by reading the vtvm just be-
fore switching back to region I oc-
curs. Forward voltages less than
V, may be read with S, in the I,
position, the dial of R, indicating
the value of I,. Voltages greater
than V, may likewise be read with
S, in one of the /. positions with
the dial of R, again indicating the
value of /,.

For ease of calibration, a mer-
cury cell reference and meter com-
parator has been included. Resistor
R.. is adjusted during initial cali-
bration. This eliminates the neces-
sitv of measuring the supply volt-
age with an external meter.

The test set of Fig. 3 is intended
primarily for reasonably accurate
measurement of quantitative
values. For production tests, a
much simpler set must be used.’
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Authors and two associates look over the helmet that has the trans-

mitter, Receiving equipment is in foreground

INJURIES AND DEATHS among foot-
ball players, particularly in high
schools, have caused increasing con-
cern in recent years. Although the
helmet itself is a possible cause of
injuries, there is a lack of informa-
_tion concerning its function and
how much protection it must sup-
ply. Figure 1 shows a system that
provides such information, tele-
metering impact data from the in-
side of a helmet (Fig. 2) while the
wearer plays football.

This f-m/f-m system carries
only a single channel of accelera-
tion data. Although multiplex
techniques are not necessary for a
single channel, they were used for
two reasons. The first is that more
channels may be used eventually.
The second reason is that the sub-
carrier oscillator can be con-
structed in such a way that it is
much more immune to shock and
vibration than the main-channel
oscillator. This prevents extrane-
ous output signals being produced
by vibration of the transmitter.

Because of the limited space in
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the helmet, a simple design was
chosen. Although commercial sys-
tems are available that do not oc-
cupy any more volume than the one

EMITTER
FOLL-

ACCELER-

OMETER

F-M
XMTR
154.60MC

TO TAPE
RECORDER

18-KC
BANDPASS
FILT

AMPL—
SCHMITT
TRIG

INTEGRATOR
L5-KC
LO-PASS
FiLT

MONOSTABLE
MULTIVIEB

(B)

FIG. 1—Heblmet transmitter (A)
sends data to receiver (B) on side-
lines

Telemetering

In this novel application of
telemetry to sports-equip-
ment research, a minia-

ture transmitter in the

helmet of a football player
radios data on impacts
that helmet—and player
—7receive. Equipment on
sidelines receives and re-
cords data

By JAMES S. AAGAARD
JOHN L. DUBOIS,

Dept. of E. E.. Northwestern U,,
Evanston, Iil.

constructed, they do not meet size
and shape requirements. The
equipment is limited in thickness
to a half inch or less and is located
entirely in the crown area of the
helmet. Sufficient space is left so
there is no danger of the player’s
head coming on contact with any
equipment.

The entire assembly is encapsu-
lated in two sections in a silicone
rubber potting material, and at-
tached to the helmet shell with ny-
lon screws. A 12-volt 10-hr mer-
cury battery pack is used.

The transmitter accelerometer
(Fig. 1A and Fig. 3) is a piezoelec-
tric unit having a capacitance of
500 pf. To maintain response down
to a few cps, the amplifier (Q, to
Q.) preceding the voltage-con-
trolled subcarrier oscillator (Q. to
Q.) must have an input impedance
of 100 megohms or more. This im-
pedance is obtained by using a
combination of positive and nega-
tive feedback in @, to Q..

Subcarrier oscillator @, to Q, is
an astable multivibrator that runs

electronics




Impact Data from the Football Field

ACCELEROMETER

NORMAL HELMET
SUSPENSION STRAPS

(A)

TRANSMITTER

PADDING
MATERIAL

AMPLIFIER ANy _ACCELEROMETER
VOLTAGE — CONTROLLED /

SCILLATORY

ostiLLaTo ] ANTENNA

ANTENNA

BATTERIES”

(8)

TRANSMITTER

SIDE
VIEW \
ANTENNA
HALVES

BOTTOM
VIEW

(C)

FIG. 2—Section (A) through side of helmet. In (B), view is looking into bottom of helmet, with padding material
removed to discloge equipment. Views in (C) show antenna halves, which consist of conducting paint

at 14 Ke. Charging current to tim-
ing capacitors C, and C. is con-
trolled by the input signal. A band-
pass filter removes the higher har-
monics from the rectangular out-
put of the multivibrator. Maxi-
mum subcarrier deviation is 2 Ke.

The crystal-controlled oscillator
(Q,) uses the third overtone of the
51.55-Mc crystal. Oscillator fre-
quency is varied plus or minus 7
Kec by the subcarrier, which is ap-
plied to the base of Q,. The oscil-
lator is inductively coupled by T,
to a tripler (Q.). Transformer T.
couples Q. to amplifier Q,. A pi-
network couples @, to the antenna,
which consists of two areas of con-
ducting paint on the inside of the
helmet (Fig. 2B). Output fre-
quency is about 150 Mc and power
is about | mw.

The receiver uses a yagi-type an-
tenna in which the plane of the di-
rectors rotates around the boom.
This tends to reduce the effects of
changes in polarization of the
transmitted signals as the player
moves. An f-m communications re-
ceiver is used, followed by a band-
pass filter and a pulse-counting
type of subcarrier detector. A low-
pass filter removes the ripple from
the output. Maximum information
frequency is about 1 Ke. During
use of the equipment at a game,
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the subcarrier is recorded on mag-
netic tape for later analysis.

The waveshapes in the inset of
Fig. 3 show a comparison of the
telemetered output from the sys-
tem using an accelerometer in the
helmet with the output from a di-

L

rect connection to an accelerometer
mounted in a dummy head
(broken lines).

Funds for this work have been
provided by Evanston Hospital and
the Northwestern University
Medical School.

Q3
2N5358

=L 0,005
:L 0.t8uH

0.075uH

1-28pF

K= X 1,000

FIG. 3—Helmet f-m transmitter transmits impact data sensed by acceler-
ometer. Inset compares telemetered waveshape with o test waveshape
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Using a Vibrating Capacitor as

Instead of using a conventional chopper to convert a d-c input signal,

the author uses a vibrating capacitor as the conversion element of an

electrometer. He shows how to optimize parameters of the vibrating

capacitor and of the associated circuit componeits

By V. J. CALDECOURT
Chemical Physies Research Labaratory
The Dow Chemical Co..
Midland, Michigan

MEASURING the output of photo-
tubes, ionization chambers, mass
spectrometers and many other
scientific instruments involves the
measurement of currents as small
as 10™ ampere or less. This is com-
monly done by passing the meas-
ured current through a high re-
sistance, 10" ohms or more, and
amplifying the voltage drop. Since
the input impedance is so high an
electrometer amplifier is required.

One simple electrometer ampli-
fier uses a low-grid-current tube
with a 10" ohm resistor in its grid
circuit; the tube is followed by a
d-c amplifier. Such amplifiers have
attained a high degree of perfec-
tion using balanced circuits. How-
ever, they are difficult to make with
long-term zero stability, that is,
with drift rates as low as fractions
of a millivolt per day, noncumula-
tive. Long-term zero stability is de-
sirable because it allows unattended
operation and long integrating
times; lengthening integration time

VIBRATING
CAPACITOR

lowers the minimum current level
that can be detected.

Chopping a d-¢ current to pro-
duce a-c, amplifving the a-c¢ signal
with an a-c¢ amplifier, and then con-
verting back to d-¢ with a synchro-
nous detector is a well known way
of providing d-¢ amplification with
excellent zero stability. This ap-
proach is used in the electrometer
shown in Fig. 1, where a vibrating
capacitor is used, rather than a
chopper. The vibrating capacitor
provides a power gain while per-
forming this function.'

However, the vibrating capacitor
and associated parts add appreci-
able capacitive loading to the input
circuit, This can result in a loss in
information. If a pulse change in
current occurs, the resulting volt-
age change is attenuated and the
signal-to-noise ratio reduced. The
loss in output signal can be compen-
sated by using a feedback amplifier'
but this will not restore the signal-
to-noise ratio. Thus. designing a
vibrating-capacitor circuit centers
around two concepts: (1) the total
shunt capacitance should be held to
a minimum; (2) capacitances C,

FIG. 1—Simpli-
fied civenit shows
how vibrating

BROWN
AMPLIFIER
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capacitor C, is
used in the fromt
end of an electio-
meter

PRE-AMP

(the vibrating capacitor) and C, in
Fig. 1 are a compromise between
the requirements of the first state-
ment and the need for good d-c to
a-¢ conversion efficiency.

Consider the conversion problem
first. The capacitance combination
of C.. C, and C,, dictates much of
the design. For good conversion
efficiency, vibrating capacitor C,
must have a maximum capacitance
large compared to this capacitance
combination. Residual capacitances
C. and C, can be minimized by lay-
out and choice of amplifier tube.
Capacitance C. is chosen to provide
good signal transfer to the grid
of V..

In addition to these capacitances,
the total shunt capacitance includes
C.. which comprises the source ca-
pacitance plus the shielded conduc-
tor to the source. The source ca-
pacitance is usually determined by
other design factors and can not be
easily changed. The shielded con-
ductor can contribute excessively to
the total capacitance if long leads
or a high-capacitance coaxial con-
ductor is used. This frequently
causes a significant loss in signal-
to-noise ratio.

These qualitative statements can
be expressed mathematically by de-
riving the peak-to-peak voltage
output in the parameters shown in
Fig. 1. The design equations are
developed in peak-to-peak voltage
since expressions for the complete
waveshape are complex, The wave-
form is not a simple sine wave™*

In Fig. 1 circuit components are
shown by solid lines and the sig-
nificant stray capacitances are
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an Klectrometer Input

shown by dotted lines. Leakage re-
sistances can usually be made neg-
ligible in comparison to the resist-
ance values.

When considering the output of
the converter at the carrier fre-
quency (the vibration frequency of
C)), resistors R, and R., can readily
be chosen so that they become un-
important. This will be true if
RC, > 1/f and R.C, > 1/f, where
[ is the carrier frequency. For sim-
plicity the capacitances can be
grouped:

('v = minimum value of ('

'y = maximum value of €y

'y (1 residual capacitanee)

= ('4 -+ (':’('.1 (('2 + ('3)

I’ = d-¢ input voltage

AL = peak-to-peak a-¢ voltage out.

For a given charge in C, Q,
which will remain essentially con-
stant during a period of vibration
because of R,

Q Q

Cy 4+ Cyp Cy +Cp

0 Cy —Cy
(Cx +Cp) (Cyy + Cr)

which can be rearranged’

AK

Al

r= [(Cayp O 4 Cp| X

Co —Cy
(Cx + Cp) (Cyr + Cp)

In practical electrometers C, >» C,
and C, >» Cy. Hence

AL E = [(Cy CxP4Cp)/(Cxo4Cry (1)
Since efficiency is highly dependent
on the C, term in the denominator,
C. should be made small.

IFFor u given C, and C,. there is
an optimum value * for Cy
Crv o= [ == (0240, C'2) Cyz (2)
As an example, let C,, = 30 pf and
C. = 8 pf; then Cy = 2.95 pf. for
an optimum amplitude.

Capacitor C. couples the a-¢ volt-
age generated by C, to the grid of
V,. At first glance it would appear
that C. should be made large com-
pared to C, to obtain maximum
carrier signal transfer to the grid.
However, C, significantly affects the
response time at low frequencies,
that is frequencies less than
the carrier frequency, because R.
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FIG. 2—Vibratiang-capacitor assembly (A) is on one side of fthe
clectroneeter case and preamplifier (B) s on the other. Power supply
(C) is in a separete unit
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acts as a short circuit and C. con-
tributes to the total capacitance
sharing the available charge. The
optimum value for C. is

Co = {03 (Cov + Co+ CHP - (3)
where C,, = average capacitance of
C, when vibrating.! The optimum
value of C. is small. For example if
C,=4pf, C, =5 pf, C,, = 10 pf
and C, = 25 pf, C. should be 12.6
pf. Values of C. larger than the op-
timum will reduce the signal-to-
noise ratio.

Figure 2 shows a vibrating-ca-
pacitor converter designed to the
criteria of Eq. 1, 2 and 3. This
converter replaced the Brown con-
verter used in a Brown recorder.
The vibrating capacitor and pre-
amplifier are mounted in a sepa-
rate box mounted close to the sig-
nal source to minimize C..

Note the low-capacitance con-
struction used in Fig. 2. The
first-stage electrometer pentode in-
troduces about 3 pf input capaci-
tance. Parts are mounted well
away from the metal chassis to
minimize wiring capacitance. The
vibrating electrode of the vibrat-
ing capacitor is mounted on a
parallelogram leaf spring arrange-
ment so that a large amplitude of
electrode movement can be at-
tained. The wiring plus the stray
capacitance of the vibrating ca-
pacitor adds 5 pf, bringing the total
residual capacitance to 8 pf. When
the #-inch-diameter moving elec-
trode is 0.002 inch from the sta-
tionary electrode, C, = 30 pf.
When the electrode separation is
0.02 inch, C, = 3 pf. Using Eq. 1
above AE/E = 1.13.

Another advantage of the paral-
lelogram spring mounting is that
it provides a mechanical mounting

FIG. 3—Drawing shows mounting
of vibrating capacitor C;

resistant to motion in modes other
than the one it is designed for and
therefore is less subject to extrane-
our vibrations (see Fig. 3).

The surfaces of the vibrating ca-
pacitor are coated with Aquadag
and lightly polished with a lintless
cloth. Residual contact potentials
are less than 20 mv and stable.
Drift rates of +0.2 mv per day,
noncumulative, are typical. A small
response, less than 1 mv, has been
observed to changes in absolute
humidity. This could be stabilized
by hermetically sealing the unit.

The drive unit—vibrating leaf,
drive coil and permanent magnet—
are parts from a Brown converter.
These parts were used partly for
convenience and partly because
they provided a simple way to se-
cure a converter whose phasing
would be compatible with the
Brown amplifier. The Brown drive
unit will provide about 40 to 60
mils of electrode travel.

A mechanical stop is on the out-
side of the vibrating capacitor
housing (Fig. 2A). This prevents

hammering of the electrodes when
starting up. The transient occur-
ring when the drive is first turned
on causes an overshoot which tends
to drive the electrode beyond its
normal range.

No interaction of the magnetic
field of the drive coil or micro-
phonies from the vibrating capaci-
tor are visible on the output of the
electrometer pentode.

Figure 2B shows the opposite
side of the electrometer case. The
circuit elements for the electrom-
eter preamplifier and the com-
pound - emitter - follower output
stage are mounted on terminal
strips. The preamplifier shows a
gain of 7 to 10. Thus, the peak-to-
peak output is 7 to 10 times the d-c
input. The emitter follower pro-
vides low output impedance to drive
the Brown amplifier’s input trans-
former. Figure 2C shows the
power supply.

The circuit diagram of the elec-
trometer preamplifier and its
power supply is shown in Fig. 4.
A 6-v transformer (T,) supplies
power to the drive coil of vibrating
capacitor C, and to the d-c supply.
The low voltage d-c (11 v) sup-
plies the transistors and the elec-
trode potentials and the filament
voltage of V..
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FIG. 4,—Output of the clectrometer, which is taken from Q. of the preamplifier, goes to an awmplifier (not shown)
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we’ve been getting
ALL KINDS of complaints
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Hi-G's Complaint Department had been purring along in great style, filing nails, brewing coffee, pasting
green stamps in books for the girls in the office, when suddenly the complaints began to trickle in. Then seep in,
Then POUR in.

“How come you delivered two weeks early. Our production line didn’t expect your relays until . . ."”

“Your invoice does not agree with your quotation. Your final billing is much lower than your quote. Our Accounting
is simply furious at the extra paper work you have caused ...”

“Who’s the wise guy at Hi-G? We specifically specified a relay which would perform 100,000 times without failure,
Our 77th Destructive Testing Group is exhausted after 150,000 performances of your Model .. ."”

Please. If you are a chronic complainer like this, don’t call us. We just happen to have here a list of competitive
manufacturers who . ....

DIVISION OF Hi-G, INC. WINDSOR LOCKS, CONN, DIVISION OF HI-G, INC,
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FREQUENCY-INDEPENDENT current dividers have been
discussed in a previous article. A similar technique
can be used to design frequency-independent volt-
age dividers.

The RLC series circuit shown in Fig. 1A is a
voltage divider, which acts as a pure resistance, pro-
vided a resonant condition exists. The ratio of out-
put to input voltage is

I?,+j<w1,1— ](,)
e, wia
P — - — (1)

1{1 1
w<0, + C;)]

The condition for resonance requires that oL, —

1/wC, = 0 and that
1 1 1
o (‘(,1 + (‘-yz) - 0-

If the conditions for resonance are imposed on
the circuit in Fig. 1A, then Eq. 1 reduces to a
simple ratio so that e,/e, = R,/(R, + R.).

Now, is the resonant condition the only method
by which we can cause the circuit to act as a simple
resistance voltage divider? Let the condition of
being independent of frequency be the only initial
restriction placed upon the circuit. Assume that
Z, = R, + ja and Z, = R, + jB, then the voltage
ratio becomes

R+ It +j[w(l,. + L) —

w (Ly + Lo) —

En Rl +]a

e _ «  Ritja o
e Ri+Re+j(a+p) Ri+R» o at+p
m (") (72)
1 [¢4

If (R, + R.)/R. = (a + B)/a, then the voltage
ratio will reduce to e,/e, = R,/(R, +R.). We know
that the ratio R,/ (R, + R.) is not dependent upon
frequency. The other ratio a/a + B is in general
dependent upon frequency. If the ratio is rewrit-
ten in terms of inductances and capacitances, then

1

SCI )
L T RS
YT LG T T G,
1
i ¢ S
Ly + Le 1 TS
wlq( _141 ) - w(Vl C, ~1 Cz
C
1 1
L+l _ &1 a
Impose the condition - 1 =—7 upon Eq. 3, then
1
o

By CLINTON L. CONNER, Defense Eleetronies Products,

Frequency-Independent Voltage Dividers
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FIG. 1—Simple RLC voltage divider acts as a pure
resistance at resonance (A). Inductance-resistance
voltage divider that is independent of frequency if
the conditions of Eq. 5 are met (B). Conditions for
making this two-branch voltage divider independent
of frequency may also be extended to any number

of parallel branches (C). Generalized voltage divider
showing parameters used in the table (D).

1
_a - L‘, - ('1
a+p I+ 11
ot
Results of this investigation show that the volt-
age divider in Fig. 1A will respond as a simple re-
sistance voltage divider and be independent of fre-
quency when

R] L] ('l
= - = 4
"+ Ry Ly + L, 1 + 1 )
C, C,

Note that, if « and B8 consist only of inductive
reactances, e/a + 8 = L,/(L, + L.. The condition
for an inductance-resistance voltage divider to be
independent of frequency is that

I/(By + Ry = Ly/(Ly + L) (H)
Refer to the inductance-resistance voltage divider
shown in Fig. 1B to determine the meaning of the
condition of Eq. 5.) Assume that
Li=L,=R
Ry = KRyor K = Ry/Ry

52

electronics



400-CYCLE

BUS DUCT

less than 1 volt drop per 100 ft.

Hcre’s the economical, eflicient way to put high
frequency exactly where you want it—at rock-
bottom power loss. Westinghouse High Fre-
quency Bus Duct is designed particularly for
400 to 20,000 cps systems, and distributes power
over long runs more efficiently at 400 cycles
than most systems do at 60 cycles. Gone are
thc expense, mess and big voltage drops of
multi-run cable and conduit schemes. Gone is
the need for special at-the-site power supplies.

Other advantages of Westinghouse High Fre-
quency Duct: small size, light weight, power
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taps every 30 inches over the entire duct length,
easily relocated and casily installed.
High Frequency Bus Duct is available now
. and only from Westinghouse. Call your
local Westinghouse,salesman or write Standard
Control Division, Westinghouse Electric Cor-
poration, Beaver, Pa. Ask for booklet B-7326.
You can be sure . . . if i1’s Westinghouse.

Westinghouse()

CIRCLE 53 ON READER SERVICE CARD 53



ELECTRONICS REFERENCE SHEET (Continucd)

The voltage ratio becomes

e o+ jwl _ 1+je
i R Re4jo(l, + 1) (1+K)+j2%
and

Lo R
(% N O+ R2+ 1w ®

A plot of Eq. 6, where E is the ordinate and w
the abscissa would show that there is only one value
of K, K = 1, which gives a curve which is constant
with frequency. If K = 1, then R, = R. and L,
(Li+ L)Y =R/(R, + R) =1/(1 + 1) =12,

Having found a method to make the series circuit
voltage divider independent of frequency, deter-
mine if this is possible with the parallel circuit
voltage divider shown in Fig. 1C. The ratio of out-
put to input voltages is

L =

(&5 _ Z| oo Z||Z|-_v 7 _ Z:lziﬁ
o S m s P AT g s

The voltage ratio becomes

ATAT
Co _ Zn+Ze ZnZy (Zn+Zaw)

e; Znly | ZanZx» =Z” Zra (Zoy+Z0) + 2oy Zos (2 +Z12)
IntZig Aa+Zaw

Zn+Z

- YATRUATE AN R A (Zn+7Zn) (@)
Z Zn
Let z"",+/""'! = /'",+z"" . then Eq. 7 will become
Zn Zn
Cu Zn AN (<)

e, Zn+Zn - Zia “'Z;';'

Equation 8 is the relationship required for two

impedances in series to form a divider. From Eq. 4,

relations for a series divider are known. The rela-
tions for the parallel divider are

Fv  _ Re L L
o+ Ry Ro+ Re Ly + La Sy
1 1
T = (I = 1 )
O + & & + =

Having shown that Eq. 9 is valid for a two-
branch parallel impedance voltage divider, the same
concept can bhe extended to three impedances in
parallel. Then by mathematical induction, the case
for n impecances in parallel can be proved.

Results are summarized in the table. Figure 1D
is used as a reference with the table.

PARAMETER RATIOS FOR FREQUENCY-INDEPENDENT VOLTAGE DIVIDERS

AT Za Z Zn For voltuge ratio £ = :° , set IY equal to:
R’
Ru Ra 0 0 Ru + R
joLn Jwlan 0 o 5 ,-'}I-l La
1
j — J— CII
wCn wCn e g 1 + 1_
Cn Ca
e . Iy Ln
Ru + joim Ra + jola o 0 PR+ Ry T Lu+in
I_
) __J _ _ Cn
Bu wCn i3 wCn 0 0 R+ Rn 1 + L
Cn Ca
1
5 1 5 1 Lu _ Cn
7 (uLu — wCu) J (ulm - uf?:l) [ ] /] In+la =1 _l_—
e t oo
1
0 1 . 1 Ru I Cn
Rutj (ul,u— wCu) Rat) (wldl_ u(:ﬂ) 0 L BRu+ Ra  Ln + La = 1
© + o
n 21
. . 9 . Ru _ R _ Lu L
Ry + jwln Ra + jwly Riz 4- jwlia Ra + joln Ru4+Rn ~ Ru+4Rn ~ Lu+la Liz+Ln
5 5 R’ Lz
L2 . - = :
i Ra e Jola R+ Ry L+ Lo
1 _l__
__j__ ____i_ __.i_ ) _._j._ il o R _ _611— - Clz_
Ll wCn R wCa R wCliy e wCa Ru+Ra  Bu+Ne — 1 1 1 1
Cn G Ciz  Cn

. 1 0 1 5 1

J (wl.u - wnn) i (wl.ex = wCn ) J (w’,n - w(?n;)
Ruti{otn= L) Bati(wlam ) Ruti(wha= |
nrs g whn wCa aT) | win wCn 121y | wi WG

- 1_ -
Cll = CI’.‘

N r— Lu _ Le  _ i 7
SN\CER T Lu+la = Let+lz — 1 1 1 1

“Cu & Cx Cu i Cn

. 1 Ry _ R - L o AT .
:) ftati (w,':: uC-_—:) Ru4Ra — Ra+4Re  Lu+la  Lo+la

! .
_ Co Ciz
T | I | 1
“Cn & Cx Cr2 +vdz;
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MUMETAL

IS THE ANSWER TO YOUR
MAGNETIC SHIELDING PROBLEMS

Instant relief to interference caused by extra-
neous magnetic fields is the net result of shields
made of Allegheny Ludlum’s Mumetal. These
shields protect components against stray exter-
nal fields or prevent neighboring parts from
being affected by a field-generating component
inside the shield. In electronics, Mumetal and
shielding are practically synonymous terms.

To develop its optimum shielding properties,
Mumetal must be properly annealed in a pure,
dry, high temperature hydrogen atmosphere
afver fabrication. When properly annealed,
Mumetal has extremely high permeability and
is capable of attenuating stray fields to negli-
gible proportions.

In general, high permeability, shielding ex-
cellence and strain sensitivity go hand in hand.
In the optimum condition, Mumetal is rela-
tively soft. Shields in this condition should be

handled with care in order to preserve optimum
shielding efficiency.

In many applications, fabricating or field
conditions are encountered which make it im-
possible to avoid straining the material after
the high temperature hydrogen anneal. Even
when strained, Mumetal shields remain ex-
tremely effective.

The inherent ductility of Mumetal offers fab-
ricating advantages in forming, drawing, and
spinning operations.

For all your shielding requirements, insist on
Allegheny Ludlum Mumetal. And for more in-
formation, ask for a copy of EM12, a 20 page
technical Blue Sheet describing Mumetal, its
properties, annealing details, etc. Write
Allegheny Ludlum Steel Corporation,
Oliver Bldg., Pittsburgh 22, Pa., Address
Dept. E4

»y ALLEGHENY LubDLUM (H)

LT 5

PIONEERING on the Horizons of Steel ot
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A
48 VOLT
SERIES

COMPACT,
TRANSISTORIZED
DC SUPPLIES

+0.05% REGULATION

(LINE AND LOAD)

QM miniaturized DC supplies com-
bine excellent regulation and ex-
tremely low ripple (less than MV
RMS) with maximum reliability.
These compoletely transistorized
units are ideal for use with semi-
conductor circuitry.

Rugged QM supplies, recom-
mended for & wide variety of “built-
n

AR

applications, are designed to
resist damage from momentary over-
loads or output shorts. Intermediate
voltages and power levels are avail-
able. Consult factory or local repre-
seritative for complete specifications.

A UNIT OF RAYTHEON COMPANY

RICHARDS AVENUE
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NEW FROM SORENSEN

|

AM VOLTAGE SELECTOR SERIES

CUSTOM OUTPUTS ... STANDARD DESIGN

Maximum | Number of Panel
Wattage it i Dimensions (In.)

H D

Here's real power supply flexibility.
Design to your own requirements.
Sclect up to cight different voltage
outputs, or up to six different watt-
age-voltage combinations, in a single
Installation.

Sorensen’s new QM Voltage Selec-
tor Series, with rack-mount features,
offers scores of power combinations,
cach with the precise regulation and
ripple charactenstics of standard
QM supplies. As many as cight dif-
ferent (or identical) QM supplies
can be mounted on a single chassis
(sce table), with ecight volhage out-

* Any combination of watts per unit (up to maximum wattage) available on puts preset. The use of standard
C, D, & E chassis at no extra charge. QM models assures prompt delivery
* *Depth beh:nd panel at low priccs.

OPTIONAL FEATURES AVAILABLE: Standard QM Voltage Selectors
s f,‘i:g:'l‘gm' S se  tmeter are shipped without pancl controls
M3. Pilot I‘ght,' switch: fuse: voltmeter; front pane' pot adjust. (each un_lt is individually .zldjustablc

on chassis throl pot adjust hole).

Sce table for optional features.

A UNIT OF RAYTHEON COMPANY S@
2 %
RICHARDS AVENUE ¢ SOUTH NORWALK e CONNECTICUT
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RESEARCH AND DEVELOPMENT

Brushless D-C Motor Uses Hall-Effect Devices

RETURN PATH

PERMANENT MAGNET ROTOR

OEG

&

1
T @ °

s

X 7

N kR N
/ e Y

SHAFT\ ~

- .‘l — -
|
Y 0
HOUSING < 5,;,; \ @
AZ 7 oty

|
HALL GENERATORS

STATOR

i @

FIG. 1—Brushless d-¢ motor construction is shown at left while Hall
generator and coil arrangement is represented at right

EXPERIMENTAL brushless d-¢ motor
promises high reliability and high
torque-to-weight ratios. It has a
linear speed-to-torque characteris-
tic that can be controlled by a low-
power signal. Solid-state circuits
are used for commutation in the
machine described at the 1962 IRE
Conference in a paper by G. Bauer-
lein, Kearfott Div., General Preci-
sion, Inc.

The field for the brushless d-c
motor at the left in Fig. 1 is pro-
vided by a permanent magnet rotor.
The twelve Hall generators sur-
rounding the rotor at the right are
each connected to a coil placed in
a stator slot. As Hall-generator
output excites each coil, it produces
a field displaced 90 degrees from
the associated Hall generator and
90 degrees ahead of the rotor. Ro-
tation is produced by the rotor at-
tempting to align with the stator
field produced by the armature coils.

As the rotor poles pass Hall gen-
erators, the field reverses, reversing
polarity of output from the par-
ticular generator. As a result, the
associated coil is switched, so that
a stator field is always provided 90
degrees ahead of the rotor. Since
maximum torque is provided for
this condition, high torque-to-
weight ratios should be possible.
Reversing control current to the
Hall generators reverses direction.

Among the advantages of Hall
generators for armature switching
is their small size, which permits
them to be placed in the air gap of

58

m HALL GENERATOR
I
m AMPLIFIER
a 1

SEMICONDUCTOR
SWITCH

OUTPUT VOLTAGE

ROTOR "ANGULAR POSITION

FIG. 2—Hall generator output at
top can be amplified as at center or
used to control semiconductor
switch providing signal at bottom
to stator winding

a magnetic circuit. They also pro-
vide output even at standstill be-
cause they sense magnitude of mag-
netic flux rather than its rate of
change. For the same reason, max-
imum output, about 100 mv, is not
excessive at high speed.

A basic problem with the Hall
generator, which is basically a re-
sistive device, is its low efficiency
in transferring power. Estimates
of efficiency are 10 to 20 percent
in a 10-Kg field for high-mobility
materials like InAs and InSb. Max-
imum field for a practical Hall gen-
erator commutator is 4 Kg. Efii-
ciency of a typical InAs Hall gen-
erator operating into a matched
load is P.../P.. = (V..?/4R,) /1.:R.
= 1.86 percent, where control cur-

rent I, is 0.4 amp, control resistance
R, is 1.4 ohms, open-circuit Hall
voltage is 0.52 v/4Kg and Hall re-
sistance R, is 1.4 ohms.

An experimental motor did not
operate because of low efficiency,
but the armature generated a ro-
tating field when it was mechani-
cally driven. The problem of low
efficiency can be overcome using the
Hall generators to sense rotor po-
sition and provide low-power sig-
nals to either semiconductor
switches or amplifiers, depending
on requirements. Qutputs of a
Hall generator, amplifier and switch
circuit are shown in Fig. 2. Adding
a one-transistor amplifier to 3 of
the 12 Hall generators in the ex-
perimental motor provided sufficient
power to maintain rotation.

Transistor switches (or silicon
controlled rectifiers in larger units)
are used where efficiency is the
most important factor, since they
are either full on or off. Lower
power transistors with heat sinks
and smaller Hall generators can
be used.

Amplifiers are used if speed must
be controlled with a low-power sig-
nal or if a smooth torque-position
characteristic is needed. Output
depends on magnitude and polarity
of both commutator field and con-
trol current as well as amplifier
gain. Amplifiers can reduce com-
plexity in multipole machines where
most of the Hall generators supply
redundant information. In a ma-

FIG. 3—DPotentiometers in d-c am-
plifier balance lack of symmetry in
dividing Hall resistance in control
direction

electronics



for Welded

Micromodule Production
and High Density
Packaging

Raytheon’s noteworthy new precision Miniature Welding Heads are the most
versatile in today’s demanding market . . . specifically desfgned to speed
accurate, high-speed production welding of micromodules, high density pack-
aging, miniature electronic components, small parts and sub-assemblies. This
series (O/OA /OB) offers the highest acceleration of any commercial head
now available.

Exceptionally versatile, models OA and OB heads tilt, tip and swivel — lock
at intermediate positions — with electrode arms that rotate and swing to suit
difficult work configurations and confined space. Throat depth effectively
unlimited to accommodate long modules. In-line or *‘pincer’’ type electrode
motion provided. Model OB incorporates air accessory to minimize operator
variables.

COMPLETE

ATILS
FRONT VIEW VERSATILITY

New — Precision RAYTHEON Welding Accessories

New DC Welding Power Supply
Model 60C

Featuresadjustable pulse
length selection and
100%, electronic opera-
tion (no relays to stick).
MAXIMUM STORAGE CaA-
PACITY: 63 watt-seconds/
MULTIPLE CAPACITOR SE-
LECTION: 14, 28, 56 mfd

New Dual Range Force Gauge

Model 2-245 ‘G
£

New Weldpower Calibrator
Model 2-250

Fully transistorized, self-contained, port-
able. Accurately measures output (weld-
ing current-peak and integrated values) to
check weld puilse amplitude and length.
Helps maintain uniform weld pulses,
duplicate welder output and establish iso-
strength diagrams in high reliability weld-
ing. Compatible with DC and AC welding
systems, regardless of manufacturer.

Indicates force exerted by electrodes when
head is actuated. Essential for obtaining
weld repeatability, this precision gauge
embodies color-coded scales of 0 to 15
and 0 to 50 lbs., saves cost of 2 separate
gauges. Finish — polished stainless steel.

ranges/ PRECISION OIL
FILLED CAPACITORS/PAT-
ENTED VOLTAGE REGULA-
TION/COMPLETE SAFETY
PROTECTION/THREE-SCALE

POWER LEVEL INDICATOR for accurate heat adjuste

ment;RATED for continuous commercial service.

You saw them at the [RE Show! Now get the full story—please write Raytheon Company,
Production Equipment Department, 225 Crescent Street, Waltham 54, Massachusetts.

COMMERCIAL APPARATUS & SYSTEMS DIVISION

Waltham, Massachusetts

April 6, 1962
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Chemical Division 3%

NG

Complexly designed small parts made with
KEL-F 81 Brand Plastic achieve fine preci-
sion. dielectric stability. plus the stamina to
stand off extreme environments and destruc-
tive attacks of many kinds.

In the hands of an authorized processor,
KEL-F 81 Plastic can be heat-treated and
machined into close-tolerance components
such as the insulating electronic parts, above,
with wall thickness tolerances of +.005".
The uniformity, strength and high melt tem-
perature of this material provide machining
characteristics comparable to brass. This
plastic may be turned, bored, drilled,
threaded, and tapped . . . it can be milled,
sawed, punched, buffed and sanded to achieve
minute dimensional accuracy, useful in a
variety of applications.

1) Electrical insulation . . . provides high dielec-
tric strength, arc resistance greater than 360
seconds! 2) Zero moisture absorption . . . min-
imizes surface flash-over, makes high humidity
behave! 3) Cheniical inertness . . . resists prac-
tically all corrosive media! 4) 800-degree range
. . . has useful temperature range from -400 to
+400°F! 5) Physical strength . . . combines high
tensile, flexural, compressive strengths, excellent
abrasion resistance! 6) Radiation resistance . . .
retains great strength, even after severe exposure!
7) Infrared transmission . . . can be fabricated
with amazing clarity in thin sections, other
optical advantages! 8) Uniformity . . . makes
possible parts with consistently high molecular
weight, high ZST ratings!

Read the column at right for two examples of
machined KEL-F 81 Plastic parts, as well as for
the list of authorized processors of this material.

STKEL-F*’ 1S A REG. TM OF 3M CO.

MACHINABILITY (and 8 other KEL-F 81 Plastic merits)
....allows wall thickness tolerances of +.005"

8 STAMINA-MAKING KEL-F 81 PLASTIC FACTS!

MINNESOTA MINING E MANUFACTURING CO. Bm

CIRCLE 60 ON READER SERVICE CARD
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KEL-F 81 Plastic

BRAND

...intypical applications

NEEDLE VALVE COM-
PONENT, made by
Bonny Muanufacturing
Corporation, is used in
glassware equipment
that handles tonie and
corrosive chemicals
Shaft and knob, both
of KLL-1 Plastic, are
made separatels 1o con-
serve material, then
threaded together.

% GEARS arc muachined

¢ from KEL-F Plastic to

é provide small clectric

// . motors with noiscless
:,/ performance and ¢lim-

tnate fubrication.
KEL-F Plastce was se-
lected because of tough-
ness, dimensional sta-
bility, good frictional
propertics,

FOR MORE DATA about KEL-F 81
Plastic for applications requiring
close-tolerance machinability, contact
the 3IM  Chemical Division Branch
Otfice in Chicago, Cleveland, Los
Angeles or Ridgetictd, N.J

AUTHORIZED PROCESSORS FOR KEL-F 81 PLASTIC

Adam Spence Corp.,

963 Frelinghuysen, Newark, N. )
Allied Nucleomcs Corp.,

2421 Blanding Ave., Atameda, Calif,
Ruburn Plastics, Inc.,

511-5th Ave., New Ynrk.

Bonny Manufacturing Corp.,

146 Main St., Maynard. Mass.
Hooker & Wallestaa, Div. of Thermotech Industries, Inc.,
3336 Gnrham Ave.. Minneapnlis 26.
Carmer industries. inc.,

122 N. 26th S1.. Kemlwortt, N, ).

The Fluorocarbon Company,
1754 Clementine, Anaheim, Calif,

Fluorulon Laboratories, Inc.,

Box 305, Caldwell, N. )

G-W Plastic Engineers, Inc.,

Bethel, Vt

Gries Reproducer Corp.,

125 Beechwnod Ave., New Rochelle, N. Y,

Modern Industrial Plastics, Div. of Duriron Company, Inc.,
3337 N. Dixie Dr.. Dayton 14, 0.

Moxness Products, Inc., X
1914 Indiana Ave.. Racine, Wis,
Penn-Plastics Corp.,

100 Fairhill Ave., Glenside, Pa.

Plastic Molded Parts, Inc.
1350 Hifth Ave., East McKeesport, Pa,

Pli-D-Seal Mig. Co., Sub. of Zero Mfg. Co.,
1010 Chestnut St., Burhank. Calif

Raybestos Manhattan, Inc., Pacific Div.,
1400 Orangethorpe, Fulterton, Calif,

L. W. Reinhold Pl stics, Inc.,

8763 Crocker St.. Los Angeles
Saunders Engineering Corporation,

3012 Spring St., Redwood City, Calif.

W. S, Shamban Co.,

11617 W. Jefterson Bivd.. Culver City. Calif.
Timely Techmical Progucts, Inc., Industrial Plastic &
Engineering Div, Verona, N J

U. S. Gasket Co., Inc., Plastic Div., Garlock, Inc.,
608 N. 10th St.. Camden_ N. )

For general teclmical infornation about
KEL-F 81 Plasuc, write Chemical Divi-
sion, Dept. KAX-42, 3M Company,

St. Paul 1, Minn.
3EUMPANY
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chine with n poles, (n 1) /0 Hall
generators can be eliminated,

One machine was designed to
drive an inertia wheel for satellite
attitude control. Speed would be
controlled by an attitude error sig-
nal in a closed loop. Amplifiers
were used for accurate speed con-
trol and smooth torque. A d-¢ am-
plifier with differential input was
chosen to limit the number of com-
ponents and maintain low drift.

Amplifier design wax complicated
because a Hall generator input cir-
cuit is resistively coupled to its out-
put circuit and only one side of the
input or one side of the output can
be grounded. In the amplifier in
Fig. 3. lack of symmetry in divid-
ing Hall generator resistance in
the control direction (R) is bal-
anced by R, and I?.. This amplifier,
operating from d-¢ to about 1 Ke,
has a voltage gain of 120 and a
power gain ot 250,000,

The linear speed-torque charac-
teristic is shown at the top of Fig.
4.  However output does not in-
crease linearly with control current,
partly becanse some amplifiers were
not correctly balanced and clipping
occnrred sooner in some amplifiers.
All amplifiers were c¢lipping when
control current reached 0.165 amp.

Overall efficiency shown at the

2.5 1.:0.222 AMP
2 Ic=0.165 AMP
~
T
= 15
z
5 0.065 AMP
o
(v
2
0.5
1c0.024 AMP
0 | | { Il
0 200 400 600
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=
s
& 2+
w
a
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-
(&3
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w
S i
W
[
w

i
0 [ 2 3
TORQUE I 1N.-0Z

FIG. J—Livear torque-speed rela-
tionship for given control current
is shown above, while overall effi-
ciency is shown in lower graph for
various control current levels

hottom of Fig. 4 might be improved
by refinements in the amplifier c¢ir-
cuit. Also, intensive research with
both Hall generators and transis-
tors currently underway could pro-
vide devices that would significantly
improve performance.

Aireraft Altitude Is
Controlled by F-M Radar

AUTOMATIC ALTITUDE control sys-
tem maintains aireraft altitude
within one foot. Drones controlled
by the system have been flown re-
liably at altitudes as low as 50 feet
and at speeds approaching Mach 1.

The altitude control system, de-
veloped by M. ten Boesh, Inc., per-
mits pilots to make safer blind
landings  and to flv  smoothly
through air pockets and turbu-
lence. Extensive flight testing of
U. S. Navy low-flving drones has
been successfully completed. The
equipment can be used in any type
aircraft with a single adjustment.

Key to system performance is
the use of frequency-modulated
radar to sense altitude. Transmit-
ter frequency is swept in fre-
quency at a known rate. The differ-
ence between transmitted and re-
flected frequency indicates altitude
directly, eliminating the time re-
quired for processing rate infor-
mation. The reduction in overall
svstem response time contributes
to its ability to control high-speed
low-altitude flight. Eliminating the
computation step also increases
svstem aceuracy.

Aircraft altitude is kept at a
preselected level independently of
load, speed or shape. The system
accommodates a  wide range of
aerodynamic parameters, includ-
ing bank angles up to 70 degrees.

Several adjustable limit settings
prevent dangerous aircraft c¢limb
or dive angles or undesirable alti-
tudes. Circuits monitor the overall
svstem continuously. [f deviation
from the prescribed altitude or al-
titude rate exceeds the predeter-
mined limit, the equipment disen-
gages and safe flight conditions
are maintained.

Provisions are incorporated into
the system for absolute calibration
of altitude. Altitude calibration is
maintained for many months with-
out requiring readjustment,
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NOW = 1000MC MEASUREMENT
WITH FREQUENCY COUNTERS

The model 14-26c, a 1 KMC Frequency Con-
verter, is a plug-in unit, for use with the North-
eastern Engineering Model 14-20c Frequency
Counter/Standard, and counters of other
manufacturers.

Technical specifications:

e Frequency range ....200 MC to 1 KMC
e Input voltage
(min.) ....ocovvvreeeee, 100 millivolts RMS
e Input impedance ....50 ohms, approx.
® Accuracy ....c.cceceveunes #+1 count, = accuracy
of counter
e Power require-
ments .......ccceeeeeeeenn furnished by counter
e Weight .........c.oceeieees 5 pounds
I.R.E. SHOW Booth #3232

NORTHEASTER

ENGINEERING INCORPORATED

DEPT. 5C, MANCHESTER, NEW HAMPSHIRE
AFFILIATE OF ATLANTIC RESEARCH CORP.
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with maximum transmissibility
of less than 3, on electronic
equipment subjected to the vi-
bration of a helicopter environ-
ment exceeding MIL-T-5422E
(ASG) requirements.

For information on how we can solve your particular vibration

problem write to Dept. BL— 31

AEROFLEX LABORATORIES

INCORPDRATED
48-25 36TH STREET + LONG.ISLAND CITY 1, N. Y.

*Listed in the VSMF
microfilm catalog file.
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NICKEL
CADMIUM

Rechargeable
Batteries

DESIGNED FOR gy,
m Low Maintenan
] l:stant Ef:?cien‘t:eos::tion %
w Durability i

NICAD Sealed and Vented Cells make
practical the battery operation of many

=1 ,
types of equipment not previously suited
to dry, mercury, or lead acid types.
Capable of sustained or stable voltage
over a wide temperature range these VENTED CELLS
NICAD Cells have extremely long life, -
require little or no maintenance, and ';"\
are always ready to operate in any
position under even the most adverse

operating conditions . . . with POWER

to spare

For the full POWER story, write « « . |
NICAD BATTERY DIVISION
GOULD-NATIONAL

BATTERIES, INC. E-1403 First National

Bank Bldg., St. Paul 1, Minn.

is a trademark of Gould-National Batteries, Inc.
CIRCLE 204 ON READER SERVICE CARD
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at Hughes!

Inquire today.
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Mr. Robert A. Martin,

Supervisor of Scientific Employment
Hughes Aerospace Divisions

11940 W. Jefferson Blvd.,

Culver City 6, California
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COMPONENTS AND MATERIALS

Indicator Tube for Transistor Circuits

Ebb
+200V *5%

Iy

APPROX 325, AS TP 270K 5%
TGI21A
HOLDING INDICATING
CATHODE CATHODE 0

FIG. 1—Standard test circuit for
glow indicator tube
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FIG. 2—Indicating current wvolt-
age characteristic
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FIG, 3—Application of indicator tube with transistor and emitter follower

(A); and with transistor flip-flop. (B)

By YUKIO FUKUKAWA
TOSHIHIKO NAKAJO

Fuji Tsushinki Seizo KK, Tokyo, Japan

A DEVICE for providing visual in-
dication of the state of transistor
switching circuits economically
now requires only a small driving
signal. Size (18 mm X 8 mm) is
comparable to that of the tran-
sistors with which it is used and
driving signal requirements are
compatible with transistor circuits.
Less than five volts signal input
will turn an OFF tube ON.

The tube developed by Fuji
Tsushinki, has two cathodes, a
holding cathode and an indicating
cathode (see Fig. 1). Both cath-
odes operate in the glow region.
Signal voltage merely varies the
relative amount of glow associated
with each cathode; total anode cur-
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rent does not vary.

The TGI121A can be used in
counters, and allows more digits to
be shown on the same width panel
than conventional displays of dec-
ade tubes. It can be mounted di-
rectly on printed circuit boards in
computers, to show if a particular
flip-flop or gate is operating cor-
rectly. The tube can also be used
with AND gates, OR gates, and
other industrial circuits to show
the circuit state at any given time.
Another use suggested is as a con-
trol element of a photoconductive
relay. A variation of this applica-
tion would be use in photoconduc-
tive coding or decoding matrixes.

Ordinary neon lamp indicators
require a signal voltage about two
orders of magnitude higher than
the operating voltage of high speed
transistor switching circuits. This

necessitates additional amplifier
stages. Tungsten lamps bright
enough to be seen in a well lighted
room have excess power dissipa-
tion and shorter life than the as-
sociated switching circuits.

Glow indicator action is based
on the current transfer between
two cathodes. The breakdown volt-
age is of no importance in the in-
dicating process, and the tube uses
a d-c power supply, which is ex-
tremely easy to regulate and can-
not cause interference in adjunct
small signal circuits.

Tube anode is made of pure
nickel, the holding and indicating
cathodes are both made of pure
molybdenum. Pure metal electrodes
in a neon and xenon gas mixture
provides extremely stable cuarac-
teristics. Life testing has not been
completed, but no changes in op-
erating characteristics or bright-
ness have been observed in tubes
on life test for more than 20,000
hours.

Close spacing of the cathodes
makes it possible for the glow
transfer, which is in reality a cur-
rent transfer, to occur with a small
voltage difference between cath-
odes. This arrangement also en-
ables the tube to reset itself. That
is, the major portion of the anode
current returns to the holding
cathode after the indicating cath-
ode signal returns to zero. Reset
is positive, even after sustained
indication.

In the design of the tube it was
difficult to meet the contrary re-
quirements of close electrode spac-
ing for small signal operation and
wide electrode spacing for ready
visual diserimination of on and off
states. The electrode gemometry
developed for the tube made it pos-
sible to satisfy both requirements.
Improved processing methods
made it possible to solve problems
encountered in cathode sputtering,
desirable for stabilizing tube char-
acteristics.

The indicator tube with stand-
ard test circuit is shown in Fig.
1. Anode current is supplied

electronics



DEFINITELY DEPENDABLE®

AER

CcOM

Aerocom’s Dual Automatic Radio Beacon

Reliability is built into every part of this
dual 1000-watt aerophare unit. Ruggedly
constructed and conservatively rated, it
provides trouble-free unattended service,
and at truly low operating and mainte-
nance cost. It operates in the frequency
range 200-415 kcs, using plug-in crystal
for desired frequency.

Uses single phase power supply, nomi-
nal 220 volts, 50 or 60 cycles. Consists of
two 1 kw transmitters with 2 keyers,
automatic transfer unit and weatherproof
antenna tuner. Each transmitter housed
in separate fan ventilated rack cabinet,
with controls in center rack cabinet.

Nominal carrier power is 1000 watts.

High level plate modulation of final am-
plifier is used, providing any desired level
of modulation up to 100%. P-T switch
interrupts tone, permitting voice opera-
tion. Operates in ambient temperatures
from -35°C to 55°C, humidity up to 95%.

Standby transmitter is placed in opera-
tion when main transmitter suffers loss
(or low level) of carrier power or modu-
lation, or continuous (30 sec.) tone, or
carrier frequency change of 5 kes or
more. Audible indication in monitoring
receiver tells when standby transmitter
is in operation.

Antenna may be either vertical tower
or symmetrical T type,

100 WATT
400 WATT
and
4 KILOWATT

models BN

Also available in
50 WATT

3090 S.W. 37th AVENUE -

MIAMI,

FLORIDA
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new

concep

IN NULL BALANCE
STRIP CHART

RECORDING

e COMPLETELY PORTABLE OPERA.
TION with rechargeable self-con-
tained battery

e CHARGING CIRCUIT for recharg-
ing and for AC operation

o LIGHTWEIGHT-—only 8 Ibs.

e VERSATILE — standard plug-in
ranges available or special plug-
ins to customer’s specs.

e AVAILABLE WITH ANY SPAN
AND ZERO SUPPRESSION

o PULL.OUT CHASSIS for easy ac-
cessibility

e VARIABLE CHART SPEEDS—mo-
tors changed in seconds

Send for descriptive
brochure today!

‘ Ph. TU 7-2136
emece.  electronics,

P. O. Box 36 inc.
Glenside, Penna.
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through the series resistance and
flows into the cathodes. Resist-
ance, Rg. in the indicating cath-
ode ecircuit is small enough to
allow the electrode to operate in
the normal glow region even when
the input voltage is zero. But the
voltage drop across Rg keeps the
glow small enough that it remains
in the masked section of the tube.
and no glow can be observed. Most
of the anode current flows to the
holding cathode.

The proportion of the anode cur-
rent flowing to the indicating cath-
ode can be increased by applying
a negative voltage to the indicat-
ing cathode. Indicating cathode
current does not increase grad-
ually. but in a step as shown in
Fig. 2. Glow then surrounds the
portion of the indicating cathode
visible through the window of the
tube, and the tube is said to be on.
Upon removal of the signal volt-
age, the tube returns to its off con-
dition.

Application of the indicator tube
to transistor circuits is extremely
simple. Figure 3A shows the tube
connected to an emitter follower.
The emitter also functions as the

cathode vresistance of the glow
tube; the diode prevents the tran-
sistor from shorting the resistor.
Diode requirements are not severe
and almost any diode can be used.

When the tube is used with a
transistor fiip-flop or other bal-
anced circuit. the simplified circuit
of Fig. 3B can be used. The tube
then operates from a balanced sig-
nal of =3 volts. A tube is easily
mounted on a flip-flop circuit
board.

The tube, which has an inductive
input impedance. caused no notice-
able affect on any of the high speed
circuits tested.

The indicator tube can be driven
by a positive voltage applied to the
holding cathode. If necessary, a-c
signal voltages of frequencies up
to several ke can also be used. And
in the region bevond the normal
anode current, the tube can pro-
vide self-sustaining  indication
when triggered by short pulses of
about 1 msec.

Authors wish to express their
appreciation to Takuma Yamoto,

Seliichi Tabuchi, Kazuo Toyvoda,
Daijiro Kobavashi, and Sumio
Yamamoto.

Fiber Optics Crt Shown in London

DPrototype  fiber optic crt was

demonstrated «t an Electronics
Cowrersazione held by the Elec-
tronics Department of Ferranti at
the Mayfair Hotel, London

A WORKING DEMONSTRATION of a
three-in. eircular fiber optic cathode
ray tube was given in London by
Ferranti Ltd. In this tube, which
is 19-in long, the normal glass face
plate was replaced by a fiber optics
one. This causes the image formed
on the blue ultra short phosphor to
be transmitted through the glass
giving a focused image on the
front of the tube. Direct optical
printing at high speeds can now be
achieved.

In the demonstration, direct print
out paper was used to obtain prints
dirvectly from the face of the tube.
The tube has a spot size of 0.0005
in., and a definition of 6,000 lines.
It can be operated from 8-20 kv
and still give the same resolution,
the brightness increasing with in-
creasing voltage.

The light gathering efficiency is
approximately 100 times better
than an 2.8 lens on a 1 : . magnifi-
cation ratio. The tube has potential
application on print out readers,
airborne radar devices and film
scanning. Electromagnetic focus-
ing and deflecting is employed.
Heater voltage is 6.3 volts and cur-
rent 0.3 amps.

Optic Photoconductors
Obtain High Sensitivity

DIRECT CHEMICAL IMMERSION of sta-
ble infrared-sensitive lead sulfide
photoconductors onto high-refrac-
tive-index optical materials, result-

electronics



oer 20 different image orthicon tubes .

in production at Westinghouse—for all applications from standard TV
broadcast to highest sensitivity types for low-light level viewing. Out-
standing examples of Westinghouse leadership in image orthicon tube
developments include: m WX 4299—(illustrated) image intensifier or-
thicon combines the highest known sensitivity with good resolution;

WL 7611—performance-proved for long life and high reliability;

WL 7198—ruggedized image orthicon with outstanding reliability
proven in military applications; ® WL 22724—ruggedized, highly sen-
sitive; special S 20 photocathode provides extended red response.
Thin film metal oxide target permits long picture storage or picture
integration. m WL 22726—offers broad spectral response from ultra-
violet to near infra-red with extremely high resolution. To meet your
immediate requirements, most Westinghouse image orthicon tubes
are available from stock. For more information and for ordering—call
or write: Westinghouse
Electric Corporation,

wesnnghouse Eimira,N.Y. You can be sure

... If it’'s Westinghouse.

100% CONTRAST CHART - LIGHT SOURCE: 2870°K TUNGSTEN.
30 FRAMES/SECOND CONTINUOUS IMAGING

400

TV lines resolution

| I';-f 16* 10- 107 10 105 10-¢
Photocathode ilumination—foot candles
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HICKORY BRAND

TEFLON

Long, Continuous Lengths!
Immediate Delivery!

HOOK-UP WIRE

Extruded Teflon* Insulated
Stranded Silver Coated Copper

(260° C with Nickel-Coated Copper Conductor)
TYPE E-600V —-TYPE EE-1000V

meeting oll requirements of ML-W-16878D

26 AWG through 16 AWG

[ EvErRY REEL 100% TANK TESTED |

Basic color-coded insulated wire available
with braided shield or shielded and

jacketed with Nylon, PVC,

wrapped TFE.

Multi-conductor Cable Constructions
Designed to Meet Your Specific Requirements

For prompt quotation, call or write

I‘IlCKORY BRAND
‘L——«%@) Electronic Wires and Cables |

SUPERIOR CABLE CORPORATION

P. O. Box 480-A L Hickory, N. C.

5805 s
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ing in simpler electro-optical sys-
tem design and increased detector
sensitivity, has been announced by
Infrared Industries’ Photoconduc-
tor Division.

The immersion technique has
been demonstrated on such optical
substrates as sapphire, strontium
titanate, rutile and moldable
IRTRAN I and II, according to W.
E. Standring, vice president and
manager of the division. Advan-
tages come from increased angular
coverage and optical gain attained
through lens design, ability to select
lens material for optimum refrac-
tive index and transmission charac-
teristics, and the reduction of re-
flection losses at high-low refractive
index interface boundaries.

High Sensitivity Gain

Standring said that, depending
on the optical material, sensitivity
gains as high as 85 percent can be
attained by replacing a conventional
plate-type photoconductor with a
reduced-area photoconductor im-
mersed on a simple hemispherical
lens. The reduction in sensitive
area, and correspondingly enhanced
signal-to-noise, is a function of the
refractive index of the lens mate-
rial as well as lens configuration.
Lenses can be anti-reflection-coated
to maximum transmittance.

The IRI immersion technique
takes advantage of the capability
of IRTRAN (refractive index 2.3)
to be production-molded into large
lenses, often permitting simplifica-
tion of an optical system and con-
siderable cost saving, along with in-
creased optical efficiency.

New Silicone Rubber
For Flexible Molds

ELECTRON micrographs show that a
new, special room-temperature sili-
cone rubber for making flexible
molds will reproduce details in grat-
ings at 15,000 lines per inch.

The mold, supplied in fluid form
that flows readily may be used for
producing parts cast from epoxies,
polyesters and other plastics, and
low-melting metals. The fully cured
material withstands temperatures
up to 500 F.

Dow Corning adds thkis Silastic
RTYV 885, as the newest member of
their silicone rubber family.

electronics



WHAT DO THESE
ITEMS HAVE
IN COMMON?

WOOD ELECTRIC CIRCUIT BREAKER SPECIALISTS

Manufacturing techniques, test meth-
ods and equipment used in producing
most Wood Electric circuit breakers
satisfy the most stringent military re-
quirements. Our confidence in their
performance is reflected in a one-year

MAGNETIC
The CB-4300 trips in
milliseconds making it ideal
for the positive protection of
circuils requiring millisecond
action. Features a unique

guarantee, based on more than 20 auxiliary switch circuit and
years of experience in the production dual contacts. Ratings
of fine circuit breakers. For catalog 15 to 25 amperes.
write Dept.D Size 1% x 1 x 1% inches.
Circuit breakers - WOOD ELECTRIC CORPORATION
for critical applications ( 244 Broad Street, Lynn, Mass., Area Code 617 LY8-5313

CIRCLE 205 ON READER SERVICE CARD

Good
parts

All are rushed to destinations
WO rk g by Deita Air Freight; get nation-
wide next dav right-to-the-door
best ! { delivery. Thousands of commod-

ities speed daily with Delta de-
pendability. For your next ship-
| ment, check how little by Delta

Intermediate — always faster, often cheaper.

Frequency 1 EXAMPLES, DOOR-TQ-DOOR:
[ 100 Ibs. Los Angeles to Canaveral $29.85
ITF’?"“”'"” o B 200 Ibs. New Orleans to New York $29.50
The high stondards of MITSUMI! electronic POLYVARICON ! ‘ g
components are nsured by a fully-auto- Variable . V71 ru
i P ’ R DWSPNL o ee
mated assembly system, and double-checked Capacitor - AV J) (/ /’
N A N
¢ ossem nd double-checke NS 4.%%
by rigid quality controls. Mitsumi Electric s S %‘3“"“ Ny
N

Company is Japon's lorgest manufacturer ASTAL sowt
< e q
of components for radio, television and : -~ " ~x*\§
I
communications equipment, \"M

MITSUMI PARTS 2 DELTA

MITSUMI  ELECTRIC CO., LTD. the air line with the BIG JETS

Komae, Kitatama, Tokyo GENERAL OFFICES: ATLANTA, GEORGIA,
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70

MINIATURE
PANEL
METERS

1% MODEL 150

Sy
\\ 1y
VLN 14 woves 153
{and MODEL 163
& RucceDizen)

These rugged, yet accurate, meters can do
a big job for you. They are available in a
wide variety of standard ranges and with
special scales, ranges, sensitivities, resist-
ances, cases and other modifications to your
special requirements.

ILLUMINATED MODELS can also be supplied,

PARTIAL SPECIFICATIONS ‘
1" ﬁnﬂeli 1%2" Models 1Y2" Ruggedized

Eeizﬁ 20z - 401 B 4.2 0z
Accuracy = 3% of full scale for OC T
o L __:S%ut@l_lsuﬁfurkicr )

Scale Length 760" 1.300" 1.000"

Available as DCUA, DCMA, DCA, DCMV, DCV, ACV, with
zero at center, left or right. Also VU and Db meters.

International has pioneered in the development of
Mminiature and sub-miniature meters ideally suited
for military, aero-space and geophysical devices and
other high-demand applications.

WRITE FOR ENGINEERING DATA
SHEETS on our complete line of panel
meters, side indicators, Electronic
Control Meters, miniature multitesters,
high-torque and flag-type instrument
mechanisms.

INTERNATIONAL PRODUCTS are made

in our new plant in Orange, Connecticut.
It incorporates features permitting
precision manufacture equal to the
most exacting demands of space-age
technology.

I )
o -

MINIATURIZATION HEADQUARTERS

Zinternational

instruments ine.
88 Marsh Hill Road, Orange, Conn., Cable: “INTERINST"
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How to grow a beard...

Sit back and wait for your copy on tnat routing list. Okay if you like
beards. Otherwise, look in this issue for the Reader Service Card. Fill in
the ‘““for subscriptions’ section. Mail. Only 714, cents a week.

electronlcs A McGraw-Hill Publication, 330 West 42nd St., N. Y. 36

MAGNETICO
MINIATURE

SERVO
o0 AMPLIFIERS

TRANSISTOR avo or MAGNETIC

WITH YOUR
Call Us /' peqUIREMENTS

516 AN 1-4502

. FOR STANDARD
Or Write LISTING

MAGNETICO e.

516 AN 1-4502
6 RICHTER CT. E. NORTHPORT, N. Y.

PRODUCTION

TOROIDAL

WINDING
MAG - AMPS « TRANSFORMERS

INDUCTORS a

‘G‘:.’:f\ 5
FILTER COILS

DELAY LINE COILS
MAGNETICO
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| electronics

Editorial
Opportunity

IT DOESN‘T HAPPEN OFTEN,
but electronics, "bible of the in-
dustry’” and a McGraw-Hill publi-
cation, has an opening for an
Assistant Editor.

Ideally, the man we are look-
ing for and to whom a post on
our New York staff could be a
long-term challenge, would have
an electrical engineering degree
or technical equivalent, practical
experience in our field and a
demonstrated aptitude for edit-
ing, writing, reporting. He prob-
ably lives somewhere in the
metropolitan area and therefore
would have no relocation prob-
lem.

Write The Editor, electronics,
330 W. 42nd St., New York 36,
stating experience, aspirations
and past earnings. Mark the
envelope “Confidential” and it
will be kept that way.

electronics



redraw for electronic
components is available in a
range from .020" to

125”7 OD in mill lengths

up to approximately 36" or
cut to specification.

Can be made from

S/F, N/C Flint, KG-33,
KG-12, and EN-1 Glasses.
Also available in other types
of glass. Call or write for
further information

FRIEDRICH & DIMMOCK, INC.
Redraw Dept. P.O. Box 230

Millville, N.J. TAylor 5-0305
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Seen
the new

IDEA
INDEX

IN EBG?

The INDEX to the editorial articles in electronics magazine,
previously published annually in a December issue, now ap-
pears ONLY in the EBG. Another original EBG idea that |
saves time and trouble for users! Keep your EBG copy on
your desk!

EXTRA!

Also in the EBG are condensed ABSTRACTS of all the edi-
torial feature articles which have appeared to date in 1961,
Another reason why EBG is used more by all four — men in
research, design, production and management.

(==}

S, McGraw-Hill Publication,
5+ 330 West 42nd St:, New York 36, N. Y. N2%
April
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If you have
your eye on
an exciting
future......

Il B B B B B cxciting things are happening at Eimac.
Who's the world’'s foremost developer and manufacturer of
electron power tubes? Eimac-—with a long line of firsts in
the field. The first modern beam magnetic optics. The first
practical matrix cathode. The first metal-ceramic tubes. The
first moduiating anode.

Eimac tubes have powered the first satellite bounce commu-
nication. The longest command-response achieved by man.
The first radar contact with the moon. Venus. And the sun.

Tomorrow: not even the sky's the limit.

You can make this exciting future your future. Each of our
development laboratories has openings for microwave tube or
power grid tube development engineers. If your forte is devel-
oping new higher power, higher frequency tubes, or cavities
or test equipment. Or if you have a flair for solving tube
production problems and advancing production techniques
and equipment, there are exciting challenges to investigate
at Eimac. You’'ll work in an area renowned for its concentra-
tion of electronics industry, sunny weather, fine schools and
pleasant living conditions. If you can qualify, write: Mr. C. F.
Gieseler, Department B, Eitel-McCullough, Inc., San Carlos,
California. An equal opportunity employer. ;. e
KEEP YOUR EYE ON &%

n



PRODUCTION TECHNIQUES

Multistation toroid winding machine in carousel arrangement winds precision inductors automatically

Winding Inductors to Exact Turns Count

By JOHN COFFIN
TOM MAYNE
Lenkurt Electric Co.,
San Carlos, Calif.

ECONOMICAL PRODUCTION of pre-
cision electrical filters is obtained
with a special toroid winding ma-
chine developed by Lenkurt Electric
Co. In a highly integrated produc-
tion operation, both capacitors and
inductors are manufactured to
tolerances better than 1 percent,
then matched to yield filters with

the desired performance.

Cores are made from pressed and
annealed nickel-iron powder (Lecal-
loy) having low loss and good tem-
perature characteristics. The tem-
perature coefficient of the cores is
approximately equal and opposite to
that of the polystyrene dielectric
used in the capacitors.

Successful automatic winding of
precision toroids requires individ-
ual core permeability measurement,
computing the number of turns for

Multi-turn permeameter used in core testing

72

each core, and programming the
winding head control unit.

To measure permeability, a ref-
erence inductance, part of a tuned
cireuit, is inductively coupled to the
core under test. Core permeability
affects tank circuit impedance and
therefore oscillation frequency.

Usually the coupling between the
core under test and the reference
inductance is the equivalent of a
single shorted transformer turn.
The chief limitation of permeam-
eters using single-turn coupling is
the difficulty of maintaining con-
stant contact resistance between the
upper and lower cup sections.
Variations in contact resistance can
equal the variations in impedance
caused by permeability differences.

If the turns are increased to pro-
vide a reactance about four times
as great as contact resistance, re-
sistance variations are effectively
masked.

A special permeameter was de-
veloped with a 36-turn coupling
element, providing a sensitivity
nearly seven times greater than a
single turn unit. In operation, the
core to be measured is positioned

electronics



GET PROVEN

COMPONENT RELIABILITY...

USE PHILCO
PROVED-IN-USE
EQUIPMENT

... INCOMPONENT PRODUCTION

400°C. HARD-VACUUM OVEN

Industry's finest. Stainless steel muffle
Precise primary and secondary temperature
control. Flat profile. Available in 2 sizes:
8" x 8" x 18" and 13" x 14" x 20"

NEW LOW.COST 250°C. VACUUM OVEN

Outstanding quality at a budget price. New
Philco vacuum bake-out oven features hard
vacuum—down to the 10-5 range. Dimen-
sions: 103, " diameter (equivalent to 8" x 8"
cross-section), 18" depth

7

NEW PHILCO DRYBOXES

Industry’s most hermetically reliable dry-
boxes. Available in your choice of stainless
steel or aluminum

External coupling of units, unobstructed
internal working surface and plug-in com-
patibility with ovens and other equipment—
all these Philco features assure industry's
highest standard of atmosphere control

For facts on Philco production and testing equipment, and capabilities
for custom equiprient, telephone (collect) UL 5-4681 (area code 215)
Ask for Mr. E. J. Greenholt. Or write Dept. E4662E.

CIRCLE 73 ON READER SERVICE CARD

IN COMPONENT TESTING

NEW PHILCO hte TESTER
A new low-cost way to check transistor cur
rent gain. Tester is continuously tuned to
process 50kc to over 200mc transistors

NEW PHILCO SPA¢

Inspects Incoming Transistors
Automatically

Philco “Single-Position Automatic Tester,
shown in photo, enables you to plug-in 10
different parameter tests. Can be pro
grammed to test 10 different transistor types
—simultaneously. Protects transistors from
outside electrical influences during tests.
Contains Philco-designed-and-built solid
state comparator.

Equipment Development and Manufacturing Operation

PHI

LCO

A SUBSIDIARY OF %%/Ol‘%?ﬁ%ﬂﬂ?%

LANSDALE DIVISION, LANSDALE, PENNSYLVANIA



TRAFFIC CONTROL |

CENTER:
TIMETABLE 1970’s

A typical example of advanced design by Lockheed-California Spacecraft

Will command centers based in space be an outstanding
development in the ten-year span from 1967 to 19777

The answer at Lockheed-California Company's Spacecraft
Organization is—Yes. Proof: the Spacecraft design pictured
here. It reflects the maturity developed in our thinking about
manned space systems.

The station—aeroscope traffic control center of the 1970’s

will be assembled in orbit in a series of pieces brought
together by rendezvous techniques. Included: Command
center; living quarters; maintenance station; radar and infra-
red sensing devices; nuclear power supply; communication
links with the earth and other space vehicles. As now
planned, 12 people will man the vehicle. Their tour of duty
will be measured in weeks.

74

For four years Lockheed-California Spacecraft has concen-
trated on the needs of man in space. Activities embrace all
fields pertaining to development of such complex space-
craft, as well as related supporting technologies: Space
physics (radiation hazards); astrodynamics (rendezvous);
bioohysics (human engineering); metallurgy and manufac-
turing processes (materials and structures).

Scientists and engineers of outstanding talent and
training are needed tc develop the new Spacecraft, Aircraft,
ASW concepts of Lockheed-California. If your capabilities
lie in the fields listed at right, write: Mr. £. W. Des Lauriers,
Manager, Professional Placement Staff, Dept. 1504, Lock-
heed-California Company, 2408 N. Hollywood Way, Burbank,
California. An equal opportunity employer.

Loc K H E E D CALIFORNIA COMPANY

A DIVISION OF LOCKHEEC AIRCRAFT CORPORATION

electronics



SCIENTISTS & ENGINEERS

are needed by Lockheed-California
todevelop new Spacecraft, Aircraft,
ASW concepts.

If you are qualified by training and
temperament for work in the following
fields—we suggest you contact Lock-
heed at once.

Human Factors

Physics (theoretical, plasma, high-
energy, solid state, infrared, optics,
nuclear)

Thermodynamics

Servosystems

Reliability

Physical or Bio-Chemistry

Quality and Reliability Assurance
Guidance and Control

Dynamics

Electronic Systems

Aerospace Ground Equipment
Auxiliary Power

Bioastronautics

Communications

Systems Integration and Trade-Off
Space Mechanics

Sub-Systems Synthesis and Analysis
Telemetry

Hypersonic Re-entry

Inertial Guidance

Navigation

Nuclear, Electric and Liquid Rocket
Propulsion

Electronics Research
Hydrodynamics

Send resume to: Mr. E. W. Des Lauriers,
Manager Professional Placement Staff,
Dept. 1504, 2408 N. Hollywood Way,
Burbank, California. An equal oppor-
tunity employer.

Loc K H E E D CALIFORNIA COMPANY

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION
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FIG;. 1—-Turns connt is determined by the oscillator frequency when core

isinthe tanl eirenit

by a mechanical arm, and the upper
cup is lowered through and around
the toroidal core: connections are
made as indicated in Fig. 2.

The number of turns requived hy
each coil is caleulated by the
integrated permeameter-turns-com-
putevr circuit. as shown in Fig. 1.

Oscillation  frequeney is  con-
verted into a winding turns count
in the computer by counting cyeles
in a controlled time interval. Os-
cillator frequeney is an inverse
function of core permeability, thus
the lower the permeability, the
higher the oscillator frequency and
the greater the counts in the fixed
tim~ interval. Thus, although each
core has slightly different charac-
teristics, the correet number of

turns for the desired inductance
vidue is  determined and pro-
grammed.

The oscillator is always set at a
nominal 10 Ke with a reference test
core before each production run.
Since the coil is actually wound in
two operations, the actual turns
count developed is one-half the final
count.

Rejection of  out-of-tolerance
cores does not mean they are unus-
able, since most will be used when
requirements are different. The per-
meability evaluation unit also re-
cords the number of cores graded
and the number with high- and low-
tolerance.

The turns count for each core is

stored in one of two digital re-
peaters. The digital repeaters store
the turns information on a given
core until it is loaded into a wind-
ing head, then transfers it to the
winding head memory.

Turns count information is
stored on ten-position stepping
switches, one switch being used for
each decade of the turns count. The
switch shafts are also brought out
to the face of the winding head con-
trol unit for manual control of the
turns count, if desired.

Nine independent winding heads
are mounted around the circum-
ference of the machine turntable.
Each head indexes, in turn, to the
loading station, where finished coils
are removed and new cores inserted.

As in hand-winding machines, a
split shuttle is used. Wire loading,
a time consuming operation in hand
winding, is completely automatic.
The first few turns are wound
slowly and then the shuttle accel-
erates to a loading rate of about
three thousand feet per minute,
slowing down just before the
proper length is reached.

During winding, an electronic
counter records the number of
turns wound on the core and the
count is displayed on glow transfer
tubes. Thirty turns short of the de-
sired turns count the shuttle is
slowed to creep speed. When the
precise number of turns is reached.
a pair of fingers intercept the re-
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INSPECTION
PROBLEMS?

This booklet is for you!

Free on
request

Name

BORESCOPES

e w0 with full data on the types

ro cAmetican (ystoscope Nakers, Jnc.
8 PELHAM PARKWAY

Gentlemen: Please send me without obligation a copy of |

This comprehen-
sive, elaborately

illustrated booklet
provides practical infor-

mation on the use of the

famous A.C. M. 1. Bore-

scope in various industries,

\ for the inspection of inte-
\ rior areas or surfaces not

' otherwise visible—together

of Borescope available,
and on their care and

Fill in and

mail today maintenance. Have you

received your copy?

PELHAM MANOR. N. ¥

b

A SUBSIDIARY OF

\ o Carrier « Microwave cencraL railway SiGNAL co

your booklet on Borescopes.

Firm

—,—

Addres:

\ City.

e UHF and Multiplex Radio

| o Systems Engmeermg

| Wite for free BSEC SpecFilleToday! |

375 Fairfield Ave
Stamford, Conn

* Because Budelman equipment performs better,
costs less to buy and maintain
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125,000 Shares
CTS Corporation

Common Stock

(without par value)

Price $23.50 Per Share

Carl M. Loeb, Rhoades & Co.

U pon request, a copy of a Prospectus describing these securitie. s and the

business of the Company may be obtained within any State from any
Underwriter who may regdarly distribute it acithin® such State. The
securities are offered only by means of the Prospectus, and this announce-

menl is neither an offer to sell nor a solicitation of any offer to buy.

Incorporated

Smith, Barney & Co.

Incorporated

March 30, 1962.

Merrill Lynch, Pierce, Fenner & Smith
Wertheim & Co.

How to grow

Goldman, Sachs & Co. a beard...
Eastman Dillon, Union Securities & Co. Glore, Forgan & Co. Sit back and wait for your copy on that
. . routing list. Okay if you like beards. Other-
Hornblower & Weeks Klddf:.'c gﬁzPaot(!)d' & Co. Lazard Fréres & Co. ] ?ook in this issue for the Reader

Service Card. Fill in the'‘for subscriptions"’
section. Mail. Only 71, cents a week,

electronics
A McGraw-Hill Publication,

330 West 42nd St., N. Y. 36
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FIG. 2—Connections of multi-turn
permeameter are muade in three
laners of contaets. Only a nine turn
unit is shown here

maining wire before it is tightened
into a winding turn. At the unload-
ing station a cutter snips and ex-
tracts the excess wire and discards
it. Because the cores are wound in
two operations, the finished coil al-
ways has an even number of turns;
when necessary., one turn is re-
moved manually.

From 1,400 to 2,200 coils can be
wound in an 8-hour shift, with
winding rates from 1,800 to 3.000
turns per minute. The machine re-
quires two full-time attendants and
a maintenance technician.

A cost savings greater than 50
percent has been achieved in the
production of filters, due mainly to
reduction in rework. In addition,
the actual cost of producing toroidal
coils has been reduced to less than
i that of hand-wound coils.

The machine iz ideal for long
runs of standard toroidal coils, but
is less suitable for small quantities.
For this reason, it has reduced but
not eliminated manually-operated
winders. Training programs were
initiated with the cooperation of the
production workers union to enable
displaced workers to be transferred
to other production operations.
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Bristol choppers 1
help U.S. Astronaut

Cw

maneuver
Friendship 7 spacecraft

Four Bristol Syneroverter* choppers formed a vital part of the infrared
horizon sensors manufactured by Barnes Engineering Company, Stamford,
Conn., and carried aloft in NasA’s FRIENDSHIP T spacecraft by the first U. S,
astronaut to orbit the earth.

The Bristol choppers function as sensitive phase detectors in the sensors as
they establish a horizontal reference plane for the vehicle,

Infrared Horizon Sensor undergoes rigorous optical, mechanical, and electrical checks at
Barnes Engineering Co. One Bristol chopper is located in foreground, in front of gear.

Bristol Syncroverter* choppers, noted for low noise, long life and high reli-
ability, are finding a vital place in more and more missile guidance systems,
as well as in analog computers, d-¢c amplifiers, and test equipment for indus-
trial applications. More than 200 models available. Write for complete details.

The Bristol Company, Aircraft Equipment Division, AccCoO
150 Bristol Road, Waterbury 20, Conn.

A Subsidiury of American Chain & Cable Company, Inec. \
*T.M. Reg. U.S. Pat, Off. 2.22 =

B RlSTOL...engineers for precision, builds for reliability
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NEW PRODUCTS

DESIGN AND APPLICATION
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Electron Beam Evaporator
FOR THIN FILM DEPOSITION

ANNOUNCED by Alloyd Electronics
Corp., 37 Cambridge Pkway, Cam-
bridge 42, Mass., the CR-1 con-
trolled rate electron beam evapo-
rator can be used in the fabrication
of thin films for memory cores,
capacitors, integrated circuits, de-
position of optical device coatings
and in multiple units it can lay
down a controlled composition alloy
film. As shown in the sketch, the
electron gun tungsten filament and
encircling tantalum crucible shoot
a beam through the source vapor
and ionizes a portion of the atoms
going up to the substrate. Atoms
that escape collision and ionization
are deposited on the substrate and

current resulting from ionized
Vee -V
RAMP _%_ PER [ out
VOLTAGE =

Video Sweep Generator
100 CPS TO 10 MC =} DB

MANUFACTURED by Telectronics,
Inc., 28-27 Main St., Nashua, New
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) 1g+1y T~ SOURCE
VAPOR
IONIZATION

CURRENT

CONTROL

ANNULAR ELECTRON GUN FILAMENT

atoms in source vapor is detected
and amplified. This current is a
measure of evaporation rate and is
fed back to power source to control
current and rate of evaporation. A
separate gun and ionization cham-
ber remove effect of current due to
ionization of background gas. This
current is subtracted so only ion
current from vapor source is de-
tected and used for control. Operat-
ing at maximum voltage of 3 Kv
at 300 ma, the gun will handle
vapor pressures between 107 and
10 mm Hg between 800 and 2,000
C. Evaporation rates can be con-
trolled from 0.2 to 150 micrograms
per cm® per second.

CIRCLE 301 ON READER SERVICE CARD

Hampshire, the S-100 video sweep
generator is completely solid state
and incorporates a marker gen-
erator and detector. Four overlap-
ping bands between 100 cps and 10
Mc can be swept in increments be-
tween 50 ms and 100 seconds with
a sweep linearity of 3 percent. The
unit has true zero line retrace
blanking and an internal detector
having 93-ohms input, linear from
0.1 to 10 v rms with a d-c output
into 5,000 ohms. The extremely

slow sweep speeds will assist filter
designers. Markers are generated
(see sketch) by comparing the sys-
tem ramp voltage generator output
to an accurate d-c level determined
by a ten-turn potentiometer. When
the ramp voltage agrees with the
preset voltage level, a pulse gen-
erator fires to deliver the marker.
CIRCLE 302 ON READER SERVICE CARD
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Negative Resistance Unit
SHORT CIRCUIT STABLE

CIRCUITDYNE Corp., 480 Mermaid
St., Laguna Beach, California, an-
nounces the Negistor series of
short-circuit stable negative resist-
ance devices. The significant differ-
ence between the Negistor and the
tunnel diode is better linearity of
negative resistance exhibited by
this new device. This linearity
makes practical its use in a wide
variety of applications where the
non-linear characteristics of the
tunnel diode is unacceptable. Rat-
ings are: region of linear negative
resistance (typical) 3.9 to 25 v,
(guaranteed) 5 to 20 v; peak volt-
age 2.8 v; valley voltage 32 v;
shunt capacitance at 15 v is 70 pF;
and temperature coefficient of nega-
tive resistance at 15 v is 0.07 per-
cent per degree C. Forward voltage
is 85 v max, reverse voltage is 30 v
max, power dissipation is 350 mw
and operating temperature is —55

electronics



NEW
MEASUREMENT
EFFICIENCY

WITH THIS TEKTRONIX DIGITAL READOUT OSCILLOSCOPE

DIGITAL READOUT
of time differences as short
as 50 picoseconds.

DIGITAL READOUT
of pulse risetim=s as fast
as one-halt nanosecond.

DIGITAL READOUT
of pulse amplitudes as small
as 2 millivclts p2ak-to-peak.

A Tektronix Readout Oscilloscope enables
you to make precision measurements faster
and easier—for simultaneously with the ana-
Iog drsp'ay on the 5-inch crt, you have a

puling programmer
You set the prog-: ( for all successise similar meas-
urements.

For each measurement, you r

or Doln KT W [ (
presentation and |r.duca1or lights whether or not thc item
tested has met specifications.

To achieve this faster and simpler approach
measurement, the Type £67 mcorporates rnaw features new
to an osciiloscope. Inthe a \atic compu ] programmer,

for example, some of 1hese new features mclude position-

Tektronix, Inc.

TEKTRONIX FIELD OFFICES N K

to prec on

ENGINEERING REPRESENTATIVES: tron Haw H

TYPE 3T77 vwmea gweep

TYPE 6RI DIGITAL UNIT

96
uv-(n Pt sgv
gTAR? — ) stap

TMEON -
stose . [

SLOPE ]

|

TN STaRt —_— - @ J
et L § TG S10m

PN

“Hvne ip 1y

e oremiy
Q "B omegon

TYPE 567

able measurement-reference zones, automatic normaliza-
tion, zone-intensity markers, automatic and manual start-
timing and stop-timing systems, preset-limit selector and
indicators, provision for external programming. These fea-
tures—and others in the two sampling plug-in units and the
oscilloscope itself—enable the new Type 567 to greatly in-
crease your measurement proficiency.

On a production line, in a laboratory, or for sustained
testing programs, the digital readout convenience of a Type
567 can speed-up and simplify measurement of pulse ampli-
tudes and time increments betweem percemtages of selected
amphitude leve 1D 1dainon,
you can also measure pulse amp( udes amd time increments
on difterential signals between A and B inputs.

$1100

For complete information about the characteristics and
capabilities of this new Digital Readout Oscilloscope, please
call your Tektronix Field Engineer.

P. 0. BOX 500 - BEAVERTON, OREGON | Mitchell 4-0161 - TWX—BEAV 311 - Cable: TEKTRONIX

European and African countries, the countries of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL A.G., Terrassenweg 1A, Zug, Switzerland, for the name of your local engineering representative.
Other Overseas areas, please write or cabfe directly to Tektronix, Inc,, International Marketing Department, P. O. Box 500, Beaverton, Qregon, U.S.A. Cable: TEKTRONIX

April 6, 1962
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“WE WILL
BUILD

- AROUND

TOP-GRADE
TECHNICAL

TALENT”

E. G. UHL, President,
Fairchild Stratos Corporation

[
Can a simple, straightforward
statement capture the spirit of
acomplexand dynamic situation?
We believe it can.

Today, the revitalized divisions
comprising Fairchild Stratos are
not static, crusted organizations.
They are living, growing, achiev-

' Ing forces of human thought and
| energy. There is a new and

|

=

growing boldness and. vision, a
deep personal Involvement, and
a basic sense of "becoming’.
Across many disciplines, through
each location, in a sound diver-
sity of Important programs, there
are these common hallmarks:

*True technical excellence which
comes from talented individuals
and small elite groups rather
than massive mediocrity.

¢ Involvement of technically in-
sightful management at primary
points of declsion, day to day.

® Recognition and reward of top
Individual contributors who are
challenged and stimulated to
truly professional creativity.

* Aggressive program direction,
evaluation and control.

This Is Fairchild Stratos. A grow-
Ing and dynamic complex of
talented Individuals. Fully inte-
grated, small-to-medium sized
divisions, large enough for major
primes, small enough for state-
of-the-art subs, The result is a
whole that is greater than and
different from the sum of its parts.

FAIRCHILD
STRATOS
HAGERSTOWN.MD.
Divisions:
Aircraft-Missiles
Hagerstown, Md.
Aircraft Service
Salnt Augustine, Fla.
Electronic Systems
Wyandanch, L.1., N.Y.

Stratos
Bay Shore, L.1., N.Y.
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to +85 C. The upper sketch, p 78,
shows a loaded circuit fed from a
high impedance source. Center fre-
quency is 400 cps and the 3 db
bandwidth is 1,800 cps. The lower
sketch shows the same circuit using
the new device. Here, the 3 db
bandwidth is 2 cps, indicating a Q
of 200 while the power output has
increased by 50 db.

CIRCLE 303 ON READER SERVICE CARD

Statie Inverters
MEET MILITARY SPECS

ASTRO-SPACE LABORATORIES, INC,,
2104 Memorial Parkway, S.W,
Huntsville, Ala. Type DSI-10 dig-
ital static inverters supply poly-
phase 400-cycle a-c from standard
d-c supplies. They synthesize sinu-
soidal waveforms with =1.0 v regu-
lation on balanced or unbalanced
loads. Using all-silicon switching
transistors and digital circuitry,
their efficiency is better than 80
percent on full loads. Models are
available from 250 to 5,000 v-a.
CIRCLE 304 ON READER SERVICE CARD
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Rectifier
CONTROLLED AVALANCHE

GENERAL ELECTRIC €0., West Genesee
St., Auburn, N. Y., has introduced
the controlled avalanche rectifier, a
semiconductor which protects itself
against damaging transient volt-
ages. Pictured is the 12 ampere
unit known as the ZJ218. The oscil-
logram depicts the sharp reverse
avalanche characteristic at 1260 v
of a typical 800 prv controlled
avalanche rectifier. The ZJ218 can
dissipate up to 3,900 w peak power
in the avalanche region.

CIRCLE 30S ON READER SERVICE CARD

Wirewound Resistors

DALE ELECTRONICS, INC., Columbus,
Neb. Type MRS miniature resistors

with molded coating are available
with ratings of 1 w and 3 w at
125 C ambient temperature; max
continuous operating temperature
for both, 275 C.

CIRCLE 306 ON READER SERVICE CARD

RMS Meter
HIGH SENSITIVITY

GREIBACH INSTRUMENTS CORP., 315
North Ave., New Rochelle, N. Y.
This meter features use of precision
wire-wound resistors, true rms—no
amplifiers, and a design that ex-
cludes the use of current-limiting
thermocouples. The simple, virtu-
ally foolproof unit uses a solid state
transducer instead of a thermo-
couple, resulting in higher sensi-
tivity, greater over-load capacity,
and less current consumption
within the meter.

CIRCLE 307 ON READER SERVICE CARD

NPN Semiconductor
HIGH BETA

WINTRONICS, INC., 1132 S. Prairie
Ave.. Hawthorne, Calif. The Beta-
Pak npn silicone amplifier weighs
! oz and is } cu in. in size. De-
signed for applications requiring
high input and low output resist-
ances. Current gain is >100,000,
that is 1 ga input will produce 150
ma output with 50-ohm load.

CIRCLE 308 ON READER SERVICE CARD
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Capacitors

ULTRASTABLE
BALCO RESEARCH LABORATORIES, INC.,
49-53 Edison Place, Newark, N. J.,
offers a capacitor for circuit appli-

cations requiring constant capaci-
tance with varying operating tem-

electronics



peratures. Capacitor variation is
< = 0.05 percent (approx.) from
—15 C to 483 C and < *=0.5 per-
cent (approx.) from —55 C to
+85C. High stability holds for
both short and long term time in-
tervals., Insulation resistance is
> 5 x 10" ohms, dissipation factor
and dielectrie absorption are rela-
tively low.

CIRCLE 309 ON READER SERVICE CARD

Beryllium Oxide
HIGH-PURITY

NATIONAL BERYLLIA CORP., First &
Haskell Avenues, Haskell, N. J., an-
nounces  high-purity  beryllium
oxide which has the ability to iso-
late electronic components electri-
cally, while conducting heat away
from them.

CIRCLE 310 ON READER SERVICE CARD

P-M Material

WESTINGHOUSE ELECTRIC CORP., P. O.
Box 128, Blairsville, Pa. A ductile
permanent magnet material called
Vicalloy—composed of 52 percent
cobalt, 10 percent vanadium and 38
percent iron—is capable of being
rolled to thickness of less than one-
half of one-thousandth of an inch.

CIRCLE 311 ON READER SERVICE CARD

Transistor Tester

DIRECT READING

DYNATRAN ELECTRONICS CORP., 178
Herricks Road, Mineola, N. Y.
Model 1822 provides direct readings

April 6, 1962

MISSILE-SPACE
ENGINEERS and SCIENTISTS

T ———— g

The Aircraft-Missiles Division needs excep-
tional talent to spearhead accelerated growth into selected,
key aerospace areas such as satellite and reentry systems,
reconnaissance-surveillance systems, communications and power ;
for space applications, and advanced missile systems, Basic pre- f
requisites include appropriate degree, plus a minimum of three
to four years’ applicable experience.

ADVANCED SYSTEMS ENGINEERING

Requires increasingly more responsible experience in depth in ‘
space, reentry vehicle and satellite programs in control systems, |
guidance systems, sensor systems, communications systems, ¥
propulsion systems, data systems, computers (airborne), vehicle
systems (reentry and space), recovery systems, command sys-
tems, biological and chemical systems.

SYSTEMS ENGINEERING

e |
]
1

Must have had increasingly responsible experience in depth the
last several years of which must have been in systems engineering
in one or more of the following areas—control systems, guidance
systems, sensor systems, communications systems, propulsion
systems, data systems, computers (airborne), vehicle systems
(reentry and space), recovery systems, command systems, opera- {
tions research activities, applied mathematics. E

l

'

ELECTRONICS ENGINEERING

Requires progressively more responsible experience in depth {
preferably as related to ballistic missiles, space and reentry {
vehicles, satellites and associated systems in such areas as data f
systems, radar, telemetry, tracking equipment, sensor equip- i
ment, guidance (command and inertial), control, computers, {
ground support equipment. i

ENGINEERING TECHNOLOGIES

Must have had increasingly more responsible experience demon-
strating ability to handle problems in one or more of the following
areas—heat transfer-fluid flow, orbital mechanics, trajectory
analysis, aerophysics, magneto hydrodynamics, applied
mechanics, aerothermodynamics, space dynamics, numerical
analysis, calculus of variations, statistics and information theory,
materials engineering—metals and non-metals.

DESIGN ENGINEERING

Requires progressively more responsible and complex subsystem
design experience and demonstrated excellence of capacity in
handling such assignments in one or more of the following areas
—propulsion, servomechanisms, vehicle structures, space power
systems, electrical power and distribution, recovery systems,
ground support equipment and environmental control.

For prompt information regarding these openings, inquire
of C. A. Webb, Jr.,, Manager, Professional Relations

OFAIRCHILD
OSTRATOS

AIRCRAFT-MISSILES DI/IVISION
HAGERSTOWN 23, MD.
An equal opportunity employer
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NEW
UA-200
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MULTI-PURPOSE
POWER CUTTER

FOR INDUSTRY // /
WITH
INTERCHANGEABLE
CUTTING HEADS

B-5 Cutter
Standard edge
diagonal cutting head

SHOWN
FULL SIZE

This latest and most versatile addition to the Utica line of production
tools is available with four optional, interchangeable cutting heads.
Each head is designed for a specific cutting purpose and all have
electronically induction hardened jaws. The air cylinder is lightweight,
shock-resistant Delrin plastic and the UA-200 is easily operated with
a long trigger that fits either hand. And the UA-200 is four times
more powerful. Maximum cutting speed with minimum operator
fatigue assures higher production in almost any cutting operation.
Each UA-200 is equipped with an 8 ft. air hose and your choice of
one cutting head. Write for complete information.

OPTIONAL HEADS FOR VARIED USES

_ Jpa— p . .
Q o ‘:’j { ). l——\;ﬂ A
- O 1700 A

B-6 Cutter

Hairline flush edge
diagonal cutter head

< A

B-8 Cutter

Diagonal cutting head
for plastics only

UTICA

UTICA TOOLS e DIVISION OF KELSEY-HAYES COMPANY, UTICA 4, NEW YORK

B-7 Cutter

Cutter-crimper head
for printed circuits
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1

of the various d-c¢ parameters of
power transistors over a wide range
of bias conditions. Parameters are
measured by means of a pulsed
power circuit which provides peak
pulsed power up to the Kw range
with collector voltages variable up
to 300 v and collector currents up
to 100 amp.

CIRCLE 312 ON READER SERVICE CARD

D-C Power Supply
ADJUSTABLE

XPECIFIC PRODUCTS, 21051 Costanso
St.. Woodland Hills, Calif. Model
APS275B DBenchpac adjustable
power supply offers a better than 1
percent regulation with very low
ripple (0.5 v at 50 ma 275 v) in a
compact case for mounting where
space is at a premium. Price is $49.

CIRCLE 313 ON READER SERVICE CARD

Power Transistors

SEMI-ONICS, INC., 4 Broadway, Low-
ell, Mass., announces three series of
pup germanium power transistors
in the low-outline TO-36 package.
They are designated 2N1518
through 2N1523, 2N2075 through
2N2082, 2N2152 through 2N2159.
CIRCLE 314 ON READER SERVICE CARD

Matching Relay
SUBMINIATURE

C. P. CLARE & C0., 3101 Pratt Blvd,,

Chicago 45, 111., offers type LF sub-

miniature magnetic latching relay.

Senxsitivity of the two-coil models

is 150 mw per coil with an operate

electronics



time of 5 millisec at 25 C. Single-
coil models are sensitive to 75 mw
with an operate time of 8 millisec
at 25 C. Contact load life may be
as high as 1,000,000 operations, de-
pending on the type of contact load
used.

CIRCLE 315 ON READER SERVICE CARD

Ceramic Capacitors

THE SCIONICS CORP., 7400 Deering
Ave., Canoga Park, Calif. The
S-Cap series of 200 v d-c subminia-
ture and dip-coated ceramic capaci-
tors are available for miniature
modular and printed circuitry.
CIRCLE 316 ON READER SERVICE CARD

P-C Capacitors
CLEAR EPOXY POTTED

PRESIN CO., INC., 2014 Broadway,
Santa Monica, Calif. The Miniprint
vacuum impregnated capacitors are
made for insertion into p-c¢ boards
by dip soldering, if desired. Normal
tolerance is =20 percent of capac-
itance range up to 2 uf or 630 v
operating voltage. Will meet class
IV humidity specifications and op-
erate from —55 C to 485 C.
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Semiconductor Test Set
PROGRAMMABLE

LUMATRON ELECTRONICS, INC., 116
County Courthouse Rd., New Hyde
Park, L. I., N. Y. Model 505 semi-
conductor test set features auto-
matic programming of test condi-
tions for transistor switching time
and diode reverse recovery time
measurements in a prepared test

April 6, 1962

Direct
Digital
Pickoff

gimbal angles in attitude reference, inertial guidance and

similar platforms with accuracies to 40 seconds of arc.
Associated solid state eclectronics occupying less than 10 cubic inches
provide high-level pulses, one pulse for each 40 seconds of arc, which
may be counted to give a direct digital representation of angle. Self-
contained direction sensing logic provides pulses on one of two lines
depending on direction of rotation. A third line provides a zero index for
resetting a reversible counter, The precision, hollow encoder bearing may
be used as a gimbal support in most platform applications.
In addition to greater accuracy and reliability, savings in weight and space
over synchro-to-digital systems can be realized with the Type RI-15S
pancake encoder.
Wayne-George’s experience in the design and production of angle encoders
and pulse tachometers for a wide variety of applications is available to

| meet your special requirements.

Write for Technical Literature

= WAYNE-GEORGE CORPORATION

322 Needham Street, Newton 64, Mass.
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PACKAGED
SERVO ASSEMBLIES

Kearfott packaged servos combine all components (synchros,
resolvers, motor-generators, amplifiers, etc.) of typical position-
ing servos. Available in two basic versions: BuOrd configuration
with output shaft, and flat pack in-line configuration without
shaft; transistorized amplifier can be built into either. BuOrd
size 11 (with two size 5 components), size 15 (with up to four
size 5 components), and size 18 (with up to six size 5 com-
ponents). Flat pack type accommodates up to four wound com-
ponents. Component complement and precision gearing in a
wide range of ratios . . . to your specifications.

For complete data write Kearfott Division, General Precision, inc.,
Littie Falls, New Jersey.

KEARFOTT

HIGHLY
RELIABLE

SHAFT POSITION-TO- DlGlTAL CONVERTERS

Resistant to high shock, vibration, and temperature extremes.
Applications include latitude, longitude, azimuth, or conven-
tional angular shaft displacement conversion and decimal count
conversion. Kearfott's exclusive drum design gives large con-
version capacity (typical unit 2'5) in small size. Combination
counter-converter assemblies for visual and electrical readout
also available.

CHARACTERISTICS:

Part Number P1241-11A P1240-11A Y1240-11A Y1241-11A U1240-11
Code Ciclic Binary — Binary Decimal
No. of Drums 5 3 3 2 4
Range 0-32,768(2'5) (+4)0to(4+)999 0 to 359.9 0to 359 0t0359.9
(—)999to(-)0 .

Bits per Revolution 16 20 40 40 40
Revolutions for

Total Range 2,048 100 90 9 90

For complete data write Kearfott Division, General Precision, Inc.,
Little Falls, New Jersey.

> CERNERAIL
PRECISION
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circuit. It consists of a 0.3 nsec rise
time pulse generator, two 500 ma
bias supplies and a test jig to hold
standard Lumatron transistor and
diode test circuit cards.
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Phase Meter

WILTRON CO., 717 Loma Verde Ave.,
Palo Alto, Calif. Model 305 phase
indicator for pulsed microwave
signals is an instrument for meas-
uring the r-f phase characteristics
during a pulse and between succes-
sive pulses. This is important in
testing high power microwave
tubes.
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P-C Board
REDUCED SIZE

PHOTOCIRCUITS CORP., 31 Sea CIiff
Ave., Glen Cove, N. Y., announces
p-¢ boards utilizing the Mini-Pad
technique which reduces the amount
of land or pad area around each cir-
cuit hole without sacrificing the
strength or reliability of the plated-
through interconnection, Use of
this process can reduce the required
board size by as much as 50 percent.
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Packaged Circuits
ENCAPSULATED

CLEVITE TRANSISTOR, Waltham,
Mass., employing a milliminiature
germanium diode, has developed a
line of plastic encapsulated Millipak
packaged circuits which will enable

electronics



engineers to increase component
density on circuit hoards hy a sub-
stantial factor. Company says the
milliminiature diode is  Ith the
volume of  present subminiature
diodes and provides identical ciy-
cuit  performance.  MIL-8-19500
spees are exceeded.
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High Reliability Tubes
FOR MILITARY USE

SYLVANIA ELECTRIC PRODUCTS INC.,
730 Third Ave. New York 17, N. Y.,
announces three high reliability
tubes——the 6360, 6939 and G66RRA.
for communications equipment and
electronics instrument applications.
Very high resistance to tempera-
ture. shock and vibration suit them
for military applications, Company
says each has unusual capabilities
in the vhf and uhf ranges.

CIRCLE 322 ON READER SERVICE CARD

Voltage Reference

FLECTRONIC DEVELOPMENT CORP., 423
W, Broadway, Boston 27, Muass,
Model V8-11 precizion voltage ve-
ference source features an aceuracy
of 0.025 percent of the selected out-
put voltage. =250 puv.
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Counter Timer
SEQUENTIAL/INTERVAL

DI/AN CONTROLS, INC., 944 Dorches-
ter Ave., Bn\‘ton 25. Mass. Model
S L C.-1/3-25 sequential interval

April 6, 1962

SIZETI LS
WINDING-COMPENSATED
SYNCHRO RESOLVER

Precision, lightweight, high-accuracy components with applica-
tions in analog computers and automatic contral systems. The
compensator winding provides feedback voltage for a resolver
isolation amplifier; the feedback loop automatically adjusts to
compensate for temperature and frequency variations. Function
error of the R980-018 is only 0.1%. A compatible transistorized
amplifier, Kearfott number S3100-01A, is available.

Part Number 5R980-41 CR9 0980 001
R980-018
Excitation (volts) (max.) 50 26
CHARACTERISTICS Frequency (cps) 400 400
Total Null Voltage (mv) 25 10
Max. Error from E.Z. (minutes) 5 5

Operating Temp. Range ( C) 5510 +125 —-55t0 +125

For complete data write Kearfott Division, Genera! Precision, Inc.,
Littie Falls, New Jersey.

KEARFOTT

DUAL-

CHANNEL
TRANSISTORIZEI]
BUFFER AMPLIFIERS

These high-performance units are designed to drive Kearfott's
Size 11 R980 winding-compensated synchro resolvers. The
amplifier-resolver combination has stable gain characteristics
and negligible phase shift thrcugh an ambient temperature
range of —50°C to +85°C. Extremely high resistance to shock
and vibration. Meet environmental requirement of MIL-E-5272.
Part Number $3100-01
Number of Inputs 4 per channel
Input Impedance (ohms resistive at 25 C) 100,000
CHARACTERISTICS Voltage Gain 1+0.0005
Phase Shift (rotor output to input at 25 C)} less than 15 min
Max. Signal Output Voltage 16 volts
Gain Stability Over Operating Temp. Range 1%+0.05%

For complete data write Kearfott Division, General Precision, Inc.,

> CENERAL
PRECISION

CIRCLE 85 ON READER SERVICE CARD

85



One of a series EXPLORING THERMISTOR APPLICATIONS counter/timer provides outputs
which mark the ends of 4 succes-
sive counting cycles. Each cycle is
adjustable by decade thumb
switches from 0 to 999 counts. An
external asvnchronous count rate
may be used with a maximum limit
of 25 Ke. An internal 5 Kc oscil-
lator is provided, as well as a 60
cyele input, so that either of these
frequencies may be used as base
frequencies to transform the unit
into a timenr.
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a little. -
thermistor

makes a hig difference
in remote centrol
applications

This circuit features a little bead thermistor, made with a
heater attached and mounted in a vacuum bulb.

Strip-Chart Recorders
HIGHLY ACCURATE

F. L. MOSELEY CO., 409 N. Fair Oaks
! Ave., Pasadena, Calif. The Auto-
| graf model 680 recorders are servo
potentiometer type instruments
with fast response and broad versa-
| tility. They measure 6:% in. high, 8
\ in. deep and 7% in. wide. Accuracy
| is 0.2 percent full scale and pen
| speed is ! sec full scale. Recording
is made on 100-ft voll charts, 6 in.
wide with a 5-in. writing span.
Price is $750.
; CIRCLE 325 ON READER SERVICE CARD

When power is applied to the heater, thermistor resistance
is lowered. All you have to do is place this unit in the input
of a vacuum tube amplifier, for instance, and you have
yourself an excellent remote gain control . . . smooth,
noiseless, and with no moving parts. And the capacity of
the remote transmission line won't affect the amplifier,
because capacity between heater and thermistor bead is
only a few micro-microfarads.

- $3q01d sse|d pue SPEIQ " IYIHMANY INIT I1I1dW0D ISOW 3L

sas1p

Thermistors can help to do literally hundreds of jobs better, § B
For instance: temperature control, liquid level ‘3
measurement, time delay, switching, power measurement, .
voltage control — or you name it.
There are just two kinds of thermistors, really: 3
ordinary, which are good; and FENWAL ELECTRONICS, 3
which are a little bit better. One reason is that FENWAL
ELECTRONICS has the edge in experience. We pioneered RN
in this field. Another reason is that we can suit your g ‘
application exactly — FENWAL ELECTRONICS has the 2 \ Delay Line
most complete line of thermistors available anywhere. ‘é é\ MINIATURIZED
For details, application assist- : ESC ELECTRONICS CORP., 534 Bergen
ance, and new Thermistor 3 B Blvd., Palisades Park, N. J. Model
Catalog EMC 4, write: S ’)\ 37-74 delay line has better than 35
g \\ | to 1 delay/rise time ratio in a 3%
63 Fountain Street, Framingham, Massachusetts § : cu in. case. It features less than

86 CIRCLE 86 ON READER SERVICE CARD electronics



2 db attenuation, temperature oper-
ation from —55 to 125 C, and com-
plete uniformity of prototype or
production units.
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Transmission
MULTI-SPEED

AUTOTRONICS INC.,, P. O. Box 208,
Florissant, Mo. With continuous
running input, this transmission de-
livers 8 binary ratio output speeds
in both directions plus an electro-
magnetically actuated instant
brake. Output torque is in excess
of 45 1b in. at each speed. With
1,800 rpm input, output speeds are
360, 180, 90, 45, 22.5, 11.25, 5.625.
and 2.8 rpm in both clockwise and
counterclockwise directions. Speed
and/or direction change takes place
within 25 millisec.
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Tape Recorder

CONSOLIDATED ELECTRODYNAMICS
CORP.,, 360 Sierra Madre Villa.
Pasadena, Calif.. announces a com-
pletely integrated magnetic tape
recorder/reproducer system capa-
ble of recording both predetected
and postdetected data simultane-
ously.
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Miniature Reed Relay
ENCAPSULATED

MAGNECRAFT ELECTRIC Co., 5565
North Lynch, Chicago 30, 11l. The
101-PCX Magnereed is positioned in

April 6, 1962

“ROCKETIZED™

a new concept
in slhock and

Probably the most rugged CRT
ever built, the ETC Type M 1055
is designed especially to
withstand the shock of thrust into
outerspace. Fully potted,
shielded, and equipped with
flexible leads, integral mounting
brackets and shock mounts; the

H g : M 1055 is tested in accordance
Vi b' ration resistant 1141i!h AIIL-€—5422C to u;ithst;lznd
,000 cps vibration at 0.1 inc
cathode ray tubes double amplitude and impacts

/

as high as 15G to 11 ms with
peak values at about 5.5 ms.
Electrical specifications of this
new 5”, single-gun, tight-
tolerance tube are similar

to Type 5AMPL. For details,
write for ETC Bulletin M 1055.

pPacing trends
IN CATHODE RAY TUBE DESIGN
...since 1937

The Type M1055 is one of many special
purpose CR tubes recently developed by
ETC that pioneer entirely new concepts

in CRT design for jobs that have never
been done before. Others incorporate fiber
optics, ruggedized construction and other
techniques for greatly enhanced defocussing
and tracking characteristics. All can be
designed with one or more electron guns
for special uses. Inquiries for exact
requirements will receive prompt attention.

CLronle LU08 & Instrument division

1200 E.

of General Atronics Corporation
MERMAID LANE, PHILADELPHIA 18, PENNA.

(formerly Electronic Tube Corporation)
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ENVIRONMENT-PROOF

Honeywell HM and HS series meters are immune to haz-
ardous climatic or atmospheric conditions. True glass-
to-metal hermetic sealing makes them completely dust-
proof and moistureproof, and plated steel cases provide
magnetic and electrostatic shielding. 8 HS series meters,
in addition, are ruggedized to withstand exceptional
levels of shock, vibration, stress and strain. HS2Z and
HS3Z types have external gasket-sealed zero adjusters
and conform to the requirements of MIL-M-10304B.
# For a catalog describing the full line of Honeywell
meters, write Honeywell Precision Meters, Manchester,
New Hampshire. 8 There’s no charge or obligation.

HM3I-€T (3 1/ 27) ELAPSEO TIME INDICATOR SHOWN FULL RANGE OF CURRENT ANO VOLTAGE MOOELS AVAILABLE |

“‘where electronics meets the eye"

Honeywell |
Precision, Waters-
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a molded case with tinned round
wire terminals brought out through
the molded wall which serves as a
terminal board. Encapsulation with
potting compound rigidizes the p-c
terminals and protects the relay
from mechanical injury and tam-
pering. Nominal operate time can
be less than 1 millisec; release
time can be less than 2 millisec de-
pending on coil operating power.
CIRCLE 329 ON READER SERVICE CARD

Pulse Transformers
VERSATILE SELECTION

SPRAGUE ELECTRIC C0., 35 Marshall
St., North Adams, Mass. Type
100Z41 assortment consists of 12
miniature transformers in pre-
molded case, each with multiple
windings so that the circuit de-
signer using the kit has at his dis-
posal 58 different configurations
with primary inductance ranging
from 160 xh to 43 mh. Complete
data on the new kit is given in En-
gineering Bulletin 40,002, available
upon letterhead request.

Decade Resistors
PANEL-MOUNTED

ELECTRO  SCIENTIFIC INDUSTRIES,
7524 S. W. Macadam Ave., Port-
land 19, Ore., offers model DS-12
Dekastat, panel-mounted, individual
decade resistors. Available in stand-
ard values of 1 ohm to 100,000
ohms per step and in special order
values of 0.01, 0.1 and 1 megohm
per step, these 10 step units are de-
signed for use in production test
equipment and in other experimen-

electronics



tal and permanent equipment where
several resistance decades are
needed. Accuracy of the units is
0.03 percent (plus 1 milliohm).
CIRCLE 330 ON READER SERVICE CARD

Silicon Modules
FOR DATA SYSTEMS

PACKARD BELL COMPUTER, 1905
Armacost Ave., Los Angeles 25,
Calif. Line of silicon digital eircuit
modules will operate over a range
from —55 to 100 C and will operate
without lines of load driving power
throughout range from 0 to 55 C.
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Diffusion Boats
ULTRAPURE SILICON

ALLEGHENY ELECTRONIC CHEMICALS
C0., 20 Leon St., Bradford, Pa., has
available diffusion boats made from
ultrapure silicon. They afford
greatly increased control over the
diffusion process because the sili-
con used in the boats is as pure as
that of the wafers being diffused.
The silicon boats will not devitrify
or warp and will last indefinitely
with proper handling. Prices range
from $40 to $180 each, depending
upon sizes required.

CIRCLE 332 ON READER SERVICE CARD

Miniature Readouts
FRONT PANEL ACCESS

INDUSTRIAL ELECTRONIC ENGINEERS,
INC., 5528 Vineland Ave., N. Holly-
wood, Calif. Series 130000 plug-in

April 6, 1962

DATAPULSE

=, &
—
' ' The DATAPULSE 10} PULSE GENERATOR
is designed to accurately and reliably
generate the pulses necessary to test this high speed flip flop module.
The 104 meets this requirement and many others such as:

e PULSE TELEMETRY SYSTEM DESIGN

¢ IMPULSE GENERATION

¢ KLYSTRON AND TWT PULSE MODULATION
« PULSED DOPPLER RADAR DESIGN

o COUNTERMEASURES DEVELOPMENT

e HIGH SPEED CLOCK GENERATION
e THIN FILM STUDIES

e MAGNETIC CORE DRIVING

* SEMICONDUCTOR EVALUATION

® DIGITAL CIRCUIT DEVELOPMENT

The 104 provides very short duration, high power pulses at repetition rates
to 10 me, with variable delay and broad pulse width range permitting full
general purpose use at lower rates.

Revicew the abbreviated specifications of the 104 Pulse Generator and more
detailed information will be forwarded on request.

ABBREVIATED SPECIFICATIONS

PULSE DURATION — Variable 20 nanosec. to
500 u sec.

REPETITION RATE — Variable, 5cps to 10mc,
single shot or externally triggered.

AMPLITUDE — Variable to =40v peak into
50 ohms.

RISE TIME — Variable 10 to 200 nanosec.

PULSE DELAY — Variable 50 nanosec to 10
millisec.

DUTY CYCLE — Provide up to 300 ma average
output current, with fully automatic overload
protection.

SIZE AND WEIGHT — 83 "h x 17w x 15V4"d,
45 Ibs.

Additional Datapulsc products

200 DATA GENERATOR

DATARP [J] &LS

INCORPORATED

509 HINDRY AVE. INGLEWOOD 1, CALIFORNIA

Programmed serial data in 1 or 2 channels
Pulse Instrumentation

Cycle length selectable up to 100 bits
Clock rate variable to 2mc
Fully controllable output signal characteristics

Data Systems

ORchard 1-7713 ORegon 8-3983
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JEWEL BEARINGS
are at the heart
of accurate

performance

For peak performance in less space, selest from

a wide range of standard Bird Sapphire and Glass |

Jewel Beatings, or Complete Jewel Assemblies
and Cushion Jewel Assemblies. Or, if you have
a special requirement, let our engineers
aid you in arriving at the proper selution.
Write for your free copy of the Bird catalog,
which has complete details on properties and
uses of jewel bearings for aircraft, efectrical and
timing instruments, recorders and indicators.

/( ZMJ?J/%MCMNC.

1 Spruce St., Waltham, Ma&

serving industry with fine jewels since 1918
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| readout devices makes it possible to

change bulbs from the front panel.
It operates on a projection principle
with 12 miniature lamps located at
the rear of the readout. When one
of the 12 lamps is lighted, the lamp

| projects the corresponding digit or
- word on the condensing Ilens
through a projection lens onto the |
viewing screen at the front of the |

unit. Character size: I in. high
standard.
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Distributed Amplifier
WIDE BAND

COMMUNITY ENGINEERING CORP., 234
E. College Ave., State College, Pa.
Model 3005 is designed for a fre-
quency response from 5 Ke to 110
Mc¢. Response flatness is = 0.5 db.
Noise figure is 7.5 db average.
Minimum gain is 45 db, continu-
ously variable, over a 20 db range.
Unit measures 4} by 4 by 8 in. over-
all and weighs 1 1b, 2 oz.
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Attenuators
CONTINUOUSLY VARIABLE

ARRA, INC., 27 Bond St., Westbury,
L. 1., N. Y., offers continuously
variable attenuators with the con-
nectors and shaft control on the
same surface. This configuration
eliminates need for right angle
adaptor. Units are being manufac-
tured in S band and C/X band. They
are 3 in. in diameter by 1 in. thick
and have an attenuation range from
0-20 db.
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SWEENEY MODEL SWE-1125
STATIC METER

N

If your

target is
the detection
of
STATIC
ELECTRICITY
that exists
between
improperly
grounded or
bonded
objects,
your
answer is
the

MODEL SWE-1125

STATIC
METER

WRITE FOR AMMUNITION!

B. K. SWEENEY MFG. CO.

DENVER 16, COLO.

CIRCLE 211 ON READER SERVICE CARD
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PRODUCT BRIEFS

ROTARY JOINTS single, dual channel.
Electronic Specialty Co., Kennedy
Antenna Div., 155 King St., Cohas-
set, Mass. (336)

MAGNETOSTRICTIVE DELAY LINES low
temperature coefficient. Andersen
l.aboratories, 501 New Park Ave.,
West Hartford 10, Conn. (337)

TRANSISTOR IIOLDER eliminates
socket. Sealectro Corp., 139 Hoyt
St., Mamaroneck, N. Y. (338)

MICROWAVE FERRITE DEVICES X-baud.
Ferranti Ltd., King’s Cross Road,
Dundee, Scotland. (339)

NPN SILICON TRANSISTORS very low
noise levels. National Semiconduc-
tor Corp., 4 Thorpe St., Danbury,
Conn. (340)

ANGLED PANEL FAN saves space.
McLean Engineering Laboratories,
Princeton, N. J. (341)

CATHODE RAY TUBE fiber optic faced.
Ferranti Ltd., Hollinwood, Lancs.,
England. (342)

MAGNETIC DRUM MEMORY 2,000,000
bit. Vermont Research Corp., P. O.
Box 498, Springfield, Vt. (343)

SWR INDICATOR direct reading.
Borg-Warner Controls, P. 0. Box
1679, Santa Ana, Calif. (314)

DIGITAL TAPE IIANDLER low cost.
Ampex Corp., 934 Charter St., Red-
wood City. Calif. (345)

FREQUENCY STANDARD for low cost
commercial usage. Gibbs Mfg. and
Research Corp., 456 N. Main St.,
Janesville 2, Wise., (316)

OSCILLATOR clock-driven. DManson
Laboratories, Inc., 375 Fairfield
Ave., Stamford, Conn. (317)

BATTERY CIHARGER scr type. Kear-
fott Div., General Precision, Inc.,
1150 McBride Ave., Little Falls,
N. J. (318)

NUCLEAR SYSTEM for routine count-
ing and analysis. Hamner Elec-
tronics Co., Ine., P. 0. Box 531,
Princeton, N. J. (349)

MICROWAVE ANECHOIC CHAMBERS
very high performance. B. F.
Goodrich Sponge Products Divi-
sion, Shelton, Conn. (350)
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<+—10 usec—»

Unretouched Polaroid photograph of a 10-usecond pulse after processing

through DCS’ GOV-3 and GFD-4. Subcarrier frequency: 750 ke *40%

deviation. Output filter: 150 ke Gaussian.

Now! Capture transient events
like never before!

« Virtually no overshoot « Fastest rise time attainable

Want to capture transients that have eluded you up to now? Or, if you
are getting them, want them more faithfully? The photo above proves
it can be done—providing you use DCS high-frequency FM subcarrier
oscillators and discriminators. These new DCS components are based
on a high-frequency current switching device, operating with unsatu-
rated transistors in a manner that permits very long recovery periods.
Result: faster rise time than ever before possible, with virtually no
overshoot!

Components now available for immediate, off-the-shelf delivery:

DCS High-Frequency VCO (UNIDAP Configuration)

High-frequency VCO plug-in modules for all standard DCS
UNIDAP systems. Standard frequencies available: 250, ;

400, 550, 700 and 850 ke, all 40 ke. Also 800 ke, =300 kc. ¢ in
Others available on request. Permits analog intelligence \ =
frequencies to 300 kc to be converted to FM subcarriers for
both direct tape recording and multiplexing.

DCS High-Frequency Discriminator

High-frequency, phase-lock playback dis-
criminator for use with standard DCS
UNIDAP and telemetry data systems. Re-
covers data from all DCS airborne and
ground high-frequency VCO’s. Also used
with standard DCS predetection telemetry
recording and standard DCS frequency
translation systems. QOutput intelligence
frequencies up to 300 ke.

For more information, complete specifications, etc.,
write to Dept. E-2-3.

L A e S 3 R =
DATA-CONTROL SYSTEMS,
Dnatramentation for Research

Los Angeles » Santa Clara « Wash., D. C. » Cape Canaveral
Home Office: E. Liberty St., Danbury. Conn. + Ploneer 3-9241
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The Keithley Model 103 provides

KEITHLEY

AC AMPLIFIERS

ease the search

for microvolt signals

the best attainable signal-to-noise ratio

for input impedances of either 100 k ohms or 10 megohms. (The equivalent

Input noise resistance on the low n

oise position is only 3 k ohms.) Band-

width of 0.1 cps to 100 ke covers a wide range of uses; eleven high and low

frequency cuts permit restricted bandwidths for minimum noise.
Applications include Hall Effect studies, bridge null detection, and semi-

conductor investigations, as well as such biophysical applications as

recording nerve action potentials.
bandwidth 0.1 cps to 100 kc using 11
high and low frequency cutoffs.

input impedance in the *‘Normal"
mode is 10 megohms; in the ‘‘Low
Noise” mode, 100 k ohms.

amplifier gain either 100 or 1000, ad-
justable to precise values.

input single-ended or differential.
differential rejectionisatleast80db.

power—from batteries or the
Keithley Model 1031, a separate,
solid state power supply with noise
characteristics equivalent to
batteries.

The Keithley
megohm input

/E-5
‘BT e
‘,

{7 I

ideal scope pr
amplification fr

vibration analy

Features of
decade gains
widths of 2 ¢p

g

&
-

input impedance over 400 megohms
at 3 uuf.

low noise level, below 10 uv rms
from 10 cps to 150 kc at maximum
gain, input shorted.

noise performance is selected with a
““Normal "and ‘‘Low Noise'’ switch,
Chart gives noise level of maximum
gain from 10 cps with shorted input.

Freguency of high
cutoff point

Maximum noise, microvoits
RMS referred to input

Normal Low Noise
(10 meg imp. ) (100 k impedance)
100 k¢ 3.0 1.9
30 ke 19 1.1
10 ke 1.4 0.8
3 ke 0.9 0.6
1 ke 0.7 0.4
300 cps 0.5 0.3
100 cps 0.4 0.25

prices: Model 103, $245; rack, $255
1031 Power Supply, $245; rack, $255

Model 102B amplifier combines a 400-
with high gain and low noise. [t is an
eamplifier. especially for high source

- impedance signals. The 102B provides accurate signal

om piczo-clectric devices; it is excellent

for noise studies in solid state research, and shock and

sis.

the unit include a driven shield input,
from 0.1 to 1000, selectable band-
s to 150 kc or 2 cps to 1.7 me, and a

5-volt, 50-ohm output for scopes and recorders.

gain accuracy of 1% at midband for
all gain settings.

rise time of 0.3 x sec at highest gain.

two accessory low capacitance
probes available. price: $335

send for complete specifications . . .

o

electrometers * micro-microammeters * microvoltmeters » milliohmmeters

KEITHLEY

12415 EUCLID AVENUE
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INSTRUMENTS

CLEVELAND 6, OHIO

Literature of

CERAMIC CAPACITORS Hi-Q Divi-
sion, Aerovox Corp., Myrtle Beach,
S. C., has issued a 40-page catalog
on its complete line of ceramic ca-
pacitors. (351)

MAGNETIC CLUTCHES & BRAKES
Fawick Magnetic, Fawick Corp.,
9919 Clinton Rd., Cleveland 11, O.
Julletin contains engineering and
application information on mag-
netic clutches and brakes. (352)

RADIO MULTIPLEX SYSTEM Lynch
Communication Systems Inc., 695
Bryant St.. San Francisco 7, Calif.
Bulletin covers the tvpe B121R ra-
dio multiplex system. (353)

PRECISION POTS  General Controls
(Co., 1320 S. Flower St., Burbank,
Calif. Catalog No. 608.550 de-
scribes a line of precision potenti-
ometers and accessories. (354)

ULTRASONIC CLEANING TANKS  Na-
tional Ultrasonic Corp., 95 Park
Ave., Nutley 10, N. J., offers an il-
lustrated two-page bulletin on ultra-
sonic cleaning tanks. (355)

BIBLIOGRAPHY Elgenco, Inc., 1231
Colorado Ave., Santa Monica, Calif.,
offers a bibliography, “The Appli-
cation of Low Frequency Noise
and Statistical Techniques.” (336)

MAGNET WIRE  Hudson Wire Co.,
62 Water St., Ossining, N. Y., offers
technical literature on Formvar
coated magnet wire. (357)

POWER CONTROLS Lindberg Engi-
neering Co., 2450 W. Hubbard St.,
Chicago 12, T1L., has issued a bulle-
tin describing a series of solid-state
power controls. (358)

TEST INSTRUMENTS Sperry Micro-
wave Electronics Co., Clearwater,
Fla. A 112-page catalog covers Mi-
croline test instruments. (359)

PHOTOELECTRIC  RELAYS  General
Electric Co., Schenectady 5, N. Y.
A 2-page bulletin describes versa-
tile, high-speed, low-cost photoelec-
tric relays. (360)

CARRIER  AMPLIFIER Consolidated
Electrodynamics Corp., 360 Sierra
Madre Villa, Pasadena, Calif. A 2-
page bulletin describes type 1-127
carrier amplifier. (361)

TRANSDUCER CONVERTERS Sanborn
Co., Waltham 54, Mass., offers a

electronics



the Week

catalog sheet illustrating and de-

seribing the 592 series of trans- |

ducer converters. (362)

WIDEBAND TRANSFORMER  North
Hills Electronics, Ine., Alexander
Place, Glen Cove, N. Y., has pub-
lished a bulletin on the type 0502
wideband transformer. (363)

CORE MEMORY UNIT Ampex Com-
puter Products Co., 9937 Jefferson
Blvd., Culver City, Calif. An 8-page
brochure describes the RQA core
memory unit. (364)

LABORATORY AMPLIFIERS Gulton In-
dustries, Inc., 212 Durham Ave,
Metuchen, N. J. An 8-page techni-
cal brochure deseribes Glennite
transistorized laboratory amplifiers
(multichannel series). (365)

FLEXIBLE CABLE International Re-
sistance Co., 401 N. Broad St
Philadelphia 8, Pa. Multicondue-
tor flat flexible cable is discussed in
booklet S-10 (366)

PRECISE FREQUENCY CONTROL Len-
kurt Electric Co., Inc., San Carlos,
Calif. A recent issue of the De-
modulator has an article on precise
frequency control. (367)

PRESSURE POTENTIOMETERS Trans-
Sonics, Inc., P. 0. Box 328, Lexing-
ton, Mass. Series of plate mounted
miniaturized pressure potentiome-
ters are covered in Special Product
Note 2851. (368)

STANDOFF TERMINALS Electronic
Molding Corp., 40 Church St., Paw-
tucket 15, R. 1., announces a 20-
page illustrated catalog list of 350
molded insulated standoff terminals
available. (369)

MICROWAVE POWER METER PRD |

Electronics, Inec., 202 Tillary St.,
Brooklyn 1, N. Y. Catalog sheet il-
lustrates and describes the PRD
650-C microwave power meter.
(370)

LVvDT DATA Helipot Division of
Beckman Instruments, Inc.. 2500
Harbor Blvd.,, Fullerton, Calif. A
data sheet covers linear variable
differential transformers. (371)

TRANSISTOR POWER MODULES Del-
tron Inc., Fourth and Cambria Sts.,
Philadelphia 33, Pa. Bulletin 2029-
A-1, -2 and -3 describes the newly
revised PI series transistor power
modules. (372)
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Six Different Languages... NEMS-CLARKE®
1440 Receiver Interprets Them All!

This hard-working navigational tclemetry receiver is already monitoring
Transit, Traac, Echo, S3, S16, Stratoscope. It is an exceptionally stable Phase-
Lock Receiver with a tuning range of 130-140 mc. The 1440 is particularly
suited for the forthcoming S-27 Orbiting Astronomical Observatory.

Nems-Clarke 1440 provides outputs for video, spectrum display, frequency
monitor and signal strength recorder. Its four panel mounted meters indicate
tuning, output, deviation and signal strength during operation. The receiver

is for standard rack mounting.

Write for Data Sheet C-006, Vitro Electronics, 919 Jesup-Blair Drive,
Silver Spring, Maryland. A Division of Vitro Corporation of America.

Specifications?

W N -

. Video Frequency

. Sensitivity.......0.3 v peak to peak per k¢

Type of Reception........on FM
Tuning Range....... ...130-140 me
Noise Figure 6 db i

IF Bondwidth —

Wide Band ... 2100 ke at 3 db points

Norrow Band . 50 ke at 3 db points
Phase-Lock De tinear to better

thon 19 over bondwidth of =+ 50 ke
Video OUIPUT oo adjustoble

RESPONSL....ovvvvreveverrevenrienees 400 cps to 15 ke

of deviation, minimum
_J
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PEOPLE AND PLANTS

Components Producer In New Plant

MARCH DYNAMICS, INC., designer
and producer of electronic and mag-
netic components for control and
instrumentation systems, has
settled in new 25,000-sq-ft office and
plant facilities in Hicksville, N. Y.

More than half of the area is de-
voted to engineering., production,
test and quality control facilities
for the company’s newly-expanded
Magnetics division. The remainder
is occupied by sales and administra-
tion offices and the Mechanical di-
vision which turns out precision

mechanical components and sub-
assemblies.
Leonard Page, president, said

that since November the backlog
for rotating components has passed
$70,000. He forecasts sales at the
rate of $1 million a yvear in mag-
netic components, mostly for mili-
tary use, by the end of the first
vear’s operations in the new facili-
ties. The company also designs and
produces electromechanical devices

Announce Formation
Of New Company

FORMATION of a new electronics
firm, RCF Com-Tvronics, Inc., of
Pulaski, N. Y., a manufacturer of
electronic communication systems
and components, is announced by
William H. Senior, president. He
disclosed that the new firm would
soon be in production on its first
line of products—a selective paging
systems—and predicted more than
$1 million in first year sales.

RCF Com-Tronics was organized
by a group of engineers, headed by

9

for fire control systems for such
missile programs as Polaris and
Mars.

The firm was founded in 1955
and recently underwent public fi-
nancing, through sale of 125,000
common shares in the over-the-
counter market. Page said that the
public issue and larger facilities
“put the company in a strong posi-
tion to develop a broadened line of
products.”

Other March Dynamics execu-
tives are Anthony Saginario, execu-
tive vice president; Joseph Carl-
stein, vice president and manager,
Magnetics division; and Albert
Diamond, vice president and chief
engineer, Magnetics division.

Prior to joining the company,
Carlstein and Diamond both held
top engineering posts with the
Ketay Department of United Air-
craft’s Norden Division. Both men
are responsible for a number of
patents in the magnetics field.

Senior, who were formerly associ-
ated with the Stromberg-Carlson
division of General Dynamics.
Other officers of the new firm are
Augustus Steele, executive vice
president in charge of research and
development, and James Murtagh,
vice president of manufacturing.

Summit Completes
Scientific Center

THE SUMMIT FINISHING CO., INC.,
Thomaston, Conn., recently com-
pleted a new 2,000-sq ft scientific,

quality-control center. This brings
under one centralized department
the former research, development,
laboratory and visual inspection fa-
cilities of the company.

This scientific group and their
equipment now work under white-
room conditions, where the floors
are radiantly heated, the air is fil-
tered, humidified and air condi-
tioned.

Summit produces engineered pre-
cision metal finishing for the elec-
tronic, aircraft, missile and rocket,
computer, guidance system, and
general precision manufacturing
markets nationwide.

Howard Zuvers Joins
National Electronics

HOWARD E. ZUVERS has joined Na-
tional Electronics, Inc., a subsidi-
ary of Eitel-McCullough, Inc., as
engineering manager of the Igni-
tron Division in Geneva, Il

Zuvers comes to National from
the General Electric Co. where he
held the positions of senior engi-
neer and engineering supervisor in
the Ignitron Department.

King Laboratories
Names Burthe
APPOINTMENT of Jack H. Burthe as

assistant director of research of
King Laboratories, Inc., Syracuse,
N. Y., has been announced. In this
newly created position he will as-
sist Aden J. King, president and
director of research, in an ex-
panded research program on get-
ters and other components for elec-
tron tubes and transistors. He will
also be available for consultation
with customers on research and en-
gineering problems.

Burthe was formerly a research

electronics
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CRYSTAL FILTERS
BULILETIN 524A
M . if you buy quality - BLILEY ELECTRIC COMPANY - ERIE, PENNSYLVANIA

CIRCLE 212 ON READER SERVICE CARD.
S T L You Get Things Done With

| wtiny parts ’araster Visual Col

1inc '
Wy fie
"4 castings

ZING ALLDY o= s
,pr?' iy

48 1
Caz 4
B 4\] “SMALL ZINC

T DIE CASTINGS”
molded

Get GRC’s fact filled brochures.
PLASTICS

GRC’'s methods give you quality

and accuracy in small parts of
8
& r?—.’)’-
.S
AP

die cast zinc alloy, Nylon, Del- |
rin, other engineering thermo-

Coil Bobbins

Gears & Pinions

Gives Graphic Picture of Your Operations—
Spotlighted by Color

Facts at a glonce — Saves Time, Saves
Money, Prevents Errors
Simple to operate
Cards, Snap in Grooves

plastics. Exclusive single cavity,
avtomatic techniques allow new
designs, new production and as-
sembly shortcuts. Write, wire,
phone for samples and bulletins.
Send prints for quotations.

NO MINIMUM SIZE! Maximum |
sizes: Zinc Alloy—2" long, Y2 o0z,
Plastiec—13," long, .05 oz.

Type or Write on

Ideal for Production, Traffic,

Scheduling, Sales, Etc.
Made of Metal. Compact and Attroctive.
Over 750,000 in Use,

Full price $4950 with cards
24-PAGE BOOKLET NO. C-40
[FREE

Without Obligation
Write for Your Copy Today
GRAPHIC SYSTEMS

YANCEYVILLE, NORTH CAROLINA

Inventory,

See us at - ‘
the Design 18 1

Bo(?t’;logsz -’
GRIES REPRODUCER CORP.A:iy

World's Foremost Producer of Small Die Castings
151 Beechwood Avenve, New Rochelle, New York
Phone (914) NEw Rochelle 3-8600
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with the NEW

AM SIGNAL GENERATOR

Model 144H $1190

WIDER FREQUENCY RANGE
10 ke to 72 mc '
GREATER STABILITY
0.002%
ELECTRONIC FINE TUNING
0.01%

HIGHER OUTPUT
2v100.1uV, = 0.5 db

AND . . . AT LOWER COST

Ask for detailed specifications
— now,

MARCONI

INSTRUMENTS

DIVISION OF ENGLISH ELECTRIC CORPORATION
111 CEDAR LANE @ ENGLEWOOD, NEW JERSEY

“Main Plant: St. Albans, England”
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WNEW
NAME”

IN LOUDSPEAKERS -

from a 3" tweeter to a 15" woofer

PADUCAH, KY. (Special)—

The name has changed. The world-famous
quality has not. The industry’s greatest pool of
loudspeaker knowledge has been acquired

by CTS from Magnavox.

The 106,000 sqg. ft. modern Paducah plant
makes only loudspeakers—including most of
the components for maximum quality control.
Facilities comprise the very latest in metal
stamping equipment, precision coil winding,
plating, assembly and inspection. Precision
workmanship produces the closest tolerance
between moving coil and magnet.

The respected long-established tradition of
excellence will be continued . . . and further en-
hanced . .. by CTS, a firm with a world-wide
reputation for dependable electronic compo-
nents.

Get the whole story on this exciting “new”
name in speakers from your nearby CTS
engineer.

OF PADUCAH, INC.
1500 No. 8th Street, Paducah, Kentucky

CT

<
A

>
>

Send for Catalog P-101 to-
day. It lists 128 standard
loudspeaker models. Others
can be “tailored” to your
specific requirement.

Founded 1896

a subsidiary of

CORPORATION
CTS Elkhart, Indiana

FORMERLY CHICAGO TELEPHONE SUPPLY CORPORATION

CIRCLE 96 ON READER SERVICE CARD

engineer with Westinghouse Elec-
tric Corp. in Baltimore, Md.

, 1v
. . /M
Ransom Research

Hires Deutsch

WYLE LABORATORIES’ Ransom Re-
search Division, San Pedro, Calif.,
has added Joseph Deutsch to its
staff as assistant to the general
manager.

Prior to joining Ransom Re-
search. Deutsch was manager of
the data processing department at
Aervonutronic, a division of Ford
Motor Co.

Dept. of Defense
Names Puckett

ALLEN E. PUCKETT, a Hughes Air-
craft Co. vice president, has been
appointed by the Department of
Defense to a four-year term on the
Defense Science Board. He also was
designated to serve on the advisory
group’s executive committee.

The Defense Science Board is
composed of 28 civilians selected at
large for pre-eminence in research
and engineering fields.

Frielich Advances
At North Atlantic

NORTH ATLANTIC INDUSTRIES, INC.,
Plainview, N. Y., has promoted
Arthur Frielich to the position of

electronics



engineering product manager. He
will be responsible for the develop-
ment and production of several new
product programs.

In his former capacity, Frielich
served as a staff engineer.

Paganelli Moves Up
At General Electric

TIIOMAS. 1. PAGANELLI has been
named general manager of the Gen-
eral Electric Co.'s Heavy Military
Electronics Department which
handles the company’s extensive
ground and shipboard military elec-
troni¢ business. He was formerly
manager of the department’s sys-
tems operation.

Defense Electronies
Appoints Dent

DEFENSE ELECTRONICS, INC., Rock-
ville, Md., has appointed H. Carlisle
Dent as system applications engi-
neer for the Southeast area. For-
merly of Dynatronics, Inc., Dent
will maintain an office in Winter
Park, Fla.

S A N :
Melpar Promotes
Paul Ritt

PAUL EDWARD RITT, JR., has been
named  vice  president-research,

April 6, 1962

NEW FROM T/I

HiGH ™
SPEED | ‘ff?%;.
A-D “teeees
'CONVERTER

1.5 u sec per bit

i
I

cim

f. TEPX 8

i

e
-

3.»:-
.

Automatic Zero Stabilization

Texas Instruments Model 834 Analog-Digital Converter is
a versatile, all solid state instrument combining high speed with
high accuracy. Basic speed is 25 microseconds per conversion
(40,000 12 bit conversions per second) ; accuracy is +0.05% of
full scale, — 1% the least significant bit. The instrument provides
full scale ranges of +2.5, +5.0, and +10.0 volts with an input
impedance of 200,000 ohms. Modular construction allows modi-
fication of output logic levels and digital code to suit various
system requirements,.

Write for complete information.

TEXAS INSTRUMENTS

INCORPORATED
3609 BUFFALO SPEEDWAY
P. O. BOX 66027 HOUSTON 6 TEXAS 476
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—RECEIVING BALUNS FOR COMMERCIAL APPLICATIONS

[e]

APPARATUS DIVISION
PLANTS IN HOUSTON
AND DALLAS, TEXAS

Balanced Couples a balanced antenna
to to unbalanced coaxial cable.
Freq. Range: 2 to 3IMc.

Unbalanced Ideally packaged — acts as

a center insulator in a doublet
antenna.  The coupling trans-
former is sealed inside a rugged
aluminum casting providing short-
est possible connections to both
antenna and coaxial cable.

Insertion loss less than 15 db.
Available in twelve impedance

RKER & WILLIAMSON, Inc. Iransformations.
Radie Commameaticn £ quipment Gee 1932 Drop us a card for “SPCCS."
BRISTOL, PENNSYLVANIA ¢ STillwell 8.6681
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Did you swipe this magazine?

Only 714, cents a week is the easy way! ($6 one year, $9 for two

years, $12 three years.) Just fill in the handy *'For subscriptions'’
section of the Reader Service Card in this issue . . . and you'll get
instant subscription.

electronics: 330 West 42nd St., N. Y. 36.
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for NON-

DESTRUCTIVE

DIELECTRIC |
TESTING

Reduce Costs of Test- 39700
ing Transformers, —¢
Relays, Capacitors,

E:g‘lllm:.fssemhlies.__m “ <€%‘
& ELECTROSPACE N=s
MEGPOTS &

Series

MEGPOT MEGOHM-METER &
HIGH POTENTIAL TEST SET

Non-destructive testing assured through quick acting

relay, cuts current from tested components in milli-

seconds. Provides for continuously variable current

leakage test, with settings from 20 microamperes to

3 milliamperes. Rugged construction.

Voltage Ranges: Variable ranges to 0-5000V.

Others available.

Megohm-Meter Ranges: Up to 4 million megohms at
100 or 200V DC. up to 10 million
megohms at 500V DC.

Ask for BULLETIN No. 158

650 Series
Voltage Ranges: High potential test 0-5000V AC & DC.
Megohm-Meter Ranges: Up to 10 million megohms;
voltage continuously variable

10-500v DC.

Ask for BULLETIN NO. 650

MEGPOT HIGH POTENTIAL
TEST SET- 570 Series

Affords considerable savings in non-destructive test-
ing. by means of its current limiting feature. Pro-
vides for a high sensitivity continuously variable test
for current leakage, with settings from 20 micro-
amperes to 3 milliamperes. Full scale output with
0.0025 mfd load capacitance.

Voltage Ranges: Variable ranges to 0-5000V. Others
available, Standard models from 0-
3000V or 0-5000V AC rms.

Accuracy: 5%

Ask for BULLETIN No. 570

. Ee

ELECTRONICS FOR LAND, SEA & SPACE

= ELECTROSPACE CORP.

12 Morris Ave., Glan Cove, L1, N.Y_ * ORiole 1-6100

MEGPOTS ® GASEALS W ELECTRONIC SUB-SYSTEMS
TOGGLE SWITCHES ® MERMETIC SEALING SERVICES
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Melpar, Inc., Falls Church, Va.

Formerly Melpar research direc-
tor, Ritt joined the company as an
engineer in the chemistry lab in
1952, and rose steadily to his cur-
rent position. Under his direction,
Melpar’s research group grew from
5 to 200 scientists who today make
up the Research Division.

Five Engineers Join
Antenna Systems, Inc.

ANTENNA SYSTEMS, INC., Hingham,
Mass., announces the appointment
of Vaudie W. Vice, Alan G. Wil-
liams, Charles R. Sims, Mickey L.
Hudspeth, and Hershel Sterling to
its systems engineering staff for
tracking antennas.

All were formerly
with Dynatronics, Inc.

associated

PEOPLE IN BRIEF

A. H. Borbor, formerly with Ameri-
can Systems, appointed a project
engineer at Servonic Instruments,
Inc. Leonard J. Blumenthal, from
Goodyvear Aircraft to Melpar, Inc.,
as mgr. of new reliability dept.
Bertram H. Wolf moves up at Lock-
heed Electronics to director of
master scheduling for the military
svstems group. Siegfried F. Neus-
tadter advances to engineering
specialist at the Applied Research
Lab of Syvlvania Electric Products
Inc. Litton Systems promotes Perry
A. Luth Jr. to manufacturing mgr.
of the Guidance and Control Sys-
tems div. National Transistor Mfg.,
Inc., ups Arthur R. Soulard to pro-
duction supervisor, silicon products.
William O. Baker, v-p research for
Bell Telephone Laboratories, Inc.,
elected to board of directors of The
Babcock & Wilecox Co. Clayton C.
Farlow, previously with Delcon
Corp.. joins Alto Scientific Co.. Inc.,
as staff engineer. Bernard Rabino-
vitch, ex-Fairchild Semiconductor,
named mgr. of R&D in magnetic
tape and other recording media at
the Ampex laboratories. Joseph
Kelley, Jr., from Allied Research
Associates, Inc., to Telecomputing
Corp. as v-p for corporate develop-
ment. Frederick J. Seufert leaves
U. S. Science Corp. to become divi-
sion mgr. at Sanders Associates,
Inc. Henry IL.. Milo, Jr., promoted

l to mgr. of The Foxboro Co. engi-
| neering div.

®

ELECTRO-MAGNETIC
READOUT INDICATOR

e SILENT
e RELIABLE
e« EASY TO REA

—37

Fics

SERIES 10300 “PLUG-IN"

Modules inserted from front of bracket
to make firm connection with circuit
block. Twelve characters, 5" by 134"
high. All MAGNELINE® characters
screened white on dull black background,
do not glare or fade under normal ambient
light. Easy to read at 25 feet.

SERIES 10200 “MINIATURE"

Outside dimensions, five digit assembly,
134" high x 2” deep x 215” wide. Twelve
characters, 134" high, distinct at 9 feet
under normal room lighting. Weight per
digit less than 1 ounce. Meets specs
MIL-E-5272 C and MIL-E-5400 D,
Class 2.

SERIES 10100 “STACKING”

9" high characters are 11{;” on center,
easy to read at 30 feet under normal room
lighting. Stacking gives maximum char-
acter size in ratio to valuable panel area.
10 or 12 positions at 6, 12, 24, 28 or
36 volts.

e A — ]

The MAGNELINE® principle insures

reliability and long life. A permanent
magnet aligns itself with pole and brings
specific character into display position.
Character is held in position by magnetic

& detent until next pulse.

PATWIN ol
WATERBURY 20, CONNECTICUT
A Divition of The Patent Bution Company 3636
TWX: WBY 163
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EMPLOYMENT

OPPORTUNITIES

electronics

WEEKLY QUALIFICATION FORM

FOR POSITIONS AVAILABLE

ATTENTION: COMPANY SEE PAGE  KEY #
ALLSTATES DESIGN & DEVELOPMENT CO., INC. 100 1
ENGINEERS, SCIENTISTS, PHYSICISTS New Yok, New York
This Qualification Form is designed to help you advance in the elec- Dilcgix“oe'%e""al Motors Corp 24 2
tronics industry. It is unique and compact. Designed with the assistance Kokomo, Indiana
i Y H 3 EITEL-McCULLOUGH INC YAl 3
of professl.onul personnel monagement, it isolates specific oxpe‘rlen:e San Carlos, California
in electronics ond deals only in essentiol background information. FAIRCHILD STRATOS 80, 81 4
. . . . B e . Aircraft & Missiles Div.
The advertisers listed here are seeking professional experience. Fill in Hagerstown, Maryland
the Quolification Form below. INTERNATIONAL BUSINESS MACHINES CORP 113* 5

New York, New York
INTERNATIONAL BUSINESS MACHINES CORP.  112* ]
Components Div
Poughkeepsie, New York
LOCKHEED CALIFORNIA COMPANY
Div. of Lockheed Aircraft Corp.
Burbank, California
LOCKHEED-GEORGIA COMPANY 20 8
Div. of Lockheed Aircraft Corp.
Allanta, Georgia
MARTIN COMPANY 100 9
Orlando Division
Orlando, Florida

STRICTLY CONFIDENTIAL

Your Qualification form will be handled as “Strictly Confidential” by
ELECTRONICS. Our processing system is such thot your form will be
forwarded within 24 hours to the proper executives in the companies
you select. You will be contocted at your home by the interested

74, 75* 7

companies.

WHAT TO DO MICROWAVE SERVICES INTERNATIONAL INC, 100 10
Denville, New Jersey

1. Review the pasitions in the advertisements. MOTOROLA, INC. 101 n
2. Select those for which you qualify. Chicago, Ilinois

. SCOPE PROFESSIONAL PLACEMENT CENTER 100 12
3. Notice the key numbers. Waltham, Mass.
4. Circle the corresponding key number below the Qualification Form. SIMMONDS PRECISION PRODUCTS INC 100 13
5. Fill out the form completely. Please print clearly. SNEL:::(:':N:'N:LQL‘:N?“ 5 7d
6. Mail to: D. Hawksby, Classified Advertising Div., ELECTRONICS, Boston, Massachusetts

Box 12, New York 36, N. Y. (No charge, of course). *These advertisements appeared in the 3/30/62 issve.

(cut here) {cut here)
electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE
Personal Background Education
NAME ... .. ittt ieaaeeane e PROFESSIONAL DEGREE(S) .........0vvvveerocaoonosonoancns
HOME ADDRESS . .........c.civnunnennnnnannnnnnnnnnannnn MAJOR(S) ..ottt ieiierierracaaaeensnnsanaansaassaanns
OTY i ZONE. ..... STATE............. UNIVERSITY . ittt rienrnensnasnnanancasonnns
HOME TELEPHONE . ....... ... it DATE(S) ..ottt ittt s eiasaaea et
FIELDS OF EXPERIENCE (Please Check) w2 CATEGORY OF SPECIALIZATION
Please in'dicu'e number of.momhs
D Aerospace D Fire Control D Radar e lines.
Exparioece  Exporionce
D Antennas D Human Factors D Radio—TV (Months) (Months)
RESEARCH (pure,
D ASW D Infrared D simulators fundamental, basic) ......  ......
RESEARCH
D Circuits D Instrumentation D Solid State (Applied)  aiio eeeees
SYSTEMS
D Communicoatlons D Medicine D Telemetry (New Concepts) = ..ccec o a000
DEVELOPMENT
D Components D Microwave D Transformers (Model)  cieees wesees
DESIGN
D Computers D Navigation D Other .............. (Product) = ceeeee eeecens
MANUFACTURING
D ECM D Operations Research D ................... (Product) = e.eiee eeeses
D Electron Tubes D Optics D ................... (Fslzteice) ............
N . o . SALES
D Engineering Writing D Packaging D ................... (Proposals & Products) ......  ......
CIRCLE KEY NUMBERS OF ABOVE COMPANIES’ POSITIONS THAT INTEREST YOU
1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
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2 eolumns

The Advertisements in this section include all employment opportuniti
Look in the forward section of the magazine for additional Employment Opportunities advertising
Positions Vacant
Positions Wanted
Part Time Work

The advertising rate is $40.17 per inch for atl advertising
appearing on other than a contract basis.
quoted on request

An advertising inch is measurad 73" vertically on a column—

S0 inches to a page.

Kabject to Ageney Commission.

Send NEW ADS or Inquiries to Classified Advertising Division of ELECTRONICS, P. O. Box 12, N. Y, 36, N. Y,

tives, ma

Civil Service Opportunities

DISPLAYED ———RATES———

Contract rates

EMPLOYMENT OPPORTUNITIES

t, technical, selling, office, skilled, manual, etc.

Selling Opportunities Wanted
Selling Opportunities Offered

$2.70 per line. minimum 3 lines.
county 5 average words as a line.
Box Numbers-
Fositions Wamod ads are |7 of above rate.
Discount of 10% it rull payment is made in advance for 4 con
secitive insertions
Not subicet to Agenes

Employment Agencies
Employment Services
Labor Bureaus

UNDISPLAYED
To flgure advance payment

ounts as | line,

Commission

Systems Scientists For
Advanced Programs Staff

In Orlando, Florida

Communications

There are staff-level vacancies requiring communications
systems engineers who are experienced in circuit design
and analysis. Applications include airborne and ground
digital data transmission, analog and digital computer
systems, pulsed RF/IF amplifiers, and command and con-

trol display systems.

Work with the team who developed Pershing, Bull-

pup, GAM-83, Lacrosse, Racep, Missile Master,

BIRDIE!

and

Join them as they constantly advance the
state-of-the-art in missile and electronic systems.

In-

vestigate these opportunities by sending your resume,
in confidence, to Mr. P. A. Miller, Martin Company,
Orlando Division, Sec. 345, Orlando, Florida. (An equal

opportunity employer.)

R
N L FE Y F N

O AR e AN D O

A Division

of Martin Marietta

ELECTRONIC
ENGINEERS

Allsfofes, a national company supplying engi-
neenng services to industry, welcomes your
|nqu|ry regarding career consulting opportuni
ties in the fields of electronic computer sys-
tems and component design

TO
$23,000

Expansion in these fields within our orgonizo-
tion has created many permanent openings for
engineers who are interested in a variety of
technical challenges and opportunities for
growth in

® Solid State Eilectronic Systems
® Digital & Analog Logic Circvits
® Semicondyctor Mfg Equipment

Apply in person or send resume tn

ALLSTATES DESIGN
& DEVELOPMENT CO., INC.

Affiliate: Allstates Engineering Co.
55 West 42 St.. New York. N. Y

An cqual appurtunity employer

100

COMMUNICATIONS & INSTRUMENT
ENGINEERS

Immediate openings for experi-
enced engineers to design circui-
try for electronic instruments and
HF-UHF  communications systems.
Excellent opportunity for growth
with progressive company in ideal
surroundings. Send resume to

Simmonds Precision Products, Inc.
Tarrytown, New York

I c I R c U I T Oppor'uir:lifiaeﬁ
| DESIGNERS oo
| to $18,720 resumm 1o
| snELLING & sNELLING ®

| 577 Wosh, St., Boston, Mass.

e —

( I

SCIENTISTS /ENGINEERS

Career opportunities in:

e DESIGN e SALES

e RESEARCH e MARKETING
e DEVELOPMENT e APPLICATION

Submit resume in confidence to:

e Alan Glou . Technical /Scientific
® Sid Hopner Sales/Marketing
Specialists in the personalized placement of
Electronic Engineers and Scientists, on a na.
tional basis, whe have a BS or advanced de.
yree. Client companies assume fee and reioca.

tion costs.
PROFESSIONAL PLACEMENT CENTER

1277 MAIN ST. WALTHAM, MASS.

N

COMMUNICATIONS APPLICATION ENGINEER
Analysis of advanced electronic communication sys-
tems including radio, carrier, telephone, microwave:

Must have design and marketing ex-

perience with commereind and mili-
tary users.
F degree, 5 yrs. oxp. min,
(r ~ Send Resumae to

L\ [ Microwave Services International Inc.
O Congulling Enainerrs
Route 46 Denville. N. J

ADDRESS BOX NO. REPLIES TO: Bor No.
Claxsifird Ade. Div. of this pupblication.

Send o office noqrest you.

NEW YORK 36: P, 0.
CIICALO (1 635 No Michivan Are,

NAN FRANC INCOTT1E 255 California St

Bor 1?2

SELLING OPPORTUNITY WANTED

Sales Representation—Competent Staff of
Professional Engineers available to represent
aircraft & equipment manufacturers in Texas,
Oklahoma, Kansas and Missouri. TFaci