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Dale enters the precision potentiometer field with insight
gained through long experience in producing precision
wirewound resistors and precision wirewound trimmers.
This experience has provided Dale with advanced tech-
nology in winding the smallest diameter resistance wires
as well as superiority in producing resistance devices with
improved metallurgical and performance characteristics.
To this insight and experience has been added Dale’s
stringently controlled methods of manufacture — methods
which have reached new levels of achievement as a result
of the Dale high reliability MINUTEMAN component devel-
opment program. Now, the Dale reputation for products
with inherent stability can be your assurance of the high-
est quality in precision potentiometers. Send us your
requirements. Dale will make a precision potentiometer
to meet them. Write for Dale Precision Potentiometer
Catalog E.

SPECIFICATIONS

« Meet requirements of MIL-R-12934B and NAS-710 « Eight physical

sizes 78" to 3" diameter « Electrical angles and functions can be supplied
to specification » Special mechanical configurations, single and ganged

units available.
DALE

DALE ELECTRONICS, INC.
1304 28th Avenue, Columbus, Nebraska

A subsidiary of THE LIONEL CORPORATION 4
Also Made and Sold by Dale Electronics Canada, Ltd., Toronto, Ontario, Canada

CHECK THESE FEATURES

1. LINER-HOUSING construction combines the excel-
lent dielectric strength and high temperature proper-
ties of molded diallyl pthalate with the structural
strength and stability of a precision-machined anodized
aluminum housing.

2. WELDED TERMINATIONS provide greater tapping
accuracy and mechanical strength. Terminations are
gold plated to aid soldering and welding. Resistant to
moisture and oxidation.

3. MANDREL INSULATION assures excellent load
life characteristics through use of high-temperature
materials.

4. MOLDED HUB of diallyl pthalate has excellent
dielectric strength and high temperature character-
istics. Contains precision instrument bearings.

5. CONTACTS on wiper and collector assemblies are
of noble or precious metals throughout.

6. CLAMP BANDS are recessed within housing and do
not increase diameter of unit.
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AMERICAN INDUSTRIES ARE OUR CHALLENGE

THE SEARCH TO EXPAND ELECTRONIC MARKETS out-
side the electronic industries is now taking a realistic
turn. Last month, at EIA’s Fall Conference, in New
York, its Industrial Electronics Division was author-
ized and financed to explore electronic applications
in other industries. Such marketing research is long
overdue.

During the past twenty years the meteoric growth
of the electronic industries has heen chiefly due to
defense spending. Now we have a backlog of elec-
tronic capability and capacity which had given rise
to a Department of Defense huyer’s market. This
situation limits the future growth pattern of the de-
fense-aerospace electronic business. To bolster the
growth curve, we now must break into new high
ground by putting our defense-funded technology to
work creating new markets. Our best immediate
prospects may be developed right in our economy’s
own backyard—the U.S. industrial complex.

Don’t look for a panacea or fast profits in these
new areas. This industrial market is highly com-
petitive. R & D is not financed by the customers.
Profits are not assured and losses are possible. But
it is not subject to burdensome government regula-

tions nor to renegotiation! And your proprietary
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products can be legally protected.

Today’s gross national product totals approximately
$580 billion. The National Planning Association in
Washington, D. C,, foresees a GNP of about $700
billion by 1970. This is up some $150 billion. The
electronic industries should be a prime mover to help
achieve this industrial growth. We now have many
obsolete plants whose operations could be modernized
and automated electronically.

One of the big problems we face is that we have
yet to resolve the technical communications between
the electronic industries and their potential industrial
customer. lngineers must learn how other industries
work and how electronic technologies can best be
applied to maximize industrial profits. This job is
difficult. and challenging, but not insnrmountable.

Since your future as an engineer may depend upon
how soon industrial markets are developed, we sup-
port ETA’s new effort and we solicit your sugges-
tions as to how its newly funded committee can best
accomplish its task. We suggest that members of
other industrial engineering and management groups
join with EIA in a united industrial electronic engi-
neering-management-marketing effort.




Only from Sprague!

Improved Type 150D Solid-Electrolyte
TANTALEX" CAPACITORS

with PERFORMANCE CHARACTERISTICS

NEVER BEFORE POSSIBLE!

B DISSIPATION FACTOR CUT BY Y2—Not more
than 39, at 20 VDC and up, permitting even
higher a-c ripple currents!

B LOWER IMPEDANCE AT HIGH FREQUENCY—
With impedances in fractional ohmic values in the
megacycle range, Type 150D admirably meets the
stringent requirements of high-speed computers.

B LOWER LEAKAGE CURRENTS—Previous limits
have been dramatically reduced; in some instances
by as much as a factor of three.

N INCREASED CAPACITANCE STABILITY—Ca-
pacitance change with temperature is now less than
15 the previous guaranteed values. Capacitance
change with life is almost insignificant.

Popular ratings of Type 150D Capacitors are available for fast delivery from your Sprague Industrial Distributor

SPRAGUE COMPONENTS

B NEW HIGHER VOLTAGE RATINGS—50, 60, 75
and 100 volt ratings are now available, with
associated surge voltages higher than any presently
offered in the industry.

NEW ULTRA-MINIATURE TYPE 172D
New end-seal design makes possible two tiny sizes
(.085” dia. x .250” long, and .127” dia. x .375” long)
for “‘cordwood’ packaging to supplement stand-
ard-sized Type 150D ratings in case size “A".

For complete technical data on Type 150D and 172D
Tantalex Capacitors, write for Engineering Bulletins
3520E and 3523, respectively, to Technical Literature
Service, Sprague Electric Company, 233 Marshall
Street, North Adams, Massachusetts.

®
CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS s p n n G u E
TRANSISTORS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES

RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES
MICRO CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
INTERFERENCE FILTERS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

48C-135-63
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COVER: The weather on the sun is reported to Earth by Orbiting Solar
Observatory-1, the new satellite developed for NASA by Ball Brothers
Research Corp., Boulder, Colorado. Its basic airframe is fabricated of

@ mu Alcoa aluminum. The 440-pound OSO-1 is in two sections—a rotating
three-legged base, and a fan-shaped sail. The wheel-like base struc
ture is divided into nine compartments, containing satellite control
systems, and most of the complex instruments now studying the sun.
The 0SO-1 was launched into orbit by a Thor-Delta rocket.
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Now from Sprague!

SILICON PLANAR
EPITAXIAL TRANSISTORS

IN2211 = 2N2222

TO-5 (Po=.8W) | 2N2217 | 2N2218 | 2N2219 Sprague N-P-N SEPT® Transistors are
TO-18 (Po=.5W) | 2N2220 | 2N2221 | 2N2222 | designed for optimum emitter per-

imeter-to-area ratio, providing out-
BVceo 60 V (max.)| 60 V (max.) |60 V (max.) standing gain uniformity from 0.1 mA

lcgo @ 50V 10nA(max.)| 10nA{(max.) | 10nA(max.) to 500 mA and fr (typ.) of 400 mc.

o« N Sprague epitaxial techniques guar-
hre @ 1c=150 mA 20-60 40-120 100-300 antee high BVco (30V) and low Ve
Vce (SAT)

(SAT) (.24 V @ 150 mA).
@ 1c =150 mA

SEPT° TRANSISTORS FILL A
Cob @10V 8 pF 8 pF 8 pF WIDE RANGE OF APPLICA-
220V | 400mc(yp)| 400metyp)| 400meyp)| TVONS AS SWITCHES, CORE
c= m DRIVERS, AND AMPLIFIERS!
For application engineering assistance, write to Transistor Division, Sprague Electric Co., Concord,

N. H. For technical data, write for Engineering Bulletins 32,000, 32,005 and 32,010A to
Technical Literature Service, Sprogue Electric Co., 233 Moarshall St., North Adoms, Mass.
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SPRAGUE COMPONENTS

— ’ ®
TRANSISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS s p n n G u E
CAPACITORS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES

RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES
MICROCIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
INTERFERENCE FILTERS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

*Sprague’ and ‘(' are registered trademarks of the Sprague Electnic Co
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ARTICLE RIBHLIGHTS

of this issue

PHANL VACUUM 0AUGE

IR Survey of Vacuum Technology 44

High-vacuum environments are becoming increasingly
important for space simulation and for production of
high reliability electronic devices. This article will prove
helpful to those who find it necessary to select and use
high-vacuum equipment for electronic applications.

Electronics Growth Brings Trouble for Labor 56

When radio was young many unions were already old, though at the pinnacle
of their power. The rapid growth of industrial and aerospace electronics
has blown the fuse for some unions, depleted ranks in others while adding
new members to a few. Labor now faces two chief dilemmas—changing
skills and technology, and automation.

Improved Checkout For IR Detectors

The key to reliability in airborne IR packages is in the
design and manufacture of the detectors themselves,
and in the checkout procedures used to keep them in
operating condition. Because the chemical and physical
nature of IR devices creates inherent problems of
stability and uniformity, the test measurements play a
vital role in successful systems.

Well Regulated Battery-Solar Cell Charging 88

The terminal potential of a battery is a poor measure of
its state of charge. Present methods do not give charge-
rate information nor do they provide a reliable continu-
ous indication of battery charge. Here is a system which
permits deep discharge and safe, controlled high charg-
ing rate along with weight reduction.

Automatic Tracking Antenna Systems 92

Ground-based antenna systems are being used for re-
search and target acquisition, automatic tracking, com-
mand and telemetry. The basic problems lie in physical
size, noise and sensitivity. These are discussed along
with performance and cost aspects of the various types.
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Six Tape Recorders
Stacked on a Bench

Slide 6 magnetic-tape cartridges into the trim
1¥2-cubic-foot transport of a KRS DATA-Stact™
Portable Instrumentation Recorder. Give each
cartridge double-bandwidth record/reproduce
channels. Equip the transport with plug-in, in-
terchangeable FM and Direct-type electronics.
Result is a remarkable 6-in-1 recording system
with up to 12 channels of data-logging capacity.

REVERSIBLE CARTRIDGES

Reliable, smooth-running KRS STACTape™ Car-
tridges were designed for use in DATA-Stact
Recorders to meet highest instrumentation re-
cording standards. Only in KRS STACTape Car-
tridges can you reverse tape direction to edit
data. The housing contains up to 1,200 feet of
continuous-loop Ya-inch instrumentation Mylar
tape. You never touch tape during operation or
storage.

™ Trademarks of KRS Electronics

Send for the
vital statistics that are found only in
Instrumentation Bulletin DR-2.

€ELECTRONICS

Circle 3 on Inquiry Card

MULTI-CHOICE OPERATION

With a STACT Recorder on line, you can record
and reproduce data on any number of channels
singly, sequentially, or simultaneously with
precise synchronous start-stop operation of the
6-cartridge stack. Backlighted pushbutton con-
trols make operation practically foolproof. A
single connector provides for remote contro! of
all cartridges.

THE ONLY BENCH MODEL WITH S.A.*

Simple design and carefu! manufacture of KRS
DATA-Stact Recorders assure years of faultiess
data-logging performance. The transport uses
only two moving parts: (1} A single extended
non-slip capstan, and (2) a quiet, cool-running
synchronous motor. All-solid-state electronics
require little maintenance. Prices range from
$2,500 to $7,000.

* Stack-Able design

Dept. E.I.
4035 Transport Street
Palo Alto, California
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Two reliable techniques
for finding faults on cables

TRADITIONAL

()
\Z)-

Step 1. Dispatch a field engineer to closest cable
termination beyond the fault site.

Step 2. Field engineer attaches a pair of test leads
to the tie point, completing a Wheatstone bridge
circuit to the central station.

Step 3. Fault on cable changes resistance on one
side of the bridge; an operator at the central station
adjusts resistance on opposite side of circuit to bal-
ance the bridge.

Step 4. When the galvanometer reaches the zero
point, the operator reads amount of resistance in
ohms required to balance the bridge.

Step 55 Turning from meter to map file, he con-
sults a table to find the gauge of cable section under
test.

Step 6. Operator calculates resistance of that
gauge cable in ohms-per-feet.

Step 7. Resistivity of cable in ohms-per-feet is
divided into ohms resistance required to balance
bridge circuit.

Step 8. Dividend equals distance in feet from tie
point back to cable fault (without compensating for
changes in ambient temperature and humidity
which can affect performance of the bridge circuit).

For further information on this widely used technique of
fault-finding, collar any power engineer who has had exten-
sive experience on a test board.

MODERN

Step 1. Assign an operator to scan up to 30 miles
of cable through a Sierra 370A Cable Fault Locator.

Step 2. See opens, shorts, or impedance variations
the instant they occur; read distance to fault di-
rectly in feet from the pip on the scope.

For further information on this time and labor-saving tech-
nique of pinpointing cable faults, get in touch with Sierra
Electronic Division of Philco. Ask for data on the Model
370A Cable Fault Locator. While you're at it, you might
call in your nearest Sierra sales representative for a fault-
finding demonstration.

SIERRA ELECTRONIC DIV.

PHILCO

A SUBSIDIARY OF ;‘/27(5“/@/('/‘6( wnfea vy,

Sierra Electronic Division/3885 Bohannon Drive/Menlo Park 2, California

ELECTRONIC INDUSTRIES + October 1963
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This ad is about coaxial switches:

little ones

(like this one ounce diode switch)

big ones

(like this high-power, high-voltage switch)

special ones

FXR’s recent acquisition of the General Communication Company
line of coaxial switches extends our switch coverage up to 10 Ge.
More than 7500 switch designs, with RF power ratings from one to
8000 watts. Single-pole through 12-pole. Transfer and crossover. In
a wide variety of configurations and functions.

yours?

Designing your own? Maybe the world’s largest coaxial switch
design engineering staff can be of assistance. We’ve had lots of
experience designing precision devices. That operate reliably in
extreme environments. And meet or exceed applicable military specs.

To see what we mean, look over the details of the 850 switches
in our two catalogs. By return mail from FXR, 33 E. Franklin St.,
Danbury, Conn. Or contact your Amphenol-Borg distributor, or call
Bernie Washisko at FXR.

™
=3 1 o rroovers ano wicnouave awision
OF AMPHENOL-BORG ELECTRONICS CORPORATION
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Improve the readability
of your display systems
with double-brilliant,
clear characters
...and color

NP

SECONDS

0:4.5:3.7

Only IEE one-plane readouts give you such versatile displays

1EE rear-projection readouts provide bright, distinct char- and 220 readouts doubles brightness without increasing cost.
acters, all on the same plane, to assure maximum readability Typical brilliance of units with 6-volt, type 328 lamps is now
of data displayed. An improved lens system in the Series 120 50 foot-lamberts as compared to 27 foot-lamberts for pre-
vious units. Normal lifetime is 500 hours. By reducing oper-
3 . ating voltage to 5 volts, lamp life is extended 10 times to
5,000 hours, and brilliance is reduced only to its former
adequate light level of 27 foot-lamberts. Single lamp life up
to 50,000 hours can be obtained by operating 6-volt, type
349 lamps at 5 volts. Similar results are obtained in these

units using 14 and 28-volt lamps.

Any message that can be photographically reproduced—
numerals, letters, multi-digits, multiple words, symbols,
colors—all can be displayed on IEE readouts.

Up to 12 messages can be presented individually or in
combination by each readout with maximum character
heights of 58". Write for your copy of the IEE Readout
Display Selector Guide.

Series 230 front plug-In readout assemblies are Ideal for systems that
require message changes. Inserts with new message displays can be
changed quickiy and easily. Accessibility from the front of a panel
makes lamp replacement easy, allows permanent wiring and elim-
inates the need for flexible cabling.

H INDUSTRIAL ELECTRONIC ENGINEERS, INC.

5528 Vineland Avenue < North Hollywood, California e Phone: (213) 877-1144 o TWX: (213) 769-1636
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RADARSCOPE

Analyzing current developments and trends
throughout the electronic industries that will shape
tomorrow’s research, manufacturing and operation

N

»

ELECTRONIC HYDROGEN-FIRE DETECTOR

Dctection system for liquid hydrogen rocket fuel fires made
by General Dynamics/Astronautics uses two TV cameras. Special
filter in one allows only IR radiation to pass to a sensitive
vidicon tube to detect invisible hydrogen firc. Second camera
is for surveillance. Lab man Leonard Showalter adjusts unit.

CO-OPERATIVE RESEARCH VENTURES be-
tween electronics firms and non-competing com-
panies in other fields were suggested by Charles B.
Thornton, board chairman of Litton Industries, as
a means to reduce duplication and waste. e pre
dicted the next ten years as a period ol increased
<ales, continued mergers and decreasing defense
orientation for the electronics industry. lle declared
that migration of electronics technology into other
fields and industries is so great that the so-called
electronics industry may lose much, if not all. of
its identity. He noted that recent estimates put
waste among the nation’s R&D activities at around
30% owing to overlap and duplication. ile laid
most of the blame at industry’s front door. 1 be-
lieve there is an opportunity for furthering our
technological progress through joint research ef-
forts between non-competing companies.” he said.

10

SATELLITE COMMUNICATIONS CONTROL
is currently being studied by RCA for the Army’s satel-
lite program. The initial control center, according to the
study, will be used to schedule available communica-
tions links through all satellites in the system. RCA
Chief Defense Engineer Dr. Harry J. Watters, says
the system will consist of a computer and the peripheral
equipment needed to provide continuous data on avail-
able links provided by satellites. Data will allow Army
ground terminals to aim antennas at the uearest
satellite.

INDEPENDENT ATOMIC MOTION in crys-
tals, reported by Westinghouse scientists, may help
explain behavior of solid state devices and phototran-
sistors. The motion is a shaking—or acoustic vibration
~of a few atoms at scattered places where defects
occur. It was once taken for granted that all crystal
parts vibrated coherently. The discovery may lead to
raising present operating temperatures of lasers and
masers and explain peculiar effect of neutron radiation
on fused quartz.

TELEMETRY STANDARDS TESTS arc being
sponsored by the Aerospace Industries Association.
The proposed constant bandwidth FM standards
would provide more efficient use of the available
frequency space. Major programs of the DOD.
NASA, and AEC are approaching hardware pro-
curement phases using equipment that is neither
standard nor applicable for general use. The tests
are being conducted by Data-Control Systems, Inc.,
of Danbury, Conn. The proposed system provides
up to 22 data channels at 0 to 1 kc, for use in the
1 Mmc wide UHF telemetry bands. or 11 data chan-
nels for the 500 kc VHF bands.

NUCLEAR POWER SUPPLY is currently under
study by the Air Force and GE for possible use on
manned and unmanned spacecraft. Scientists are now
working on an experimental device to carry enough
atomic fuel to continuously supply electrical power
equivalent to the needs of one hundred average U. S.
homies for more than two years, and yet be only three
feet lonz and one foot in diameter. The device has no
moving parts, and consists of a small nuclear reactor
and a thermionic converter system—similar to ther-
mionic diodes in radio—to change reactor heat into
electricity. 1t would be used in space to power com-
nmications and life support equipment. Power ouput
would be as high as 100,000 watts.

ELECTRONIC INDUSTRIES + October 1963




STRONG MAGNETIC EFFECTS of chromiun
tribromide on light have been seen by Bell Labs
scientists, who have obtained extremely large mag-
netic rotations of polarized light. In doing so. thev
have modulated light at higher irequencies than
ever before, and have seen ferromagnetic resonance
and magnetostatic modes in crystals for the first
time. Lab work has also produced valuable spec-
troscopic data on electron energy levels of chromi-
um tribromide, giving rise to theory explaining
absorption association with large magnetic rota-
tions, which could be useful in search for com-
pounds with similar rotation and absorption prop-

erties.

HIGH FREQUENCY TRANSISTORS arc strong-
ly recommended by NASA for equipment that will
operate in space. Researchers at Langley Research
Center exposed germanium and silicon units to
successive energy levels from 40 to 440 mev pro-
tons. Both silicon and germanium transistors sus-
tained more damage from the lower 40 mev radia-
tion than from the 440 mev. Transistors having
higher alpha cutoff frequency were much more re-
sistant to higher radiation.

SOLAR TRACKER IN SPACE

Parabolic reflector petal, one of 36, installed in automatic
tracking and solar collecting system designed by Electro-
Optical Systems, Inc. The complete mirror, with 2000 sq. ft.
reflecting surface, would be aligned with the sun by servo
control and would give as much as 250 kw of thermal energy.

r

SOLAR PANELS FOR MARS MARINER

One of four Ryan-built solar panels, three by six feet, for
NASA’'s Mariner Mars fly-by vehicle is examined by W. M.
Cattrell, Ryan project engincer. Ryan is building structures for
Cal Tech’s Jet Propulsion Laboratory to capture sun's energy
for power. Mariner is set for 1964 launch to Mars vicinity.

CONDITIONED-REFLEX MACHINE that can
learn to recognize some 4300 previously tearned visual
patterns with 99.0% accuracy has been developed for
the Air IForce Systems Command at Wright-Patterson
by Scope, Inc. Called Conflex I, the desk-top size unit
includes a sensory field, discrimination celis and a mem-
ory device. It is capable of recognizing such patterns
as pictorial displays, letters, numbers, geometric de-

signs, and with a different sensor, it may be used to

recognize speech, other audio and higher frequency pat-
terns. It learns in a random fashion and its “inelli-
gence” may he increased by adding memory units. At
present, Conflex 1 is a research tool to develop pattern
recognition techniques for aerospace use.

CREATION OF HIGH FREQUENCIES by mul
tiple quantum transitions has been achieved at Kane
Ingineering Labs., of Palo Alto. Scientists achieved
frequency multiplication by three (third harmonic)
on the order of 80 warts output from 230 kw input.
The conversion was from  N-band 10 K-band.
Through multiple quantum transitions. interaction
of electromagmnetic energy with a molecular svstem
can convert power from one frequency to an odd
harmonic of the basic frequency. Microwave fre-
quencies can then be lifted to even higher frequen-
cies. Approach may offer potential for reaching into
the spectrum area between microwaves and infra-
red.
(More RADARSCOPE on Page 13)
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Offner Recorders are adaptable

A single Type R Offner Dynograph® Oscillograph can be quickly converted to record

any physical or physiological phenomenon. All applications accommodated by a
simple interchange of plug-in input couplers that cost only about $60 per channel.

Type R Dynograph® Specifications
Sensitivity Range 1 wv/mm — 5 v/mm
Frequency Response DC to 200 cps
Response Time 2.5 msec
Drift (shorted input) 1 wv equiv. input/hr.
Warm-up Time Instantaneous
Recording Amplitude 7 cm (curvilinear)

6 ¢m (rectilinear)

Linearity 0.5% for central 5 cm (curv.)
1.0% for central 5 cm (rect.)

Input Impedance 2.5 megohm
Input Couplers Complete line
Number of channels to 24
Approximate cost per channel $1,000

For complete data on the Dynograph
line, see your Offner representative or
write us.

 ST=Y et (40 =120l '"STRUMENTS, INC

OFFNER DIVISION
Schiller Park, Illinois

International Subsidiaries: Geneva, Switzerland; Munich, Germany; Glenrothes, Scotland
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COLD-CATHODE TRAVELING WAVE TUBE
developed by Raytheon is expected to have long
life due to absence of a heater circuit. Still experi-
mental, the tube may not be available in quantity
for several years. It delivers continuous gain over
its frequency range of 2 to 4 ¢c. Coutinued research
on the TWT promises desirable features such as
high current densities, low noise beams. instant
starting and long life. Aside from the tube’s cold
tunnel cathode, its electron beam can be shaped
and pre-focused during manufacture by use of
masks while vaporized semiconducting material
lavers are deposited onto lavers of aluminum, alu-
minum oxide, and gold. The beanmt image has been
made in the form of a hollow crrcle for greater
efficiency, reports Raytheon.

SYNCOM II AND 60-FT. ANTENNAS helped 1o
make successful voice and teletype tests over 7.700
miles—the greater surface distance spanned be-
tween two earth points by communications satellite,
savs NASA, The tests linked the USNS Kings-
port, anchored at Lagos, Nigeria, and Camp Rob
erts, Calif. Part of NASA long-range eilort to ex

plore world-wide communications, Syncom }l at

first beamed signals between l.agos and Lakehurst,
N. .. with a 60-ft. Sylvania parabolic antenna at
Fort Dix, N. J., backing up. As the satellite moved
into line with Camp Roberts, signals beamed fron
Africa were picked up by the other Sylvania an-
tenna at the Roberts station. The antennas can track
an orbiting body 22,300 miles out within 2+4/1000t1x
of a degree accuracy.

EDP MOTHER TONGUE IS HERE, according
to the American Standards Association. Some $3
million in man-hours over four years were spent in
developing the seven-bit coded character set now
the electronic benchmark for information inter-
change between data processing machines and com-
puters. Credit for hurdling the barrier in the search
for a nationally accepted code goes to the Business
Lquipment Manufacturers Association and N3 sec-
tional committee. In the newly approved American
Standard Code for Information Ilixchange NJ34-
1963, 12R possible coded characters are prescribed—
from 36 control functions and format elfectors to
the O+4-character subset devoted to graphics. Pend-
ing further work, 28 characters remain unassigned.

RADARSCOPE

ELECTRON BURST FROM HOT TUNGSTEN,
allowing extra high current, may eliminate the mo-
ments of radio silence when astronauts re-enter
atmosphere. A\ Cornell research team has found that
heating a tungsten cathode with a pulsed laser beam
generates 10,000 or more amperes per square centi-
meter as compared with 1 1o 10 amps from conven-
tionally heated cathodes. tlhigh frequency tubes
using the Cornell technique would produce thou-
sands of watts at 100 to 200 kmc as compared to
the thousandths of watts now available at a limit
of 100 knic.

FAST-FIRING LASER, with continuing opera-
tion. has been developed by Maser Optics, Inc,, of
Boston. According to Dr. Harry Franks, firm's presi-
dent, the new ruby laser, believed to be the fastest laser
devised 1o date, fires one pulse of light energy every
second. Heretofore, the fastest rate ever reached with a
continuous-operation laser was about one pulse every ten
scconds.  The laser was developed for high-volume
wetalworking applications, such as welding, metal re-
moval and metal perforation. Power output is up to
2 joules per pulse. Input is rated at 600 joules per
pulse.
(More RADARSCOPE on Page 15)

ULTRA-THIN FILM GROWER

Being readied for an experiment by senior technician Paul
Raygor, this ultra-high vacuum chamber is used by Westing-
house scientists to grow films only 10 atoms thick. Films
are used in research on solid-state devices. Chamber can
get pressures down to one - trillionth of one atmosphere.




NEW! LOW COST, STANDARDIZED
. SEMICONDUCTOR BASES

| FRON\
NEW:

ELECTRICAL NDUSTRIES 5o aturing super-ruggedized, high
reliability E-1 Compression Seals

New additions to the ELECTRICAL INDUSTRIES equal or exceed government specifications. If you
standard line of semiconductor bases provide the have a design problem involving any type of glass-
engineer with a quick, economical solution to design to-metal hermetic sealing, ask ELECTRICAL IN-
problems. These new components feature high- DUSTRIES for recommendations on your specific
strength E-I Compression Seals, and all MIL types requirements —call or write today!

BASES FOR HIGH POWER TRANSISTORS
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Division of Philips Electronics E LECTR I CAL I N D U STR I ES

& Pharmaceutical == | /
Industries Corporation MURRAY HILL, NEW JERSEY — Telephone: 464-3200 (Area Code 201)

PATENTED IN THE U.S.A., NO. 3,035,372; IN CANADA, NO. 523,390; AND IN THE UNITED KINGDOM, NO. 734,583.
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LOW-POWERED RADAR SYSTEM designed
by General Dynamics/Electronics can do away
with “hide-and-seek-games” with aircraft in close
formation in any weather, day or night. Aircraft
Station Keeper (ASK) radar system provides posi-
tion data over a full 360° around the plane. It gives
each plane using the system a pictorial display of
all other craft within the flight pattern. Compact.
low-powered, the system is mainly a combive of
transceivers and display devices. The two units
occupy only 14 cubic foot of space, weigh 16 Ibs.
and drain 50 watts. ASK fits all types of military
aircraft.

SMALL SPACE INSTRUMENTS and a new ap-
proach in getting research data and basic scientific
information was suggested as the field our physi-
cists should get into by NACA’s Dr. Hugh L. Dry-
den. In effect., Dr. Dryden said, in an address at
William and Mary College, following site presenta-
tion for Virginia A\ssociated Research Center, that
too many physicists today are still satisfied with
nuclear physics — big machines, small particles,
small distances. Now, space science has opened
avenues into space physics, a field demanding new,
exotic materials, miniaturized electronic instru-
ments and other ultra-small devices to study inter-
stellar phenomena of vast proportions. The need is
for our creative physicist to think now in terms of
small devices to measure and collect the wealth
of scientific information from outer space.

UNIFIED CARRIER SYSTEM for spacecraft-to-
earth communications has been tested for a simu-
lated Apollo mission for velocities of 36,000 ft/sce.
by NASA and MIT’s Lincoln Laboratory. A uni-
fied carrier approach is aimed at integrating ranging
and communications functions, and uses phase-
locked loop techniques in spacecraft to relate re-
ceived and transmitted carrier coherently. Ranging
1s accomplished through a psuedo-noise code. de-
modulated at the craft and remodulated on the
down-link carrier, and finally compared against
transmitted code. Simultaneous lock-on of the car-
rier, telemetry, and code synchronization phase
locked loops have been observed in the background
of noise expected during actual Apollo mission. In-
tensity spectrum of video modulation has been
measured and compares favorably with theory.

RADARSCORE

SOUND RECOGNITION MACHINE, the Class
Filter, was developed by ITT Federal Laboratories
to recognize basic phonetic elements of speech,
called phonemes. With training samples, the ma-
chine first “learns” the characteristics of the audible
effects 11 is to recognize. When presented with an
unknown sound later with the same characteristics
as the “learned” pattern, the Class Filter will know
the sound.

AGGRESSIVE RESEARCH PROGRAM for ad-
vanced aircraft design 1s urged by NASA's advisory
panel. The panel cites a “serious threat by foreign
competition to the U. S. lead in aircraft design.” If
the U. S. is to hold its lead, advisors note, we must
conduct “hard-at-it” basic and applied research pro-
grams to permit the design of top aircraft, for mili-
tary and commercial. The advisors also said that
the U.S. must provide a means to allow scheduled
flights to go through despite weather.

WHAT’S MY ATTITUDE, NOW?

To help astronauts answer that question during Apollo flight,
Honeywell built this trainer that includes a model of Apollo
command module to mimic craft’s instruments. Viewers can see
in 3-D actual attitude in varied flight conditions. Bernard
Olson (left) and John Haaland conduct human - factors studies.
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so what makes one a better buy than the other?

The one on the left (our connector) is far and away your best buy. The reasons are simple:
quality and immediate delivery. [] Every LIONEL connector has been developed and pro-
duced by top-notch technical experts. Each element is made from the best, most reliable
material we can make or buy. The result? Consistent on-the-job performance. [] You'll never
have to worry about slipping schedules when you order from LIONEL. We have a complete
inventory of connector types, sizes and configurations. In other words, we begin delivery
the hour we get your order. ] By the way, have you sent for our new catalog? We deliver

them as quick!y as connectors.

/
TELERAD [L/ONEL-ANTON DIVISION

/4 SUBSIOMRY OF THE LIONEL CORPORATION Route 69-202+ Flemington - New Jersey «Area Lode 20/ +STate 2-201/
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marks Sola’s 2-millionth
voltage-regulating transformer

The sharp trend to transistors, advent of micro-
electronics, and related developments, obviously

OV TRANSFORMER — AUTOMATIC ANSWER TO
STRIMGENT VOLTAGE PARAMETERS

Sola constant-voltage transformers are na-
turals for powering voltage-sensitive equip-
ment — offer remarkable static and dynamic
characteristics. Regulation is +1¢¢ for pri-
mary voltage variations of =15%. Response
time, 25 milliseconds! Primary operates un-
saturated, as in conventional transformers;
secondary runs saturated so input changes
cause negligible secondary effects. Sola’s even
counter outright load shorts! Sinusoidal types
have less than 396 rms harmonics . . . actually
will improve poor input waveforms. And,
there are no moving parts . .. no tubes ... no
maintenance. Ratings to 7500 va; custom
designs also available in production quanti-
ties. Ask for Bulletin CV-100.

i Input

‘66905060‘ [ 66660]
Output ;J'_
h, I |

mean line-voltage fluctuations will be taking on
critical significance. Thus the constant-voltage
transformer is virtually a “black box turned to
gold” . . . a natural for resolving tricky problems
associated with input-voltage parameters.

Pictured is J. G. Sola (right) commemorating
the two-millionth such unit off our line with the
award of a golden Sola Transformer. Recipient
is our first and still-continuing customer, Cenco
Instruments Corp., producer of precision electronic
instruments. Accepting for Cenco is Mr. Ralph
Read, President. It was Mr. Sola’s fundamental
research in magnetics that produced this tech-
nological break-through in static-magnetic voltage
regulation.

Significant improvements in ratings and con-
struction inevitably followed. Yet the Sola CV’s
leading original attributes remain its leading ad-
vantages: inherent voltage regulation, mainte-
nance-free operation, overload protection and cost
savings!

New “Solavolt” delivers
regulated d-c voltage and
current, adjustable to zero

Solavolt adjustable-voltage supplies have recently
broadened their selection to include a variety of
economical new models. The additional units fea-
ture fingertip dialing from 0 to 90 volts, adjustable
over entire range without step-switching. Ratings
from 2.8 to 24 amps.

Voltage regulation, provided by integral Sola
CV transformer, is +=1% at maximum voltage,
full load. Ripple, optimum for all ratings. The Sola
transformer additionally affords short-circuit pro-
tection, through inherent current limiting.

New Solavolt adjustable supplies offer ideal
flexibility where regulation isn’t too critical. Oper-
ate from 100-130 and 200-260 volt inputs. Supplied
ready for 19” rack mounting, they’'re a worthy
complement to existing Solavolt choices (ranging
to 400 v). Ask for Bulletin DC-105.




Space saving “squeeze’ play:

New QSB Adjustahle-Voltage
D-C Supplies fit TWO in 19-inch
rack, side-hy-side

New QSB transistorized adjustable d-c supplies
afford extra compactness and more watts per
dollar than even our popular QSA! Provide in-
stantly adjustable voltage and current for experi-
mental and test purposes. Applicable to all fields
of science, they’re just half the width of QSA; so
a pair of QSB chassis easily fits side by side in
standard 19" racks.

These superlative power sources offer remote

programing of current and voltage . . . remote
voltage sensing . . . current and voltage stabiliza-
tion . . . short-circuit protection . . . series and

parallel operating flexibility.
Regulation == 0.005% for line

voltage = 10% (Oto fullload) ... geuwssssss=zzss

as low as 0.029% for current (0 to
full load). Ripple less than 15 mv
rms. Recovery time just 50 micro-
seconds to return within regula-
tion envelope and remain there.

QSB’s operate from 115-v nom-
inal input, 47-440 cps, without

New Sola solid-state inverter
puts out 60 to 3000 watts of
stahle, sinusoidal a-c for
“emergency standhy service

If you manufacture 120-vac equipment that also
must operate from standby battery power, you’ll
find a priceless ally in this new Sola solid-state
inverter. No moving parts to cause trouble; no
costly maintenance. Sola inverters offer all inher-
ent advantages of the sinusoidal'CV transformer:
stable output; low harmonics; automatic current
limiting and short-circuit proteetion.

Choice of input ratings includes 12, 28, 48 and
125 volts dc...output from 60 to 3000 va...models
for 60 or 400 cycles. Accidental reversal of polarity
won’t harm any component other than the fuse.
Enclosed chassis noiselessly convection cooled. In-
verter operates with any power-factor or resistive
load from zero to outright shorts. Efficiency 60 to
75% for 28-volt units, and even greater for high-
er voltage ratings. Output — 120 vac, = 1% at
nominal input and full load; frequency stabilized
within + 0.2%. Write for Bulletin AC-136.

FIRST CLASS
Permit No. 165

Arlington Heights,
Illinois

troublesome Voltage overshoot at BUSINESS REPLY MAIL
turn-on or turn-off. All solid-state NO POSTAGE NECESSARY IF MAILED IN UNITED STATES

circuitry. Four choices of output
to 80 vdc; 0.5 to 2 amps. Like its
big brother QSA, the new, com-
pact QSB is clearly the choice for
adjustable output with extremely
precise regulation. Send for Bul-
letin DC-132.

Dept. 103EI

— POSTAGE WILL BE PAID BY —

SOLA ELECTRIC COMPANY
1717 Busse Road

Elk Grove Village, lllinois
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SOLA ELECTRIC CO.,
1717 Busse Road,

a new concept in solid-state regulation in ranges

BASIC PRODUCTS, LTD.,
Division of Basic

i 377 Evans Avenue,
Products Corporation

Regulating voltage in kva ranges?
Solatron pre-regulates voltage for kva-
rated equipment

Electronic-design people find themselves increas-
ingly confronted on one hand with big blocks of
power for electrical and electronic equipment, and
on the other hand, with line-voltage that won’t stay
within required limits. Ready to resolve this dilem-
ma is the remarkable Solatron voltage regulator —

J Elk Grove Village, IIl.
P HEmpstead 9-2800
IN CANADA, SOLA

C ve

of 1 kva and up.

Solatron spans power demand from 1 to 100 kva,
single or 3-phase! Cleans up troublesome line
fluctuations; or even better, can sense your entire

power-supply output,
and provide the over-
all correction needed.
In less than 5 cycles.
Without tubes, serv-
omotors, or other
electromechanical
elements! Got a kw-
size voltage problem?
Send for Sola Bulle-
tin LVR-2000 . .
Solatron line-voltage
regulators.

e — a— pa—

Send postcard below for detalls on these Sola
self-regulating transformers and power supplies!

i i

Jor—""

SOLA
CONSTANT-
VOLTAGE
TRANSFORMERS

} 1
Bulletin CV-100: Handy
reference to the basic
line of Sofa transform-
ers, including sinusoi-
dal and normal har-
monic wave types, and
filament and plate-
filament models.

NEW
SOLAVOLT
DC SUPPLIES

—

Bultetin DC-105: Out-
lines the new econom-
ical Solavoilt supplies
offering adjustable d-c¢
voltage ideal wherever
regulating require-
ments are other than ex-
tremely criticalin nature.

asB
TRANSISTORIZED

SUPPLIES

Bulletin DC-132: Details
on new Sola QSB solid-
state supply providing
adjustable d-c voltage,
and very precise regu-
lation from a new, ex-
tremely compact unit.

SOLA

SOLID-STATE
INVERTER

Bulletin AC-136: Shows
how this new line of
rugged and reliable in-
verters covers your
needs up to 3000 va,
with every inherent ad-
vantage of our Sola
Transformer.

Please send me the following Sola bulletins:

l:] Transformer Bulletin CV-100 l:] Inverter Bulletin AC-136

[ ] solavolt Bulletin DC-105
[ ] @SB Bulletin DC-132

NAME
TITLE OR POSITION
COMPANY.

ADDRESS.

[ ] solatron Bulletin LVR-2000

SOLATRON
KVA-RANGE
REGULATORS

Bulletin LVR-2000:
Packed with specifics
and background on this
revolutionary Sola a-c
preregulator, conceived
for high-power regula-

tion needs up to 100 kva.

110 — Litho in U_S. A.




More is
going on
In here
than

Just
a name

Item: expansion of our ma?r!<ets anfi our Plans for Fieveloping them. TECHNOLOGICAL
Item: management’s decision to intensify planning of new products

and materials. . - PRODUCTS, Inc.
Item: a three-fold expansion of our research and development facilities,

highlighting microelectronics.

The new name came after we realized how many other changes have been “
made recently in our company.

Item: addition of several internationally famous scientists to our already
strong research staff.
Item: modernization of all production facilities through our mechanical ‘
automation program.
Item: even greater emphasis than before on space age quality, reliability ;'
and product performance repeatability.

Reason enough to change our name to one more descriptive of the 644 West 12th Street
advanced thinking within our 35-year-old company, don’t you agree? Erie, Pennsylvania

FORMERLY ERIE RESISTOR CORPORATION

Y o
(i
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WHERE IMAGINATION CREATES VALUE IN ELECTRONICS

v
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Sylvania—first with the Sarong and Bikini cathodes —now
announces a new development that significantly increases
the reliability of Sylvania tubes. ‘‘Life-Boost Cathode’’ is the
name...the secret is an ultra-pure, uniform alloy made pos-
sible by Sylvania's leadership in powder meta! technology.
Contrasted to conventional melted alloys, the Life-Boost
powder-metal alloy is so pure and uniform, with perform-
ance so predictable, that it eliminates any need for the
usual ‘“‘melt approval.” Alloy uniformity inhibits the forma-.
tion of leakage paths, which extends tube life. It also means

better-controlled electron emission and regulated barium
release throughout life—tube performance stays within
specifications. Further, the new cathodes have 25% greater
mechanical strength, which significantly reduces equipment
failure in the field.

Precise contro! of alloy composition is the key. The basic pure
nickel powder plus carefully controlled powdered reducing
agents are thoroughly blended and immediately rolled into
thin-gauge strip. Because no critical temperatures are in-
volved, no impurities are introduced from crucibles and con-

New LIFE-BOOST*Cathode gives
increased life, stability and




90 TYPES already have

the LIFE-BOOST Cathode:

2AF4B; 3AF4B; 6AF4A. B; 2/3/6DZ4; 6GK6, 6BQ5; 6DQ5;
6/25CD6; 25DN6; 6/12/25BQ6GTB. A; 6V6; 12BZ6; 3/4/6CB6A;
4/6DE6; 6CF6; 3/6DE6; 5/6EW6; 6186; 7056; 5/6GM6; 32ET5A;
25EHS; 50B5; 6AH6WA; 6CU5; 6/12DTS5; 6/12/25BKS; 6DTS:
6AUS. A; 6BH8; 7060; 8ET7; 6/8GNS8; 10JY8; 6BL8; 6883A;
6080WA; 6080WB; GB-6080; 6AH6; 6BC5; 25F5; 35C5; 6ASS;
4/6BZ6; 6CB6A; 6082; 6GR7/SR-3213; 12BV7; 12BY7:
6/12DQ6B; 6J4WA; 12CA5; 12EDS; 50C5; 6BF5; 6CAS; 6ET7:
5687WA; 6AN5; 12DB5: 6K6: 6146; 6146A; 6159A; 6BL7GTA;
6/12AV5GA

Here’s evidence of what it can do:

...In 6DZ4 UHF oscillator:

No failures, greatly improved stability

Test: 40 tubes operated at 130 VAC for 1500 hours in 40
TV sets (4 models, 3 manufacturers represented).
Failures: None resulting in set failure. (Statistical estimate:
1% per 1000 hours at 130V, or about 0.3% per 1000 hours
at 117 V.) Failure rate for same tube made with conven-
tionally prepared cathode material: 13.1%.

Oscillator Grid Current: After 1500 hours at 130 V, 90% of
Lire-Boost Cathode tubes had grid current between 550
and 950 pA. Only about 38% of the tubes with conven-
tional cathodes remained within these limits after period
of test.

...in 6GK®6, used for critical vertical output:
TV set manufacturer reports improved stability
Test: More than 1000 hours at 135 VAC line.

Results: No leakage problems, no slump in characteristics;
tube can be used in vertical socket as well as other sockets
of customer’s TV set line.

Sylvania tests show significantly reduced sublimation
(formation of leakage paths), and improved plate current
stability under accelerated life test and heater cycling con-
ditions with over-voltages applied.

...in RF pentodes:

Reduced grid emission, no insulation breakdown
RF pentodes BZ6, CB6, EW6 and others, when subjected
to life testing, showed reduced grid emission levels after
conversion to the Lire-Boost Cathode. Insulation levels
during and at the completion of life showed little or no
change—an indication of improved stability—and end-
point failures due to breakdown were virtually nonexistent.
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_circuit
deSlgnel‘S is your

appointment in space with Hughes?

Today, Hughes is one of the nation's most
active aerospace /electronics firms. Projects
include: F-111B PHOENIX Guided Missile
System, TOW Anti-Tank Missile, SURVEYOR
Lunar Spacecraft, SYNCOM, VATE, ARPAT,
POLARIS, Hard Point Defense and others,

This vigor promises the qualified engineer or
scientist more and bigger opportunities for
both professional and personal growth.

Many immediate openings exist. The engi-
neers selected for these positions will be as-
signed to the following design tasks: the
development of high power airborne radar
transmitters, the design of which involves use

24

of the most advanced components; the de-
sign of low noise radar receivers using para-
metric amplifiers; solid state masers and
other advanced microwave components; ra-
dar data processing circu:t design, including
range and speed trackers, crystal filter cir-
cuitry and a variety of display circuits; high

efficiency power supplies for airborne and -

space electronic systems; telemetering and
command circuits for space vehicles, timing,
control and display circuits for the Hughes
COLIDAR (Coherent Light Detection and
Ranging).

If you are interested and believe that you can
contribute, make your appointment today.

ELECTRONIC INDUSTRIES

Please airmail your resume tot
Mr. Robert A. Martin
Head of Employment
Hughes Aerospace Divisions
11940 W. Jefferson Bivd.
Culver City 30, California
We promise you a reply within one week.

Creating a new world with electronics

HUGHES

HUGHES AIRCRAFT COMPANY
AEROSPACE DIVISIONS
An equal opportunity employer.

October 1963
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What salesman never gets delayed by the weather 8l Never gets sick M Never takes a vacation
B Never demands a bonus or incentives i@ Never needs sales training Il Makes thousands of callis
in one day M Spends an hour or more with hard-to-see executives 8 Tells your story the way you
want it told B Charges you only pennies per call M Is ready to work for you now?

What salesman? A business magazine.

There are hundreds of good ones. Chilton publishes 20 of the best. E&E@TR}@M I]@
Aerospace Managnment Flectronic Industries Jewelers' Cfrcular-Keystone
Automotive Industries Food Enginerring Marine Products
Bant and Shoe Rerorder Gas Motor Age

Butane-Propane News Western Gas Optical Journal

Commercial Car Journal Hardware Age Produnt Design & Development
Department Store Economist fron Age Metalworking The Iron Age

Distribution Age Internatinpal The Spectator




- if it's news, expect it first from IRC
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Among Fixed Composition Resistors IRC offers

GREATER MOISTURE PROTECTION

HERE’S WHY ...IRC’s resistance element is a film of ecarbon com-
position thermally bonded to a glass body. This rugged, compact
configuration permits 35 and 509, more molded protection around
the resistance elements of RC20 and RC32 styles, respectively.

Other brands are designed around a fat carbon slug similar to
a soft pencil lead. The thickness of their resistance elements
requires them to restrict the volume of their molded jackets in
order to stay within MIL size limits. Moisture protection is
reduced proportionately.

IRC MIL-R-11 resistors are molded in a special insulation devel-
oped by IRC specifically for superior moisture, dielectric and
mechanical characteristics. This exclusive material, combined with
the added insulation thickness results in a resistor that is AT
LEAST TWO TIMES BETTER under severe moisture conditions.

Specify IRC MIL-R-11 resistors for an extra measure of pro-
tection. Write for GBT bulletin. International Resistance Co.,
Philadelphia 8, Pa.

26 Circle 15 on Inquiry Card

PERFORMANCE ADVANTAGES

e —
IRC Type GBT'’s also provide

o Lower operating temperature

o Better resistance-temperature characteristics
o Superior at high frequencies

o Outstanding load life

o Ranges to 100,000 megohms

o Stronger termination

o Weldable leads

ELECTRONIC INDUSTRIES < October 1963




WASHINGTON TRENDS

FUNDS FOR NASA APPROVED — A record
high $5.3 billion for NASA was approved by Sen-
ate-House conferees. NASA originally asked for
$5.7 billion for the 12 months ending next June 30.
The House cut this sum sharply to $5.2 billion, but

the Senate restored many cuts. Biggest single dif-

ference between the two chambers is project Apollo.
The House had cut the Apollo program by $120
million, and the Senate voted the entire $1.2 billion
asked, They split the difference and voted $1.1 bil-
lion. As for the controversial electronics research
center scheduled for the Boston area, the conferees
accepted the House provision that NASA must
justify the project before construction begins.

CSC TO SELL STOCK, SIGNS 3 FIRMS—Stock
in Communications Satellite Corp. (CSC) will go
on the board early in 1964. IFCC. while nagging
CSC about stock sale delays. has been threatening
to stop further CSC bhorrowings unless half of the
stock is put on sale to the public soon. CSC chair-
man Leo D. Welch tells FCC chairman E. William
Henry to keep FCC nose out of CSC affairs. IFCC
authorized CSC to borrow $600.000, with $100,000
for operating funds and the other $300.000 for re-
search and design of a satellite svstem. \Welch
claims invasion of firm’s managerial functions, and
says he’ll resist further FCC moves to inhibit his
duties.—CSC has signed its first three contracts
with AT&T, RCA, Hughes Aircraft for studies on
techniques for

multiple-access communications

satellites.

FCC STUDIES SATELLITES — Federal Com-
munications Commission wants to take a close look
at the economic effects of worldwide electronic
communication via space satellites. FCC is con-
cerned that communications satellites may dilute
competition among international radio and cable
companies. The FCC study would show whether
more competition or a series of mergers is needed
among international carriers. One thing chairman
E. William Henry is sure of: international tele-
graph carriers should be authorized immediately to
handle voice transmission. These companies could
then offer effective competition to the AT&T, which
has a “substantial monopoly of pure voice com

munications.”
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DEMAND FOR TECHNICAL MEN GROWING
—The U. S. faces a critical shortage of scientific
personnel over the next few years as demands from
government and industry for technicians overrun
the capacity of schools and colleges to produce
them. The National Science Foundation warns, in
a recent report, that two million scientists and en-
gineers will be needed by 1970 but that colleges will
likely produce only some 700,000. Demands for
scientists and engineers, says NSF, have outrun
general growth of the U. S. labor force.

EIA ASKS TARIFF CHANGES — Electronic
products should be separate from electrical ma-
chinery in lists being readied for 196+ tariff talks,
says Robert C. Sprague. chairman of LEIA Elec-
tronic Tmports Committee. and chief executive of
Sprague Electric Co. Mr. Sprague said. “High-priced
skills are required in R&D. design. and in producing
new and improved electronic products. Capacitors.
resistors. tubes and semiconductors, scveral of
which may be held in the hand. and which sell for
a few cents to a few dollars each. cannot be con-
sidered, for trade agreement purposes. on the same
basis as an electric generator selling for several mil-
lion dollars.—ETA also declared that removal of
certain restrictive import regulations in other na-
tions, including government purchasing practices
and discriminatory specs. would do as much to in-
crease exports of U. S. electronics as would lower
tariffs.

ELECTRONICS EXPORTS PUSHED —U. S
Commerce Department is urging \merican elec-
tronics firms interested in developing a market in
Britain to submit export proposals to a special elec-
tronics trade mission by next March 1. The mission
will try to promote contracts for purchase of elec-
tronic products and services. The six businessmen
making up the mission will be specialists in numer-
ical control systems. industrial process control sys-
tems, measuring and testing. ultrasonics, and ad-
vanced high-performance components for equip-
ment, including solid state devices. They'll seek ap-
plications in the chemical manufacturing, food
processing, combustion engineering, metalworking.
and electronic engineering ficlds. Proposals for ex-
ports by U. S. firms will be summarized in a booklet
to be distributed ahead of the May-June mission.
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P8201
VHF
OSC/AMP

P8401 (x8)
or P8403
UHF

P8402 (x9)* x4
VHF MULT UHF MULT FILTER

New reliability standards are inherent in the solid-state design of the new Philco P8001
S-Band Power Source. Fully engineered—it's available complete or in your choice of
contained modules. The modules: a transistorized oscillator/amplifier; varactorized
VHF multiplier; and varactorized UHF multiplier. New and fully engineered.

Philco C-Band Tunnel Diode Amplifier. Mount it at the
antenna to cut cable loss and noise. No matter where you
mount it, the new Philco P701 Tunne! Diode Amplifier will
have a maximum noise figure of 4.5 db . . . plus the unusually
wide bandwidth of 20% . . . and 18 db typical gain. Operable
to a 3,000-hour battery life (much longer, of course, on
110 Volts AC).

Get data on Philco Power Sources and Tunnel Diode Amplifiers. Write Dept. EI1063S.

SPECIAL PRODUCTS OPERATION

PHILCO

A SUBSIDIARY OF MO(O?’%WM%

LANSDALE DIVISION, LANSDALE, PA.

In Europe: Avenue de Beauregard 3, Fribourg, Switzerland
In Canada: Don Mills Road, Don Mills, Ontario, Canada
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EIA STARTS BIG EFFORT
TO HALT IMPORT ‘THREAT

EIA has asked its members to sup-
port a ‘“‘massive effort to prevent de-
struction of the U.S. electronics in-
dustry by rising imports from low-wage
nations.”’

Robert C. Sprague, chairman of the
EIA Electronics Imports Committee,
and chief executive of Sprague Elec-
tric Co., asked all EIA divisions to
back a request for a board appropria-
tion to carry on a ‘“constant and inten-
sive’” program in behalf of the in-
dustry.

The program includes preparation
of data on the effects of imports on
jobs, sales and output of U.S. firms
bearing the brunt of foreign competi-
tion.

‘CHECK WITH MARKETING,’
MARKETEERS TELL ENGINEERS

Engineers were offered some friend-
ly advice from marketing men at the
1963 Defense Industry Marketing
Forum of the American Managment
Association.

1. Don’t simply engineer what you
like as an engineer. Perhaps nobody
wants it. Check the growing lists of
guidelines—value analyses, costs analy-
ses, allowable expenses and budgets,
etc.—and check with your department
head—who should have checked with
market research or defense sales.

2. A top U.S. contractor surveyed
R&D directors and found that five or
six do not consult with marketing di-
rectors to determine market needs.

3. While engineers must develop
new products, or improve old ones,
the market research people find it
equally important to develop new ap-
proaches, or improve old selling ways.

NMARKETING
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Facts and

COMPONENTS FACTORY SHIPMENTS RISE TO NEW LEVELS

Factory sales and shipments of
components by U.S. electronics firms
came close to the four-billion-doilar
mark in 1962.

At least three-fourths of this total
was earmarked for the aerospace/
defense market.

In the latest report from the Elec-
tronics Division, Business and De-
fense Services Administration of the
Commerce Department, the total for
all components is estimated at $3.9
billion. This is a new high, more
than 89, above the 1961 level.

Listed in the report, which does not
include all components, are resistors,
capacitors, connectors, relays, coils,
power and special purpose tubes, re-
ceiving tubes, and TV tubes, plus
semiconductors. The report also lists
some complex items such as integrated
circuit modules and plug-ins.

Total sales of electron tubes in-
creased 1.7% over 1961 to a new
level of $875 million. A 10% increase
in power and special purpose tubes
more than offset declines of 1.7% in

NEW MARKET LOOMING
FOR USED COMPUTERS

A slow groundswell seems to be in
the making for used, surplus electronic
computers. While there is already a
growing market for electrical and me-
chanical office machines being bumped
by computers, some of the older vin-
tage EDP units are being replaced.

First on the auctioneer's block was
Bizmac—RCA's original EDP system
which was sold by the Army from its
Detroit arsenal. Another surplus mili-
tary computer was Univac 1103, used
for some years at Elgin Air Force Base,
Florida.

receiving tubes and 3.5% in TV pic-
ture tube output.

Although unit shipments of semi-
conductors increased 35% over 1961,
the value of shipments showed only a
1% increase to $571 million. This
reflects a steady decline in unit prices
of many transistor and diode types.

Relay sales recorded a 10% in-
crease to $201 million, which reversed
the slight decline in 1961. The ad-
vent of advanced types was the chief
cause for this increase.

Shipments of capacitors gained 16%
to $349 million, and resistors increased
239%, to nearly $350 million.

Connectors showed a gain of 30%
to $248 million.

Quartz crystals rose 29% to $37
million and complex components went
up a big 77% to $67 million.

MARKET MEN HIT DOD
ON DOLLAR-TRIMMING WAYS

Defense and aerospace marketing
officials are taking issue with Defense
Sec. McNamara and the ‘loaded ap-
proaches’” they say he used to trim
$1.1 billion from Pentagon procure:
ment in FY 1963.

He was commended for economizing
through greater use of excess inven-
tories, switching from non-competitive
to competitive procurement, shifting
from cost-plus to fixed-price and in-
centive contracts, standardization and
simplification procedures. Criticisms
generally fall into two categories:

1. Price may be lower in some
cases—but so may quality of product
and/or service.

2. Comparison may be unfair. An
example is the comparison of proto-
types and production units.

THE TOP TEN IN AEROSPACE/DEFENSE

Top ten U.S. contractors by net value of aerospace/
defense prime contract awards for Experimental, De-
velopmental, Test and Research work—fiscal year 1962

(7/1/61 to 6/30/62).
Place of
Company

Contract Work Dollars (Millions)

Aerospace/Nat. Sec. éxpenditures

« 10

23
=

Approx. 50.6

w
(=)

General Dynamics Corp.
Lockheed Aircraft Corp.
Boeing Co.

North American Aviation
General Electric

Martin Marietta Corp.
Western Electric Co.
Aerojet-General Corp.
Douglas Aircraft Co.
Sperry Rand Corp.

Seattle, Wash.

Littleton, Colo.

Syosset, N. Y.

(Electronic Industries Association)
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San Diego, Calif,
Sunnyvale, Calif.

Los Angeles, Calif. 401
Philadelphia, Pa.

New York, N. Y.
Sacramento, Calif. 202
Santa Monica, Calif. 181
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268 Projected costs within the security budget indicate that aero-

space programs will rise from 1961’s $14 billion to more than
$22 billion by 1972. Most increases will be in space; aircraft

152 and missiles will plateau, or fall a little. (Aerospace Management
estimates $22 billion aerospace for FY ’64.)
(Lockheed-Georgia Company)
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Designers of amplifiers, oscillators and frequency con-
verters can now have the benefit of cutoff frequencies
to 40 Gc, resulting from the high peak-current-to-capac-
itance ratios of Sylvania germanium tunnel diodes.
Uniform, stable equipment performance is aided by
the tight tolerance control, low temperature coefficient
and rugged construction of these units—and you have a
wide choice. If one of the 120 standard types doesn’t

exactly fit your requirement, characteristics such as
negative resistance, current-capacitance ratio and total
capacitance can be tailored to your needs. Other per-
formance benefits of these diodes are their low (1.30)
noise constant, and ultra-low microphonic sensitivity.
Addition of the new, smaller package, with its low
capacitance and low inductance, effectively raises self-
resonant frequencies and opens many new application

Sylvania Germanium Tunnel Diodes
to 100 mA, new low-capacitance

GHARAGTERISTIGS
TO YOUR REQUIREMENT...

120 standard devices plus
custom diode capability




possibilities. To make it even more useful, Sylvania of- Tunnel Diode Amp||f|er Noise Figure
fers this new package with or without prongs. The stand-

ard package, too, is available with or without leads,
bringing the package choice up to four.

Consider Sylvania for all of your germanium tunnel
diode requirements in UHF, L, S, C and X bands. Con-
tact your Sylvania sales engineer or Semiconductor Divi-
sion, Sylvania Electric Products Inc., Woburn, Mass.

offer lpfrom 1mA
package | R

Calculated noise figure for a diode of each type. This is a conservative
figure based ontype minimums. Amplifier noise figure NF is computed as:

AMPLIFIER NOISE FIGURE

1 + N

(A—=R...) A1/ )2)

NF

Where Ns is the typical value 1.30 for Sylvania germanium tunnel di-
odes, R_is maximum selection limit for series resistance, r is typical
negative resistance (65 ohms), f is the amplifier frequency and fm is
the minimum specified cutoff frequency for the type.

Performance Summary—Typical Units

Typical Maximum Minimum

Negative Series Cutoff
c H 0 l c E 0 F 4 PA c K A G E s Peak Current Resistance Resistance Freguency
'n : R Ge

5

D4961

D4961A
D49%61B
D4961C
D4962

D4962A
D4962B
D4962C
D4963C
D4964C
D4965

D4965A
D4965B
D4965C
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00000 DOOO
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Above characteristics are the same in D4971, D5061, D5071 series.
Typical characteristics are:
Package Package

Series Inductance Capacitance

D4961 0.25 nh 0.65 pf

D4971 0.25 nh 0.65 pf

D5061 0.15 nh 0.30 pf

D5071 0.15 nh 0.30 pf

=
SYLVANIA

SuUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS

NEW CAPABILITIES IN: ELECTRONIC TUBES ¢« SEMICONDUCTORS
MICROWAVE DEVICES « SPECIAL COMPONENTS « DISPLAY DEVICES

CALL YOUR NEAREST SYLVANIA SALES OFFICE

ATLANTA, GA. 2115 Syivan Road, S.W., phone 404-766-3633 » BALTIMORE,
MD. 31 Allegheny Ave., Towson 4, phone 301-823-2550 « BOSTON, MASS. 100
Sylvan Road. Woburn, phone 617-933-4784 « CHICAGO, ILL. 2001 N. Cornell
Ave., Melrose Park, phone 312-379-2525 « DALLAS 2, TEXAS 100 Fordyce St,,
phone 214-741-4836 « DAYTON 2, OHIO 333 W. First St., phone 513-223-6227
FORT WAYNE, IND. 4740 Coldwater Road, phone 219-483-1145 e INTER-
NATIONAL 40 Rue du Rhone, Geneva, Switzerland, phone 22-26-4370 e IN-
TERNATIONAL 730 Third Ave., N. Y. 17, N. Y., phone 212.551-1000 « LOS
ANGELES, CALIF. 6505 E. Gayhart St., Los Angeles 54, phone 213-723-5371
MONTREAL, QUEBEC 6233 Cote de Liesse Road, phone 514-631-4201 « NEW
ENGLAND 100 Syivan Road, Woburn, Mass., phone 617-933-3500  NEW
JERSEY 1000 Huyler Street, Teterboro, phone 201-288-9484 » NEW YORK
CITY 1000 Huyler Street, Teterboro, N. J., phone 914-244-8820 « NEW YORK
UPSTATE Seneca Falls, New York, phone 315-568-5881 ORLANDO, FLORIDA
1520 Edgewater Drive, phone 305-241-9681 « PHILADELPHIA, PA. 4700 Park-
side Avenue, phone 215-477-5000 ¢ SAN FRANCISCO, CALIF. 1811 Adrian
Road, Burlingame, Calif., phone 415-697-3500 « WASHINGTON, D. C. 1120
Connecticut Ave,, N.W., phone 202-337-6600.




Win a baby shark.

Imagine the fun of having your very own shark! Im-
agine the delighted laughter of neighbors when they
discover it in your swimming pool! All you do is guess
how many Honeywell miniature meters are in that fish-
bowl. Come closest, and the shark is yours for life! (Why
the contest? To dramatize how many different miniature
meters we make—most in the business—and just how
miniature our miniatures are. Like the

HS-1 Ruggedized that shrugs off vibra- Honeywell

32 Circle 17 on Inquiry Card

tion, is immune to dust and moisture; the MCE-1 Edge-
wise; the stylish MM-1 Medalist meter; and the new,
square-shaped MS-1.) Entries must be postmarked be-
fore midnight, Nov. 15, 1963. In case of tie, earliest post-
mark wins. People who work for Honeywell may compete
but we warn them: they won’t win. Send your guess to
Honeywell, Precision Meter Division, Manchester, N.H.
While you're at it, ask for our latest
catalog. Fascinating poolside reading.
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Another bull’s-éye in capacitor design...!

| . KEMET

TRADE MARK

BULLET-SHAPED

" C-SERIES

(Polar Type)

SOLID TANTALUM
CAPACITORS

Provide peak performance under
severe shock/vibration conditions

* Molded shape adaptable to welded module
construction or conventional point-to-point
wiring...also automatic insertion equipment.

% Suitable for better-grade entertainment
devices, ship-to-shore and other 2-way radio
communications or similar top-quality uses.

KEMET’s complete line of solid tantalum ca-
pacitors has a brand new member —the
@-Series polar type—designed for highly com-
‘pact circuitry!

C-Series units consist of a porous tantalum
anode encapsulated in an epoxy case with a
bullet-shaped end for fast polarity identifica-
tion, easy capacitor orientation, and assembly
in close proximity to other components,

DC leakage current is extremely low and
dissipation factor is not sacrificed. Capaci-
tance ranges from 0.1 to 56 microfarads in
+5, 10, and 20 per cent tolerances. Working
voltages are 6, 10, 15, 20, 35, and 50. Opera-
tion is continuous over a temperature range of
—55° to +85°C.

For full information on the C-Series and
other solid tantalums in KEMET’s complete
line —from 6 to 100 volts—write to:

|
C-SERIES || EXACT SIZE “THE SPECIALIST IN SOLIO TANTALUM CAPACITORS”

PRESENTLY AVAILABLE IN LiNnpe, Kemer PRODUCTS KEMET DEPARTMENT

2 CASE SIZES for Electronics[Aerospace 11901 Madison Avenue
Case A: Diameter .146; length || LINDE Laser/Maser Crystals, Cleveland 7, Ohio
.370; lead diameter .020. Sapphire, Rare Gases/ Mixtures, Telephone: 216-221-0600
Case B: Diameter .196; length ] Cryogenic Materials, Single-Crys-
,505; lead diameter .025. Il tal Refractory Metals, Semicon-
Case material: Dimensionally-sta- || ductor Silicon, Silicon Monoxide. UN|ON
ble, moisture-resistant, self-extin- KEMET Barium Getters and Solid
guishing epoxy with excellent {| Tantalum Capacitors—6 to 100V. CARBIDE

dielectric properties, .
Leads: Solder-coated nickel wire. Write today for technical data

LIN

Kemet’’ and 'Union Carbide egist:

DE DIVISION

marks of Umon Carbide Corporation
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SNAPSHOTS...
OF THE

ELECTRONIC
INDUSTRIES

SPACE ‘SIGNALS’

Hughes Aircraft Co. Syncom engineering team
consisting of (I to r} Chester Bjorgan, David
Kamm, Thomas Mizote and Stanley Peterson
examine the synchronous satellite which pro-
vides a 4-ccntinent communications link-up.

CRITICAL EYE

Microelectronic circuit forms ‘mirror’ for
critical eye of researcher at Autonetics
division of North American Aviation, Inc.,
Anaheim, Cafif. Rectangles are resistors and
capacitors with lines forming connections.

BRAIN MONITOR

Dr. Milton Delucchi, (Major, USAF), and
Dr. W. Ross Adey, UCLA brain scientist,
examine components of a helmet designed to
menitor brain activity in space. Helmet was
developed at UCLA's Brain Research Inst.

“BUSINESS END”

Mockup (r) of the S-IC stage thrust struc-
ture of the Saturn V moon rocket nears com-
pletion at the NASA center in Huntsville,
Ala. The booster, 33 ft. in dia. and 138 ft.
long, will be powered by 5 engines developing
7.5 million Ibs. thrust. Two mock engines are
shown mounted beneath the thrust structure.







SNAPSHOTS...
OF THE
ELECTRONIC
INDUSTRIES
(Continued)

“QUIET”

Personnel of Lock-
hced Missiles &
Space  Co., Sunny-
vale, Calif., check
out performance of
new anechoic cham-
ber. Objects hang-
ing from cciling are
hooks for overhead
hoist, shrouded in
ancchoic material to
eliminate reflections.
Hoist cables are non-
metallic  for  the
same reason.

“READ OUT”
Glass fibers give off light when exposed to

electron bombardment by Amy Jasinski in
Owens-Illinois Glass Co.’s lab in Toledo,
Ohio. Transparent glasses change to colored.,
but still transparent, glasses when exposed to
electron beams or Ultra-Violet radiation. First
use of these “O-1 Silicas” may be as “read
out” devices for radarscopes and computers.

SPEEDS TRAINING

Jack Glascr, Hughes Aircraft Co. Dept. Mgr.,
explains AN MSQ-28 Modular Trainer Facil-
ity to Captain G. A. Hermes. The trainer will




Report from

BELL
LABORATORIES

To produce these mode patterns, the normal operation of a helium-neon optical maser is perturbed by placing a pair of wire cross hairs in the
cavity. These wires interact with the mode structure of the unperturbed cavity, suppressing some moces and, in certain cases, coupling others
together. By changing the angle between the cross hairs, this interaction can be altered and different mode patterns, as shown, can be produced.

A STEADILY GROWING FAMILY OF OPTICAL MASERS

ELECTRONIC INDUSTRIES -

Scientists at Bell Telephone Laboratories are con-
tinuing extensive research programs to gain increased
knowledge about optical maser (laser) action. The
immediate goal of these investigafions is more com-
plete understanding of the phenomenon itself. In
the long run, however, this knowledge will help us
to evaluate better the communications applications.

One aspect of optical maser research is the study
of the mode structures in laser cavities. The modes
excited in a particular experiment can be identified
by mode patterns, shown above, produced by directing
the emergent beam onto a photographic plate.

Optical maser research at Bell Laboratories has
resulted in a broad new field of radiation science. For
instance, discovery of gas lasers also provided the
first continuously operating laser. The active medium
in this device is a mixture of helium and neon; its

October 1963

operation depends on the excitation of neon atoms
by collision with excited helium atoms. Originally,
this system emitted infrared light, but recently it has
been made to proauce visible red and yellow light.

More recently, in another significant advance, our
scientists have discovered two other new mechanisms
for creating maser action in gases. One depends on
the dissociation of oxygen molecules in mixtures of
oxygen and neon or argon. The other takes place in
pure noble gases—helium, neon, argon, krypton and
xenon—and depends on a direct transfer of energy
from accelerated free electrons to the gas atoms.

With these mechanisms and various gases or gas
mixtures, we have achieved maser action at approxi-
mately 150 different wavelengths extending from 0.594
microns in the yellow region of the spectrum to 345
microns in the far infrared—and more are in prospect.

BELL TELEPHONE LABORATORIES

World center of communications research and development
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SNAPSHOTS . . . OF THE
ELECTRONIC INDUSTRIES
(Concluded)

PRESSURE CHAMBER

Workers prepare to make use of space simu
lation chamber at Varian Associates’ Vacuum
Applications Center, Palo Alto, Calif. Cham
ber is capable of pressures below 107" torr,
which are normally encountered by satellites
about 500 miles from the earth’s surface.

SIMULATED FLIGHT

Terry Vasques and Bart Monge watch rendez-
vous and docking maneuver in a simulated
space flight at General Dynamics/Astronau-
tics, San Diego, Calif. TV monitor is similar to
onc in the company’s manned spacecraft sim-
ulator in another building. Computer provides
the instruction to drive the “zoom” lens run-
ing on tracks, Miss Vasques is talking to
the “astronaut” in the spacecraft simulator.
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New Attenuator GAPABII.ITY
rom HLFRED B
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Coaxial, Variable

% LOW INSERTION LOSS

An insertion loss of only 5 db at the zero db setting permits the ALFRED
attenuator to be used where limited power is available.

% WIDE RANGE ATTENUATOR

Greater than 60 db continuously variable attenuation in L, S, and C bands.

** FLAT RESPONSE

Frequency sensitivity is less than =34 db at minimum attenuation with
external terminations having VSWR less than 1.1:1.

*k EXPANDED DIAL SCALE

The 8" calibrated scale length, four times longer than is provided on other
coaxial attenuators, gives fine resolution. Accuracy of calibration at mid-
band is ==0.2 db or +=2%, whichever is greater.

In addition, good directivity allows the instrument to be used as a direc-
tional coupler with high decoupling action or as a variable coupler for
mixer applications. Maximum power rating is 100 watts.

SPECIFICATIONS

Mode! E101 E103 E105
Frequency Range G¢ 1to 2 2to 4 4to0 8
Insertion Loss (at 0 db setting) 5db 5db 5db
Frequency Response (at 0 db setting) +3/, db *3/, db *+3/, db
Frequency Response (at 60 db setting) +1Y2 db *1Y2db +2db
Calibration accuracy at center frequency +0.2 db or 2%, whichever is greater
Impedance 500 | 500 | 500
Connectors Type N female

Price $400 | $450 | $480

ALFRED ELECTRONICS

18
3176 Porter Drive » Stanford Industrial Park « Palo Alto, California « Phone: (415) 326-6496
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How to design a static converter/inverter

Basically a magnetic coupled multivibrator, the square
wave output of this static converter/inverter can be
delivered as a-c directly to a load. Or, it can be rectified
(full wave) to supply d-c voltages higher or lower than
battery supply voliage. Ideal for highly portable equip-
ment, the circuit has all the advantages of solid state
devices. And, because transistors are the switches, re-
placing mechanical vibrators, potential maintenance
problems are eliminated.

A Magnetics Inc. tape wound core is the key to perfect
switching operation. The rapid change in core imped-
ance in going from the unsaturated to saturated state
forces the transistor switching. Thus, a properly selected
core and the number of turns of wire on it become im-
portant, since this determines the operating frequency
of the inverter.

Core material is important, too. For example, Magnetics
Inc. Orthonol,” isideaHor most power applications where

40

a given voltage and frequency are required. \Where the
design calls for a high voliage at low power levels, such
as a d-c supply for photo wubes, Geiger tubes, or where
high efficiencies are required under light loads, Mag-
netics Inc. Permalloy 80 should be selected.

Since power requirements, wire size, and frequency
influence core size, Magnetics Inc. has a complete range
of sizes and alloysavailable for complete design freedom.
To help you choose the core you need . . . and for more
details on this circuit, write for bulletin “Designing d-c
to d-c Converters” to Magnetics Inc., EI-2, Butler, Pa.

MAGNETICS {nc.
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HOW TO GET 2 MINUTES TIME DELAY
WITH 1% ACCURACY

HERE’S AN ADVANCED DESIGN that uses al-
ternate positive and negative volt-second signals to
pulse an Orthonol® core to produce time delays up
to 2 minutes with 19, accuracy. Key to extreme
accuracy in this bi-directional trigger technique:
the nearly ideal rectangular loop characteristics of
Magnetics Inc.’s Orthonol® that permit switching
sharply from the unsaturated to the saturated state.

What makes the circuit superior to mechanical de-
vices, commonly used r-c circuits or magnetic core
circuits of the past? Just this. Trigger pulses can
come from any constant frequency source. The cir-
cuit is symmetrical; hence, compensating for effects
of variations in temperature, voltage and frequency.

ELECTRONIC INDUSTRIES October 1963

And because the circuit features solid state devices,
high reliability is assured.

Useful for electronic counters and timers where
accuracy and reliability are paramount, the circuit
can also be applied to converting low level analog
signals to frequency signals. By using the storage
capacity (volt-second capacity) of the Orthonol®
core, high sensitivity for any desired frequency
range can be achieved.

For specific information about this circuit and the
Magnetics Inc. cores that make it possible, write to
Magnetics Inc., Dept. EI-1, Butler, Pa.

&
MAGNETICS inc.
S5
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Chemical Division 3..'".,

what doubles the output

114"

ml‘,"'z, '3

. .. without changing the
waistline?

FC-75 does it for this solid state voltage control,
permits boost from 1000 to 2000 watts!

Only component changed is the coolant! Sealed in conventional
oil coolants, the voltage control unit, above, is rated at 1000
watts. With faster-cooling 3M Brand Inert Liquid FC-75, the
unit doubles its rating to 2000 watts, becomes today’s smallest
control of its output and type!

The device, made by Electro-Seal Corporation, was initially
developed for the temperature control system of an electric
oven. It can also be used as a static switch or as a continuously
variable voltage control.

This control is just one of many dramatic examples of haw
FC-75 (and its companion, FC-43) helps designers “cool”
space problems: Get more work out of the same space, or get

the same electronic job done in less, by speeding heat transfer.
In miniaturization, for example, such units as transformers
have been trimmed 4 to 1 in volume, 2 to 1 in weight.

FC-75 removes as much as 40 times more heat through boil-
ing than oil-type coolants can by convection. Electrical strength
of FC-75 remains the same, liquid or vapor, so there’s no
dielectric breakdown. FC-75 is chemically inert, compatible
with practically all materials, seldom needs replenishment or
service. It’s non-explosive, non-flammable, odorless, thermally
stable. For technical details on 3M Inert Liquid FC-75 and
FC-43, write Chemical Division, Dept. KCQ-103 3M Com-
pany, St. Paul 19, Minnesota.

Bm MINNESOTA MINING E MANUFACTURING.CO.
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Sllman RF Pn wer
Transistors Offer

up to 20 Watts
Qutput @ 50me

FOR HIGH RF POWER OUTPUT IN
TRANSISTORIZED TRANSMITTER EQUIPMENT

= S b=

09‘:;:":‘“' DESIGNED and BUILT TO WORK TOGETHER Power Amplifier
Multipiiers SSB = FM « AM ‘ 1 :
2N2951 W

W@
SOMC

/e-Driver

2H2950 Snec

2N2948

Motorola’s new team of silicon high-power, high-

frequency RF power transistors are immediately available
from your local Motorola District Office or Distributer . . .

available at production prices.

Designed to operate at low supply voltages (12 to 25
volts), these devices are ideal for portable equipment in
. in the field.

For additional application or pricing information on these

spacecraft . . . in the military . .
new Motorola RF Amplifier transistors, contact your
Motorola Semiconductor Distributor or District Office or
write: Technical Information Center, Motorola Semicon-
ductor Products Inc., Box 955, Phoenix, Arizona 85001

ne RF Amplijien. Line

TYPICAL PERFORMANCE DATA (Vcc = 25V @ 50mc) MAXIMUM RATINGS @ 25°C (T, ~.. = 175°C)
Power Output |  Power Gain @ Collector Pulse Breakdown* |
Type Package | in Watts (cw) [ Power Output (db) | Efficiency (%) Vees V) Vo (Vde) lc ma (Adc) | P 25°C Case
2N2947 TO-3 17 8.5 70 90 60 1.5 25
2N2948 TO-3 10 7 60 80 40 1.5 25
2N2950 STUD 3.5 12 50 85 60 0.75 6.0
2N2951 TO-5 0.7 7.5 40 — 60 0.50 2.0
*Minimum specification limit measured in pulse condition at 250 mA.

P X

m

ELECTRONIC INDUSTRIES -

"new leader in Total Silicon Technology”

MOTOROLA Semiconductor Products Inc.

BOX 955 ¢« PHOENIX, ARIZONA 85001 ¢« A SUBSIDIARY OF MOTOROLA INC 0-63-046
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SURVEY OF
VACUUM TECHNOLOGY

High vacuum environments are becoming
increasingly important for space simulation
and for production of high reliability
electronic devices. This article will prove helpful
to those who find it necessary

to select and use high-vacuum equipment

for electronic applications.

A six-inch oil-diffusion vacuum
pump can pump large volumes.

VG
Ty
L WA

Y By WILFRID G. MATHESON, P.E.

J » Sylvania Electric Products, Inc.
J 60 Boston St.
- - Salem, Mass.
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ADVANCED ELECTRONIC TECHNOLOGY often depends
How
such environments may be achieved, how one copes

on increasingly high vacuum environments.

with impurities introduced by the equipment, how
long it takes to reach vacuum, and the cost of achiev-
ing vacuum are of increasing interest to electronic
engineers.
experience in high-vacuum technology. This article.
It is designed to
serve as background and reference material for those
who find it necessary to select and use high-vacuum
equipment for electronic applications.

The design of highly sophisticated vacuum sys-
tems, often needed for space simulation or for high

Yet, few of us have much training or

therefore, is tutorial in nature.

reliability electronic device processing, is not for the
novice. There are companies which specialize in high-
vacuum systems design that should normally be con-
sulted where more than “rough pumping”
are needed.

systems

Details of ultra-high vacuum equipment, such as
ion and cryogenic pumps, are covered in another
article in this issue beginning on page 102.

* * *

Vacuum is correctly defined as a state which exists
in a completely sealed space from which all gases
and vapors have been removed. Since no method of
producing an absolute vacuum has yet been devised,
progress toward that goal must be described in terms
of “degree” of vacuum attained. Pressure attained
is limited by the materials chosen to enclose such a
space, nature of the gases and vapors to be removed,
and methods of pumping used.

Degree of vacuum bears a definite relation to
atmospheric pressure. (At sea-level this pressure is
about 760 mm. of mercury).! The list below serves
to show the relationship existing between the degree
of vacuum and the pressure.

Condition Pressure Range

760 to 25 Torr
25to0 1.0 Torr
1.0to 1.0 X 103 Torr

Low Vacuum
Medium Vacuum
Fine Vacuum

High Vacuum 1.0 X 103t0 1.0 X 10°¢ Torr
Very High Vacuum 1.0 X 10¢t0 1.0 X 10® Torr
Ultra High Vacuum 1.0 X 10" and below Torr

Behavior of gases and vapors becomes more in-
volved as conditions of pressure and temperature
change. Ideal gases obey Boyle’s law as well as
Charles’ Law, but non-condensable gases and vapors
do not. Generally speaking, in any range of vacuum
being used, one is confronted with a complex of
gases and vapors.
the” internssionsl siandnd torm CourvalEnt o a cotumy of mereury

1.0 mm. high. (“Torr” is in honor of Evangelista Torricelli, who in-
vented the barometer in 1643.)

ELECTRONIC INDUSTRIES <+ October 1963

In a cubic centimeter of gas, at normal atmospheric
pressure (760 Torr), there are about 2.7 X 10%
molecules. If we reduce the pressure to 1.0 X 1077
Torr, we would have about 2.7 X 10° molecules.

Molecules of air, under standard conditions, collide
with each other after travelling an average distance
of 9.5 X 16® cm. Average distance that a particle
travels between successive collisions is called the
Mean Free Path. At a pressure of 1.0 X 107 Torr,
this increases to 14.0 meters. At ultra low pressures,
such as in outer space, the molecules are very far
apart, so that the average distance one must travel
to collide with another is measured in hundreds of
meters.

In the years between 1920 and 1940 much funda-
mental knowledge concerning vacuum physics was
accumulated. World War II brought about an ac-
celerated program to produce many new products and
to improve existing ones. Amongst those in which
vacuum processes played a major role were: Coating
of precision optics, manufacture of reflectors for

,___.

Roughing Vocuum ‘®1 Vent
Valve
Chomber
Q Pressure
- J - Gouge
‘ H.V. Volve
Diff.
| Pump For‘e,h:ee
» /
Fig. 1: Sketch shows ’ R‘;"ughi"g H Fore
a simple vacuum sys- mp eater Pom
p ] P

tem.

optical systems, manufacture of penicillin, manufac-
ture of vitamins, vacuum melting of metals, Radar—
electron tubes, Cyclotrons, Betatrons, electron micro-
scopes and atom fission.

Let us now consider some aspects of the produc-
tion and measurements of vacuum. Fig. 1 shows a
simple system. Essentially, it consists of a chamber,
a pumping system, and a pressure measuring device,
connected to permit the removal of gases, etc., from
the chamber. The pressure level attainable is deter-
mined by the performance characteristics of the indi-
vidual comiponents.

One of the most confusing aspects of vacuum
pumping is the selection of the correct vacuum pump
for a particular use. This is not surprising when one
discovers 32 different pumps defined in the Glossary
of Terms Used in Vacuum Technology, issued by the
Committee on Standards of the American Vacuum
Society.* There are a number of variations on these

*This Glossary may be obtained from the Society by addressing

Wilfrid G. Matheson, National Secretary, American Vacuum Society,
P. O. Box 1282, Boston 9, Mass.
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ACHIEVING A VACUUM (Continued)
T T

pumps, particularly for exotic or unusual pumping
needs. We shall consider here a few of the most com-
monly used pumps.

Common Pumps

Mechanical Oil-Sealed Rotary Pumps: This type
pump is often classified as a “roughing pump.” Pumps
may be of single or 2-stage construction. Others may
be duplex to increase volume and reduce vibration.
(Various designs are available from a number of
manufacturers.) Usual application range for these
pumps is from atmospheric measure to 1.0 X 103
Torr. The greatest number are used for evacuation
down to the Fine Vacuum range and to “back-up”
diffusion pumps. The specially processed oil needed
for lubrication and sealing of these pumps must have
a low vapor pressure.

Within the limits of modern design and construc-
tion, the oil-sealed rotary pump produces a satisfac-
tory vacuum for many purposes. Cold (refrigerated)
traps often are used to reduce contamination from
water and oil vapors in the vacuum chamber. Pres-
sures lower than 1.0 X 103 are not uncommon. Fig. 2
shows the typical speed performance curve for single
stage rotary type oil-sealed vacuum pumps.

Diffusion Pumps: The diffusion pump is an early
development, dating back to Gaede, who in 1915 did
the fundamental work which resulted in a basic dif-
fusion pump. It was capable of pumping large volu-
umes of gas at relatively low pressures. The operat-
ing principle is that it uses a jet, or a number of jets,
of mercury or oil vapor so placed as to provide a very
low pressure above the jet. Into this space, the mole-
cules from the chamber diffuse rapidly, and are cap-
tured and carried from jet to jet in successive com-
They are then excelled into the
atmosphere through a mechanical “back-up” pump
connected to the foreline of the diffusion pump.

Many variations have occurred in the design of
diffusion pumps. Research into pumping fluids has
brought increased speeds and improved performance
at all applicable pressure ranges. Various ejector
type diffusion pumps have been developed for the

pressive stages.

higher pressure uses.

Fig. 2: A typical
speed curve of a
single  stage oil-
sealed mechanical
vacuum pump.

8

Percent Pumping Speed
8
N

Fig. 3 (r): A Welch
two-stage oil-sealed
mechanical pump.

0
1020 102 107 100 ' 10f 10
Pressure (Torr)
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Roots Blower Pump: This pump moves the gas by
the propelling action of a pair of two-lobe inter-
engaging impellers of special design. It is often called
a mechanical booster pump when used in series with
a regular mechanical pump and fills the gap between
a mechanical and a diffusion pump. There is no fluid.
However, the bearings must be lubricated. The Roots
Pump is generally considered a “clean” pump.

Ejector Pump: These are vapor pumps where the
pumping action of each vapor jet depends mainly
on the entrainment of gas by viscous drag and by
diffusion of gas into the vapor at the boundary of a
dense vapor stream. This stream carries the gas at
supersonic velocities down a converging chamber
(diffuser) and through a throat which is equal to,
or smaller than, the cross section of the vapor stream.

Ton Pump: An ion pump is an electrical device
for pumping gas. It comprises a means for ionizing
the gas and a system of electrodes at suitable poten-
tials, and in some cases also a magnetic field, which
causes the ions formed to move towards an auxiliary
pump or trap. Ion pumps have relatively low pump-
ing speeds. They are almost always used in con-
junction with mechanical and diffusion pumps to
achieve higher vacuum after these roughing pumps
have reached their practical limits.

Sorption Pump: Such a pump is one with a renew-
able trapping surface which reduces the partial pres-
sure of gases by adsorption, absorption, or by chemi-
sorption. There are combinations of ion and sorption
pumps.

Getter-Ion Pump: The familiar vacuum tube with
its built-in getter is an example of getter pump action.
The getter-ion pump is an ion-sorption pump in which
a getter is continuously or intermittently vaporized
and condensed on the trapping surface to give a fresh
deposit of sorbent.

Dri-Vac Pumps: There are a variety of pumps

ELECTRONIC INDUSTRIES -
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under this category. Turbo-molecular and evapor-ion
pumps are forms of dri-vac pumps. Cryogenic pumps
fall in this category.

Selecting A Pump

Fig. 5 shows relative pumping ranges for some
typical vacuum pumps commonly used. Note that
mechanical pumps are essential with few exceptions
for first pumping from atmosphere pressure. As the
speed of pumping decreases for a given pump, a more
efficient pump for later pumping takes over. Not
shown in Fig. 5 is the cryogenic pump, which like the
evapor-ion pump, is a form of dri-vac pump and falls
in the lower pressure region of the dri-vac pump
range. The dotted portion of the diffusion pump range
is an extension claimed by some makers of diffusion
pumps.

Leak Detection

A vacuum system or product will only be success-
ful when its leakage rate is negligible. The helium
mass spectrometer is considered to be the most reli-
able type of instrument for detection of leaks. The
sensitivity is so great that the presence of one mole-
cule of helium in one billion molecules of air is de-
tectable. Workers in the field of vacuum must become
familiar with leak detection methods as well as the
types of leak detectors available for this work.

Vacuum Measurements

Measurement of vacuum in itself is complex be-
cause of the wide range of pressures involved and the
composition of the gases present. Fig. 7 indicates a
number of gauge types and the pressure ranges where
they are applicable. This grouping includes absolute
manometers, hot wire and ionization gauges.

The McLeod Gauge: This instrument is basic. Its
readings are absolute, since they are calibrated from
the dimensions of the gauge. The gauge traps a known
volume of gas which is then compressed in a closed
capillary of known cross-section. Comparing the
height of this column and that of a second column of
mercury (equal to the closed capillary height) makes
it possible, but use of Boyle’s Law, to find the pres-
sure. Condensable vapors, however, cannot be meas-
ured by this instrument, nor are continuous and re-
mote readings possible.

ELECTRONIC INDUSTRIES -« October 1963
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Hot Wire Type Gauge: This type of instrument is
essentially a filament placed in a suitable envelope.
The filament is heated by constant voltage. The re-
sistance changes as a function of the number of mole-
cules present and their nature. The pressure is read
in milliamps. By calibration against a McLeod Gauge,
a series of pressure curves may be drawn for different
gases, or mixtures of gases. In modern gauges the
indicating meter is calibrated directly for air. This
instrument is useful for remote and continuous moni-
toring of a vacuum system.

Tonization Gauges: This type of gauge is generally
useful in the highest ranges of vacuum. It depends
on ionization of the gas molecules present, and meas-
urement of ion current. The latter being proportional
to the pressure in the vessel. Ionization may be started
by a hot filament, or by a radio-active element in the
gauge. Cold cathode types, such as the Penning and
the Philips, are also widely used. Their operation de-
pends on the magnetic field surrounding the discharge
tube causing the electrons to move in long spiral paths
on their way to the anode. This ensures a continuous
ion current which is proportional to the pressure.
These gauges are rugged, in that exposure to the at-
mosphere is not harmful, as would be the case in a
hot filament type.

Why Employ High Vacuum?

The most important reason for using high vacuum
is the need to remove from a vessel the requisite num-
ber of molecules, so that electrons, ion beams and
evaporated molecules can be moved about in the
evacuated space without undue interference.

Secondly, there is the need to remove gas and va-
pors from many substances. This operation can be
most readily performed by heating in a vacuum. Also,
many gas free components can be produced and sealed
in vacuum to prevent corrosive action.

The most recent use—and it may well prove to be
the most exciting of all—concerns the extensive and

A REPRINT OF THIS ARTICLE CAN BE OBTAINED
by writing on company letterhead to
The Editor
ELECTRONIC INDUSTRIES
Chestnut & 56th Sts., Phila., Pa. 19139
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ACHIEVING A VACUUM (Concluded)

ever-widening study of space. In this we are con-
cerned with the behavior of man and materials oper-
ating in a high vacuum.

The earliest industrial use of a vacuum process was
in the manufacture of the incandescent vacuum lamp.
This quickly became a mass production item and con-
tinues to this day as a high speed pumping procedure.
Development of the electronic industry is a further
extension of mass production. High-speed equipment
has been developed to such a degree that the normal
pumping time for a 25 w. vacuum lamp is about 20
sec.

The deposition in vacuum of metals, alloys and
compounds on various substrates covers a wide va-
riety of products. In optics, we find coatings designed
for high reflection or high transmission, from the
ultraviolet through the infrared portion of the radia-
tion spectrum, e.g., mirrors, filters, color control
devices, heam splitters and decorative coatings. Re-
sistors, capacitors, transistors and electrical circuitry
may also be produced by the vacuum process. Pres-
ently, many scientists are engaged in the fundamental
study of thin films,

In the field of metallurgy we have seen great ad-
vances. Physical, mechanical and chemical properties
have been improved extensively. Pure metals have
been made possible by vacuum melting. Gases have
been removed effectively. Metals which when heated
in air react violently are being melted successfully in
vacuum. Castings made in vacuum have become com-
monplace and are generally superior to those pro-
duced by other processes.

Atomic and Nuclear physics depend on high vac-
uum, without which investigation into the ultimate
nature of matter could not be made.

Fig. 7: Typical operating ranges for some vacuum gages.
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Fig. 6: A Helium
mass spectrometer
leak detector (VEE-
CO).

In summation, for those who are working in indus-
tries which use the vacuum processes, it is essential
to study and understand the fundamentals of vacuum
physics. Selection of proper coriponents for a vacuum
system demands a careful analysis of the characteris-
tics needed. After the materials have been selected,
they must e expertly fabricated into a leak-free sys-
tem, which is thoroughly clean. Maintenance of a
vacuum system must be perforimed by properly trained
personnel.

An understanding of tlhese basic facts will aidl
greatly when making decisions involving new equip-
ment and processes.

The American Vacuum Society is the largest tech-
nical society in the world devoted solely to the pro-
motion of knowledge in the fundamentals and meth-
ods of vacuum science. The National Bureau of
Standards has published a bibliography which is
useful and several universities provide courses in
vacuum science. Certain industries have established
courses for their employees and training films are
available. The American Vacuum Society is pres-
ently preparing a film on Leak Detection.
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at work for

2

(0 vise Saves the Pieces'!

Scribing a paper-thin, 25¢-sized wafer of silicon into
500 to 1500 individual units is no picnic. Texas
Instruments developed a semi-automatic wafer
scriber that did a fine job of cutting, but holding the
wafer in place was a problem. Adhesive tapes are
likely to contaminate the silicon, A vacuum device
is fine—so long as the material stays in one piece.
But let it break and you’ve lost the whole costly unit
and the labor you’ve put into it.

The solution: CO,. A drop or two of water on the
scriber base beneath the wafer, plus a one-second
freeze with CO, at —110°F does the job. Frozen in

World Radio His inry

a veritable “vise” of CO,, the wafer can be scribed
easily. If it breaks—no matter—the pieces are frozen
fast . . . there’s no loss of material or labor. Texas
Instruments has been using this technique success-
fully for a year now and is highly pleased with its
money-saving, time-saving CO, vise.

Cryogenic gases are at work every day, solving
problems for science and industry. If you have a
problem that contrellable low temperatures might
help to eliminate, call your nearest Liquid Carbonic
Sales Engineer. We are at your service.

Circle 22 on Inquiry Card

LIQUIID CARBONIC
ovision of GENERAL DYNAMICS

A Major Produuer of Cryogenic Gases :
Dept. CW, 135 SOulh ‘LaSalle Street, Chicago 3, mmolu

In Canhada: Ltquld
83 75 Mayrand Streoi, Montreal 9, Quebec
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What won’t you think of next?

Brew a perfect pot of coffee . . . even in the middle of a lake? Impossible? Of course
not, but a portable coffee pot (battery-powered) may be somewhat impractical.

Our point is this—your present design problem may seem impractical, just as the drill,
shaver, mixer and other cordless products did a few years ago. But Gould-National
research engineers developed a package of concentrated power using NICAD®
Hermetically Sealed Rechargeable Cells that helped to make these products a reality.

Have a design problem that could be solved with Nicad portable power? Write us, We may
be able to help you solve your problem.

=
G[".".l] NICAD BATTERY DIVISION - !

NATIONAL \}J
GOULD-NATIONAL BATTERIES, INC. / St. Paul 1, Minnesota e
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#4/0 to #18 CONTACTS, COLLET-
RETAINED, REAR-RELEASED . . .
NOW AVAILABLE. Pyle Star-Line®
Neptune Series plugs and receptacles are
now available with Mod. lll inserts having
crimped, collet-retained, rear-released
contacts. They are intermateable with
Mod. | and Mod. Il Inserts.

Contact sizes are available from #18 to
4/0for applications ranging from telemetry
to power. The crimped contacts are
snapped-in from the insert back-side, and
are positioned and stabilized by coliets
designed for low insertion and high reten-
tion forces. Female contacts are of the
closed-entry type. Controlled spring ten-
sion of the contacts insure minimum in-
sertion and separation force. The contacts
may be easily removed from the rear of
the insert with an inexpensive plastic tool.

Mod 1l combines the advantage of the
center resilient seal plus front and rear
rigid plastic insulators. The three piece
contact insulators insure a reliable seal
at the periphery of the insert and around
each contact to provide unmatched en-
vironmental resistance. Socket insulator
cavities are molded with a bellmouthed
guided entry to prevent mismating of male
contacts under any conditions.

A wide selection of insert configurations
and accessory hardware—including that
with 360° RFI shielding capabilities—is
available for your requirement. Learn more
about Mod i by requesting Technical
Bulletin No. 4.

CONNECTOR DIVISION, THE PYLE-NATIONAL COMPANY, 1334 NORTH KOSTNER AVENUE, CHICAGO 51, ILLINOIS

Also manufactured in Canada by: Pyle-National (Canada) Ltd., Clarkson, Ontario

Pyle-National

LIGHTING EQUIPMENT
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THAN 100 KLEIN PLIERS

SPECIALLY DESIGNED FOR THE

IE[LE@TE‘RQ[NJI]@ FlELD

Special skills are important in the wiring of today’s
sophisticated assemblies for electronic and telem-
etry systems. Klein has developed special pliers
to assist in solving difficult assembly problems.

o For instance, there is a plier with a blade as
hard as a file for cutting nickel ribbon wire
(No. D230-4C).

» For instance, there is an oblique cutter, spe-
cially designed for printed circuits . . . it cuts
and crimps the end to hold wire in place for
soldering. (D 052-C).

» For instance, there is a needle nose plier with
the tip bent to facilitate reaching into con-
fined spaces. D 338-515 C

In all, there are over 100 different styles and sizes
of pliers available from stock. Klein will be glad to
discuss with you the development of a special tool
to solve a particular problem you may be facing.

ASK YOUR SUPPLIER D 326-5

D 318-5)4

Mathias & Sons
[Ir cago Il l"ﬁ
The Klein Plier Catalog illustrating and

Established 1857
describing the complete Klein line of INCORPORATED

pliers Is available on request, 7200 McCORMICK ROAD, CHICAGO 45, ILL.
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VICTOREEN

5806 HOUGH AVENUE

THE VICTOREEN INSTRUMENT COMPANY

— r
« CLEVELAND 3, OHIO, U.S. A,
Victoreen European Office: P. 0. Box 654, The Hague

Resistance Values from 20 ohms to 100,000,000 Meg N Tolerances to +1% () Wattage Capability to 100w at 125kv
Working Voltage to 125,000v  Stability to 2% per year (. Temperature Ranges to 200°C < High Frequency Capabilities
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for full detaifs, see reverse side
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SPECIAL-PURPOSE CARBON-FILM RESISTORS

HV SERIES RESISTORS
Watts Volts, kv Length Dia.
Type Max. Max. Resistance Range Inches Inches
HVA 1 3.5 10K ohms to 7,000 Megs 1 %
HVB 2 7.5 25K ohms to 20,000 Megs 1% Yo
HVC 3 15 100K ohms to 25,000 Megs 3 Y6
HVD 5 30 200K ohms to 25,000 Megs 52 %6
HVE 4 15 200K ohms to 25,000 Megs 2% Ye
HVF é 25 400K ohms to 25,000 Megs 4 e
HVG | [0] 40 700K ohms to 25,000 Megs 6Y2 Ne
HP SERIES RESISTORS
Watts Volts, kv Length Dia.
Type Max. Max. Resistance Range Inches Inches
HPX 12 15 500K ohms to 50,000 Megs 4 Ya
HPA 22 35 1 Meg to 100,000 Megs 6Y2 1%
HPB 35 65 2 Megsto 100,000 Megs 10%2 1%
HPC 55 90 4 Megs to 100,000 Megs 14Y2 1%2
HPD 35 40 2.5 Megs to 100,000 Megs 6Y2 2
HPE 100 125 7.5 Megs to 100,000 Megs 18Y2 2
HF SERIES RESISTORS
Power Volts Length Dia.
Type Watts Max. Resistance Range Inches Inches
HFA 1 375 20 ohms to 25 Megs 1 Y6
HFB 2 750 35 ochms to 50 Megs 1% e
HFC 3 1400 65 ohms to 100 Megs k] Y6
HFD 5 2600 120 ohms to 100 Megs 5% )
HFE 4 1100 30 ohms to 50 Megs 22 Y%e
HFF é 1900 50 ohms to 75 Megs 4 Y6
HFG 10 3100 80 ohms to 100 Megs 6% e
HFX 12 1250 20 ohms to 25 Megs 42 Ya
HFH 20 2750 35 ohms to 50 Megs 6Va 1%
HFJ 30 4750 60 ohms to 100 Megs 10%2 1%
HFK 50 6750 65 ohms to 100 Megs 142 1%
HFL 30 3000 25 ohms to 100 Megs 6% 2
HFM 90 8500 60 ohms to 100 Megs 182 2
RX SERIES RESISTORS
Body Length Dia.
Type Wattage Max. WV Resistance Range Inches Inches
RX1 * 1,000 107 ohmsto 10" ohms 1% 198
RX2 1 3,000 500K ohms to 50 Megs 2 413
RX3 3 10,000 1 Meg to 200 Megs 3% 413
RX3HV 2 10,000 1000 ohms to 200 Megs 3Ye 413
RX4 5 800 200 ohmsto 50 Megs 2 413
RX5 10 2,000 200 ohms to 200 Megs 3Y%e 413
RX8 2 750 ~ 100 ohmsto 10 Megs 1V .240

*Wattage is reciprocal of resistonce in megohms

Tolerances to = 1%, available in most types. See catalog.
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FROM GANNON  vmvr v s
TWO NEW DESIGNS

TO INTERMATE WITH MIL-G-26500

and MIL-G-26482 CONNECGTORS

THREADED COUPLING

=¢,,_ = _ .E

COMMON INSERTION/EXTRACTION TOOL—COMMON CONTACTS

MATES WITH
MIL-C-26500
CONNECTORS

MATES WITH
MIL-C-26482
CONNECTORS

BAYONET COUPLING

W ASSURED INTERMATEABILITY —ELECTRICALLY AND MECHANICALLY
B PROVEN “LITTLE CAESAR” REAR RELEASE SYSTEM

W INTERCHANGEABLE CONTACTS FOR BOTH KV AND PV

W ONE INSERTION/EXTRACTION TOOL FOR BOTH CONNECTORS

Problems of recessed pins, broken pins, mismating, tion—no chance of damage to insulators, contacts, or
and connector failure are minimized by the hard-front, sealing members. The KV and PV series substantially
closed-entry socket insulators and simplified contact reduce assembly errors and provide greater standard-
design utilized in the KV and PV! Outstanding new ization and reliability...another reason why you
design features incorporate identical contacts and should specify CANNON,® the world’s largest and
backshells for both connectors...one common, plas- most experienced manufacturer of electrical connec-
tic expendable tool provides safe insertion and extrac-  tors. Write to:

CANNON ELECTRIC COMPANY

i = »° ”5
@ *'CANNON'’ 1S A TRADEMARK 3208 Humboldt Stl"eet, Los Angeles 31, California A""n"@ CAON

REGISTERED IN U.3. PATENT X
) Pluss ELECTRIC

OFFICE AND IN OTHER COUNTRIES ADDITIONAL PLANTS IN: SANTA ANA & ANAHEIM, CALIF, « PHOENIX, ARIZ, « SALEM, £
©1963 CANNON ELECTRIC COMPANY Sales offices and representatives in principal cities of the world NN

BY CANNON ELECTRIC COMPANY MASS, « TORONTO « LONDON « PARLS « BORNEM, BELGIUM « TOKYO « MELBOURNE \t
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The cost of wages, salaries and fringe benefits amount to
roughly one-third the total cost of the aerospace market.

Workers shifting from old skills to new
have generated a need for retraining older
Estimates of electronic workers vary from 700,600 to one emp!oyees, and  assuring the nation of
millian (some 300,000 unionized) depending on the source. reaping a crop of skilled young workers.

More than 25 affiliated and independent unions active in
electronics are represented among large and medium firms.

GENERAL DYNAMICS ENGINEERS
REJECT UNION

Results of a run-off election at General Dynamics
Astronautics Division, San Diego, Calif., indicate
the company's professional engineers overwhelm-
ingly voted to reject continued union representation.

They followed the earlier example of the firm's
engineers at the Pomona, Calif., location, who
ousted the Engineers and Architects Associatior
in June.

The run-off vote of 2,149 for professionalism anc
1,388 voting for continued EAA representation is
a stunning upset for engineering unions. In the
first NLRB election on June 21, EAA received 1733
votes, the American Federation of Technical Engi-
neers 286, and 1,592 voted ‘‘no union.”

As EAA failed to receive a majcrity of the ballots
cast, the run-off was held giving the General Dy-
namics engineers a clear choice.

By SIDNEY FELDMAN

Associate Editor
ELECTRONIC INDUSTRIES

National Sacicty of Professional Enginerrs
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When radio was young many unions were already
old, though at the pinnacle of their power. The
rapid growth of industrial and aerospace elec-
tronics has blown the fuse for some unions, de-
pleted ranks in others, while adding new members
to a few. Labor now faces two chief dilemmas—
changing skills and technology, and automation.

IN THE SEPARATE WORLDS OF LABOR AND MANAGE-
MENT, there are strong forces affecting their respec-
tive futures. Management is making more conces-
sions in union contract negotiations, while unions are
losing ground through membership decline.

General Electric, for instance, has considered the
union shops, arbitration, benefits, contract language,
wage rates, security and other matters in negotia-
tions with a number of unions for various employee
groups. Current contracts in electronics include those
covering some 70,000 workers of the International
Union of Electrical, Radio and Machine \Workers
(IVE) (AFL-CIO) and 11,000 workers of the
United Electrical, Radio and Machine Workers of
America (UE) (independent), which expire in Octo-
ber, 1963.

May Have Bleak Future

While GE and other firms let down the fenees a
bit more and raise others higher, there is little doubt
that many unions and their members may have to
face a somewhat bleak future in some arcas of the
electronics industry. Labor’s struggle to keep its
place in the industrial sun in the face of the spread
of automation reminds old-timers of the carly "30's
depression. The cost-competition swirl of the 1960’s
has electronics firms making hardware and systems
for automation that will either supplement or replace
workers in many industries. Thus. union members
are working against themselves.

“The cost of wages, salaries and fringe benelits
amount to roughly one-third the total cost of the air-
craft-aerospace end-product,” states the Acrospace
Industries Association (AIA), counterpart of the
Electronics Industries Association (EIA). Accord-
ingly, the skills of management negotiating a union
contract bhecome paramount if a firm is to hid
competitively for new Government contracts.

R&D has the highest ratio of brain power and
skills, with minimum production equipment and num-
ber of hourly-paid workers. As R&D rose from 3%
to about 20% of the U. S. defense and acrospace
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ELECTRONICS GROWTH
BRINGS TROUBLE
FOR LABOR

budget, there was a steady downward slope in the
employtuent of standard production workers. lience
a slow exodus of union memberslup.

Labor the Costliest Ingredient

Engineering and production labor is the costliest
ingredient of much electronic equipment. High tech-
nical input into such equipment requires a high ratio
of about one engincer for every three production-line
workers. If the so-called shortage of electronics engi-
neers develops further, there may be an increase in
the ratio of technicians to each engineer.

Though sonwe clectronics and aerospace engineers
are organized, especially in the defense-aerospace
complex of the West Coast, the decline of engineer
union power and membership has been somewhat
spectacular over the past few years. Many engineer-
scientist  unions—calling themselves ‘‘associations’
but still labor organizations under the Taft-Hartley
[aw—have done an about-face, choosing protession-
alism and individuality over unionism and collective
hargaining, which they once considered compatible.

Back in 1940, a small, energetic band of engincers
kicked off a campaign to convince the profession
that the salvation of the individual engineer was to
orcanize and take up collective bargaining. \s the
vears passed Dby, along with professional prestige,
many unionized engineers began staggering disillu-
sioned hack to miore “professional” circles.

Many Engineers Repudiate Unions

Then the engineers acted in a hurry to repudiate
the union approach to the solution of their problems,
once the necessity of choosing between the unions
and professional status became obvious. Most of the
larger engineer unions have either disbanded bit hy
bit, or have heen voted out. The few remaining
unions, mostly with limited memberships among
small firms, plus a few big ones, chiefly RCA, Boeing
and General Dynantcs, no longer claim that they are
1ot uniotts aud sonte, in fact, have afhliated with the
AFL-CIO. Since 1932, no major group of engineers
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TROUBLE FOR LABOR (Continued)
B

has voted for unionization. Among recent firms
where engineers voted out their unions are Western
Electric Co.. Sperry Gyroscope, and two divisions
of General Dynamics, according to the National So-
ciety of Professional Engineers.

Dr. Bernard P. Indik, social psychologist of Rut-
gers University, who is now conducting a survey of
the problems of engineers in industry, estimates that
of a total of about 800,000 engineers in the U. S. in all
categories, about 4.2% are represented by unions of
one sort or another, and about 3% are actual mem-
bers.

Other sources place the number of union organ-
izations representing engineers at from 20 to 35 de-
pending on how organizations are defined. They in-
clude independents representing engineers only, inde-
pendents representing engineers and technicians,
those representing engineers and members of other
professions, some representing engineers, technicians
and other white collar workers, while the remainder
are locals of well-known national and international
unions, some affiliated with the AFL-CIO.

Out of 30.000 to 35,000 engineers represented by
unions today. the number of electronics engineers
represented is estimated between 12,000 to 13.000.

Looking For Better Times

American labor began stirring for better times in
the 1820’s as economic and social trends led to trade
unionism, reform agitation and small local labor par-
ties—which have not grown into the strong national
political parties exhibited by other nations.

L e ST L o s, e b e

Out of about 35,000 engineers represented by unions today,
15,000.

electronics engineers unionized are estimated at
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When Marconi sent his wireless signal across the
Atlantic in 1901, organized American labor as such
had around two million mewmbers in total. As radio
and electronics grew over the past 02 years, so did
unions representing electrical and electronics worlkers.

Today, there is an estimated 18,000,000 total mem-
bership (13.000,000 in AFL-CIO) in U. S. labor
unions, which is about one-third of the total avail-
able U. S. labor force, not including agricultural.

Electronics worker estimates vary from around
700000 (Bureau of labor Statistics) to 1,000,000
(EIA), depending on the source of data and how
workers are classified, of which some 300,000 are
believed to be union members.

Union relationships with electronics firms today
vary with company history, size, capabilities, prod-
ucts, type of work or skills, geographical distribution
of plants, and other considerations. Some small firms
either have a company union, or they have no rela-
tions with any union. Others may deal with one or
a host of outside wiions. General Electric’s 260,000
employees, including electronics, are represented by
more than 100 unions.

Changes in the character and the scope of elec-
tronic and acrospace products have added to unem-
ployment in some areas. The switch from producing
thousands of airplanes to making hundreds of mis-
siles and mere dozens of spacecraft has left many
ex-aircraft workers idle. Employment by aircraft and
parts firms rose from 333,000 in 1950 to 709.000 in
1953, reports the Department of Labor. By the end
of 1901, this figure had fallen to 646,000, supple-
mented by some 140,000 missile workers, including
those in electronices.

Worker Retraining Needed

Workers shifting from old skills to the new have
generated a need for retraining older employees, and
requiring the nation to sow a new crop of skilled
vounger workers. The job of filling this need to put
workers in a better position to work—and to hargain
—has fallen on labor unions, industrial managements
and the U. S. Government alike. Many of the larger
firms have already embarked on active and loug-
range programs to upgrade skills or retrain older
workers where they desire. One such is ’hilco, which
has had a technical school for a number of vears and
has recently stepped up its program to retrain work-
ers who apply through its tuition refund plan.

The International Association of Machinists
(TAM) (AFI.-CIO) cooperates with the California
Department of Education in teaching TAM members
new skills in electronics. abor also backs expanded
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youth training programs proposed under the Man-
power Development Training Act. Two other large
unions active in electronics and in furthering worker
retraining are the United Automobile, Aerospace and
Agricultural Equipment Workers of America
(UAW) (AFL-CIO) and the Communications
Workers of America (CWA) (AFL-CIO).

Earnings Vary Greatly

Hourly earnings of electronics workers vary great-
ly with work, skill and training, as they do in most
other industries. They also vary between plants ac-

cording to location and the product. Bureau of Labor
Statistics data show production workers in plants
making radios, TV sets, radar and related gear aver-
aged about $90 weekly take home pay in January
1961. Workers making electron tubes averaged about
$85, or $2.14 hourly. In January 1961, production
workers in all manufacturing averaged about $90, or
$2.32 hourly.

FFigures from a number of union-management
agrecments show approximate ranges of hourly wage
rates of workers in plants making electronic gear
in 1960: (Continued on page 60)

UNIONS IN

Who's Who and What's What in electronic industries
Labor Unions:

A GREAT, BUT GRIM INDUSTRIAL HISTORY marks
unions in the electronics and aerospace industries.

_Electronics manpower varies between 985,000 to 1

million, according to EIA, and some 670,000 accord-
ing to Bureau of Labor Statistics. Equally varying are
figures of union membership, since certain unions
represent workers in electrical, electronic, aircraft,
aerospace, machine and other fields.
_ One source roughly estimates these figures cover-
ing biggest firms in electronics, with about 281,000
employees covered by contracts in three categories.
There are 220,000 in AFL-CIO unions; 35,200 with no
union, or a company union, and 25,500 in independent
unions.

Historically, union membership growth pattern has
been in leaps, up and down. At present, union mem-
bership has fallen off.

Some estimated union memberships, which include

electronics workers among others, are: |UE: reported
a high of 350,000 in 1951, down to 288,000 in 1960;
231,000 in 1961. UE: had 55,000 members in 1962,
nearly half said to be in Canada. |AM: about 840,000.
UAW: about 1,200,000, with small but growing ranks
of electronics workers in aircraft, aerospace, autos
and machines.
IUE: International Union of Electrical, Radio and Ma-
chine Workers (AFL-CIO) has the largest electronics
membership, and has ‘‘conference boards’ for GE,
General Motors, Westinghouse, RCA, Sperry Rand, and
for radio-TV-parts, professional, technical and salaried
groups. It has “‘councils’’ for Philco, Sylvania, and the
battery, optical, lamp and skilled trades.

IUE appreciates that electronics-aerospace indus-

tries may become the nation’'s largest around 1975.
“If IUE lags 28% behind the national average, other
unions can be expected to do the organizing.”
UE: United Electrical, Radio and Machine Workers of
America (Independent), historically, is the arch foe
of IUE. UE and IUE once were a single union with
major control over electrical workers from 1936 to
1949. The ‘“‘Communist faction' was expelled by
the CIO in 1949, leaving two unions and much an-
tagonism.

The original UE, a shadow of its former self, drew
breath from Philco in 1933 as the *“first successful
strike of industrial unionism in the industry.” UE has
members in GE, Westinghouse, Minneapolis-Honeywell,
Jerrold Electronics and others.

IAM: International Association of Machinists (AFL-
ClO) is possibly the oldest, founded in 1888 by 19
machinists in a locomotive pit. It gained electronics
membership as the aircraft-turned-aerospace indus-
tries gained more avionics work in the 1950's. 1AM
is both an old-time craft union (organizing workers
by skills) and a modern industrial union (organizing

ELECTRONICS

workers by industry). Astute |IAM and U. S. Industries,
Inc., founded the U. S. Foundation on Automation and
Employment to study the fate of men, machines and
unions.
UAW: United Automobile, Aerospace and Agriculture
Equipment Workers of America (AFL-CIO) gained fame
and strength with ‘‘sit-in strikes' in Detroit auto plants
back in the 1930's, and today often works with 1AM
in cultivating electronics workers in their respective
industries.
CWA: Communications Workers of America (AFL-CIO)
espouses a labor statesmanship in relations with man-
agement and society which observers attribute to the
relatively secure, predictable communications-tele-
phone-telegraph industries which are public utilities
wedded and wired to growing customer pubilics.
Other unions, depressed by ‘‘automation’’ prob-
lems, point happily and hopefully to an American
Cable and Radio Corp. (IT&T) contract with CWA which
provides that workers displaced by automation be put
in other jobs with equal pay.
Other AFL-ClO-affiliated unions active in electronic
industries include:
IBEW: international Brotherhood of Electrical Workers.
IUOE: International Union of Operating Engineers.
IBT: International Brotherhood of Teamsters.
AFGWU: American Flint Glass Workers Union of North
America.
EST: Electronic & Space Technicians.
AIWA: Allied Industrial Workers of America.
UBC&J: United Brotherhood of Carpenters and Joiners.
URCL&PW: United Rubber, Cork, Linoleum & Plastic
Workers of America.
OCAW: International Union of Oil,
Atomic Workers.
USW: United Shoe Workers of America.
AlW: Aircraft Industry Workers.
USWA: United Steel Workers of America.
GBBA: Glass Bottle Blowers Association.
MESA: Mechanics Educational Society of America.
ICW: International Chemical Workers.
Independent unions in electronics are:

IBTCWHA: International Brotherhood of Teamsters,
Chauffeurs, Warehousemen and Helpers of
America.

UWA: United Welders of America.

RCAU: Radio Communications Assemblers Union.
ICW: Independent Condenser Workers.

WEU: Weston Employees Union.

IMC: Independent Metal Craftsmen.

AMW: American Metal Workers.

Chemical and
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TROUBLE FOR LABOR (Continued)
L

Occupation " Hourly Wage Rate
Machinist $1.90 to $2.90
Troubleshooter $2.00 to $2.60
Assembler $1.50 to $2.45
Inspector $1.65 to $2.70
Tester $1.50 to $2.55

Highly experienced troubleshooters. testers and
inspectors often earn wages much higher than scale.
Electronic workers in general earn premium pay for
overtime, Sunday and holiday work, plus a differ-
ential for evening and night-shift work. Most have
health and life insurance plans.

Working conditions in electronics plants compare
favorably with those in other industries, notes the
Bureau of Labor Statistics. Plants usually are well-
lighted, clean, and the quiet is broken at times by
piped-in music. Some plants are air-conditioned
There is a relatively low frequency of injuries in
electronics manufacturing for each million man-hours
worked. Rates are far below the national average in
manufacturing, and injuries often are less severe.

More than 25 Unions Represented

Against the general background, there is no single
pattern of union membership in electronics firms.
More than 25 affiliated and independent unions active
in electronics are represented, mainly among large
and medium-sized firms. At the end of 1902, elec-
tronics firms with more than 50% of sales in the
U. S. had union contracts. Of these firms, about two-

BUGS IN OUTER SPACE

Man’s best friend in deep space may be color-
less bacteria. Dr. Leonard Bongers, Martin Com-
pany, said that among life-support systems studied,
one may be the best of all. A proposed ‘‘chemo-
synthetic'’ system would use *‘hydrogenemonas”
bacteria to make food from human waste prod-
ucts.

An attached electrolysis unit would provide
oxygen for breathing.

Algae, somewhat favored as life-giving sub-
stance for far-ranging spacemen, may be replaced.
A bacterial system, says Dr. Bongers, for a three-
man, three-month trip, would be less than 300
pounds. This would be only about 20 to 359% as
much as algae units.

Standard food supplies for the same mission
would weigh about 5500 pounds. Standard food
and water are still good for short flights, say to
the moon and back. For long flights our space-
men must be self - sufficient. Chemosynthesis
seems to hold the best answers.
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thirds had contracts with the AFL-CIO, the rest
with independent unions.

Thousands of new job opportunities beckon to new
workers in electronics in the 1960’s. Although clec-
tronics employment may not grow as fast as it did in
the 50’s, it may grow faster than other manufactur-
ing. At this point, workaday projections of future
workforces begin to border on marketing predictions,
crystal gazing, defense requirements, possibilities ot
disarmament, and peaceful or military pursuits in
space, as well as whether Americans or Americun
made instruments will go to the moon.

Seniority and security are foremost in the minds
of union electronics workers, as in most industries.
i view of some changing conditions. Microminiatur-

REPRINT OF ANY ARTICLE IN THIS ISSUE CAN BE OBTAINED
by writing on company letterhead to
The Editor
ELECTRONIC INDUSTRIES
Chestnut & 56th Sts., Phila., Pa. 19139

ization will surely change or alter the character ot
component making. Cancelled and stretched-out de-
fense and aerospace contracts affect workers ad
versely, while imports of foreign electronic products.
especially consumer goods, actually represent im-
ports of foreign labor and hardware. Consumer elec-
tronics factory sales are plateauing—$2.4 billion in
1902 to an estimated $2.5 in 1963—yet may be lifted
by higher sales of color-TV sets.

Labor Wants Share of ‘Security’

In the aerospace business which is getting deeper
and deeper into more complicated electronic tech
nologies and sophisticated hardware and systems,
labor wants to share management’s new ‘“security.”
The recent Stanford Research Institute report on
“The Industry-Government Aerospace Relationship™
observes that unlike past feast or famine for aircraft,
“for the first time in its history, the aerospace in-
dustry is experiencing a relatively high and stable
sales volume.”

Aerospace labor is asking for “more” as its “share”
of these glad and happy times. Most recent union
contracts in electronics include union security in
some measure, with provisions for a union shop, an
ever increasing controversy in aerospace and elec-
tronics. Most contracts have either clauses or riders
outlawing strikes for the life of the contracts. Many
contain statements of management rights, in effect,
precluding union inroads into management by defi-
nition.

In 1962, non-union electronics firms kept out some
unions by staying ahead of unionized firms in wages

(Continued on page 62)
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catch up with world-wide developments in electrical & electronics engineering!

engineers & scientists on 6 continents will read the
informative November issue of proceedings—will you?

November's special issue of Proceedings of the IEEE is the
most important of 1963 —it will speil out, in about 25
articles written by world-famous authorities, the electrical
and electronics progress being made outside North America.
URSI's 50th anniversary will also be reviewed,

Here's a sampling of 5 much-needed articles—

Experimental research on behavior of passive re-
peaters for microwave radio links

COLAVITO & D’AURIA, ITALY
Some observations on V.L.F. standard frequency
transmissions
THOMPSON, ARCHER, HARVEY, AUSTRALIA
Space-charge limited solid state devices
G. T. WRIGHT, ENGLAND
Hall effect gyrators, isolators and circulators of high
efficiency
GRUTZMANN, WEST GERMANY
Low noise non-reciprocal parametric amplifier with
.power matching at the input and owt put
MAURER AND LOCHERER, WEST GERMANY

Remember—November Proceedings will carry 20 more!

Proceedings of the IEEE @

N\

The Institute of Electrical & Electronics Engineers, Inc.
Box A, Lenox Hill Station, New York 21, N. Y.

Boston » Fairfield, Conn. « Demarest, N.J. « Philadelphia « Bath, Ohio,
« Chicago * Minneapolis ¢ Los Angeles ¢ San Francisco * Paris ¢ Tokyo

ELECTRONIC INDUSTRIES + October 1963

100,000 engineers and scientists all over the world will read
their subscription copy of November's Proceedings with in-
tense interest. If you are not yet a subscriber, make sure you
receive your copy of this fact-filled issue — fill out and mail
the coupon today!

The Institute of Electrical & Electronics Engineers, Inc.
Box A, Lenox Hill Station
New York 21, N. Y.

Gentlemen:

Yes, | want to join the 100,000 world-wide electronics engle
neers and scientists who will be reading the November issue
of Proceedings.

1 am not an |IEEE member.

D I'm enclosing D check
D Bill me later.

Please mail my copy of Proceedings to (please print)

D money order for $3.

Name .. P oo
Street & NO. o e R

City State ...

| understand your offer is good for a limited time only,
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: as the “World Achievement Issue” may soon be sold out.
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TROUBLE FOR LABOR (Concluded)
Tl e ]

by raising hourly rates an average of 17 cents. Raises
averaged only 7 to 8 cents an hour for firms with
union contracts. In 1960, non-union firms paid an
average of 13.2 cents in hourly wage increases, while
union firms all averaged increases of 7 cents.
However, pennies-per-hour tend to overshadow
fringe Denefits which have been *“‘increasing faster
than wages and salaries,” reports the Federal Re-
serve Bank of Philadelphia. In effect, the union vs.
non-union relationship seems to be a trade-off of
higher union security for higher wages—granted a
certain amount of fringe benefits in both shops.

Firms Took Up Industrial Relations

In 1944, the Radio Manufacturers Association
(now called Electronic Industries Association)
formed its Employment and Personnel Commiittee
which reported on labor matters to the hoard. In
time many electronics firms took on a personnel or
industrial relations manager. Paralleling this move,
in 1954, the Radio-Electronics-Television Manufac-
turers Association (now also EIA) raised its labor
commniittee into full status as one of its five service
departments: the Industrial Relations Department.

Three important surveys conducted by this De-
partment are: 1) contract expiration and opening
dates, 2) analysis of industrial relations practices
and supplemental benefits, and 3) survey of vaca-
tion plant shutdowns. It enables industry members
to cooperate on industry-wide problems in employer-
employee relations, manpower needs and legislation.

The Department gathers no data on wage rates,
though larger electronics managements may exchange
and use such data, as unions obviously do.

Today, many unions face two major sets of prob-
lems:

1) External—government intervention, business-
men’s call for more restraints on unions, and the
growth of automation.-

2) Internal—the need for unions to reorient them-
selves to survive and grow by serving their members,
and yet not demand too much from management dur-

ing the present stage of high unemployment.

The biggest single thorn-in-the-side bothering the
U. S. Government and nearly all unions is unem-
ployment. Spelled backwards, unemployment is sup-
posed to mean ‘“‘automation”’—the other side of
labor’s really big bugbear. For the first time in our
history more than 70 million Americans have perma-
nent jobs—but more people are unemployed than
ever before. The unemployment figure is about 5
million, or about 6% of the total labor force.

Dr. Simon Ramo, vice chairman of the bhoard,
Thompson Ramo Wooldridge, Inc., suggests pro-
vocatively that “by the 1980’s we may find ourselves
with a shortage of the unskilled—if too small a frac-
tion of human beings in the coming technological age
will be willing to apply themselves to the relatively
unchallenging jobs.”

Some jobs in electronics plants are being auto-
mated, but Government sources estimate that in-
creasing expenditures for missiles, spacecraft and
electronic products are expected to result in large
employment increases in industries making these

AEROSPACE MARKETING

WHERE DID MOST OF THE AEROSPACE MONEY GO FROM JANUARY TO JUNE 19437
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products.
Totals
Region (in millions)

1 New England $ 475.1
2 Middle Atlantic 1,381.0
3 E. North Central 494.3
4 W. North Central 856.3
5 S. Atlantic 641.0
6 East S. Central 123.3
7 West S. Central 405.2
8 Mountain 265.5
9 Pacific 2,915.9

10 Outside U. S. A.
Continental Limits 2.1

TOTAL $7,569.7

HOW PART OF THIS AEROSPACE MONEY
WAS SPENT FOR ELECTRONIC EQUIPMENTY
JANUARY TO JUNE, 1963

Totals

Equipment (in millions)

1 Guidance & Navigation

Systems $334.3
2 Electronic & Electrical

Instruments 878.7
3 Tracking & Telemetry

Systems 78.4
4 Controls 140.0

TOTAL $1,431.4

(Source—Aerospace Management)

ELECTRONIC INDUSTRIES + October 1963




MAGNECRAFT

88 RELAYS

Available with 10 amp contacts to 3PDT
for standard coil voltages, AC and DC

AAGNECRAFT 88CP - avallable with
10 amp. contacts to 3PDT, AC ahd DC

MAGNECRAFT 8
88HP

hermehically
sealed.

4 amp
contacts,
DPDT,
AC and DC.

g
MAGRECRAFT 83ANCP
-with circuit indicator hght.
10 : mp contacts to 3PDT
tor 115 VAC

MAGNECRAFT 88D Power
~5C amp. SPST-NO--Double
Break Contacts, AC and DC

MAGNECRAFT 88R
15 amp contacts
DPDT for AC and DC

MAGNECRAFT 881 Latch-1n
10 amp contacts to 6PDT, AC and DC

——

o]

Stocked by Leading Distributors

Call number nearest you for addresses

Phione numbers of Sales Representatives.

CALIF Los Angeles, NO 3-8236 MO
Qakiand, 261-7676 N H

COLO  Littleton, 798-0922 NJ

CONN  Farmington, 677-9025
Trumbuit, AM 8-9631

FLA North Miami, W1 7-5080
GA Atlanta, 758-7496

It Chicago, AV 2-5500
IND Fort Wayne, 483-6913
IOWA  Burlington, PL 2-3186
KANS  Kansas City, JO 2-4108
MASS  Boston, FA 3-1008 VA
MICH  Detroit, KE 8-4292

St. Louis, WO 2-5627
Manchester, 472-4081
Collinswood. 854-8559

Livingston, IN 3-5000
Orange, OR 4-4100

Buffato, TF 9-0200
Fairport, BR 1-4370
Fayettevitie, NE 7 3851

Portland, CA 6-2903

Datlas, FL 7-5713
Houston, MC 6-2277

Arlington, JA 5-5898

WASH  Seattle, AT 2 720C

In CANADA—Scarborough, Ontario, PL 7-3253

MAGNECRAFT ELECTRIC CO,,

RN
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5571 N. Lynch, Chicago 30, IlI.
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Only 132 x 1%sx 1% b
Interchangeable with orcinary
genearal curpose relays

Extra Reliability at a Saving

MAGNECRAFT Cluass 88 Relays procide the high standards of relia-
bility users have learned to expect from MAGNECRAFT Teleplone
Type Relays at general purpose relay prices.

Unique in a relay of this type NMIAGNECRAFT 88 Relavs have pre-
cision-built hinge-pin armature bearings with oversize bearing surfaces
— the same construction used in the finest telephone type relays for
lowest friction and maximum contact effectiveness with stabilized ad-
justment ocer long life.

Glass insulation provides areat di-electric strength unaflected by
humidity and temperature changes.

Ruggedized, independently riveted coil terminals make connections
you can depend on.

Molded Nylon bobbins with coil terminal inserts eliminate any possi-
bility of shorts.

Built-in contact wipe with riveted contacts further advarce reliability
through long life.

Modular construction provides flexibility to mect varied specifications
at low cost through use of standardized sub-assemblies.

The many refincments plus MAGNECRAFT Quality Control and
Inspection Standards make Class 88 Relays so autstanding you can
actually SEE the great superiority,

Investigate BEFORE you decide! Send for literature or phone
the number nearest you.

MAGNECRAFT

The relays you can rely on

Area 312—AVenue 2-5500
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convenience for
high-sensitivity, wide-band
dual-trace applications—
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Tektronix Type 580A series...
eov... hagh-speed oscilloscopes
with general-purpose utility

@ DUAL-TRACE OPERATION with 4 operating modes and independent
controls for each channel—for individual attenuation, positioning, inversion,
and ac or dc coupling as desired.

@ PASSBAND typically DC-T0-85 MC (3-db down) at 100 mv/cm (12-db
down at 150 Mc), and typically DC-T0O-80 MC (3-db down) at 10 mv/cm.

@ CALIBRATED SENSITIVITY in 9 steps from 100 mv/cm to 50 v/cm,
and in 70X Amplifier Mode, from 10 mv/cm to 5 v/cm, variable between steps.

m INTERNAL AND EXTERNAL TRIGGERING to 150 Mc.

@ SWEEP RANGE from 10 nsec/cm to 2 sec/cm.

@ SINGLE-SWEEP PHOTOGRAPHY at 10 nsec/cm.

® BRIGHT, HIGH-RESOLUTION DISPLAY with small spot size.

M CONVENTIONAL PASSIVE PROBES for convenience.
PLUS

m COMPATIBILITY WITH 17 LETTER-SERIES PLUG-INS to permit
differential, multi-trace, sampling, other laboratory applications —when used
with Type 81 adapter.

Supplied small size passive probes provide high input impedance char-
acteristics. Probes increase input R to 10 megohms and decrease input C
to approximately 7 pf.

Risetime (of supplied probe, plug-in unit, oscilloscope) at over-all sensi-
tivity of 100 mv/cm is approximately 41, nsec.

Type RM585A Oscilloscope, illus.. $1825
Size- 14" high, 19” wide, 227" deep.
Weight 81 pounds, approx.

PLUG-IN UNITS
Type 82 Dual Trace Unit
{includes 2 passive prob

Type 86 Single-Trace Unit
includes 1 passive probe . ..
has single channel operati

ADAPTER Enhances Versatility

The Type 81 Adapter allows insertion of
17 Tektronix letter-series plug-ins. Band-
width (up to 30 Mc) and Sensitivity de-
pend upon plug-in used.

Type 585A Oscilloscope . . . . $1725
S1ze 16 high, 1 side, 234" deep.
W 4 d PProx.

Ty RM585A and 585A have 2 modes

of calimated sweep delay—either trig-

gered o1 conventional—ranging from 1
to 10 seconds.

1A C cope . . . $1425
weep-delay capabilities . . . but
features similar to Type 585A, JS

.$ 135

op s without plug-in units.

Type 81 Plug-in Adapter , , . .

Beaverion, Qregon

PLEASE CALL YOUR TEKTRONIX FIELD ENGINEER
OR DISTRIBUTOR.

RISETIME of 4.3 nsec

T = T

Dual-trace display of input and output pulses of a
transistor amplifier at 10 nsec/cm—with lower trace
delayed 1 nsec by amplifier under observation. Type
585A/32 combination can display time coincidence
betwean input channels with no measurable difter-
ence at 10 nsec/cm

HIGH FREQUENCY SYNC to 250 Mc

HEEERENE
‘ N | |
ANV VNN NV

i

Display of a 250 Mc Sine Wave at 10 nsec/cm, using
the H. F. Sync Mcde. In this mode, the Type 535A/82
combination can display steady signals from 5 Mc
to 250 Mc, with a fraction of a cm of displayed
amplitude.

SINGLE SHOT at 10 nsec/cm

Display of a fast transient at 10 nsec/cm, using
single-sweep operation and the Tektronix C-19 Cam-
era. Single-sweep feature of the Type 585A/82 com-
bination facilitates photographic recording of most
one-shot phenorena.

TRIGGERING to 150 Mc

FREQUENCY
RESPONSE §

FREQUENCY RESPONSE
ONIYIOONYL

100 150
MC MC

Typical frequency response and internal triggering
characteristics of Type 585A/82 combination —show-
ing minimum number of cm necessary for triggering.

P. 0. BOX 500 - BEAVERTON. OREGON 97005 / Phone (Area Code 503} Mitchell 4 0161 - Telex: 036-691 +

Tektronix, Inc. /rwx~ 503-291-6805 -

Cable: TEKTRONIX « OVERSEAS DISTRIBUTORS IN 27 COUNTRIES

Tektronix Field Offices: in principal cities in the United States. Consult Telephone Directory « Tektronix Limited, Guernsey, Channel Islands
Tektronix Canada Lid.: Montreal, Quebec « Toronto (Willowdale). Ontario « Teklronix Australia Ply. Limited, Sydney, New South Wale
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More trax 20,000 ENGINEERS AND SCIENTISTS will
participate in the three-day program of the National
Flectronies Conference, October 28, 29 and 30. at
McCormick Place in Chicago.

The program, most extensive in NIC history,
mncludes over 200 authoritative technical papers in
some 33 sessions, many of them sponsored by Pro-
fessional Teclutical Groups of TERL, under auspices
of the NEC.

Outstanding Speakers

Mr. William P. Roberts of Ampex Corp. will he
the guest speaker at the Monday, October 28, N1:C
luncheon. At the Tuesday luncheon, the speaker will
be Gov. George W. Rommey of Michigan. Dr. \Wil-
llam L. Everitt. Dean of Lingineering. University of
IMinots, will deliver the Wednesday luncheon ad-
dress on "Ingineering for Fducation.”

Dean Everitt also will be honored twice at the
Conference. lle is to be initated as an Eminent
Member of Ilta Kappa Nu. and will he presented the
Mervin I. Kelly Award in Telecommunications. This
award, for outstanding leadership and contributions
m the held of Telecommunications, is presented cach
year on recommendation of the Recognition N\wards
Conmiittee of 1EEE.

Rescarch into Man's Attempt to Communicate
with Other Species (“Some Problems oi Rescarch
With the Bottlenose Dolphin’) will he the subject of
a special program on Tuesday, 7:00 P. M., in the
Little Theatre of McCormick Place. Dr. John C.
Lilly, M.D., will show, through a combination lec-
ture, motion picture and sound recording presenta-
tion, the clear and definite attempts of dolphins to
imitate human conversation.

Program Highlights

The Conference will be highlighted by the follow-
ing program:
Two intensive refresher seminars, five hours

each, up-date the tools of the practicing engi-
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NATIONAL ELECTRONICS
CONFERENCE

Over 200 papers and 500 exhibits

will highlight this year's NEC.

Seminars and panel discussions will
“up-date’” those attending on the newest
developments in research and development

neer. One course, “Quantum Devices in the
Optical Region,” provides the background and
tutorial exposure necessary to read current
literature in the tield of quantum devices. The
other. “The State Variable Formulation of
Automatic Control,” provides a basic under-
standing of formulation used in modern control
theory problems.

Three full sessions make up the Second Sym-
posium on Adaptive Processes, covering adaptive
statistical inference with emphasis on nou-piri-
metric sequential processes.

Texas Instruments, Incorporated and Motorola,
Inc. will sponsor Solid-State Seminars on Reliabil-
ity, Advanced Semiconductor Devices and Network
Technology. low-Noise. Low-Level Amplification,
Silicon-Controlled Rectifiers. Integrated Circnits
and Radio Frequency.

A panel of authorities will explore Manufactorer-
Representative  Responsibilities  in - 1lectronic’s
Marketing.

\ total of ten papers make up a full-day pro-
gram, Monday, on “Plasma Diagnostics and
Plasma Engineering.”

Teading research and industry scientists will dis-
cuss Lnergy Beawms as Working Tools, Audio,
IFeed-Back  Control  Systems,
Switching Theory and lLogical Design, and other

Instrumentation,

timely subjects.

Exhibits

The latest developments in products and systems
will be shown by over 300 electronic firms whose dis-
plays will occupy most of the exhibition center.

Presentations by ten midwestern universities will
depict current activity in university research and
academic programs. Government agency and mili-
tary displays include those of NASA, Air Iorce,
Navy, Argonne National Laboratory, and six depart-
ments of the Dept. of Commerce.
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Artist's conception of Chicago's McCor- The engineers and scientists attending will hear papers and see exhibits thai cover
mick Place, site of this year's NEC. a wide spectrum of our field. McCormick Place is located just south of the Loop.

Eastern side of McCormick Place as secen from Lake Michigar.

New Products Seminar

In cighteen separate new products seiminars, run
ning concurrently with technical sessions, NI1EC ex
hibitors will describe and demonstrate their latest
product relating to Interconnector Technology, Com-
ponents and Techniques. and Instrumentation. The
Seminars will be conducted i meeting rooms iocated
i the Exhibit Hall.

Tours

Arrangements have been made for conducted tours
to the Federal Aviation Administration Air Trathe
Control Center, Aurora, Ill.: Argonne National
Laboratory; and the Chicago Sun-Times & Daily
Newes publishing plant.

ELECTRONIC INDUSTRIES + October 1963
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A HIGHLY VARIED PROGRAM is set for NEREM 03,
the 17th Northeast Electronic Research and Engi-
neering Meeting to be held in Boston on November
4, 5 and 6. The program features more than 100
papers in 22 sessions on the more active electronic
fields. They will be presented at the Somerset Hotel
and the Commomvealtlh Armory.

More than 20.000 enginecrs are expected to attend
some 300 exhibits in the Armory where millions
of dollars worth of the latest in equipment and con-
ponents will be displayed.

A variety of electronic subjects, covered by more
thau 130 authors and during the 22 sessions. will
include such topics as space electromes, thermal en-
ergy conversion, biomedical electronics. and micro-
electronic techniques and uses. Other topics include
microwave measurements. plasnmas, antennas and feed
svstems, transistor circuitry. quantum  electronics
and modulation, and hydrospace comniumications.

Meeting Highlight

A highlight of the meeting will be an evening
session on large-scale project management. Key mem-
hers of U. S. agencies and industry will present an
appraisal of our arcas of major concern to evervoue.
The areas include the Polaris weapons system, NASA
space efiort. ComSat. and weapons systenr manage-
ment.

As a tribute to the mecting, Gov. lindicott Pea-
body issued a proclamation declaring November 4-11
as blectronics Week in Massachusetts. lle cited the
impact of the meeting ou industry and the sciences.
He underscored the fact that engineers, scientists,
technical personnel and members of the industry will
conie to reevaluate and survey advances made during
the year and the outlook for the future.

The annual banquet, on Wednesday evening, No-
vember 6, also reflects the stature of the program. In
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TECHNICAL SESSIONS
TO HIGHLIGHT NEREM '63

Research, advances and the future

of electronics are themes for the 17th
Northeast Electronics Research and Engineering
Meeting. Millions of dollars in equipment

and a broad technical papers program

will encompass a wide variety

of electronic fields and specialties.

a talk on the information revolution, G. L. Haller,
vice president, General Electric, Defense Electronics
Division, will assess broad developments from the
early days of the industrial revolution to the present.
The nation. the world, and science in general, arc
faced with a “spiralling information revolution, surely
destined to create striking changes in our way of life.”

NEREM Record

NEREM 63 is an IEEE event, under the spon-
sorship of the New kngland sections of the Institute.
As in the past. all IEEE registrants will receive free
of charge a copy of the NERIEM Record, a report
on all papers presented. The fifth volume in a series,
with more than 200 pages and some 500 illustrations.
this edition will include subject-author-indexing.

Cost of the Record to non-1EEE members attend-
ing NEREN will be $2.00. After the conference, the
price will be $7.50, and copies will be available from:
the Boston Section of [EEILL, 313 Washington Street
Newton 38, Mass.

Other session topics to be covered include advanced
radar technology, Information Technology, Coherent
Propagation, Radio Astronomy, Instrumentation,
Photovoliaic and electrochemical energy conversion,

and automatic control.

Project Management

[Four papers on large Scale Project Management,
covering four arcas in defense and aerospace, will be
given. Rear Adm. I. J. Galantin, of the Navy’s Spe-
cial Projects Oftice, will present a report on the fleet
ballistic missile system, how it evolved, its status and
future. J. F. Shea. of NASA's Office of Manned
Space Ilight will discuss the NASA Space Effort.
aims, purposes, current and projected effort.

Maj. Gen. C. H. Terhune, Jr., Electronics Systens
Div., USAF, Hanscom [Field, will discuss how man-
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agement of weapons system programs differs from

electronic system programs management. J. \\
Charyk, of the Conmunications Satellite Corp. ( Com-
Sat), will review technical plans, programs and
schiedules of a single world-wide system of communi-
cations satellites. He will cover technical problems,

plus international, political and economic aspects.

Plasma Developments

Plasma research and its snow-balling interest
among scientists and engineers has hecome evident in
recent months. In the paper “Plasma Measurements
in Reentry Physics,” E. Rolfe, of Raytheon Co., will
compare plasmas, and application of plasma phvsics
techniques to fluid dynamic and electromagnetic
sheath parameters.

Biomedical Papers

In Biomedical electronics, a paper by G. L. Ger-
stein, Ofhce of Computer Technology in Biomedical
Sciences at MIT, discusses “Aspects of Sensory Cod-
ing i1 the Nervous System.”” The paper covers electri-
cal activity of nervous systems in orgamisms and de-
scribes quantitative studies of these complex electrical
signals. It treats with theory models of neural activity
aimed at better knowledge of sensory data coding by
the nervous systemn.

Another hiomedical paper by A\, T. Kornfield,
Biosearch Co.. Boston. deals with " Najor problems
and Concepts in Biomedical Electromnics.” The author,
also chairman of the session, survevs currcut ap-
proachies to transducer design from living scnsor
modeis. Instrument development requirements for
new classes of human performance variables, and new
life support concepts requiring electronic techniques
are also discussed.

Microelectronics

The current importance of microelectronic circuits
and techniques is mirrored in papers on the topic.

“Design and Packaging of Mimaturized Digital
Equipment,” by IF. Plemenos and W. McMorran of
Raytheon Co.. treats with choosing integrated cir-
cuits. Designers are faced with compromises in speced,

noise immumnity. power use, cost and type of package.

The paper cites real cases on compromises and svs-
tems needs. Westinghouse engineers J. R. Cricchi,
WU N Jones and W. P List will talk about “\ Planar
Diffused General Purpose Monolith.” They describe
the making and testing of a functional block that
contains diodes, resistors and transistors.

A pair of Sylvania engineers, E. Rasmanis and J.
E. Cline, will give their ideas on " Vacuum-deposited
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Silicon Thin-Film Diodes and Transistors.” The
paper will cover vacuum-evaporated silicon thin-film
diodes and deposition techniques.

Space Technology

Wherever you go, whatever meeting you attend,
the heavy overtones are outer space. The session omn
Space Electronics, aside from the space-flavored
topics in most of the other sessions, will include
a paper by |. T. Mengel. Goddard Space I'light Cen-
ter. The paper will describe NAS.\ ground support
networks, which now involve 40 ground stations and
two ships. An interstation radio system and allied
computing and data svstems will also be discussed.
The paper is titled “Satellite Ground Data Net-
works.”

“Physics of the Interplanctary Medium™ will be
discussed by C. W. Snvder, Cal Tech’s Jet Propul-
sion Laboratory. We once thought space empty. Re-
cent tests and theories hint at proving space occupied
by a medium made up of charged particles and mag-

netic fields.

James E. Shepherd, of the Sperry Rand Research Center, Sud-
bury, Mass., is General Chairman of NEREM ’63, to be held on
November 4, 5 and 6 at the Somerset Hotel and the Common-
wealth Armory in Boston. Some 20,000 are expected at NEREM,




Could you help give
our military commanders
one more second for
decision and action?

MITRE's principal mission is to help
make war impractical.

Example — the design and develop-
ment of systems that enable military
commanders to detect attack and
retaliate instantly and conclusively.

Or the creation of systems that can
survive nuclear bombardment.

Systems for space communication;

70 Circle Number 800 Professional Profile, page 196

...tick

systems for nuclear detection;
systems for localized military oper-
ations; systems to help end mid-air
collisions . . . these are some of the
other assignments now underway
at MITRE.

This work is important to our country.
It also presents one of the greatest
challenges in the systems sciences.

MITRE is located just 25 minutes from
Boston in the middle of a fast-growing
scientific community, near mountains
and seashore.

Engineers and scientists — preferably

with advanced degrees and at least five
years' experience in electronics,

ELECTRONIC INDUSTRIES -

mathematics or physics — write in
confidence to. ..

Vice President — Technical
Operations, The MITRE Corporation,
Box 208 AN. Bedford, Mass. Openings
are also available in Washington, D.C.
and Colorado Springs, Colorado.

THE

MI'T'RE

CORPORATION
An Equal Opportunity Employer

Pioneer in the design and development of command and
control systems, MITRE was chartered in 1958 to serve only
the United States Government. The independent nonprofit
firm is technical advisor and system engineer for the Air
Force Electronic Systems Division and also serves the
Federal Aviation Agency ond the Department of Defense,

October 1963
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Through confidence in their reliability
Avco used Allen-Bradley hot molded resistors

FOR THEIR RECEIVER IN THE FIRST MULTIPLE
COMMAND CONTROL SYSTEM IN A NASA SATELLITE
B To insure continued reliable performance, despite the
vibration and shock incidental to a missile launching,
Avco Corporation uses Allen-Bradley hot molded resistors
in their command receiver designed for space satellites.
Operating with the receiver is a special Avco decoder,
which activates on-off controls of clectronic equipment in
the satellite. Both use only Allen-Bradley Type CB 14 watt
hot molded resistors.

Allen-Bradley’'s exclusive hot molding process results in
such amazingly uniform characteristics from resistor to
resistor —and from year to year —that long term resistor

performance can be accurately predicted. Furthermore,
there exists no instance on record where an Allen-Bradley
hot molded resistor has failed catastrophically in service.

Just as has been the experience of hundreds and hundreds
of users of Allen-Bradiey resistors, you, too, can assure
yourself of the ultimate in resistor performance by specify-
ing standard A-B hot molded resistors—their quality has
not yet been equaled.

For more complete information on the entire line of
Allen-Bradley quality electronic components, please write
for Publication 6024: Allen-Bradley Co., 222 W. Greenfield
Ave,, Milwaukee 4, Wis. In Canada: Allen-Bradley Canada
Ltd., Galt, Ont.

ALLEN-BRADLEY HOT MOLDED FIXED RESISTORS are avail-
able in all standard EIA and MIL-R-11 resistance
values and tolerances.

Y )
11

TYPE TR 1/10 WATT MIL TypPe RC 06

TYPECB 1/4 WaTT MILTyYpPE RC O7

-
MIL TYpPE RC 20

TYyrPE EB 1/2 WaTT

TYPE GB 1| WATT et MIL TyPE RC 32

- LV~
= = ——
TYPE HB 2 Warrs - MIL TYPE RC 42

Satellite Receiver AD 183114 developed by the Electronics Di-
vision, Avco Corporation, uses A-B Type CB, 14 watt hot molded
resistors. This miniaturized receiver measures 6.3 inches
in diameter, 1.13 inches high, and weighs only 1.5 pounds.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS
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reliability and
Allen-Bradley

hot molded resistors
are synonymous

A B L E

TYPE J HOT MOLDED POTENTIOMETERS give
smooth, quiet control—long life. On
accelerated tests, good for over
100,000 operations with less than
10% resistance change. Can be built
toany desired taper. Rated 2.25 watts
at 70°C. Values to 5 meg.

TYPE K HIGH TEMPERATURE HOT MOLDED
POTENTIOMETERS Same as above but
rated 1 watt at 125°C; 2 watts at
100°C; and 3 watts at 70°C.

HOT MOLDED VARIABLE RESISTORS for use
in constant impedance attenuators.
Smooth control with nearly infinite
resolution. Characteristic impedance
can be held to 10% throughout rota-
tion. Excellent high frequency re-
sponse. Rated up to 5 watts.

TYPE T HOT MOLDED POTENTIOMETERS
have molded plastic covers that serve
as actuators, making units unusually
flat and compact. Smooth control.
Furnished in any desired tapers.
Long life—over 50,000 operations on
accelerated tests with less than 109,
resistance change. Rated 1, watt at
70°C. Values to 5 meg.

QUALITY ELECTRONIC COMPONENTS

The superiority of Allen-Bradley resistors is based on this
company's heavy invesunent in highly specialized and ex-
pensive equipment, developed and built by Allen-Bradley,
plus the experience gained over a quarter of a century in
manufacturing quality resistors.

A-B hot molded fixed resistors have such consistent uni-
formity from resistor to resistor — vear in, vear out — that
long term performance can be accurately predicted. At least
ten billion field proven resistors—with not one catastrophic
failure —conclusively attest o their reliability.

This same hot molding process is used in making
Allen-Bradley variable resistors, which feature a solid, hot
molded resistance element that has never been known to
“wear out” —in fact, with age, it even improves in quict
opcration.

For more complete details on all Allen-Bradley quality
electronic components, please write for Publication 602::
Allen-Bradley Co., 222 W. Greenfield Ave.. Milwaukee, Wis.
53204. In Canada: Allen-Bradley Canada Lid., Galt, Ont.

S TOR S

TYPE G HOT MOLDED POTENTIOMETERS are
miniature controls—only 14" diam-
eter. Smooth control with long life—
on accelerated tests will exceed
50,000 operations with less than
10% resistance change. Rated 1%
watt at 70°C. Values to 5 meg.

TYPE L HIGH TEMPERATURE HOT MOLDED
POTENTIOMETERS are same as above
but rated %, watt at 100°C—can be
used up to 150°C at reduced load.

TYPE H HOT MOLDED POTENTIOMETERS for
industrial and commercial electronic
equipment requiring higher voltage
and wattage ratings. Stepless con-
trol. Life exceeds 100,000 operations
on accelerated tests with less than
10% resistance change. Rated 5
watts at 40°C and 3 watts at 70°C,
with a maximum of 750 volts.

TYPE R ADJUSTABLE FIXED RESISTORS re-
main stable under extremes of shock
and vibration. Moving element is self-
locking. Smooth, continuous adjust-
ment. Noninductive. Watertight case
permits encapsulation. Rated !4 watt
at 70°C. Values from 100 ohms to 2.5
megs. Tol. = 10% and = 20%.

ALLEN-BRADLEY

24.63.€




H-1027AP20
5% TONOTRON TUBE

H-1010DP20
57 TONOTRON TUBE

H-1076AP20
$* TONOTRON TUBE
(8~ Overall Length)

H-1C388P20
5% MULTI-MODE
TONCTRON TUBE

H-1055
5“ TYPOTRON TUBE

H-1042AP20
7" TONOTRON TUBE
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H-1066P20
10” TONOTRON TUBE
(Three Guns)

H-1033AP20
10“ TONDTRON TUBE
(Magnetic Deflection)
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Performance, reliability and variety...only from Hughes

lllustrated are but a few of the many types of
halftone and bistable storage tubes available
only from Hughes. They come in the largest
variety of diameters, from 4 thru 21 inches. At-
testing to their superior characteristics are the
more than 20,000 Hughes storage tubes which
have been delivered to customers throughout
the U.S.and the Free World where a great many
are knowr: to have attained a record for relia-
bility measured in terms of thousands of hours.

TONOTRON* tubes, with writing speeds in ex-
cess of 1,600,000 inches per second and stored
resolution to 105 shrinking raster lines per inch
at 10% equilibrium brightness, are available for
applications from PPI, Sector and B-Scan ra-
dar, fire control and terrain avoidance to slow-
scan TV, shipboard radar, air traffic control,
seismological survey, uitrasonic track survey,
and medical diagnosis.

ELECTRONIC INDUSTRIES

October 1963

MULTI-MODE TONOTRON* tubes, in 5 and 10-inch
diameters, possess all the features of the TON-
OTRON* tubes plus selective erasure, simulta-
neous display of stored and non-stored writing
and dark trace resolutions to 120 lines perinch.
TYPOTRON® character-writing tubes, both bi-
stable and halftone, eliminate the need for
intermediate storage facilities to match slow,
mechanical read-out devices to high-speed
electronic computing units. They are to be
found in such applications as the SAGE Sys-
tem and air traffic control.

FIVE-INCH BISTABLE MEMOTRON® tubes capture
and retain traces and single or superimposed
transient phenomena for direct analysis and
comparison. They plot a family of curves,
monitor phase relationships, and display
information for electrocardiographic and
vectorcardiographic diagnosis.

Circle 31 on Inquiry Card

For new short form catalog
write: Hughes Storage
Tubes, 2020 Oceanside
Bivd., Oceanside, Calif.
(Area Code 714, 722-2101)
or 1 Beala Avenue, Bala
Cynwyd, Penn. (Area Code
215, MQ 4-3950). For export,
write Hughes International,
Culver City, Calif.

¥TONOTRON is i trademark of the Hughes
Aircraft Company,

HUGHES AIRCRAFT COMPANY
VACUUM TUBE PRODUCTS
DIVISION
OCEANSIDE, CALIF,

73




WHATS NMEW

VIBRATIONLESS PISTON PUMP

FUNCESSIVE VIBRATION 11AS BEEN A PROBLEM 11 rolary
piston vacuum puups. Vibration is caused by the
centrifngal-reciprocating unbalances. The Kimey KT
series of Triplex 1igh-Vacuum Pumps has licked
1this problem.

\ new balancing approach brings all of the un-
halaneed forees, including the reciprocating compo-
nents, into dynamic balance, There are no funda-
mental unbalanced forces or unbalanced moments of
force. regardless of the assumed character of the
distribnted forces. IZach force has an equal and oppo-
site Torce during any instant of pumping. \long with
defeating wear, the pump is vibrationless.

The pumps are available in two models: KT300
has a theoretical displacement of 3J01Tetm at 830 rpm;

TEFLON EXTRUSIONS

ITiG1 MOLECULAR WEIGHT TEFLON EXTRUSIONS with
multiple holes now are being made by Surf Chemical.
Inc., a subsidiary of Driver-tarris Co.. Harrison 3,
N. 1. They are available under the trademark Y-
DN

The extrusions are made under a new ram process
using virgin Teflon Grain Nos. I, 5 and 7.

Round or shaped holes are available in round or
shaped extrusions with key slots optional. Multi-col-
ored holes are also offered for color identification.
and with or without wires.

These extrusions, by reason of the process used,
can be made to almost machining tolerances. Many
sizes can be extruded to a maximum TR, (total
indicated runout) of 0.003 in, making many machin-
ing operations unnecessary. Inside diameters on
many sizes are held 1o tolerances of =0.001 in.

Balancing  centrifu-
gal-reciprocating un-
balances and opera-
tion at 760 Torr are
two of the features
sffered by this
pump.

KT3500 has a theoretical displacement of 320 ¢fm at
796 rpm. The volumetric cfficiency is above 90%
The pumps are forced oil feed and operate at pres-
sures above 300 Torr. The feed is disconzinued for
pressures less than 30 Torr. With forced feed. the
pumps can operate at atmospheric pressure (7060
Torr) in excess of 1 hr. Kinney Vacnum Div., The
New York \ir Brake Ce.. 3329 \Washington St
Boston 30, Mass,

Variety of multiple hole extrusion sizes is shown.

Single or multiple hole extrusions can be made
with a nominal weh thickness equal to or over one
half the hole diarueter, These can he supplied with
webs down to 0.020 in.

Construction features of the new epitaxial-base power tran-
sistor are shown in this diagram. The epitaxial-base con-
struction  substantially improves  switching  characteristics.




We’ve never had
purple plague!

Why?

We use aluminum alloy leads; not gold. Without the gold,
you just don’t get the purple plague AuAl; compound
that forms on conventional silicon planar transistors.
Purple plague will usually begin to show up around
50 hours—and almost always by 500 hours—at elevated
temperatures. After 5000 hours at 300°C, Bendix® silicon
planars are unchanged electrically and mechanically.
Why doesn’t everybody use aluminum leads? Eventu-
ally, they probably will, but bonding the Al lead to the

Bendix Semiconductor Division

Al metalized contact area is tricky and takes some rather
advanced techniques. As proof of our bonding superiority,
Bendix planar transistors have been tested in excess of
37,000 g’s centrifuge and 5,000 g’s shock without a
failure. Our Al-Al bonding technique gives us a pull
factor at least three times greater than any reported yet.

Order from your nearest Bendix franchised stocking
distributor or contact the Bendix sales office nearest you
for further information.

em{l)/

CORPORATION

HOLMDEL, NEW JERSEY

Burbank, Calif.—(213) Victoria 9-3961; Charlotte, N. C.—(704) EXpress 9-3673; Chicago—(312) 637-6929; Dallas—(214) 357-1972; Decatur, Ga.—
(404) MElrose 6-2752; Detroit—(313) JOrdan 6-1420; Holmdel, N. J.—(201) 747-5400; Huntsville, Ala.—(205) 534-8900; Minneapolis—(612)
824.7270; San Carlos, Calif.—(415) LYtell 3-7845; Syracuse, N. Y.—(315) 474-7531; Waltham, Mass.—(617) 899-0770; Winter Park, Fta.—(305)
Mldway 7-4697; Export—Cable: Bendixint, New York, N.Y.(212) 973-2121; Ottawa, Ontario—(613) TAlbot 8-2711
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A QUICK GUIDE TO 60,000 SWITCHES—Here are specifications, dimension
drawings and photos of our most popular switches. This handy reference
catalog illustrates the great variety of standard and custom switches available
to meet your design requirements. Included are: basic snap-action switches,
toggle, pushbutton, interlock, limit, leaf, lever, hermetically-sealed,
environment-free and lighted panel switches. Even indicator lights. All items
in this catalog are immediately available from stock. If you ever need switches
of any kind, you should write for our free Condensed Switch Catalog #100.

76

HERMETICS

BASIC SWITCHES

"

SWITCHLITES INDICATOR LIGHTS

PUSHBUTTONS TOGGLES

CONTROLS COMPANYE OF AMERICA
CONTROL SWITCH DIVISION

1420 Delmar Drive, Folcroft, Pennsylvania

Circle 33 on Inquiry Card
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WHATS NEW

LASER SYSTEM

OXE OF THE FIRST COMMERCIALLY AVAILABLE LASERS
Syossett, N. Y.
This pulsed ruby laser system is capable of outputs
up to 3 joules at (9434,
for ()-switching with pulse widths as short as 30 to
40 nsec.
and Soffa micromanipulator to form a complete weld-

has been announced by TRG, Inc.,

Accessories are provided

It has already been integrated with a Kulicke

ing system for the semiconductor industry.

The Model 104 laser has the characteristics of con-
trollability and repeatability, necessary if the laser is
to be practical for fabricating and machining uses.
FEnergy output of the 104 can be accurately controlled
and the pulse outputs are of a highly reproducible
nature. To extend its range of use it can he easily
fitted with a Q-switch for use in machining, vapori-
zation, and other uses.

The laser head has the following characteristics :

Output: 3 joules normal, V2 joule when ()-switched
1000 joules
Famp Cavity:
Lamp Type: Straight tube, 3 in. are, 1000 joule

Input:
Cvlindrical optical reflector

rating
Ruby Size: 7.3 cm long x 1 em dia.
Threshold : 250 joules input
Output Wavelength: 09434
Duty Cycle:

Output Beamwidth:

10 ppm

10 milhiradizans

Cooling : Integral blower, 15 c¢fm room air

()-Switch 104-003  Q-Switch
directly on rear of head.
Q-Switch

Provision : mounts

Blower remomnts on

TRG 104 Q-Switched laser and laser power surply.

The complete 104 laser syvstem consists of the 104-
001 laser power supply, the 104-002 laser head, and
the 104-003 megapulse ()-Switch,
be bought by itself or it can be integrated into cus-

The system can

tomer systems to meet particular needs,
(More What's New on page 79)
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Actual Size

NEW 1/6-SIZE CRYSTAL CASE RELAYS

MODELS 900 (SPDT) and 901 (DPDT)
Meets requirements of MIL-R-5757D
Self-mounting to printed circuit boards
0.1" grid spaced terminals

Balanced rotary type armature

Positive contact wiping action

High-temp. coil wire rated - 220°C

Large coil provides greater coil power

All welded rigid frame construction

Corrosion resistant throughout

Size: .500"L x .230"W x .430"H

Weight: 0.15 ounce

Coil rating: 6, 12, 26.5, 48, 76 VDC (others available)

Contact arrangement: Form C

Contact rated load: low level dry circuit to
1.0 amp resistive at 26.5 VDC

Contact life: 100,000 operations at rated load

Terminals: 114" or 14" leads, or solder hook

Vibration: 0.1” D.A. or 20G peak, 10 to 2000 c.p.s.

Shock: 50G for 11 miliseconds

Temperature: —65° C to 125° C

Produced with meticulous care under white room

conditions and rigid qualhty control procedures

These relays are reliable! They are constructed of precision made parts to
exacting tolerances for uniformity of production, and provide consistent,
dependable performance. Available from factory shelf stock and from
stock in our Los Angeles and New York offices. Ordening references

for 1/6-Size Crystal Case Relays with 114" leads, 26.5 VDC coil rating:
Model 900-Catalog No. 90030301; Model 901—Catalog No. 30130301.
For technical information call Aerospace Products, or write for

Bulietins 1076 (Model 9300) and 1077 (Model 901). Telephone: 242-5000,
Area Code 412. TWX 412-642-4097, TELEX 086748.

wRABCO
W
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Typical Ceramag Ferrite cores available
in many sizes and grades . . . from stock
at Stackpole. Check us on availability of
other types, tool

The Geramag’ Ferrite cores you need
may he in stock right now at Stackpole !

CARBON COMPANY
Electronic Components Division
St. Marys, Pennaylvania

78 Circle 35 on Inquiry Card

Note, especially, that we are tooled for both 70°
& 90° yoke and transformer cores for Color TV.
Many Stackpole Ceramag ferrite cores have such
widespread demand that we are now maintaining
fairly substantial stocks on these items. This
means you can get a 5-day delivery or better on
receipt of order!

Stocked items include many types of cup cores,
as well as insert and threaded cores for IF, RF,
permeability tuning, TV width and linearity
coils. Also: horizontal output transformer cores
(including cores made from Stackpole’s Ceramag
24A), 110° deflection yoke cores, toroidal yoke
cores, and threaded cores of Ceramag 26.

Fast delivery on all other cores!

If we do not stock the core you need, chances are
no other supplier does either. You can still de-
pend on Stackpole for faster production and
delivery of your item.

Stackpole got a head start as the first commer-
cial supplier of ferrite cores in this country.
We've never lost the lead . . . in production, re-
search and design facilities, in quality, knowl-
edge or service. Make it a point always to check
Stackpole first on any ferrite core requirement.
Call or write today.

ELECTRONIC INDUSTRIES + October 1963




WHATS NEW

“FOOLPROOF” CONNECTOR

NEW ENVIRON MENT-RESISTANT CONNECTOR that pro-

vides “go-no go” reliability in electronic circuits on
airplaues, missiles and spacecraft has heen announced
by Amphenol-Borg Electronics Corp., Chicago, Tl1.

This new connector, the Ultra-Mate, will prevent a
circuit checking out on the ground and later mal-
functioning dne to connector failure. Either a con-
nector checks out as operative or it doesn't. There
is no chance that the connector will falsely show good
contact being made.

This increased reliability is due mainly to a new.
hard-face dielectric insert. This insert has tapered
entries to the female contacts. When the connector is
mated like this, the male pin either goes mto the
female receptacle entry — making contact — or it
doesu’t go in at all. If it doesn’t, the circuit will test
out as negative, or “no-go.”

Another advantage of this connector is front serv-
iceability. You do not have to sort throngh a maze of
back wiring to find the proper contact. Contacts can
he removed from the front by using a simple tool.

The Ultra-Mate connector meets Military Speci-
fication MII.-C-26300. It is, in fact, an upgraded
version of the MII.-C-26500 connector. It is com-
pletely interchangeable and intermateable with other
MIL-C-26500 connectors and uses MS-26636 con-
tacts.

A coutact in the new conmnector may be removed
with a simple extraction tool that never touches the
contact’s working mechanism. Thus the plated sur-
face remains intact.

Amphenol-Borg has tooled up to produce this connector in all
basic sizes and insert arrangements specified in MIL-C-26500.

ELECTRONIC INDUSTRIES -

October 1963

Actua! Size

NEW 1/2-SIZE CRYSTAL CASE RELAY

MODEL 902 (DPDT)

Meets requirements of MIL-R-5757D
Rigid frame construction

Positive contact wiping action
High-temp. coil wire rated +220°C

Size: .80"L x .40"H x .40"W

Weight: 0.3 ounce

Contact arrangement: Form C

Coil rating: 6, 12, 26.5, 48 VDC (others available)

Contact rated load: low level dry circuit to 2 amps
resistive to 26.5 VDC

Contact life: 100,000 operations at rated loads
Vibration: 0.1” D.A. or 20G peak, 10 to 2000 cps
Temperature: —65°C to 125°C

Shock: 50G for 11 milliseconds

Dielectric strength: 1000 volts RMS except 500 volts RMS
from coil to case and across open contacts

Terminals: Plug-in, hook-type and 3" leads
Corrosion resistant materials used throughout
Produced with meticulous care under white room

conditions and rigid quality control procedures

This new relay is reliable! It is constructed of precision made parts to exacting
tolerances for uniformity of production, and provides consistent, dependable
performance. Available from factory shelf stock and from stock in our

Los Angeles and New York offices. Ordering references for 4-size

Crystal Case Relay with hook terminals and bracket mounting,

26.5 VDC is Catalog No. 90210320.

For technical information call Aerospace Products, or write for Bulletin 1073,

Telephone: 242-5000, Area Code 412. TWX 412-642-4097, TELEX 086748.

wWABCO
Y v

UNION SWITCH & SIGNAL DIVISION

PITTSBURGH 18, PA./ Westinghouse Air Brake Company
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SPECTROL RECTANGULAR TRIMMERS

Better S Ways

One-piece stainless steel shaft
(electrically isolated) provides mechanical

strength for maximum reliability. Unique spring loaded slider block design insures anti-

backiash operation for setting stability, eliminating
wiper shift and resistance change in high shock and
vibration environments.

Silicone insulated
copper mandrel provides
uniform heat
dissipation, eliminates
hot spots and

burn-outs.

Dual platinum alloy wipers on resistance element and
twin collector contacts assure noise-free performance
and high electrical reliability.

Y3 greater element length permits use of
larger diameter resistance wire for greater reliability
and longer operational life.

For Military Applications...

N Advanced design of Spectrol rectangular trimming potentiom-
SPECIFIiCATIONS ! A
eters guarantees higher performance and reliability for space
Model 42 Model 44 Maodel 74 and missile applications.
MIL-R-27208 Equivalent Style RT 11 RT 12 “RT 12 More economical use o'f’ space allows greater usable resistance
element length (0.645") and larger diameter resistance wire

ELECTRICAL to provide longer life, better heat dissipation and greater re-
Standard Resistance Range 50 () to 100 K Iiatglity g P E

Standard Resistance Tolerance|  +5% | +s5% | Spectrol Models 42 and 44 are tested to assure compliance
Power Rating 1.0watt at 70°C with the requirements of MIL-R-27208, including moisture re-

Operating Temperature Range —65°C to 4-175°C sistance and immersion. Model 74 withstands steady state
WECHANICAL humidity per MIL-STD-202B, Method 106, but is not sealed
P i 25 +2 and therefore recommended for medium severity applications

not requiring potting or continuous operation in high humidity
- environments. Model 74 meets requirements of MIL-R-27208
Height 0.312 other than humidity cycling and immersion.

Length 1.250 All rectangular trimmers available in three basic terminal

Case Dimensions width 0.280

Weight  Leads 4.5 grams types: Teflon Insulated Leads, Printed Circuit Pins, Solder
Pins and Hooks 3.5 grams Hooks.

Unit Price in 100 Call your nearest Spectrol distributor for immediate off-the-
Piece Quantity $5.15 l $5.15 J $3.56 shelf delivery at factory prices, or write for complete specifi-

: . X " cations.
*Meets electrical and mechanical recuirements, but is not sealed.

Spectrol also manufactures a complete line of square and round trimmers,
miniature and precision potentiometers and turns.counting dials.

ELECTRONICS CORPORATION

1704 South Del Mar Avenue Adams Court P.O. Box 130
San Gabriel, Plainview, L. |. Brampton
California New York Ontario




IMMEDIATE DELIVERY

Now in 52 Cities

Teflon Insulated Leads

la2-2-1

Printed t;Circwt Pins

Solder Hooks

44-1-1

Teflon Insulated Leads

Prihted gircuit Pins

Solder Hooks

74-1-1

Teflon Insulated Leads

PrintediCircuit Pins

Solder Hooks

Call your nearest

ARIZONA
Phoenix
Midland Specialties Co.
Phone: (602) 258-4531

CALIFORNIA
Glendale
R. V. Weatherford Company
Phone: (213) 849-3451

Los Angeles
Kierultf Electronics
Phone: (213) 748-2444

Mountain View
Kierulff Electronics
Phone: (415) 968-6292

San Oiego
Kierulff Electronics
Phone: (714) 2782112

San Francisco
Fortune Electronics Corp.
Phone: (415) 826-8811

CANADA
Montreal, Quebec
Whittaker Electronics, Ltd.
Phone: (514) 684-3000

Ottawa, Ontario
Whittaker Electronics, Ltd.
Phone: (613) 722-8563

Scarboro, Ontario
Whittaker Electronics, Ltd.
Phone: (416) 293-3161

Vancouver, B C
L. A. varah
Phone: (604) 681 0104

COLORAOO
Oenver
L. B. Walker Radio Co.
Phone: (303) 935-2401

CONNECTICUT
Norwalk
Arrow Electronics
Phone: (203) 847-2423

DELAWARE
Wilmington
Wholesale Electronics, Inc.
Phone: (302) 652-3221

FLORIDA
Orlando
Hall-Mark Electronics Corp.
Phone: (305) 855-4020

ILLINOIS
Chicago
Melvin Electronics, Inc.
Phone: (312) 378-7741

LOUISIANA
Baton Rouge
Ralph’s of Baton Rouge
Phone: (504) 344-3761
MARYLAND
Baltimore
Kann-Ellert Electronics, Inc.
Phone: (301) 889-4242
Radio Electric Service Co.
Phone: (301) 539-3835
MASSACHUSETTS
Boston

Demambro Radio Supply Co.

Phone: (617) 254-9000

Cambridge
Electrical Supply Co.
Phone: (617) 491-3300

MICHIGAN
Oetroit
Radio Specialties Co.
Phone: (313) 272-4200

distributor today for off-the-shelf delivery

MINNESOTA
St. Paul
Gopher Electronics Company
Phone: (612) 645-0241

NEW JERSEY
Camden
General Radio Supply Company
Phone: (609) 964-8560
Springfield
Federated Purchaser, Inc.
Phone: (201) 376-8900

NEW YORK
Binghamton
Stack Industrial Electronics, Inc.
Phone: (607) 723.6326
Buffalo
Summit Distributors, Inc.
Phone: (716) 884-3450
Farmingdale (L. 1)
Arrcw Electronics
Phone: (516) 634-6800
Westbury (L. 1.)
Schweber Electronics
Phone: (516) 334-7474
New York City
Sun Radio & Electronics, Inc.
Phone: (212) 675-8600
Terminal Hudson Electronics, inc.
Phone: (212) 243-5200

OHIO
Cincinnati
The Mytronic Company
Phone: (513) 961-4600
Clevetand
Winteradio Electronic Supply Co.
Phone: 1216) 621-5081
South Euclid
Winteradio Electronic Supply Co.
Phone: (216) 382-7676

Circ'e 37 on Inquiry Cord

OKLAHOMA
Tulsa
Engineering Supp y Company
Phone: (918) 583-£121

PENWNSYLVANIA
Philadelphia
Milgray/Delaware Valley, Inc.
Phone: (215) 923-2210

Radio Electric Service Co.
Phone: (215) 925-£840

Pittsburgh
Barno Radio Company
Phone: (412) 664-9392

RHODE ISLAND
Providen:e
W. H. Edwards Compa
Phone: (201) 421- 6158

SOUTH CAROLINA
Greenville
Carolina Radio Supply Co.
Phone: (803) 239-5125
TEXAS
Oallas
Engineer.ng Supply Company
Phone: (2'14) 357-6121
El Paso
Midland Specialty Company
Phone: ($15) 533-3555
Houston

Busacker Electronic Equip. Co., Inc.

Phone: (713) 5264661

San Antonio
Busacker Electronic Equip. Co., In
Phone: (1312) 223-5517

UTAH
Salt Lake City
Kimball Electronics, Inc.
Phone: (301) 328-2075

WASHINGTON, D.C.
Electronic Wholesalers, Inc.
Phone: (202) 483-5200

WASHINGTON
Seattle
Hyak Supply. Inc.
Phone: (206) 725-2700
Seattie Radio Supply Co.
Phone: (206) 624-2341

WISCONSIN
Milwaukee
Electronic Expeditors, Inc.
Phone: (414) 871-3000

EUROPE
Belgium, Brussels
Uni-Office, S.A
Phone: 253444
England, London
Bay & Co. (U.K.) Ltd.
Phone: EUston 3131
France, Paris, Boulogne, s/Seine
Technique et Produits
Phone: VAL 85-
Germany, Ousseldod
Uni-Office, G. m. b. H
Phone: 17877
Holland, Rotterdam
Uni-Office, Ltd.
Phone: 13.22.20
Italy, Milan
S-P Elettronica S. p. A.
Phone: 3530688
Sweden, Stockholm
Aero Materiel AB.
Phone: 670390
Switzerland, Zurich
Omni Ray AG
Phone: (051) 34.44.30




THE INCREASING NUMBER of airborne 1R svstems
has brought a demand for increased sensitivity, eth-
ciency and rveliability of a wide varietv of detector
tvpes. These include lead sulfide, lead selenide, in-
dinm antimonide, gold- and copper-doped germanium
and other materials.

With growing sophistication in associated optics,
reticles and electronics, the need for uniformity and
reliability has made itself felt in IR airborne instru-
ments. Thus, the kev to real reliability in flvable IR
packages comes back to the design, manuiacture and
checkout procedures used in the detectors themselves.

E s P

As IR systems have become more complex, the
detectors themselves have hecome more complex.
.l

state of the
art” for detectors in sensitivity and geometry. As

Hence, syvstem needs are iforcing the

these detectors hecome more sensitive and complex,
it hecomes essential to design test equipment that is
capable of correctly evaluating their performance.
Basic needs for any test equipnent are these: (1)
Zquipment must be. after adequate instruction, sim-
ple to use. (2) It must be reliable and easy to cali-
brate. (3) 1Tt should perform a complete evaluation.
Equipment Beginnings

With the above points i mind, let us take a brief
look at the history of some IR syvstems and test
cquipment.

Larliest test sets were used in the chemistry labs
where the detectors were made. One of the first crude
sets amounted 1o an ohmmeter which monitored
detector resistance. A flashlight was the source. 1i
the detector had a ratio of dark-to-light resistance
which exceeded a certain value when the tlashlight

82

IMPROVED CHECKOUT
FOR IR DETECTORS

The key to reliability in airborne IR packages

is in the design and manufacture

of the detectors themselves.

and in lhe checkout procedures used

to keep them in operating condition.

Because the chemical and physical nature of

IR devices creates inherent problems

of stability and uniformity, the test measurements
play a vital role in successful systems.

was turned on and off, it was considered a good one.

You may be amused by a test as crude as this, but
even today, the flashlight test is used on an advanced
military  weapon system, (he Sidewinder Missile
True. the tlashlight is not used to select the highly
sensitive detector or for the completed missile check-
out. But in the fleet, as & final checkout prior to
takoff, a ground crew member stands in front of the
aircraft and shines a flashlight into the armed mis-
sile. 11 the missile is functioning correctly, the pilot
recetves an indication that tells him the svstem is
operational.

From the raw beginnings of ohmmeters and flash-
lights, engineers began designing more complex IR
Absolute sensitivity of the detector thus
became more critical. It was no longer enough to tell

systems.

the systems designer that a detector had a particular
dark-to-light resistance ratio when exposed 1o a
flashlight. It was not even adequate to explain the
calibration source as *‘chief chemist’s flashlight with
two D cell batteries, each less than 6 mon. old.”

Detector measurement cquipment has come a long
way i the past several vears. I'ig. 2 shows the test
station we used 10 vears ago for obtaining data on
thousands of detectors over a 2-year period. This
test station was capable of evaluating detectors. De-
cause of its intricacies and peculiarities, it could. how-
ever, be operated by only one or two people in the
department.

Problems confronted the industry. Management
would decide to enter the field of IR technologv. An

By PAUL R. BRADSHAW

Infrared Industr 1ne
Santa Barbara, Calit
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enginceer, or team of engineers, would tour the coun-
try to find out how other labs, already in IR work
were equipped. After about a month of traveling the
engineers returned to begin a lab equipment pro-
gram. They ordered individual pieces of equipment
and gradually built up a roomful of test instrumen-
tation. They also enhanced their job seenrity hecause
only they knew the purpose of each piece of equip-
ment and how it functioned in the test program.

Invariably, as soon as the test equipment and the
IR program for the company was running simoothly.
the project engineer accepted a job with another
company. Thus the cycle started again. Of course,
the company he had just left was now in possession
of a room full of equipment but without a knowl-
cdgeable operator.

As o result of this experience, managements of
many companies were reluctant to develop IR pro-
grams because of the high cost of setting up an IR
lab, to say nothing of the risks.

At present, a complete detector lab can he pur-
chased in a single, compact, console. On this console,
an operator can perform all the basic measurements
needed by systems designers. In addition, system
parameters can be simulated and detector perform-
ance, under these conditions, can he evaluated.

Description of Tests and Equipment

Since no two detector or systems manufacturers
had the same test equipment, a group was formed at
the U. S. National Burean of Standards, later to
become the U, S, Naval Ordnance Laboratory, Co
rona. Its purpose was to set up a facility that would
provide 1R detector measurement data to the mili
tary. This program, known as The Joint Services
Infrared Sensitive Element Testing Program, is still
heing carried out.

The program at Corona was the first hig step to-
ward providing detector manufacturers and [R sys-
tems designers with the tvpe of imformation needed
to figure svstem performance.

The IR detector tests and interpretation of data
that are desirable from a svstem designer’s stand.
point are deseribed in a report by Fisenman & Mer-
S. Naval Ordn. Lab, Corona.! With-
out going into the details of the report, these param-

riam of the U,

cters include: signal, bias, frequency response, spec-
tral response and noise. Various figures of merit
which are covered include: responsivity, noise equiv-
alent irradiance, noise equivalent power and D*
(pronounced D star). A block diagram of equip-
ment designed to make all of these measurements is

shown in IMig. 5.

Fig. 1: Typical IR detectors that must be evaluated by detector measurement equipment are these cooled detectors, multi-element
arrays, detectors on optical elements and hardware wound detectors. They are typical of the types the modern systems designer needs.
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IR DETECTOR MEASURING (Contawed)

Fig. 2: This equipment comprised an IR detector measurement
station in 1953. Detcctors to be checked were placed in the
metal box icenter of picture), which slides along an optical
bench to position it in frent of the wvarious IR sources.

Fig. 3: Modern comprehensive detector measurement console
for making a complete evaluation cf an infrared detector.

Fig. 4: Fully-automatic checkout station for rapid production
cf single-urit or array-mounted IR detectors in large volume.

The blackbody temperature range could be varied
from 30 to 1000°C. This temperature was monitored
continuously with a precision pot and calibrated
thermocouple which is built into the blackbody. The
modulator housing  and  baftle  assebly  could  be
water-cooled. This might prove necessary for meas-
uring long wavelength response detectors which are
very sensitive 1o de background radiation. The varia-
ble speed modulator was operable over the range of
10 to 10.000 crs. Limiting apertures were mounted
on o wheel so that the emitted blackbody energy on
the detector could be varied. .\ set of monochromatic
filters was provided Tor spectral response measure
ments. These flters are normally spaced at 0.5
micron intervals. Data obtained indicated the detec-
tor spectral response. However, it does not have the
line resolution obtainable from a monochromator.

Detectors to be tested were mounted on plug-in
fixtures and inserted into @ temperaturc-monitored
compartient.  Detector bias was supplied irom a de
source that included 1% meters for bhoth voltage and
current monitoring. Monitoring of these 2 uantities
indicated the stability of the detector under test.

Console electronies calibration could he done at
any time by turning a switch. A\ precision micro-
voltage divider and oscillator made up the calibration
cquipment.

Detector signal and noise was amplitied by a
special lTow-noise preamplitier and the output was
split into 2 readouts. One output went to a wave
analyzer for narrow hand signal and notse power
spectra measurements. The other output fed through
avartable tuned tilter and into a bhroadband voltmeter
to stimulate actual svstem bandwidihs, .\ noise inte-
egrator was included. 1o take the guess work out of
noise readings.

Detectors in Space

With the advent of space flight and satellites. new
cnvironmental variables alfecting the detectors were
introduced. These included vacuum. radiation hom-
bardment and temperature.

There have been so many questions about the
cffects of space enviromment on detectors that until
recently even the detector manuiacturers, themselves,
were not able to answer all of them.

\acuum effeets have been studied in large vacuum
SVslens.

Radiation bombardment studies have bheen con-
ducted in several lTabs, among them Lincoln |Labora-
tory® and lLockheed Missiles and Space Co. Data
(which includes hoth eleciron and proton hombard-
studies)

ment s currently being taken under a

USATT contract.
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IR DETECTOR MEASURING (Concluded)
e

R&D Continued

The temperature of objects in space varies with
altitude, internal power dissipation, and radiation and
reflection qualities of the surface.

To evaluate detectors for space systems properly,
it suddenly became imperative to know the effects of
temperature upon resistance, sensitivity, wavelength,
frequency response, etc. In general, a whole new con-
cept of testing was needed for evaluating the proper-
ties of spaceborne detectors.

Testing of individual detectors at low temperatures
is now routine. The detectors are mounted in vacuum
dewar flasks and a liquid coolaut is poured into these
flasks. This coolant in most cases is either liquid
nitrogen or a slurry of dry ice and acetone. These 2
coolants produce temperatures of —196°C and —78°C
respectively.

With the need for testing not only individual de-
tectors but multi-element arravs, at temperatures
varying from +20 to —100°C, a complex problem
arose. Measurement equipment had to perform all of
the mieasurements described. It also had to include a
temperature chamber which could bring individual
detectors, or arrays of detectors, to a predetermined
stable temperature and at the same tinie maintain a
moisture-free atmosphere around the detectors and
the [R transmitting window. (The latter was neces-
sary to prevent frost from accumulating.)

Pieces of test equipment were built which used,
among other means of temperature control, a resist-
ance heater immersed in a heat sink which was cooled
by a liquid nitrogen or carbon dioxide reservoir. This
method was adequate for research lab studies on sin-
gle detectors, but was cumbersome for multi-element
arrays and no good for production work.

To remedy this a multi-stage refrigerator com-
pressor system was designed and built. This systen,
when coupled with the environmental detector cham-
ber, provided an environmental chamber which could
be controlled to any temperature, from +50 to
—80°C.

Since some of these arrays contained several hun-

[ e e
$$% for Circuit Designs

Have you come up with any simple or unique circuit
designs lately? Do you think that they would be useful
to fellow engineers? If so, why not send them to us for
possible publication? We pay our usual space rates for
those accepted. Piease keep them as concise as possible
and send to: Circuit Design Editor, ELECTRONIC INDUS-
TRIES, 56th & Chestnut Sts., Philadelphia, Pa. 19139.
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dred detectors, the signal and noise processing alone
hecame a big undertaking. Units were designed, built
and operated. However, the sequence and the time
involved in obtaining these first array measurenients
showed the pressing need for an automatic detector
measurement console. As a result, the console shown
in IYig. 4 was built. This console included automatic
calibration and gain control which could be pre-pro-
granmied for recalibration as often as needed. Signal,
noise, hias voltage and current, and s/n ratio were all
read out directly on a digital voltmeter. At the same
time they could be put on tape, typed on a Flexo-
writer, or punched into cards. A simple compute:
program could now provide the operator with all of
the figures of merit.

Optimum bias at each temperature was determined
automatically by programming a selection of bias
voltages into the programmier. Noise integration time
was selected to coincide with the noise bandwidth
heing used.

An optical focusing system enabled the operator to
automatically measure contour sensitivity of the de-
tectors. Contour output was printed on a strip chart
recorler,

This console has been used successfully to measure
cutire detector arrays for reconnaissance type satel-
lites.

Future of IR Detector Testing

The future of IR detector testing resides in the
demands being made upon IR detectors by the mili-
tary and civilian government agencies, as they step
up their needs.

Research is now underway to examine the useful-
ness of IR detectors at greater and greater distances
in space—with the attendant demands for continuing
and improved high level performance.

An IR airborne instrument performing tasks and
experiments on future programs involving millions
of miles and under conditions of increasing difficulty,
will have been made possible only by the continued
refinement on the ground.

Bias supplies and amplifiers of even lower noise
figures than currently available—control mechanisms
insuring rugged detector structure yet maintaining
delicacy of performance—these are the areas of re-
search that continue on the ground, to make certain
flying TR packages perform as intended.
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AN ANTENNA is usually judged
on the basis of its radiation effi-
clency or its VSWR. But these
two quantities, while hoth im-
portant, do not singly describe the
actual effectiveness of an antenna.

The radiation efficiency is given
by the ratio of the radiated power
to the total power into the antenna

ENGINEERS NOTEBUOK
# 63 ANTENNA EFFECTIVENESS

terminals. The total power is the
sum of the radiated power and
the power lost in ohmic losses in
the form of heat.

On the other hand, the power
going into the terminals of the
antenna is given by the power
which the trausmitter can put out
less the power reflected due to
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antenna mismatch.

If we define the “effectiveness”
of an antenna as the ratio of the
radiated  power to the power
wiich the transmitter can put in-
to a matched load. i.e., the for-
ward or incident power, the “ef-
fectiveness” of an antenna is given
Dy :

Effectiveness = , X Eflicieney

N+
where § 1s the voltage standing
wave ratio.

The nomogram is used to de-
termine the antenna effectiveness
(in percent) if the efficiency and
VSWR are known. To use the
nomograni, the points represent-
ing the antemna efficiency and
VSWR on the appropriate scales
are connected by a straight line,
and the line extended to intersect
For ex-
ample, a 00% efficient antenna
with a 3:1 VSWR has an effec-
tiveness of 43% compared to a
perfectly matched, 100% efficient
antenna.

the effectiveness scale.

In some instances, an antenna
may be more effective hy lessen-
ing its efficiency if in so doing
the VSWR is reduced sufficiently.

By B. R. HATCHER

Project Engineer

Chu Associates

P. Q. Box 387, Whitcomb Ave.
Littleton, Mass.
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A\ NICKEL-CADMIUM BATTERY CHARGE-CONTROL SYS-
tim 1s described for satellite power supplies that
offers significant advantages over present control
methods. The system integrates the charge and dis-
charge currents of the battery, providing a contin-
uous and accurate indication of the battery charge
state. This permits deep discharge and a safe, con-
trolled high charging rate with significant weight
reduetion.

Telemetry information describing the battery state
of charge and the magnitude of charge or discharge
currents can be provided.

k % *

Existing solar-cell nickel-cadmium power source
combinations control batterv charge (to avoid high
charging currents when the battery is fully charged)
by sensing the battery potential or measuring temper-
ature rise in the cells. Methods frequently used either
limit the potential rise across the battery with a zener
diode, or introduce an impedance between the battery
and the solar cells when the hattery potential or cell
temperature rises 10 a predetermined value. Neither
of these methods provides charge-rate information,
but & more serious disadvantage is in not having anv
reliable, continuous indication of battery state of
charge.

Battery potential is a poor indication of the state
of charge of a hattery for the following reasons:

I. Nickel-cadmium batteries have a temperature-
dependent tlat voltage characteristic over most of
their range of charge and discharge.

2. The individual cells of multi-cell batteries may
have different voltages caused by varying electrolytic
concentration, cell temperature, or internal construc-
tion.

Thermal time lags serionsly limit the value of
temperature sensing.

The inadequacy of the potential and the tempera-
ture measurement methods usually forces the use of a
low charging rate and thus a low depth of discharge
to compensate for the uncertainty of the hattery state
of charge.

88

WELL REGULATED
BATTERY-SOLAR CELL
CHARGING

The battery charge-control system being described
integrates the charge and discharge cnrrents of the
battery, thus giving a continuouns indication of the
battery charge state. This permits deep discharge
and a safe. controlled high charging rate with its
resultant weight reduction.

System Advantages

Telemetry information describing battery state of
charge and the magnitude of charge or discharge
currents is also available with this system. The follow-
ing is a summary of the advantages of such a system:

1. Greater battery depth of discharge is used. This
aveids the battery passivation that is common to the
shallow depth of discharge now used in nickel-cad-
mium battery svstems.

2. Total battery weight is reduced hecanse of the
greater depth of discharge. For example, this system
wonld permit a pavload orbiting at 500 statute miles
with an average power load of 400 w to reduce its
required battery weight by a factor of £.5 (from about
200 Ibs. to about 45 Ibs.).

3. Continuous indication of hatterv charge or dis-
charge current and hatrery state of charge is available
for telemetry to the ground.

4. Destructive battery overcharging is avoided, if,
by some equipment malfunction, the load is removed
from the solar cells at a time when the battery is at
full charge.

Charge-Control System
(reneral: A\ generalized satellite solar-cell nickel-

cadmium power source consists of a combination of
solar cells and nickel-cadmium batteries powering

By TED FLATTAU,
STEPHEN PRIGOZY,
and IRWIN STEIN

CMROOSTEIN now  presides over  Stein Electronies  Laboratory.
Huntington, 1.1, N.Y.: MR, PRIGOZY is with Electrical Energy
Conversion Corp., Bethpage, 1.1, N.Y.
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an equipment that has a specific power demand versus
time profile. The solar cells are exposed to the sun
for some period of time during each orbit and have
a power and voltage capability that varies with in-
clination to the sun. The batteries receive their charge
while the solar cells are exposed to the sun, and pow-
er the equipment during the remainder of the orbit.
Existing battery systems for space use usually limit
the maximum charging rate to about 10 hours. This
is due to uncertainty in determining the battery 100%
charge state. The system Deing described uses a high
charging rate until it senses that the 100% charge
state has been reached. The charging rate is then
reduced for the remainder of the charging time.

Fig. 1 indicates the amount of battery use possible
with existing systems, in circular orbits, as a function
of orbital altitude. Fig. 2 shows the battery weight
saving factor possible with the suggested systems as
a function of orhital altitude. This curve is hased on a
10-hour charging rate for the existing systems and a
509% depth of discharge with the charge-control sys-

System Description

1. Introduction : The battery charger and controller,
which comprise this system, must be of high reliability
and accuracy. It must also contain inherent flexibility
to adjust to the nonlinearities and variables known to
occur in storage batteries.

The charger and controller must he able to perform
the following functions:

a. Accurately monitor the ampere-hours discharged
from or charged into the battery.

h. Apply a charging “efficiency-factor” to account
for the fact that more ampere-hours must he delivered
to the battery than are removed from it to restore it
to a particular state.

c. Apply a temperature and battery age correction
to item b.

d. Reduce the charging rate to a safe value after
the 1009% charged condition is reached.

e. Increase the charging rate when the bhattery
drops helow the 100% charged condition.

f. Provide an alarm if the battery charge decreases

tem. below a safe level.  (Continued on following page)
Fig. 1: This graph [ T T T h S — = - .
shows the optimum - T IR — 1
use which can be i | RS T[] 1 T P 17 1 [
made of a satellite’s | | || [ T i \ | | [ |
battery. This de- | | | i ] | I [ |
pends on the time — ‘{"*"’ T T T 1’ ﬁ‘“ I ! I
during  which the | B R A _i_ | | S S S S -
solar cells are facing ' k { '
the sun and altitude CIRCULAR ORBIT L] o | | 1 L
of the orbit. B I0-HOUR CHARGE RATE COMPLETELY T N
RECHARGES BATTERY EACH ORBIT I‘ |
T L |
1000 } SR 1 /, -
— —— Tttt — + i 1 A T
» - 4+ 1 111t —T f-——ﬂ% — 1
= — B e S o o o B e FR —t 7" 1 ——T
= — —+— '8 A I 100 ——+ +—
z | | 0 . il
b3 1 T R 80 T—T
= ] | & 70 I N
- | T i | 60; T
5 | 'L_H_’_H“F o . | | NN
3 | \\'}(\ T | | 1 |
= \ I RS | a0 \ \
& | | \1} Qﬁ,?“ ! 1
z 1 ‘\;\\\(; N 130 —] BER "
w | ol 27|
= ﬁ"‘%\‘p\ [
- o Y | 20
=z Il | ] I S S
Z 100 t 1 L !
3 1 4 + 74 L L — ! B 1 I — ‘_f =
: 1 o — — — 1 i
5 = R e e — 1 g — +_
b——— 10— —— 1 —— ——
#P—— t - r T SES— 1+t 1_*_'___ — !
= — | — J—TVF 4+ S S S - 1 1
s -+ : I — -1» L -+
| I T
S — —&-—+—+—¢—}+—¢«» v - + — — 1+
| | |
10 I | '1 l : : ] | | L1 | I | | ] |
100 1000 10,000 100,000
ALTITUDE IN STATUTE WILES
ELECTRONIC INDUSTRIES + October 1963 89




BATTERY-SOLAR CELL (Continued)
e T e e BT =i o |

The battery charger and controller described can
fulfill the above conditions and can be integrated into
space power-supply systems. Fig. 3 is a block diagram
of the suggested system.

2. Battery Current Sensing and Dynamic Range:
The battery current flows through a shunt that pro-
duces a dc voltage whose magnitude is proportional
to the instantaneous magnitude of the battery current,
and whose polarity indicates current direction. A
shunt that produces 50 mv. at maximum current may
be used. A dynamic range of at least 50:1 is practical.

3. Amplification of Shunt Voltage: To provide
drift-free amplification of the mv. dc signal, a chopper-
stabilized amplifier can be used. The shunt signal is
modulated by the chopper at a 2 kc rate. It is then
amplified with an ac amplifier and demodulated to a
dc voltage of proper polarity.

The 2 xc signal is chosen as the modulation fre-
quency to minimize the size of components, con-
sistent with good design practice.

The chopper is a solid-state device.

The ac amplifier consists of two stages of R-C

6

coupled common emitter transistor stages with gain
stabilizing unbypassed emitter resistors followed by
an isolating emitter follower.

The demodulator is similar in appearance to the
chopper. Its output will be suitable for the telemeter-
ing of battery current data.

4. Battery Current Integration: The current in-
tegrator requires a time constant of at least 20 sec.
to allow a maximum integration period of ahout 1
sec. with an error of less than 5%.

Thus 1 sec. is allowed for the minimum expected
current to accumulate to 1 unit of battery capacity.
The extreme situation will occur when the entire bat-
tery capacity is discharged or charged at the minimum
current. For this case, assuming a 20 ampere-hour
battery and a minimum current of 0.4 a.,

20 amp-hrs. X 3600 sec.

0.4 X 1 sec. o
are needed to ensure an error of less than 5%. In
practice, this low current would flow for considerably
less than 20 hrs., thus giving errors much less than
5%. For example, the same battery with a continuous

= 180,000 or more charge units,

5 a. flow will register 1 charge unit inL; = 0.08 sec.

The error for this measurement is in the order of

b T T TTTI

Fig. 3 (right): Block
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BATTERY CURRENT
DATA TO TELEMETRY

BATTERY AGE
AND TEMPERATURE ADJUSTMENT

SOLAR CELL p———o——T0 TELEMETRY
ARRAY BATTERY CHARGE
OR GATE STATE TO TELEMETRY
b 4
POSITIVE MONOSTABLE
———— TO LOAD THRESHOLD MULTIVIBRATOR
COUNT FORWARD {CHARGE) REVERSIBLE
BINARY
po—{ COUNTER
SHUNT ¢ R AC NEGATIVE MONOSTABLE
v ] HOPPE AMPLIFIER CLTE LI oy LWL THRESHOLD MULTIVIBRATOR [ counT BATTERY
BACKWARD BELOW SAFE
[ J {DISCHARGE e
I ALARM
2-KC
ASTABLE
MULTIVIBRATOR
RESETS olaten T r]_—__I"]
BATTERY AT
g RESET LATCH lgg—&ﬁg&sm
RELAY RELAY CHARGE
FULL DRIVER DRIVER REDUCEOD
BATTERY CHARGE RATE CHARGE RATE
MONOSTABLE
MULTIVIBRATOR
BATTERY
BELOW (00—
SOLAR CELLS PERCENT STATE
VOLTAGE OUT OF SUN MONOSTABLE  |OF CHARGE
EHAESHOLO MULTIVIBRATOR INVERIER N
integration time 0.08
R— = 2 = 0.004 or 04 Table 1
time constant 20
) Value
The integrator can be a transistorized operational L Ty (percent full charge)
type amplifier with capacitive feedback. 17 50
5. Charge Increment Detector: The charge incre- }g ?g 5
ment detector senses when the integrator output has }g g%gs

reached 1 unit of charge. Two voltage threshold cir-
cuits, one for charge and the other for discharge, each
followed by a monostable multivibrator or Schmitt
trigger, can provide this function. The multivibrator
pulses can be of the order of 1 msec. and will step
the charge state indicator and reset the integrator.

The charging threshold is adjusted (relative to
discharge threshold) to compensate for the “charging
efficiency” and may be varied by a temperature signal
from the battery if necessary.

6. Charge State Indicator: The charge state indi-
cator consists of a 17-bit reversible binary counter
that is advanced 1 count each time the battery is
charged 1 unit, and is retarded each time the battery
discharges 1 unit. Data in Table 1 indicates the sig-
nificant counter bit values.

The counter is unambiguous but must be restricted
from overflowing when all bits are “ones.” The least

significant hit represents = 0.00049, of hattery
capacity. This represents one charge unit.

An additional function of the charge state indicator

ELECTRONIC INDUSTRIES + October 1963

may be to provide an alarm if the battery charge falls
Lelow a safe level.

7. Charge Rate Control: Proper system operation
requires that the charge rate be decreased to a low
level after the battery reaches 100% charge. This is
effected by a latching relay driven by outputs from the
charge state indicator. When 100% charge is reached,
the relay is latched and a current limiting device is
inserted in the battery circuit. When the charge state
decreases helow 100%, the relay is reset and the cur-
rent limiting device is shorted out, thus returning to
the high charge rate.

Accumulation of errors in the integration of charge
is thus avoided by converting to a safe trickle main-
tenance charge at the indicated 100% point. This
effectively resets the charge integration system once
each charge cycle.
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Ground-k 1 antenna syster ,

heing used for arch and target acqu !

automatic tracking. command and telemetry

The basic problems lie in physical size

tiv
Ik ) with
! t aspects of i r t

THE AUTOMATIC TRACKING ANTENNA SYSTEM S bemg
considered here are normally the ground end of an
r-f commnmications link hetween a vehicle (sueh as a
satellite, missile or deep space probe) and ground.
They are not skin tracking radars: there is no need
for rapid scan, tracking mltiple targets, or very high
peak power,

The final goal of most space missions is to collect
useful datacon the ground. The data nay be scientific
measurements from experiments conducted on he
vehicle, vehiele status data, TV or other connmunica-
tons data either produced aboard the vehicle or re-
layed from another ground station, or combinations
o the above. In any case, the ground tracking an-
tenna system provides a basic fnction in receiving
data, sending command information, and collecting
angle-tracking data.

For obvious reasons it is highly desirable to mini-
mize the size, weight, and power requirements of (he
space borne r-f equipment. One method of doing this

is to maximize the sensitivity of the ground antenna
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-
|

Fig. 1: Curves of the
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1000 - noise.
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system. This is mainly true of deep space missions
and high altitude satellites. The sensitivity of an an-
tenna system varies dircctly with the gain of (he
antenna and mversely with the antenna system noise
temperature. Maximum sensitivity therefore, points
to greatest aperture size, mininnun receiver and an-

tenna noise, and lowest hackground sky noise.

Background Noise and Frequency

Fig. 1 1s a plot of effective sky noise temperatnre
in degrees Kelvin against frequency. The curves show
that background sun bursts and galactic noise are
the primary contributors to antenna noise tempera-
ture at frequencies in the range of 100 ymc to 1 «c.
Above 10 cc, noise from oxyvgen and water vapor
absorption beconies the prime offender. A minimum
sky-noise background exists from about 1 to 10 Gc
when the elevation angle of the antenna is more than
5% above the horizon. It should he remembered that
noise stars, the sun, and even the ground will radically
increase antenna noise temperature if the antenna is
allowed to receive noise from these sources. IFrom the
curves m Fig. 1, it is apparent that a major part of
frequency assignments for r-f links hetween space and
ground will be in the 1-10 cc frequency range. Since
a svstem noise temperature can never he less than
the sky background noise. the background noise
places a theoretic limit on sensitivitv for amtennas of
a given size.

Physical Size and Surface Tolerance

System sensitivity can be increased by expanding

By LAVERGNE E. WILLIAMS

Principal Engineer
Radiation, Inc.
Melbourne, Fla,
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the physical size ol the antenna aperture. There ap-
pear to be 3 fundamental Himits to aperture size, and
probably the most important is cost. Fig. 2 1s a plot
of reflector diameter as a function of irequency. on
which has heen spotted the estimated max. frequency
(hased on surface tolerances) for a number of tvpical
large antenna svstems. Neglecting fixed costs of snch
as the receiver and the servo system up to the drive
motors, the structure’s weight and cost vary closely
with the diameter o the 2.7 power. and the cost is
abont 82 per pound.

Steerable antennas  with hennspherical  coverage
have thus far heen cost-limited to diameters less than
300 ft.. as scen in 199g. 2. The 600-foot radio telescope
proposed for West Virginia was abandoned and the
unduly high cost was certainly one of the deciding
factors. The new 210-foot diameter antemna, shown
in Fig. 3. will be among the world’s Jargest when
1t 1s completed.

A sceond limiting factor on
physical size is the ability to main-
tain reflector surface tolerances
when the size of the reflector he-
comes thousands of wavelengths
in diameter. Not only i1s 1t neces-
sary to fabricate the surface to a
tolerance of nearly *=1/16 wave-
length, bhut the surface must be
the e

well-supported 10 maintain

surface contour tolerance under

extreme  conditions  of  position, 3
motion, environnient, etc. .\ num-
Ler of relatively new methods of

fabricating reflector surfaces are AN

now in development or available. N\

Reflectors with thousands of
wavelengths i diaimeter may be
the

relatively  commonplace  in

future.

The third hmiting factor on
physical size involves the varia-
tions of the relative propagation
qualities of the received signal
over various portions of the aper-
ture. To be effective the phlase

coherence of all the cnergy strik-

1
g the retlector should he ex- f‘
-

tremely  good. FFor very large

antenna apertures however, prop-
agation anomolies cause  phase
perturbations over the retlector

surface whiclt rednce gain even

though the retlector surface is acceptable. This factor
is thonght 10 bhecome significant when the diameter
of the antenna is i the order of 1,000 to 10.000 wave-
lengths. Thus. a practical limit 1s placed on maxinum
gain.
Economics

A second approach to large physical apertures in
volves slaving o number of small antennas together,
cach with its own preamplifier. and combining their
received signals coherently hy means of phase-locked
cirenitry. The relative economic advantage of this
procedure depends upon iy factors, but can he
analvzed qualitatively as follows

Assune the cost of an antenna systen can he ex
pressed as:

Fixed Cosis, ()

Total Cost = 5 (DIA2T 4+ )
Variable costs include the structure and the drive

svstent. Fixed costs include sucl items as the receiver.

Here is seen the 85-foot diameter broadband automatic tracking antenna
system. This equipment is being supplied by Radiation, Inc. for AFMTC.
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AUTOMATIC TRACKING (Continued)
R e e N S e —

servo system, and control console. The total cost per
unit aperture area is obtained as follows:

Total Cost

_ 5(DIA)* 4+ (Fixe(l} Costs)

Aperture Area - (DIA.)?
4
20 (DIA. o7 4 (Fixed Costs
= AL 4 + Hixed Cos )(l)l.\.)—? (2)
™ m

If the above assumptions apply, the minimum cos.
per unit area for a specified fixed cost can be de-
termined by differentiating the total cost per unit
aperture area with respect to reflector diameter and
equating the derivative to zero. This expression re-
duces to

Fixed Costs = 1.75 (DIA.)27 (37

Solving Eq. 3 for diameter will yield the reflector
size for minimum cost-to-aperture ratio.

Fig. 4 is a plot showing relative costs of 1, 2, 4, 8,
and 16 antennas to provide a given physical aperture.
In this example, the assumed fixed costs were 200
thousand dollars per antenna and a reflector diameter
of about 80 ft. is near optimum. From the curves, if a
total aperture equal to about a single 80-ft. diameter
reflector is required, a single antenna is most econom-
ical. When an aperture approaching the area of a
160-ft. diameter reflector is required, it is more econ-
omical to utilize four 80-ft. antennas. The aperture
corresponding to 225 ft. in diameter can be most
economically provided by eight 80-ft. diameter an-
tennas. In this case the total cost is only 68% of that

Fig. 2: The estimated maximum useful frequency, based on
the surface tolerance of various large antenna systems.
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of the smgle antenna. Another advantage of many
small antennas might he in better over-all utilization,
where each could be used on separate missions when
maxinmum sensitivity is not required. Also, they could
be slaved together for those missions requiring full
sensitivity. A third advantage involves redundancy ;
ie, if one receiver fails, the remaining units could
function with relatively little degradation. A fourth
advantage may involve the ability to coherently com-
bine signals from a group of small apertures rather
than a single large aperture. The requirement for
phase coherence applies only to the smaller apertures
because phase differences between these individual
apertures can be corrected by the phase-locked cir-
cuitry.

The above analysis is performed only to indicate
trends and makes many assumptions such as: negligi-
ble costs and degradation in performance in coherent-
ly combining the signals from the smaller antennas
and also no price advantage in quantity purchasing.

A different approach to the very large aperture
problem is use a number of feeds, each of which il-
luminates only a part of a large reflector surface. In
this way, phase coherence need only be maintained
over the small area “seen” by one feed and the phase
errors hetween feeds can be minimized with phase-
locked loops. The multi-reflector array on a single
pedestal (similar to the Radiation Inc. Telscom an-
tenna seen in a photograph) lends itself to this type
of operation.

Antenna Noise Temperature

Low noise antennas, that is, antennas with noise
temperatures approaching the background and sky
noise, can he obtained by using some of the low noise
techniques now appearing. One approach involves
careful feed design in connection with Cassegrainian
optics (see Fig. 3). A second is the big horn (Bell
Labs) approach. Both of these systems have been very
successful in achieving very low antenna as well as
system noise temperatures. The lower curve in Fig. 5
is a calculated average antenna noise temperature for
a high quality, large antenna system (approaching the
state of the art) under “average” sky conditions.

Receiver Noise

Probably the most fruitful area for increasing sys-
tem sensitivity per dollar lies in the development and
application of low-noise solid-state receivers and pre-
amplifiers. In Fig. 5, the average antenna noise tem-
perature is combined with several types of receivers
to provide an estimated system noise temperature.
The advantage of liquid-helium cooled masers is
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evident in the frequency range fron about 500 v¢ to
10 Gc or higher. At 800 mc. for instance, the maser
has about twice the sensitivity of a parametric ampli-
fier and about ten times the sensitivity of the same
antenna with a vacuum-tube amplifier. At higher
frequencies the improvement is even more pro-
nounced. These curves show that the use of masers
or other equivalent Jow-noise receivers is an excellent
method of achieving greater over-all svstem sensi-
Livity.

Tracking Accuracy and Target Acquisition

Two problems associated with system sensitivity
are tracking accuracy and target acquisition. High
sensitivity normally means a large aperture and very
small antenna beamwidth. frequently much less than
1° between half-power points. When the antenna is
used for angle tracking and the readout data are used
for orbital calculations, guidance. etc., tracking ac-
curacy is relatively important. Tracking accuracy is
a function of static mechanical parameters (such as
static deflections, alignment, thermal expansion) and
dvnamic factors which iuvolve the accelerations and
velocities 1 the systemn.

Other contributing factors are error-signal genera-
tion as a function of off-target angle which normally
varies directly with frequency, wind loading, and

environmental effects. Typical tracking accuracies re-
ported todayv for 83-foot antennas in the 200 to 2300
sc range are between 0.05° and 0.1°. Somewhat
hetter accuracy has been reported for the Bell Labs
liorn. The dynamic pointing accuracy of the Haystack
Radar Antenna is quoted as 0.005°.

When an antenna beamwidth narrows to a degree
or less, target acquisition becomes a problem, and
frequently a combination of methods are logically
employed to assure target lock-on. Sonie methods
employed involve computed coordinate location by
coordinate conversion from other tracking systems or
by the use of ephemeris data. .\ second technique is
to use a sector, circular, elliptical. or spiral scan
which covers a line or solid angle where the target
is expected to appear. A third method involves slav-
ing the narrow beam antenua to a relatively broad
heam acquisition aid antenna which initially acquires
the target and then the track can be transferred to
the principal antenna,

Most of the previous discussions relate to high-
performance, large antennas and these usually oper-
ate in a relatively narrow frequency band. \Vith these
high-performance systems, error-signal generation
jor auto tracking may be accomplished by means of
sequential lobing (conical scan) but is more fre-
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Fig. 3: Model of the new 210 ft antenna being procured
Caltech Jet Propulsion Laboratory for the NASA.

by

COST - MILLIONS OF DOLLARS

Fig. 4: Curve showing relative cost of providing a given aper-
ture with a single reflector or using several smaller anten-

nas.

Fixed costs were assumed at $200,000 each up tc 80 ft.
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Braadband “Telscom”
‘Telemetry, Surveil-
fance and Communi-
cations)  automatic
tracking antenna
system developed by
Radiation, Inc.

quently achieved by simultaneous lohing techmques
(amplitude monopulse or phase monopulse).

Frequency Coverage

A\ large number of the tracking problems associ-
ated with missiles and low-altitude satellites do not
require maxinmun sensitivity of the ground antenna
system because of the relatively short ranges in-
volved or the availability of higher vehicle transmit-
ter powers for relatively short periods of time. Fre-
quently, the ability to switch frequencies rapidly or
provide simultancous frequency coverage on a number
of relatively widely spaced frequencies is of prime
impoitance. Polarization diversity mayv also he an
important requirement. To meet these requirements.

AUTOMATIC TRACKING (Concluded)
T S W MR e T

a number of relatively broadband automatic tracking
antenna systems have been developed and are making
their appearance.

One such system is the 83-foot diameter antenna
(sce picture). This system covers a frequency range
from 100 to 2300 Mc.
conical spirals that are offset from the axis of the
parabola. One spiral is right circular and the other
is left circular and the entire feed structure is ro-

The feed system consists of two

tated to develop error signals by the conical scan ap-
proach. Since the spirals are oppositely polarized,
both right-circular and left-circular polarization can
he received simultaneously.

A\ second approach to the broadband tracking an-
tenna problem is represented by the Telscom antenna
system (sce photo identified). This system consists
of an array of reflectors, each of which contains a
broadband feed system. The array can be conically
scanned by introducing a variable phase shifter in
series with each element, or the elements of the array
can be coniected in a phase-monopulse arrangement
such that orthogonal error signals may he generated
in the difference channels corresponding to the di-
rections of motion of the antenna. The Telscom an-
tenna is capable of operating over a frequency range
from 216 to 2300 yc and orthogonal lincar polariza-
tion is available throughout the entire band. These

Fig. 5: Curves showing system noise temperature expected with well-designed antenna (average conditions and various receiving systems).
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signals can be combined as required to produce si-
niultaneous right- and left-hand circular polarization.

A third approach to the broadband tracking prob-
lem involves the use of an array of four frequency
independent antennas. These antennas have a gain
that is essentially constant with frequency and must
be arranged such that the effective phase center sepa-
ration is essentially constant in terms of wave lengths.
This implies that the effective aperture varies direct-
ly with the wavelength squared and hence the gain
of the system is essentially constant. For arrays of
log-periodic or log-spiral elements the gain is about

12 db.

Future Trends

It is the author’s belief that one of the most signifi-
cant factors in defining future automatic tracking
antenna systems lies in the area of cost versus per-
formance trade-offs. Low-noise receiving equipment
will undoubtedly come down in price and its fre-
quency coverage and versatility will increase. New
ideas in structures and antennas will permit increased
sensitivity for less cost. For a given requirement
many factors have to be weighed carefully to arrive at
the best system for a given cost. Frequently, antenna
companies have capability and solutions to problemns
that are proprietary and hence unknown to the gen-
One method of stimulating trade-off
studies and encouraging ingenuity is to specify track-

eral public.

ing antenna systems in terms of over-all performance
requirements and stating the fixed-price budget for
the job. It is quite possible that this procedure might
also result in a better system for lower cost, in many
mstances.
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WHATS NEW

POWDER METAL CATHODES

Receiving tubes with powder metal cathodes have

been announced by Sylvania Electric Products Inc.,
New York, N. Y. The powder metal strip cathodes
increase reliability and the life of components.

This material was developed jointly by General
Telephone & Electronics Laboratories Inc., and Syl-
vania’s Electronic Tube Div.

4

N

Process involves rolling the basic material carbonyl nickel
powder (1) and additive powders into a thin gauge strip (r)
which is necessary for normal cathcde cleeves (foreground).

The expected failure rate of Sylvania’s OAL'+
based on many tube hours of evaluation, has been re-
duced from 13.1% per thousand hours at 130v. line
with the previous material (a selected premium vac-
uum melted material) to 1.5% per thousand hours
under the same conditions when a special blend of
the powder nickel alloy was put into the cathode.

Blended powders of hasic carbonyl nickel powder
and additive powders are rolled into a thin gauge
strip. This prevents contamination which normally
occurs in cast material during the melting, pouring,
forging and hot-rolling operations. The powder rolled
niaterial is densified by cold rolling and annealing,
and following densification, is treated in the same
manner as normal cathode strip.

This type of preparation allows a large number of
alloys and compositions to be made, some of which
would be difficult or impossible to combine in any
other manner.

GOV'T ELECTRONICS TO COST $10 BILLION

From a total aerospace/defense project expense
of $55 billion, that includes NASA, FAA, and
smaller agencies, for fiscal 1963-1964, the U.S.
Government is expected to spend a little more

than $10 billion for electronic goods and services.
(E}A and Aerospace Management)
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An instrument for space use must have mini-
mum volume, minimum weight and small power
consumption. Unfortunately, these require
menls are nol always congruous wilh greatest
cquipment reliability. Maximum reliabilily ca
be oblained by using the five imporlant ave
nues in design and fabrication presented here.

BUILDING
RELIABILITY INTO
SPACE INSTRUMENTS

By STUART C. BAKER

President

Marshall Laboratories

diary of Marshall Industries

3530 Torrance Boulevard
Torrance, C

Mechanical reliability depends

on a design that will be spaceworthy,
can be built with no human error
and can be easily reworked

or changed in late stages.

Component evaluation

identifies and rejects

those whose characteristics

can be correlated to potential failure.

1

Excellence of workmanchip
is achieved by well-defined practices,
through training and skilled supervision.
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THE SCIENTIST WIIO WISHES TO INVESTIGATE physi-
cal phenomena in outer space needs an instrument
that will measure the phenomena of interest, and then
perform such functions that are needed to provide
output signals compatible with a telemetry unit.

The scientist sometimes solicits the aid of an engi-
neering and fabrication group to execute the detailed
instrument design and to assemble the hardware.
This group must satisfy the scientist’s measurement
needs as well as provide an instrument which is
compatible with the spacecraft design philosophy. An
increasingly important measurement need is that of
operational reliability for extended periods. Five
phases of reliability are considered in this article.

* * *

Reliability is often defined by the space scientist
not just in terms of total instrument failure, but
more significantly in terms of the stability of meas-
urement accuracy over the mission duration,

An Engineering Solution

Consider the tasks confronting the engineer who
must accomplish the instrument design. Laboratory
instrumentation which might normally occupy sev-
eral racks must be packaged into a volume about the
size of a coffee can. Delicate sensors must be made
impervious to launch shock and vibration environ-
ment, The instrument must withstand the rigors of
hard vacuum, high and low teniperatures, nuclear
radiation and dust particle impact. At the same time
it must not create static or oscillating fields which
would interfere with performance of other instru-
nmients. Most important it must have inherent meas-
urement stability when subjected to the severe en-
vironment conditions of space.

In the design of a space instrument, the needs for
smallest volume, minimum weight, least power, and
greatest reliability are not always compatible. Often
a compromise must be affected which best satisfies
the space scientist’s needs. Yet, under given con-
straints, it is the responsibility of each member of
the engineering and production team to provide an
instrument with the highest possible reliability.

Five Phases of Reliability

It is easy to agree that reliability must be “built-in”
and not just “tested-in”. Tt is somewhat more dift-
cult to choose those procedures which will “build-in”
the maximum degree of reliability under a given set
of ground rules. Five important avenues toward
“built-in”" reliability are considered to be (1) proper
electrical design, (2) proper mechanical design, (3)
component evaluation, (4) workmanship to high

standards and (3) quality control. Although the
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measures described below for implementation of
these 5 phases have yielded good results, it is not to
be inferred that these procedures either are unique or
produce the greatest reliability attainable under all
conditions.

Electrical Design

Circuit operation reliability depends heavily on
both engineering conservatism and attention to detail
during overall instrument “electrical system” design
and individual circuit design.

During development of a block diagram, much can
be done to enhance the ultimate instrument relia-
hility. Three examples are: (1) Rearrangement of
circuits or substitution can sometimes result in sim-
plifications. (2) A thorough look at input and output
points and an evaluation of the noise that could exist
at these points will often lead to the establishment of
conservative specs for input and output circuits. Ex-
ternal noise has sometimes proved catastrophic to the
operation of an otherwise well designed mstrument.
(3) A check of all possible conditions of a logic unit,
considering both unusual timing and non-normal
states caused by noise or existing after initial turn-on,
can prevent situations where a logic unit becomes
“hung-up” internally.

These examples are shown in Fig. 1. It is postu-
lated that a circuit must be designed to produce an
output pulse delayed from an input “start” pulse by
exactly 13 clock pulses. Fig. la shows the desired
timing. A circuit which provides the desired func-
tion is shown in Fig. 1. The isolation amplifier was
placed in series with the output line because a one-
shot multivibrator, without buffer, can be particularly
susceptible to noise on the output line. NAND and
flip-flop set inputs are designed to have high thresh-
olds for rejection of noise on the input lines. The
circuit may be simplified and improved as shown in
Ilig. lc. Not only are 2 blocks eliminated, but also
the reset circuitry on the binary counter chain can
be eliminated. Total parts saving is about 25% with
an attendant increase in reliability. The circuit shown
in Fig. lc will also “self-clear” automatically should
a noise transient introduce a false count into the
binary chain prior to a “start” pulse, whereas the
circuit shown in Fig. 1b would give the wrong output
on the next readout under the same noise transient
condition. '

There are those who use redundant circuit blocks
in cases where the reliability of a particular circuit
block is not as great as the others. Although the
merit of this concept may be sound, limitations of
weight, power, and volume may often preclude the
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SPACE INSTRUMENTS (Continued)

e - "I sl
use of circuit redundancy for all but a few circuits.
It is not unusual for the engincer to attempt to find
ways of increasing the circuit hlock reliability rather
than use a redwidant circuit.

FFrom block diagrams analysis of instrument opera-
tion comes the criteria and spees for design of the
individual circuits within each clock.

Success in attaining reliable circuit design depends
to a large extent on the design engineer’s knowledge
of the components to he used. Components of sturdy
design and proven reliability must be used. 1t is also
essential that the peculiar characteristics, and their
changes with change of environment he recognized
for each component, and taken into account during
circuit design,

Other ways to build-in reliability in the cireuit
design phase are by component derating, use of re-
dundant components in special cases, and most im-
portant, using a “worst-case” design. The “worst-
case” philosoply assumes that the parameters of all
components of a circuit will simultancously change

in the worst conditions. Some engineers consider

CLOCK

123456789 10101213

START
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100

the design to be relatively safe if a circuit is designed
to operate with a safety factor greater than 100%
under these “worst-case™ conditions.

In illustration of the “‘worst-case” philosophy, Iig.
2 is drawn to show a simple saturated transistor in-
verter. Under the conditions that i, = 2ma, mini-
mum value of £, in the “true” state is +4 v., all
resistors =39, a typical value of V. ¢ for the tran-
sistor is 0.2 v., and a typical value of 7, is 0.6 v. for
collector saturation.  Required minimum 8 for the
transistor may be found such that the collector shall
remain solidly saturated at all temperatures down to
—353°C. First, the “worst-case” philosophy is applicd

to component parameters as follows:

All resistors shall change in the worst direetion by 10%.
Vo wae shall he 0.3 v,

190 shall be 3 v,

Buar 11 —35°C shall be Uy of 8., at + 25°C.

Buar shall be 507 ¢ of the linear (active region) g.

Vo =hall be 0.9 v,

Second. the currents are then caleulated as follows:

. 3.7 N

= o= 307 ma
1.8K

o= 1y + i, =517 ma

Fig. 1a: Timing for a circuit that must be
designed to give an output pulse delayed
from an input pulse by 13 clock pulses.

Fig. 1b: The isolation amplifier was placed
in series with the output line because the
multivibrator, without buffer, can be very
susceptible to noise on the line. Fig. lc:
The circuit shown in 1b can be simplifed
by eliminating 2 blocks and the reset
circuitry on the binary counter chain.

Fig. 2: A simple saturated transistor in-
verter {above) schematic drawing is used
to illustrate the “worst-case” philosophy.
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0.9

iy = — = (.1 ma
111N

. 2.1

0 = (L.382 ma
5.5

in = 1, — 1 = 0.282 ma

The degree of conservatism indicated by these
“worst-case” design tenets may vield circuit stability
hevond that needed by the space scientist. By in-
creasing the stability, the engineer is only inereas-
ing the confidence level that the original measurement
stability needs will he met over the mission duration,
The extent to which conservatism may he used to dic-
tate increased stability is limited by other items such
as budget, schedule, weight and power.

A frequent and informal design review is used by
many engineering groups as a means for minimizing
errors and checking design validity.

Mechanical Design

Others have stated that the 3 basic needs of a relia-
ble mechanical design are that; first, the mstrument,
when assembled per the design, must be spaceworthy
from a mechanical standpoint; second, the design
and process specs must be such that assembly can be
done by experienced persommel with best workman-
ship practice and no errors; and third, the final in-
strument can be opened, after assembly, for change
or rework without impairing reliability.

The first need suggests an analysis of both struc-
tural and thermal design to ascertain that the stresses
of shock, wvibration, acceleration and temperature
affect neither the structure itself nor iternal ele-
ments. tleat dissipation may be a problem in certain
space environments, needing an analysis of best con-
duction path and surface treatment to provide an
acceptable internal temperature.

These factors, along with questions of shielding
against nuclear radiation or r-f interference or the
degradation of surfaces due to space dust particle
impact, are all important factors in the mechanical
design of reliable instrumentation. Many considera-
tions not mentioned here, such as the design of hear-
ings which must operate for long periods in a vac-
uum, are peculiar to certain instruments and need
investigation prior to design use.

The second need of a reliable design calls for
thoroughness on the part of the design team to think
through each assembly step. Poor workmanship can
be built-in to instruments by designing a unit which is
almost impossible to assemble or by calling for proc-
esses which can be properly done by only the most
highly skilled person. From this standpoint, it would
seem that an “opcn,” easy-to-work-on, package de-
sign is desirable; yet, an “open’” design philosophy
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Fig. 3: Modularized magnetometer was built for the Goddard
Space Flight Center to be flown on the EOGO space craft.

is almost always inconsistent with weight and vol-
nme needs. Sometimes such a dilemma can be re-
solved by designing a “tight” package. and at the
same time designing manufacturing jigs and fixtures
which ease or automate assembly.

The third need for ease of circuit change, rework,
or repair seems to he an admission that the engineer-
ing team has no faith in their own efforts toward
designed-in reliability. It must be recognized, how-
ever, that in the interim between initial concept and
launch, measurement criteria, interface specification
and engineering concepts have a way of being
modified.

An example of a design fulfilling these 3 needs is
an experiment shown in Fig. 3, which was built for
the Goddard Space Flight Center to be flown on the
EOGO space craft. The circaitry was modularized,
with modules interconnected by a multilayer welded
matrix. [Final interconnections to the modules were
made on the outer layer for ease of module replace-
ment. Iach of 2 such matrix assemblies were con-
tained in surface-treated magnesium housings which
plugged together to form the circuit interconnections.
Lightweight encapsulant was used to give mechani-
cal rigidity and a cushion against shock.

As in the case of circuit design, frequent design
reviews may he used to advantage in ascertaining that
reliability goals are met or exceeded.

Component Evaluation

Selection of reliable components which meet size
and operational specification is done during engi-
neering design. The purpose of component evaluation
is to identify and reject these components which
could fail. Often the evaluation process is done on
all parts and components destined to become flight
hardware rather than on a statistical basis.

(Continued on page 107)
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The emergence of vacuum deposition methods of
circuit manufacture has spurred interest in im-
proved vacuum pumps that can quickly and ef-
ficiently develop pressures down to 109 torr.
This discussion reviews the capabilities of two
of the most popular devices, ion pumps and the
cryogenic pumps. Additional details are given
on the problem of vacuum analysis, determining
the composition of the residual atmosphere.

IliIGH  AND  ULTRAHIGH VACUUM  are  spreading
throughout today’s science and technology at a fast
rate. Pressures of 10 torr and below, (Torr: the
pressure of 1 mm. of mercury at 0°C. and standard
gravity) formerly obtainable only in very small laho-
ratory systems, are now achieved in chambers of
many cubic feet in volume. Dynamic, demountable
vacuum installations made mainly of stainless steel.
ceramics and high-grade synthetics are providing
vacuum capability which, at one time, was limited to
static, sealed glass tubing of small diameter. ’rocess-
ing time and bakeout needs have been minimized.

This article will describe some of the most recent
developments in high and ultrahigh vacuum equip-
ment and technique, as related to creating and meas-
uring vacuum. The capabilities and limitations of
modern equipment will be discussed and possible fu-
ture trends explored.

* * *

The emphasis in our discussion of pumping will be
on condensation methods, such as ion pumping and
crvogenics. These techniques allow the system to he
isolated from the roughing system with a valve after
high-vacuum pumping begius. This eliminates any
atmospheric access and avoids problems which would
otherwise arise in case of a power failure, They also
have the virtue of pumping in a clean, oil-free man-
ner. Older and more conventional kinds of equip-
ment, using oil and mercury diffusion pumps, have
heen treated at great length by many authors over
the past 50 or more years. Lixcept for historical
references, these are outside the scope of this article.

Oil diffusion pumps have heen and still are used in
many applications. However, there is an increasing
nwmber of areas in which hydrocarbon backstream-
ing, even if miniized, is detrimental. Other desires
also, such as scaled-system operation, low mainte-
nance, and minimum operating cost, have spurred the
development of ion pumps and crvogenic devices.
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Present-day ion pumps stem from FF. M. Penning’,
of Philips Laboratories, Eindhoven, Holland. He de-
veloped the technique of a cold-cathode discharge in
a magnetic field by which the discharge is maintained,
even at high vacuum.

The use of sputtered metal films in producing high
vacuum was mentioned in one of Penning’s patents.”
The ions formed in the discharge sputtered cathode
material onto the walls of the device, and the sput-
tered films trapped gas, resulting in a pumping effect.
This is the effect which forms the hasis for today’s
ion pumps. Out of all the many forms of ionic vac-
uum pumps,®* the Penning-type pump has emerged
as the one in widespread use today. In the short space
of five years, a multimillion dollar industry has de-
veloped around it.

Since ion pumps, like cryogenic pumps, are storage
devices, it is reasonable to ask how they can have long
life. As it turns out, they are intrinsically long-lived
devices and, at this date, there is no known case of
failure due to exhaustion of cathode material. In any
case, pump elements are replaceable, while the pump
casing is stainless steel and almost indestructible, The
operating life of ion pump elements increases directly
with decrease in pressure. For example, at pressures
of 10°% torr and below, it is measured in hundreds
of years.

By Dr. LEWIS D. HALL

President

Ultek Corp.

P. 0. Box 10920
Palo Alto, Calif.
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Fig. 1: lon vacuum pumps are becoming popular. Here are three
pumps by Ultek that range in size from 50 to 200 liters/second.

The BoostiVac

A recenf Ultek invention, with the trade name of
BoostiVac*, has extended the capabilities of the
Penning-type pump. It is a combination of an ion
pump and an additional, independently operated
source of reactive metal. In the ion pump, the cold-
cathode discharge produces great quantities of acti-
vated neutrals which saturate the sputtered filius as
fast as the films are formed. There is thus a large
surplus of these active atoms and nwolecules at all
times. Because they are neutrals, they do not aid in
sputtering. Hence, they do not provide the material
which would result in their own trapping. They can,
however, be trapped much more easily than stable,
unexeited molecules, if an additional source of titani-
w is available.

Fig. 2: The capabil-
ities of the Penning-
type pump have been
extended in the
BoostiVac pump and
power unit shown.
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The BoostiVac thus provides an effective pumping
arrangement, Great numbers of gas molecules are
activated by the pump, and those which are not
trapped inside the pump itself are captured by the
evaporated titanium film. This interaction between
ion pump and evaporated film is highly non-linear.
Pumping speeds attainable with the combination are
much greater than the sum of the individual pumping
speeds of pump and film separately

Using the BoostiVac in bell-jar systems, as shown
in Fig. 3, has enabled pressures in the 1010 torr
scale to be achieved in glass bell jars with Viton A
gaskets and without bakeout. Systems of this kind
are useful for thin film deposition because of their
high pumping speeds and freedom from oil.

This pumping combines the good features of evapo-
rator and cold-cathode pump. It makes possible much
higher pumping speeds than were previously obtain-
able with ion pumps, and without a great increase in
cost. New kinds of ion pumps and ion-pumped sys-
tems now become feasible, and will be economically
conipetitive with oil pumps.

Cryogenic Techniques

Cryogenic pumping, i.e., the trapping of gas mole-
cules in refrigerated surfaces, is an old technique
which has experienced a strong revival. It was first
reported by Dewar,® who created a vacuu by cool-
ing activated charcoal with liquid air. The charcoal
has a very high surface area and at liquid air tem-
perature can trap large quantities of gas. Recent
adaptions of Dewar’s technique have used zeolites,
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Fig. 3: Ultrahigh
vacuum system en-
ables pressures in

Fig. 4: Vacuum sys-
tem below is for the
10" Torr range.

Fig. 5: The sketch
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the 107° Torr scale.

VACUUM EQUIPMENT (Continued)
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the so-called “molecular sieves,” and have been used
chiefly as a substitute for mechanical roughing
pumps. rather than as a high vacunm technique.
Cryogenic methods can he of great value when
combined with ion pumping or with the BoostiVac
technique (ion pumping plus evaporation). As shown
by Clausing® and others, the pumping speed of an
evaporated titanium film increases with decreasing
temperature. Provision is made in certain kinds of
ion-pumped systems to deposit titanium onto the
surfaces of liquid nitrogen-cooled shrouds. Tig 4
shows such a system, designed for mechanical testing

of metals.

The Bayard-Alpert lonization Gauge

The Bayard-Alpert gauge,® introduced in 1950, is
the mainstay of the high vacuum field. Fig. 5 shows
a line drawing of the gauge and its basic circuits. In
operation, electrons are attracted by the transparent
grid (anode) which is held 100 to 200 volts positive,
with respect to the filament. Jons are formed by colli-
sion with gas molecules, and these ions are captured
by the collector. The current represented Dby the
arrival of ions at the collector is measured in the
external circuit and is proportional to pressure.

The Alpert gauge, in various modifications, is
used to measure pressures from the 10 scale down
to below 10°Y torr. Tts accuracy decreases helow the
10* range hecause of the X-ray photo effect. This
effect comes from X-rays created by the clectrons
striking the grid. The N-rays thus formed propagate
in all directions, and those which strike the collector
liberate photoelectrons. The resulting current in the
external circuit provides a constant background level,
mdependent of pressure. The lower the pressure, the
more serious this background photocurrent becomes,
since the 1on current varies directly with pressure.

Recent Developments in Gauges

Pumping capability has now surpassed gauging.
Available ion-pumped systems, for example, have at-
tained pressures which cannot he reliably measured
hy gauges now on the market. In one such system,
after baking above 630° C,, the pressure as indicated
by pump current and rate-of-rise measurements was
estimated at 2 x 107 torr or below. Like results
have been obtained with other ion-pumped systems,
such as that shown in IFig. 4, after a 300° C. hakeout
of most of the chamber. Results of this kind are
spurring the search for new and improved ultrahigh
vacuum gauges.
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One of the latest devices for use in the ultrahigh
vacuum realm, the Redhead Gauge, was invented by
P. A. Redhead.? A ruggedized, bakeable modifica-
tion developed by W. S. Kreisman is shown in Iig.
0. The operating range for this gauge, as quoted by
its manufacturer, The Geophysics Corporation of
America, is from 10% to 10" torr. There is no X-rav
linit, but it requires a magnetic field.

A very interesting approach to the X-ray limit
problem in hot-cathode ionization gauges was con-
ceived and tested by W. C. Schuemann.!® This device,
the Schuemann Photosuppressor Gauge, is shown in
I'ig. 7. The shield intercepts X-rays from the ioniza-
tion region and prevents their reaching the suppres-

lons pass through the hole in the shield and
impinge on the collector. The negative bias on the
suppressor rings prevents photoelectrons from escap-

ing from the collector, and prevents any photoelec-

Fig. 6: The Kreisman gauge has an operating range from 10°
to 10°* Torr. It requires a magnetic ficld to operate.

trons ejected from the inside of the shicld oritice from
getting to the collector. Schuemann states that the
NX-ray photocurrent is entirely suppressed by this
gauge, and pressures of 2 x 1072 torr have heen
measured. The Schuemann gauge is the miost posi-
tive approach taken to eliminate the X-rayv effcct, and
its further development will be watched with great
interest.

Vacuum Analysis

Vacuum gauges, as described earlier, can only give
information as to the total pressure existing in the
vactum system. They tell us nothing about the com-
position of the residual atmosphere, and their read-
ings become increasingly difficult to interpret as the
pressure decreases, because they are calibrated in
terms of a single gas—usually nitrogen

at pressures
much above ultrahigh vacuum. In dealing with high
and ultrahigh vacuum we need to know more about
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what gas species are actually present and in what
amounts. For example, in an unbaked vacuum sys-
tem the principal gas is water vapor, while in a baked
system it may be carbon monoxide.

Devices which give information as to the kinds and
amounts of residual gases are called mass spectrom-
cters or vacuum analyzers. One of the most interest-
ing mass spectrometers for vacuum analysis was de-
veloped in Germany by Paul and Raether.™ Tlns is
called the mass filter, and is shown in Iig. 8 Some
of the advantages claimed for the mass filter are:

1. No magnetic field

2. lligh sensitivity

v

3. Rapid scanning

Compact

. Can be entirely bakeable

Ihese points make it very attractive for use in

g

o

analyzing transient processes, as for example in moni-
toring changes in the residual atmosphere which
occur during bell-jar operations, such as thin film
deposition. The sensing head can be installed inside
the bell-jar and, therefore, monitor the gases, includ-
ing condensibles, which are evolved or already pres-
ent during thin film evaporation and deposition.
According to Boehm and Guenther,'* the range ol
mass numbers from 2 to 100 can be scanned i two

seconds.

Future Trends

The applicalility of ion pumps and cryogenic de-
vices increases as the pressure decreases, hence it
can be predicted that as we go to higher and higher
vacuum their use will become even more widespread.
Pressures which are too low to measure, but which
are estimated at less than 2 x 10! torr have been

Fig. 7: Schematic of a photo-current suppressor gauge. This gauge
by Schuemann licks the X-ray problem in vacuum measurements.

~ FILAMENT (+50V)

D 1

U,
IONIZATION GRID
(+200V)
COLLECTOR
L.
SHIELD _
(GROUND) ,.
SUPPRESSOR RING
(=300v)

105




VACUUM EQUIPMENT (Concluded)

Fig. 8: Sketch shows a mass spectromo-
ter that is used for vacuum analysis.

achieved by cold-cathode ion pumps unaided at room
temperature, in single-walled vacuum chambers. Add-
ing the BoostiVac technique and cryogenic panels
gives even better performance in these bakeable sys-
tems.

The vacuum system of the future for thin film
deposition will probably contain, in addition to con-
densation type pumps and an ultrahigh vacuum
gauge, a built-in mass spectrometer for analysis of
gases present in the chamber during operation. Fur-
ther refinements may include servoing the deposition
process to the signal from the mass spectrometer.
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AN INSTRUMENT DESIGNED to

measure evaporated films as thin

as 10% grams/cm?® is now available from the West-
inghouse Scientific Equipment Dept., Pittsburgh, Pa.
The Model-701 quartz-crystal microbalance measures
changes in mass deposited on a crystal surface by
measuring the corresponding change in resonant fre-
quency of the crystal.

The instrument can measure directly the mass of
extrathin films, either metal or dielectric, without cor-
rection for any other physical properties. It can also
measure these films over a range of 0.05 to 40,000
angstrom units with an accuracy of better than 1%.

Another important feature is the instrument’s elec-
trical readout. The readings may be used either to
measure or to control the process rate of deposition.

The microbalance represents a valuable tool for
many investigations in surface physics studies, such
as oxidation, absorption and reaction rates, sputter-
ing yields, studies of films formed by other methods,
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and measurement of deposited film thicknesses and
preparation rates.

Measured films, either conducting or insulating,
may have been formed by evaporation, sputtering,
chemical reaction, or other means. The unit can be
used with electronic readout counters or frequency
meters.

HOW NASA HAS GROWN

Growth of the National Aeronautics and Space Ad-
ministration since it was created Oct. 1, 1958, is il-
lustrated by the following table:

Fiscal Appropriation Employees

Year (in millions) (Fiscal year)

1959 $339 9,236

1960 524 10,232

1961 967 17,471

1962 1825 23,686

1963 3674 30,339

1964 5351* 32,500 (proposed)

*Authorization
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SPACE INSTRUMENTS (Concluded)

... from page 101
Methods which have been successfully used to
‘weeding-out”

‘

upgrade component reliability by the
process include (1) operational run-in at elevated
temperatures under high power, (2) thermal cycling.
(3) thermal shock, (4) mechanical shock and vibra-
tion, (5) mechanical shock at low and high tempera-
tures, and (6) X-ray examination. [‘or most of
these tests, pertinent parameters are monitored for
detection of erratic behavior. Along with these tests,
microscope inspection of construction and workman-
ship is needed to discover flaws which may lead to
deteriorated performance.

Certain high reliability programs call for com-
ponent monitoring and evaluation procedures which
go much further than the above test. Although the
measures adopted in such programs are desirable.
typical space mission schedules often preclude the
use of these “high-rel” parts.

Assembly Workmanship

Workmuanship practices are established in an engi-
neering group through the processes of hard experi
ence arkl common sense. These practices dictate ac-
ceptable methods of soldering, welding, routing
cables, preventing cold flow, attaching connectors,
cleaning circuit boards, conformal coating, and so on.
Presumption is that if these methods are used with
skill, quality workmanship is the result. Uniortu-
nately this is not always true.

It scems fair to assert that skilled assembly people
are needed if quality workmanship, the need for per-
fection, and a clear understanding of the methods to
attain quality of workmauship must be communi-
cated to the group who are expected to assemble a
reliable instrument. Lectures, training programs,
blown-up diagrams and, perhaps most important,
qualified supervision are factors and devices which
have been found successful in promoting excellence
of workmanship.

Quality Control

Primary role of the QC group is to ascertain that
the provisions of the reliability program, relating to
hardware, are met. In one sense, the QC function
in the flight hardware fabrication area is similar to the
design review function in the engineering avea.

Control of flight hardware quality is exercised
through the processes of vendor surveys, receiving
inspection of incoming parts or components, com-
ponent evaluation, certification of weld schedules, in-

process inspection of the completed flight unit.
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Fig. 4: The quality control function in hardware fabrica-
tion is similar to the design review function in engineering.

11

The QC group 1s sometimes :Uso assigned the ta-k
of maintaining measurement standards by which part
or component conformance to accuracy and stability
are determined.

Conclusion

Providing built-in reliability is the responsibiliny
of each member of the engineering manufacturing
team. lividence that the tecam has been successful
in providing a space-worthy instrument is available
only after the space scientist has obtained satisfactory
data to the end of the spacecraft life.

AEROSPACE/DEFENSE FIRMS
DISTRIBUTED BY STATE

From an estimated total of 6685 U.S. industrial firms
now engaged in some way in the aerospace/defense
industry and market, the following table indicates the
fiﬁigsg[bution of numbers of firms by state, as of Jure

3:

Alabama 21 Nebraska 12
Arizona 34 Nevada 6
Arkansas 5 New Hampshire 28
California 1606 New Jersey 521
Colorade 41 New Mexico 25
Connecticut 417  New York 880
Delaware 15 North Carolina 32
District of Col. 35 North Dakota 1
Florida 115 Ohio 374
Georgia 13  Oklahoma 34
Idaho 2 Oregon 15
linois 459  Pennsylvania 414
Indiana 134  Rhode Istand 38
lowa 18  South Carolina 7
Kansas 21 South Dakota 4
Kentucky 14 Tennessee 22
Louisiana 4 Texas 112
Maine 11 Utah 14
Maryland 109 Vermont 12
Massachusetts 450 Virginia 55
Michigan 244  Washington 43
Minnesota 76  Woest Virginia 6
Mississippi 2 Wisconsin m
Missouri 64 Wyoming 6
Montana 1 Alaska ¥
TOTAL 65635

(Aercspace Manavement)
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2106 MC MIXER

(110, % 0)
RF INPUT

A prime requisite in manned space pro-
grams is near-perfect communications. For
the Apollo program an S-band radio sys-
tem has been developed which is capable
of handling both digital data and voice.
The system is described here, with atten-
tion to the unusual aspects of its design.

S-sanD RADIO will maintain two-way contact with
the Apollo spacecraft throughout its journey to the
Moon and return. A transponder will receive up-
link digital data and voice. It will transmit voice,
digital data, and TV signals on the down-link, and
will provide phase-coherent turn-around of the carrier
and re-transmission of ranging signals for navigation.

The official designation for the transponder is
“Unified S-Band Equipment” (USE). The ground
terminals of the two-way circuit will consist of sev-
eral transmitter/receiver stations similar to the DSI1-
Stations currently used.

The transponder is similar in electrical design to
those used on the Ranger and Mariner missions.
However, the bandwidth, sensitivity, and operational
modes are tailored for the Apollo mission. Principal
ditferences are in the transmitter, which will handle
wide-band FM, narrow-band FM, and wide-band
phase modulation.

* * *

The Unified S-band Equipment (USE) con-
sists of a transmitter and phase-lock receiver. The

A COMMUNICATIONS
SYSTEM
FOR “APOLLO”

transmitter may be excited coherently with the re-
ceived carrier signal or by either of two internal
oscillators.

Three transmitter output modes are provided. The
300 mw. S-band output of the all solid state trans-
mitter is fed to the spacecraft antenna throngh a
diplexer, or through a TWT amplitier providing
either 5 watts or 20 watts,

The Receiver

In the receiver, a voltage-controlled crystal oscilla-
tor (VCCO) is used as the reference signal for the
local oscillator multipliers, and as the reference sig-
nal to the phase detectors. Phase lock on the re-
cetved carrier is maintained by using the output
voltage from the phase detector to control the fre-
quency of the oscillator. Fig. I shows a block dia-
gram of this loop. In operation, up-link phase lock
is obtained by slowly sweeping the ground trans-
mitter through the frequency region of the receiver
input, which is about 2106 Mmc. Down-link telemetry
shows when up-link phase-lock has heen achieved.

The USE receiver has a carrier tracking thres-

Fig. 1: Simplified receiver block diagram of unified S-band equipment.
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By DON R. HOLCOMB

Ass’'t Project Leader
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Military Electronics Div.
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Fig. 2: Block diagram is a simplified SIGNALS RECEIVER)
drawing of the transmitter operation.
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MODE ' VIDEO RANGING
CONTROL MODULATION
19 GATE | g CONTROL
PHASE VOICE &
MODULATORS TELEMETRY
MODULAT{NG
SIGNAL
PWFM
MODE CONTROL
. POWER VARACTOR o RF OUTPUT
hold sensitivity of —132 dbm, a AMPLIEIERS [ | MULTIPLIERS 2281. MC (1201 )
tracking loop noise bandwidth of
about 1,000 CPS: at operating D

signal levels, and an Automatic Gain Control (AGC)
dynamic range of 80 db. The receiver uses dual fre-
quency conversion. The Ist i-f is 50 Mc.

The 2nd i-f consists of two parallel amiplifiers, a
wide-band and a narrow-band amplifier operating at
10 mc. The narrow-band amplifier uses a 10 K¢
bandpass quartz crystal filter. Its output drives two
phase detectors in quadrature, the phase-tracking
detector and the AGC or amplitude detector. The
AGC signal is fed through a Miller integrator-filter-
amplifier back to control the gain of the Ist i-f am-
plifier.

The output of the tracking phase detector is fed
through an R-C ‘“lag” network to the VCCO. The
output of this oscillator, is used as the reference
signal to the phase detector, to the local oscillator
frequency multipliers, and as the coherent r-f refer-
ence for the transmitter.

The wide-band 2nd i-f amplifier is simply an R-C
coupled video amplifier with input and ontput I.-C
filters. The wide-band amplifier output is fed to a
wide-band phase detector or demodulator, nominally
phased at quadrature with the reference signal to
detect phase-modulation on the up-link. This output
contains both the up-link voice and data sub-carriers
and the ranging signals.

The following outputs are available from the re-
ceiver:

1. The wide-band up-link information
digital data and ranging signals)

2. An rAf reference signal output at 2/221 of the

(voice,

incoming signal frequency (used in the transmitter)
3. A measure of received signal strength (AGC
voltage)
4. A measure of the ground transmitter’s apparent
frequency offset from the tracking crystal oscillator’s
natural resonant frequency (Static Phase Error)

ELECTRONIC INDUSTRIES +« October 1963

The Transmitter

The USE transwmitter operates as an adjunct to
the phase-lock receiver. In the coherent mode, the
transniitter output is at a carrier frequency of 240/221
times the incoming signal frequency. In other modes,
the transmitter output is nominally at this same
frequency, about 2287 mc. Fig. 2 illustrates the oper-
ation of the transmitter.

For coherent transmission, the r-f reference signal
from the receiver is fed through R-F Gates, the Phase
Modulators, additional R-F Gates, the transistor
Power Amplifiers, and finally through the Varactor
Multipliers to the output. In this mode ouly phase
modulation is available. Voice and telemetry signals
are modulated onto subcarriers for transmission to
carth. Ranging signals may he modulated in a similar
manner onto a cascaded phase modulator, provided
the ranging modulation control is actuated. thus clos-
ing the Video Gate.

If the receiver is not locked to a ground station,
the receiver's VCCO will be “noisy,” since it will be
modulated by low frequency receiver thermal noise,
passed by the “lag” filter. A “‘clean” signal must be
generated for transmission back to earth to enable
ground stations to lock onto and angle track the
spacecraft, preparatory to search and lock of the
transponder receiver. Therefore an Auxiliary Crystal
Oscillator is included in the transmitter.

In the Auxiliary Oscillator mode, modulation ca-
pabilities are identical to that of the coherent mode.
A\ corollary mode of operation is “Emergency Voice.”
This does not refer to a spacecraft emergency but
rather an alternate mode for voice communication.
In this mode, all other modulations are gated off,
and the voice signal is used to narrow-band frequency
modulate the Auxiliary Crystal Oscillator.

The transmitter also operates in a wide-band '\
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APOLLO TRANSPONDER (Concluded)
]

mode. In this mode an [.-C voltage-controlled oscil-
lator is modulated hy a composite waveform of TV
video and syne, and telemetry and voice sub-cirriers.
Modulation response is about *0.5 db from 5 c¢rs to
1.5 mc. Frequency stability is achieved by an auto-
matic frequency control-AFC-system that periodical-
Iy compares the output frequency to a reference
frequency and slowly varies the output frequency to
reduce the difterence. Either the r-f output from the
receiver VCO or the Auxiliary Crystal Oscillator
may be used as a reference.

The output of the transmitter modulators, cither
phase or frequency modulated, is fed through a final
r-f gate to a series of transistor power anmlifiers,
varactor frequency multipliers and out through a
microwave filter.

A problem of some concern is corona from the high
frequency circuits of the transmitter. High Q traps in
3 w. r-f circuits can generate considerable voltage.

Power Supply

The power supply converts 115 v., 3 phase, wye-
connected, 400 cycle power to +15 and —15 v. dc.
It is a conventional, unregulated supply. Output
ripple with specified maximum line unbalances is less
than 3 mv, rMs. Critical transponder circuits, such
as oscillators, are independently zener regulated at
the circuit. Power supply efficiency is 80%. Overall
power consuniption is 16 w. (into the supply).
Reliability

Analytically, the reliability of the transponder has
improved two-fold during development. A single
transponder, including power supply, is now calcu-
lated to have an MTBF of greater than 30.000 hours
based on 2 parts count and accepted component fail-

ure rates.

Fig. 3: An engineer

is observing the dis-

charge effects in the

transmitter r-f cir-

cuitry at low pres-
sures.
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Mechanical Description

The complete transponder and spare wie one
integral package. The package consists of power
supply, receiver and transmitter modules, bolted to
a duplicate set of modules. A front plate is attached
to one end, and a top plate covers the cableway.

This arrangement forms an active unit bolted to a
coniplete spare transponder. To actuate the spare
transponder, the front panel is unbolted (it is held by
captive bolts) and rebolted to the opposite end of
the symmetrical assembly. The complete unit is now
identical to the arrangement using the normal unit.
[t may now be turned around and replaced into the
equipment rack.

A REPRINT OF THIS ARTICLE CAN BE OBTAINED
by writing on company letterhead to
The Editor
ELECTRONIC INDUSTRIES
Chestnut & 56th Sts., Phila.,, Pa. 19139

The USE outward mechanical shape is determined
by the standard equipment compartment in the space-
craft. Inside its compartment, the USI is clamped
snugly against a heat exchange plate.

Within the housing of the receiver and trans-
mitter are ““Tee Section” modules. The Tee chassis
construction is a well-proven technique. The Tee
section module design is used in cavities to reduce
all signal levels at the surface of the module to less
than 10 microvolts into 50 ohms. Normal r-f signal
amplification and processing is done on one side of
the Tee. Power supply lines are decoupled as they
pass through the web of the Tee from power distri-
bution lines.

At least one other level of decoupling is obtained
as the power lines are fed through the top of the Tee.
The RIT level of 10 microvolts is a good conservative
figure for these uses. However, the transponder is
more sensitive to sonme frequencies. In the case of
these frequencies, even further isolation is needed.

I-I* and VIIF signals are transmitted through
miniature double-shielded coaxial lines. Microwave
signals are fed through solid copper tube type cables

-Coaxitube—and through larger flexible coaxial
cables.

R-17 output and input signals are fed through slide-
on TNC connectors at the rear of the transponder.
Power connections, control lines, monitor and test
leads are brought out through plugs mated to the
hack side of the front panel.

The complete dual transponder weighs 34.5 1bs. and
occupies a volume of 861 cubic inches. Components
alone weigh about 22 Ibs. giving a weight ratio of
clectrical parts to structure greater than 1.7 to 1.

ELECTRONIC INDUSTRIES <« October 1963




140

= HEAT DISSIPATING
" NUVISTOR SOCKET

*Patent Pending

This unique new Cinch socket (part No. 133-65-10-
041), with the fingered-style base, will lengthen tube
life and insure maximum performance from VHF
= and industrial type Nuvistor tubes. The appreciable
ACTUAL SIZE kig reduction in envelope temperature (see graph) pro-

! vides substantially increased tube reliability. The
socket also permits very low inductance to ground
at frequencies up to 1200 megacycles.

N 2h ey |
Sy

Cinch heat dissipating sockets and the other VHF

120

Nuvistor tube sockets illustrated are all available

100

/ : for immediate delivery, in quantity, from your Cinch

80

/ Distributor.
A2

60

40

3 Cinch Representative or write us direct.

20

/ For detailed specifications, contact your nearest
7/

Shell Temperature Rise Above Chassis—°C

%

1. Crimp mounted socket (with tube lugs not making

] Gz

*
1.0 2.0 3.0 |

-
Total Power Input—Watts ) m"‘ T

contact with socket saddle) PC Board .
2. Crimp mounted socket (soldered to brass chassis) Stapd-off type C""TP-'V'OU"ted SadglecMounted
3. Heat dissipating socket (soldered to brass chassis) Nuvistor Socket Nuvistor Socket Nuvistor Socket
cCc.6318

CINCH MANUFACTURING COMPANY

1026 South Homan Avenue, Chicago 24, lllinois
Plants located in Ch'cago, lllinois; Shelbyville, Indiana;
City of Industry, California; and St. Louis, Missouri.

Circle 38 on Inquiry Card A DIVISION OF UNITED-CARR FASTENER
CORPORATION, BOSTON, MASSACHUSETTS




TIL Series controls re-
faceable incandescent
amp with small current
signal. TIB_ Series adds

JVDC
SUPPLY
LIGHTS |
NEON ....
INDICATORS

If your design is limited to low voltage supplies, but requires the rugged, long
life performance of neon lamps, specify TEC-LITE Low Voltage Neon Indicators.
LVN Series’ self-contained, transistorized circuitry steps up supply voltages as
low as 3 VDC to high voltage AC that fires both efements of the neon lamp.

If desired, low level signals - as low as 2 volts— typically present in computers,
industrial control, missile guidance and other solid state systems can be used
to control these versatile indicators.

LVB Series Indicators offer features of the LVN Series plus an SPST normally
open or normally closed switch rated at 100ma at 120 VAC, non-inductive. This
combination indicator and switch simplifies design and conserves panel space.
Specify reliable (life exceeds 10,000 hours) TEC-LITE Low Voltage Neon Indica-
tors whenever high voltage is not readily available or not desirable in your design.
Your TEC-REP has details, or write directly.

LVB Serles

® Supply voltages: 6, 12, 18 or 24 VDC +109%, standard. Other supplies
from 3 to 48 VDC available in custom designed models.

® Six cataloged models operate from a range of lamp control signals
and polarities.

® LVN Series size: 9/16" dia. x 2" long backpanel.
Price: As low as $8.65 in 100-499 quantities.

® LVB Series size: 9/16" dia. x 2%" long backpanel.
Price: As low as $9.95 in 100-499 quantities.

® Available with a variety of terminals, lens colors and styles.
® Mount on %" centers.

ETEELiTE

INDICATING DEVICES

Originator of
Transistorized
Indicating Devices

Transistor Electronics Corporation

Box 6191 Minneapolis 24, Minnesota Phone (612) 941-1100
3ma CONTROLS 2 VOLTS 24SEC PULSE TURNS ON | 2 VOLT BINARY CODED
INCANDESCENT CONTROL NEON INCANOESCENT INPUT SIGNAL CONTROLS

INDICATOR INDICATOR INDICATOR DIGITAL REABOUT
:’33 y A
3
= 52,

-

MTL Series controls
neon lamp with small
voltage signal, TBL
Series combines same
functions with isolated nal,

TML Series with replace-
able incandescent lamp
turns ON with small sig-
remains ON when

TNR Series dispiay con.
trolled by low tevel dec-
imal or binary signals,
Memory optional. Mounts

isolated SPST switch,

EC-L

ITE Transistonized Indicators are

SPST switch,

signal is removed.

on 1* centers,

T
3,041,499, French Pat. No. 1,291,911, {talian Pat. No. 647 4} 4. Belgian Pat. No. 60

Circle 39 on Inquiry Card

protected by one or more of the lollow'nfzpastents. U.S Pat. Nos. 2,985.874 ;
.246.
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Vacuum System

The Model 120 ultrahigh vacuum sys-
temn produces and maintains a guaranteed
pressure of 2 x 107 mm Hg as measured
by a modified Bayard-Alpert type gauge.
The base pressure of the system, when
measured by an ultrahigh vacuum cold
cathode gauge and control, is in the low
10" mm Hg range. These low pressures
are attained without additional bakeout
during the pumpdown cycle and without
cryogenic surfaces inside the chamber.
Additional information contained in data
sheet 120.1 from Ilikon Corp., Natick In-
dustrial Ctr., Natick, Mass.

Circle 160 on Inquiry Card

Vacuum Measurement

This data describes the model 509 which
measures in the 107 to 10~ Torr. Using
standard ionization techniques and adapt-
able to many popular tube gauges, it
meters both emission and vacuum read-
ings. Model 509A is available with a
meter and strip-chart recorder. RIL FElcc-
tronics, Box 143, Southampton, Pa,

Circle 161 on Inquiry Card

Vacuum Oven

The HB-1 is designed for use in con-
trolled atmosphere production systems
such as transistor fabrication. Particularly
notable is a 10 in. cylindrical, stainless-
stecl mufile that distributes even heat to
the work load in the shortest period of
time. leaters mounted in the door and
curved heaters enveloping the muffle
length provides max. temp. uniformity.
Temp. level is controlled by a thermo-
couple. Philco, subs. of Ford Motor Co.,
Lansdale, Div., Lansdale, Pa.

Circle 162 on Inquiry Card

Pressure Meter

A meter that measures both vacuum
and pressure with accuracies to 0.05% or
better is described in this illustrated bro-
chure from MKS Instruments, Inc,, 45
Middlesex Tpk., Burlington, Mass. In-
chuded in the illustrated brochure are a
broad range of applications for measur-
ing, controlling and recording vacuum,
ultra-low differential pressure and gage
pressure. Detailed electrical and mechan-
ical specs are also included with a circuit
schematic.

Circle 163 on Inquiry Card

Electron-Beam Welder

Model 2406 produces high-power den-
sity variable spot sizes and offers adjust-
able beam alignments, rapid pump down,
and precisely controlled, repetitive welds
in single pass operations. Welds of up to
10 to 1 depth-to-width ratio have been
made in 34 in. thick stainless steel. Spot
sizes produced can be varied from 0.020
in. to more than 2 in. dia. The operator
may view the spot on a test piece to oh-
tain the best conditions for each applica-
tion. The unit's high concentration of
power is conmiparable to that of lasers.
Additional data available from National
Research Corp., 70 Memorial Dr., Cam-
bridge 42, Mass.

Circle 164 on Inquiry Card
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What's the delay here?

The delay here is what ., ’ The 50 mc Plug-In used to make 39 principal cities) for a demonstra-
happened to a 10-nano- tm 8 this trace has a rise time of 7.5 tion. Fairchild Scientific Instruments,

second radar pulse on R ~ nsec, sensitivity of 50 mv/cm. 750 Bloomfield Avenue, Clifton, N. J.
its way through a Fairchild ¥ .. - Other available plug-ins provide

Type 767H Oscilloscope. The “§ ' many other capabilities — enough R SO RN e

trace is a multiple exposure ot . to replace half a dozen or more

a strobed delaying sweep and the \ special purpose scopes. FAI RCH I Ln
magnified delayed sweep. Its clear, Investigate the new Fairchkild _
“locked in” display was made line before you invest in another

with the Delaying Sweep e scope. Write for our Instruments DU MONT LABORATORIES

Plug-In unit of this new "¢ Pl Catalog. Better yet, call in @  owisions or raimomit cavtns avo tns-sument conrosation
Fairchld solid state scope. i field sales engineer (offices in 750 BLOOMFIELD AVENUE. CLIFTON, NEW JERSEY




MICRO-MINIATURE RELAY STYLE 6A
FOR PRINTED CIRCUITS

Terminals & Mounting Conform to 0.2” Grid Spacing
Less Space - Lower Mounting Height

For reliable switching of low-level as well as power loads. Style 6A will
operate at coil power levels below most larger current-sensitive relays in its
general class, yet easily switches load currents of 2 amps resistive and higher |
at 26.5 VDC or 115 VAC. Contact arrangement to DPDT.

Unique construction permits flexible wiring and a variety of schematics.
Withstands 50 G shock and 20 G vibration to 2000 cycles.

Meets applicable portions of specifications MIL-R-5757D and MIL-R-25018
(USAF) Class B, Type II, Grade 3.

For additional information, contact:

Price ELECTRIC

CORPORATION

TWX 301/553-0462

312 Church St. Frederick, Md. « Phone: 301/663-5141 -

NIEW TECH DATA

Vacuum Encapsulator

In this unit, degassing, heating, stirring,
evacuation and pouring are under the
operator’s control. All but pouring may
be preset and automatically controlled.
Neither the impregnants nor the molds
are exposed to amb. conditions during or
between any of the processes. Flnid flow
is by pump, gravity and/or pressure dii-
ferential. Multiple or single molds may
be used. Data available from Red Point
Corp.. 105 W. Spazier Ave., Burbank.
Calif.

Circle 165 on Inquiry Card

High-Vacuum Furnace

The 1100°C (2000°F) “cold wall” fur-
nace has an all nickel “‘suspended muffie”
and reflective shielding. The 1100°C temp.
is achieved in 28 min.,, using graphite
cloth heating elements. Additional data
from Tri Metal Works, Inc.,, 1600 13an
nard St., Riverton, N. J.

Circle 166 on Inquiry Card

Dry Ice Pulverizer

This dry ice pulverizer takes the ifull
50 th. 10 in. cube blocks of dry ice and
pulverizes them for use in vacuum traps.
The crushed output size is adjustable. The
machines occupy less than 3 fit. sq. Hoor
space. Franklin P. Miller & Son, Inc.. 3
Meadow St., E. Orange, N. J.

Circle 167 on Inquiry Card

Diffusion Pump

Model FPS-800 pump can be integrated
with any pumping system having standard
4 in. ASM high-vacuum manifold flanges.
It features 800 liters/sec. pumping speed ;
low backstreaming without baffles: high
forepressure tolerances — 650 microns:
and fractionating 5 pumping stages. Bul-
letin 6322 available from High Vacuum
Equipment Corp., subs. of Robinson
Technical Products Inc., Hingham, Mass

Circle 168 on Inquiry Card

High Temp. Furnace

Model 1064 is a high-temp. physical
testing furnace capable of attaining
3000°C in helium or hydrogen and higher
in a vacuum. Unit is capable of vacuums
to 1 x 107 Torr. It has a portable pump
ing system. Data is available from Vacu-
um Furnace Div, Richard D. Brew and
Co., Inc., 90 Airport Rd., Concord. N. H

Circle 169 on Inquiry Card

Vacuum Gauge

Spec. Sheet No. 306 describes the model
SL-1 which provides absolute pressure
measurements in the range of 10~ to 10~
mn1 Hg. Mecasurements are continuous
and practically instantaneous. A voltage
regulating transformer eliminates inac-
curacies from line voltage variations
Hastings-Raydist, Inc,, Hampton, Va.

Circle 170 on Inquiry Card

Thermal Impedance Chart
Waketield Engineering, Inc., Wakefield.
Mass,, offers a chart showing the thermal
impedance values, case-to-sink, for var
ious semiconductor case sizes.
Circle 171 on Inquiry Card
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select from
of OHMITE "v.t.”

44 Cased mOde].S variable transformers

ALL AVAILABLE FROM STOCK

Input  Maximum Output Feature or Stock Input  Maximum Output Feature or Stock
_Volts  Amps. Voits Connection No. Volts _Amps. Volts Connection No
120 1.4 0-132 Fixed Mtg. VT2t _ VATH METERS
120 1.75 0.132 Portable VT2F
120 1.6 0-120 Fixed Mtg. VT2NE 120 6.0 0-120/140 w/voltmeter, gnd. conn. VT8GCV
120 2.0 0-120 Portable VT2NF 129 6.0 0-120/140 w/volt. & ammtr., gnd. conn, VT8GCVA
120 2.8 0-140 Fixed Mtg. VTA4E 120 6.0 0-120/140 w/volt. & wattmtr., gnd. conn. VIBGCVW
120 3.5 0-140 Portable VTAF 120 10.0 0-120 w/voltmeter, gnd. conn. VTBNFCV
120 3.5 0-140 VTAF w/gnd. in. & out. VT4FC 120 10.0 0-120 w/volt. & ammtr., gnd. conn. VTSNFCVA
120 3.8 0-120 Fixed Mtg. VTANE 120 10.0 0-120 w/volt. & wattmtr., gnd. conn. VIBNFCVW
120 4.75 0-120 Portable VTANF i20 16.0 0-120/140 w/voltmeter, gnd. conn. VT20GCV
120 a4.75 0-120 VT4ANF w/gnd. in. & out. YTANFC 129 16.0 0-120/140 w /volt. & ammtr., gnd. conn. VT20GCVA
120 6.0 0-140 Fixed Mtg. YT8E 120 16.0 0.120/130 w/volt. & wattmtr., gnd. conn. VT20GCVW
120 7.5 0-140 Portable VISF 120 25.0 0-120 w/voltmeter, gnd. conn. VT20NFCV
120 7.5 0-140 VT8F w/gnd. in. & out. vI8FC 120 25.0 0-120 w/volt. & ammtr., gnd. conn. VT20NFCVA
120 6.0 0-120/140 Deluxe Portable VI8G 120 25.0 0-120 w/volt, & wattmtr., gnd. conn. VT20NFCVW
120 6.0 0-120/140  VT8G w/gnd. in. & out. VT8GC WO IN. ‘A AGE IE:
120 8.0 0-120 Fixed Mtg. VTBNE STWO'IN-TANDEMEASSEMBLIES
120 10.0 0-120 Portable VTBNF 240 20.0 0.240/280 Sernes Conn, vT20-28
120 10.0 0.120 VT8NF w/gnd. in. & out. VT8NFC 240 25.0 0-240 Series Conn. VT20N-28
120 20.0 0-120/140 Basic Case vVT20B 120 20.0 0-120/140 Open Delta Conn., 3-Phase vT20-28
120  25.0 0-120 Basic Case VT20NB 120 25.0 0-120 Open Delta Conn., 3-Phase VT20N-2B
120 16.0 0-120/140 Fixed Mtg. VT20E W — e e e e o ACH =~ .
120 200 0-140 Portable VT20FC fa— — THREE-IN-TANDEMCASSEMBLIES
120 16.0 0-120/140 Portable VT20GC 240 6.0 0-240/280 »Y'" Conn., 3-Phase VT8-3E
120 2c.0 0-120 Fixed Mtg. VT20NE 240 20.0 0-240/280 **¥'* Conn., 3-Phase vT20-38
120 25.0 0-120 Portable VTZONFC 25.0 0-240 'Y Conn., 3-Phase VT20N-3B

F—

o .2 0 4 )

From this Ohmite selection which ranges from a small
1.4-amp unit in a simple case for fixed mounting to a
portable 25-amp unit with dual meters, you can satisfy
almost any normal application. But if you have a very
special requirement, don't hesitate to contact Ohmite’s
custom-design department. It can engineer case ar-

OHMITE

MANUFACTURING COMPANY

rangements for the most unusual service. A wide range 3662 Howard Street, Skokie, illinols 60076

of standard, uncased units are also available, as well Pnone: (312) ORchard 5-2600

as special designs made to your order. Write for

Catalog 500A on Ohmite “v.t.”” variable transformers— RHEOSTATS « POWER RESISTORS ¢ PRECISION RESISTORS s VARIABLE
g ‘ ) . TRANSFORMERS « TANTALUM CAPACITORS ¢ TAP SWITCHES o RELAYS

the industry’s fast-growing line. ¢ R.F. CHOKES * SEMICONDUCTOR DIODES
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Costly Origihd

o Rl LR .
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but transistor heat dissipators like these, from volume
production, cost as little as ordinary “‘fuse-clip’’ retainers.

Our Therma-ink retainers give you a choice of screw,
rivet or solder mounting. Fan-top radiators provide easy
slip-on installation. They effectively retain and cool
TO-18, TO-5 and TO-8 cases on printed circuit boards,
heat sinks or chassis. You can save assembly time
because the beryllium copper fingers adapt to varying
case diameters. Gold, nickel, black cadmium and our
insulating finish, Insulube, are available for space and
all other enviranments.

Research makes the difference in our complete line of
advanced design heat dissipators. Request technical
data and ask our field engineers about the most eco-
nomical devices for semiconductor thermal control.

Patented and Fatent Pending

hd
IERCEAN - v =0«

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION

a eubsidiary of Bymawes Corporation of Amerea

135 WEST MAGNCGLIA BOULEVARD « BURBANK, CALIFORNIA

Circle 43 on Inquiry Card

NEW TECH DATA

Transformer Catalog

Catalog TR-63/04 lists transformers
for industrial and military users. Com-
plete specs., dimensions and prices for
more than 1150 transformers are included
in the 48-page catalog. Triad Distributor
Div., Litton Industries, 305 N. Briant St.,
Huntington, Ind.

Circle 172 on Inquiry Card

Voltage Dividers

Catalog Sheet C-44 describes Models
DT 68, DT 58 and DT 47 Dekatran volt-
age dividers—06, 5 and 3 decade units pro-
viding accuracies to | ppm. Features, de-
tailed specs., performance curves, dimen-
sional drawings, and application drawings
are given, Electro Scientific Industries,
13900 N.\W. Sunset Science Park Dr,
Portland, Ore.

Circle 173 on Inquiry Card

Control Devices

This hulletin provides application data,
spees. and mounting dimensions {or crys
tal oscillators, tuning-fork oscillators, ac
voltage standards, crystal ovens, com-
ponent ovens, ireq. standard systems and
ireq. dividers. Delta-i, Inc., Crystal Lake
T

Circle 174 on Inquiry Card

R-F Filter

Type REF1070, r-f interference hlter s
designed for installation on shiclded en-
closures. Nominal insertion loss is 10Udb
throughout the freq. range of I4Kc to
10Ge. The filter can be installed in a 2
wire, 6002 line. The pass-band attenua-
tion is less than 1db from 0 to 3500ces
Further information from RF Interonics,
Ine., 153 Neit Court, Oceanside, N. Y.

Circle 175 on Inquiry Card

Semiconductor Guide

A new quick reference guide on semi
conductor (Form T481B) contains com-
plete data on the company’s silicon recti-
fiers, and both power and switching
transistors. Also included is a full listing
and data on Tung-Sol's Dynaquads, which
are pnpn 4-layer germanium devices. The
guide covers all hasic types of semicon-
ductors, including low, medium and high-
current silicon rectifters rated from 500ma
to 250a., pressure fit and cold-welded,
sub-miniature case construction models.
Tung-Sol Electric Inc, 1 Summer Ave.,
Newark 4, NoJ.

Circle 176 on Inquiry Card

Neon Indicator

Data Sheet #292 describes the LVN
Series low-voltage neon indicator, which
mternally steps up de supplies as low as
Jdvde to high-voltage ac to fire the lamp's
clectrodes. Lamp 1s switched on and off
by signals as small as 2v. Data includes
mechanical, electrical specs, circuitry and
mechanical options, plus applicable Mil
or federal specs. TEC-LITE Dept., Tran-
sistor Electronics Corp., Box 6191, Min-
neapolis 24, Minn.

Circle 177 on Inquiry Card

ELECTRONIC INDUSTRIES -+ October 1963




’

<
5

seastosomnrocy

with the 1025-A
Standard

Sweep-Frequency

LTS SwEee

Generator

3

-
POWER

-]

:ﬁ%ﬁ&« e

ey LxTEN.
Tae uARKTR

VETER INDICATES

4

ARER
ANPLTUDE TR

IMCREASE
cygan  RF OUTRUT

>

&%

Q
R

FULL SCALE
ouTeeY

AT
&

x
con
~

NEOXTYVY

‘“The Sweep Generator with the perfect marker”

... a marker that's continuously adjustable in frequency and amplitude . . . accurately calibrated
in frequency and amplitude . . . that lets you take your data directly from the display . . . a marker
that does not interfere with the response display . . . a single marker, not an ambiguous, confusing

string of pips.

The 1025-A has all you need for QUANTITATIVE fre-
quency-response measurements . . . a Sweep generator. ¢w
generator, marker generator, precision attenuator. ard output
meter. This instrument can be instantly switched from sweep
to cw operation without changing adjustments or conncc-
tions. A unique motor-driven capacitor produces a swept
signal free of harmonic distortion and spurious responscs. Low
residual fm permits ready investigations of steep response
slopes. Its meter measures both rf input and detected output.
A high-impedance detector probe is supplied to minimize
loading during response measurcments.

In short, the 1025-A is thc most complete sweep-frequency
generator you can buy.

IN CANADA: Toronto 247-2171, Montreal (Mt. Royal) 737-3673
IN EURDPE: General Radio Overseas, Zurich, Switzerland

SPECIFICATIONS

Stability: Drift is less than =0.1%
over 5-hour period after warmup.
Frequency dial accuracy is
within =0.5%.

Range: 0.7 to 230 Mc in ten over-
lapping octave ranges plus two
bandspread ranges of 400-50C
ke and 10.4-11 Mc. Other band
spread ranges
special order.

Sweep Width: Entire selected
range is swept. Portions of
range as small as 10% can be
expanded to full oscilloscope
width for detailed visual dis-
glag/. Selected range is sweptin

2.2 Mmsec twent?( times a sec-
ond. Output is blanked off dur-
ing return sweep.

available on

Marker: Acjustatie fiom 3 mv to
lv; multiplier extends range to
100v. Resolution is better than
+08.1% of indicated frequency.

RF Output: 0.3uv to lv behird 50
okms. Output flat to within
+=1% up to 100 Mc and within
=39, up to 230 Mc.

Price: $3250 in U. S. A.

Write for complete information

GENERAL RADIO COMPANY

WEST CONCORD, MASSACHUSETTS

NEW YORK, N. Y., 964-2722
(Ridgefield, N. J.) 943-3140

CHICAGO
(Oak Park) 848-9400

PHILADELPHIA, 424-7419
(Abington) 887-3486

WASHINGTON, D.C.
(Reckille, Wd.) 946-1620

SYRACUSE
454-9323

DALLAS
FL 7-4031

SAN FRANCISCO
(Vo'; Altos) 948-8233

LOS ANGELES
469-6201

ORLANDO, FLA.
425-4671

CLEVELAND
886-0150

Circle 44 or 'nquiry Card




WMULTI-CIRCUIT POWER SUPPLY
Designed for Precise Performance
and High Reliability

Straightforward circuitry provides automatic correction for
input line changes in the range of 170 Volts to 240 Volts AC.

Five regulated DC outputs between 6 volts and 50 volts can be

used simultaneously orindependently without affecting regula-

tion. Three AC outputs provide stabilized voltage for auxiliary
equipment. This is another example of how Acme Electric |
designs power supplies to meet the application rather than

to exotic and needlessly expensive general specifications.

Acme Electric has an abundant experience, in developing
hundreds of successful power supply designs, in power levels
ranging from miniwatts to megawatts, and can probably
adapt an established type to your application.

Engineers and Builders of...
8910 WATER STREET, CUBA, NEW YORK .

In Canada: Aeme Electric Corp. Ltd.
50 Northline Rd., Toronto, Ont.

[
{
SAA 3695/3022 ‘

REGULATED POWER SUPPLIES
STATIC POWER RECTIFIERS
VOLTAGE STABILIZERS
VOLTAGE REGULATORS
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NEW TECH DATA

Instrument Catalog

Included in this illustrated, 2-color cat-
alog are condensed technical specs. and
prices of oscillators and function genera-
tors, ac power sources and monitors, lab-
oratory power amplifiers, variable elec-
tronic filters, and regulated power sup-
plies. Krohn-Hite Corp., 580 Massachus-
etts Ave.,, Cambridge 39, Mass.

Circle 178 on Inguiry Card

Tantalum Capacitor

Bulletin GET-2985 includes dimensional
drawings, charts of typical performance
curves and tables of standard ratings and
catalog numbers. Application data and
complete specs. are given. Available in
4 case sizes from 6 to 50v. and 0.0047 to
330mfds. General Electric Co., Schenec-
tady 5, N. Y.

Circle 179 on Inguiry Card

PNPN Testing Bulletin

Bulletin 5200 includes circuit diagrams
with component values, as well as de-
tailed procedural instructions for meas-
uring all parameters applicable to pnpn
switching devices. Solid State Products,
Inc., 1 Pingree St, Salem, Mass.

Circle 180 on Inguiry Card

X-Y Recorder

The F-80 X-Y recorder has independ-
ent servo-operated X and Y axes. Both
use null-balance potentiometric principle
to provide precise X-Y recordings. Specs :
Accuracy, 0.2% range to range; repro-
ducibility, 0.1% ; pen speed, 17 crs (both
axes) ; and writing speed, 15 cps. Data
available from Varian Assoc., Recorder
Products Group, 611 Hanson Way, Palo
Alto, Calif.

Circle 181 on Inquiry Card

Solder Stripper

Metex solder stripper is a stable liquid
which does not attack copper or most of
the organic resists used in printed circuits.
It quickly and completely strips solder
plate and roll or flow coated solder at
room temp. Complete tech. information
is available from MacDermid Inc.,
Waterbury, Conn.

Circle 182 on Inquiry Card

Switch Catalog

Catalog 34, 25 pages, covers a line of
snap-action and limit switches. A free
sample of the S800B snap-action switch
is included. The Milton Ross Co., 2nd
Street Pike, Box 274, Southampton, Pa.

Circle 183 on Inguiry Card

Miniature Relay

This general-purpose miniature relay
is for ac or dc printed-circuit operations.
The Series 5003 is rated at S5a. and is
26vdc resistive. Information from Cor-
nell-Dubilier Electronics Diy., [Federal
Pacific Electric Co., 50 Paris St., Newark
1, N. J.

Circle 184 on Inguiry Card
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specify CLARE
Mercury-Wetted Contact Relays

for billions of operations with

Low and Consistent Contact Resistance « No Contact Bounce
Versatile Load Switching Capabilities » High Power Gain

As integrated printed circuit board assembly
with other circuit components

In rectangular steel (or plastic)

enclosure fo- printed
circuit board meuanting

CLARE Mercury-Wetted Contact Relays are fast,
sensitive and provide high switching capacity. They
operate with extreme reliability whether billions of
cycles...or only one...are required. Clare provides
both bridging and non-bridging Mercury-Wetted
Contact Relays.

For applications where consistent contact resist -
ance is critical, these relays will hold their original
resistance within +2 milliohms through life. There
is no contact bounce which may be misinterpreted
by electronic circuits.

With CLARE Mercury-Wetted Contact Relays,
the same contacts may pass a microvolt analog sig-
nal...or switch a 250 va tape transport reel motor
up to 100 times a second. These relays can be driven
at a 40 mw level by diode or transistor logic...and
handle a 250 va solenoid load on their contacts.

For wired assemblies: plug-in, solder terminal,
or AN connectors in one to four-pole multiples.
For printed circuit board mounting: modules of
molded plastic or steel enclosures. As integrated

ELECTRONIC INDUSTRIES October 1963
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CP.CLARE 8 €O
CHICAGO

Ir cyfindrical stee! endlosure,
for wired assemblies

printed circuit board assemblies: custom-built
from your circuits or ‘black box’’ requirements.

Complete information: Request Design Manual 201B by cir-
cling 149 on Reader Service Card o Concise information :
Request Manual 800 by circling 150 en Reader Service Card.

Address:Group 10D8. C. P. Clare & Co., 3101 Pratt Boulevard,
Chicago 45, lllinois. Cable Address: CLARELAY. In Canada:
C. P. Clare Canada Ltd., 840 Caledonia Road, Toronto 19, On-
tario. In Europe: C. P. Clare International N.V., 6 Momberstraat,
Tongeren, Limbourg, Belgium.

CLARE

® Relays and related
control components

119




TARZIAN

i Snowed Under by Transients?

IDEAS

TRY A CONTROLLED A

8@ As you may know only too well, transient voltages, superimposed on
normal voltages, can cause unexpected field failures of silicon rectifiers. Vari-

ous devices, some quite effective, are used to suppress these transients. How- Cortrolled
ever, the controlled avalanche rectifier contains its own protection, inherent Avalanche
in the rectifier itself. The CAR cycles in and out of its breakdown (or ava- Rectifier

lanche) region to the full limit of its thermal capacity to dissipate heat losses.
For example, a unit capable of handling 12 amperes (or 12 watts) in the

forward direction can continually dissipate the same 12 watts in the reverse
direction.

CASCR

Sarkes Tarzian controlled avalanche rectifiers are made from low resistivity,

low radial gradient silicon with controlled lattice dislocation. In effect, we've Controlled
. s e . . . . Avalanche
packaged zener diode characteristics into a silicon rectifier with much higher . Silicon
voltage ratings. Controlled
. . A . . Rectifi
The hooker from a manufacturing point of view is that higher operating i aatier

and transient voltages demand extremely high surface dielectric conditions.
Breakdown voltages must be channeled through the junction bulk, not across
the surface. Special selection of silicon establishes the path of least resistance,
so that power doesn’t sneak through narrow paths that lie along lattice faults.
Result: Tarzian CARs dissipate, without damage, transient surges that are
many times the steady state voltage and power rating of the rectifier.

MIOZ>»r»c<

e

Controlled Avalanche Silicon Controlled Rectifiers. As an extra added attraction, we've extended the
controlled avalanche principle to Tarzian controlled rectifiers —a *“built-in" reliability factor on reverse charac-
teristics. These units are now available in 3 and 5 ampere dc ratings, with peak voltage as high as 500 volts.

Data Available. Send today for complete information on currently available Tarzian 6 and 12 ampere con-
trolled avalanche rectifiers, rated to 600 volts, and on Tarzian controlled avalanche silicon controlled rectifiers,
rated 3 and 5 amperes dc. Guaranteed to give any circuit designer a warm glow.

FiG. 1. AVALANCHE TEST CIRCUIT Fig. 1. This circuit tests the ability of the

- — l\'/\“‘_l\l"v/\'/L—" rectifier to operate within rating.s in the
. B R (50W) avalanche region. The value of R is estab-
j ( lished by maximum steady state wattage
o ) g Set Rectifier SZ rating of the upit under test. Using a 12
e 4 at under ZI watt unit, Tarzian Yype ST2A60. ratgd 12
<N 3KV Test amperes dc, 600 piv, determination is as
(_ | follows: 12
jl { ] l | max =600 = 20 ma
T, T2 3000 — 600
R= .02 = 120,000 ohms

Ty = autotransformer; Ty = 3KV, 90VA
FIG. 2. TRANSIENT IMPULSE TEST CIRCUIT Needle transformer. Provide adequate cooling to

Spark prevent thermal run-away.
Ty T —®Gap Fig. 2. This circuit tests for transient over-
Rs Ry (5000V) voltage conditions with steep wave fronts
12KV that provide high electron acceleration.
PV Set to Currentlimiting is achieved by Ry, selected
4KV Cy :vt, for the peak power rating of the unit tested.
10KV (15K) Rs = Tarzian type $-5505; Ry-Cy = deter-
l Rectifier minents of proper time constant (RC factor
approximately 1-3 seconds); Ty = auto-
transtormer; To = 4KV,40 VA transformer.

[t S

SARKES TARZIAN ..

World's Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems « Broadcast
Equipment « Air Trimmers « FM Radios » Magnetic Recording Tape « Semiconductor Devices
SEMICONDUCTOR DIVISION ¢ BLOOMINGTON, INDIANA
Canadian Li : Marsland Engineering Limited « 350 Weber Street North, Waterloo, Ontario
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Designed for
printed circuit use!

AND JACKS

Vertical Jack requires
minimum mounting area.

Horizontat Jack accepts tip plug in
either end or from top or bottom

Operating voltages to 1500 V RMS . . . up to 5 amps current carrying capacity!

Extremely compact — highly resistant to extremes of
shock, vibration, temperature and moisture, these tiny
Johnson Nylon Tip Plugs and Jacks are ideal for limited
space applications! Bodies molded of tough, low-loss
polyamide per MIL-P-17091 (DuPont Zytel 101 nylon.)
Available in 13 colors, including basic colors for
MS16108C coding applications. Contact resistance: less
than 2 milliohms. Capacitance between two adjacent
jacks: less than 1 mmf. at 1 Mc.

Series 105-751 Horizontal Jack — Unique design accepts .080"
diameter tip plug in either end, or from top or bottom. Formed
silver-plated beryllium copper contact. Two terminals,

Series 105-851 Vertical Jack — Mounts through single .052”
hole, requires minimum mounting area. Silver-plated, machined
beryllium copper contact.

Series 105-771 Sub-Miniature Tip Plug — For use with minia-
ture jack. .080” diameter tip. Nickel-plated, machined brass body.
Solder type lead connection.

Series 105-881 Long Handle Tip Plug — Identical to tip plug
above, but with 4” nylon body for ready access to “hard to
reach™ test points.

DETAILED COMPONENTS CATALOG AVAILABLE — Write for your free copy today on company letterhead.

October 1963

ELECTRONIC INDUSTRIES -

E. F. JOHNSON COMPANY

3002 TENTH AVENUE S. W. . WASECA, MINNESOTA

1

®
CAPACITORS o TUBE SOCKETS « CONNECTORS ¢ PILOT LIGHTS
INSULATORS » KNOBS AND DIALS » INDUCTORS ¢ HARDWARE

OTHER CONNECTORS - Johnson also manufactures a complete line
of standard connectors including Tip Plugs and Jacks: Metal-Clad and
Rapid-Mount Jacks; Banuana Plugs and Jacks: Binding Post. Voltage
breakdowns to 12,500 volts DC. Jacks designed for fast, easy mount-
ing — plugs for solderless connection — available in 13 colors for
coded applications. Current components catalog provides full specifi-
cations on complete line — write today for your free copy.
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RESOLVERS,
SYNCHROS
PHASE SHIFTERS

STANDARD RESOLVERS

A full line of compensoted and
uncompensated resolvers in
standard BuOrd size 23, 15 and
11 cases. Size 23 series has
functional accuracy of 0.05%;
resalvers in other two series have
accuragy of 0.1%.

HIGH PRECISION
SIZE 23 RESOLVERS

New series of extremely accu-
rate resalvers, includes a 0.01%
functional accuracy camputing
resolver with 100% compensa-
tion and data transmission re-
solvers with 20-second accuracy.
The ultimate in precision for re-
solvers of this case size.

20-SECOND
SIZE 23 SYNCHROS

These three wire synchros are
the most accurate units avail-
able in o standard BuOrd size
23 case. Both transmitters and
control transformers can be sup-
plied, for either 400-cycle or
60-cycle input.

PRECISION
PANCAKE RESOLVERS

0.005% functional accuracy
computer resolvers with 100%
compensation. 10-second accu-
racy data transmission resolvers.
Intregral bearing design permits
direct mounting to gimbal struc-
ture. Beryllium housings provide
stable operation under extreme
temperature variation.

BOOSTER AMPLIFIERS

Complete line of vacuum tube
and ftransistorized booster am-
plifiers, for use in conjunction
with compensated resolvers.
Transistorized units contain twa
fully encapsulated amplifiers in
a single case.

For data transmission; coordinate transformation and conversion;
computer chain; and sweep applications. Write for data file 310.

REEVES INSTRUMENT COMPANY

Division of Dynamics Corporation of America, Roosevelt Field, Garden City. N.Y.

NIEW TECH DATA

Reliability Report

A 24-page reliability report presents
the results of environmental and life tests
for functional electronic blocks. Sections
are devoted to the audio amplifier product
line, r-f amplifier product line, the line
of digital logic blocks and the flat pack-
ages. Westinghouse Molecular Electron-
ics Div,, P.O. Box 1836, Baltimore, Elk-
ridge, Md.

Circle 295 on Inquiry Card

Capacitor Catalog

Catalog 203B1, 24 pages, describes Type
QE aluminum electrolytic capacitors. Ap-
plications include computers, power-sup-
ply filters, energy storage, telephone net-
works, etc. Standard ratings are listed for
Type QE 61 (65°C) and Type QE 71
(85°C) units. Aerovox Corp., New Bed-
ford Div,, New Bedford, Mass.

Circle 296 on Inquiry Card

Ceramic Capacitor

TR-324 is a certified summary test re-
port for the “V-LAM” ceramic capacitor.
Tests performed in compliance with Mil-
C-11015 showed 230,000 hrs. of life test-
ing at 200% rated voltage determined a
catastrophic failure rate of 0.6%/ thou-
sand hrs. at a 90% confidence level. Vit-
ramon, Inc, P. O. Box 544, Bridgeport,
Conn.

Circle 297 on Inquiry Card

Klystron Booklet

“Introduction to Klystron Amplifier,”
is written for those who work with equip-
ment using power klystrons. The 28-page
booklet describes, in simple terms, the
theory of klystron amplifier tubes, the
equipment used with them, and general
operating methods. Microwave Tube
Group, Varian Associates, 611 Hansen
Way, Palo Alto, Calif.

Circle 298 on Inquiry Card

Voltage Regulators

Magnetic voltage regulators arc de-
scribed in this consolidated data folder
that lists 40 tubeless units with outputs
stabilized to within *=1% for input
changes of up to 15%. Standard models
listed range from 10 to 3000va. Compo-
nent and apparatus styles are illustrated
and described with complete electrical and
mechanical specs. Raytheon Co. Industrial
Operation, Richards Ave. So. Norwalk,
Comnn.

Circle 299 on Inquiry Card

Plug-In Relays

Data sheet No. 551 describes 2 sizes
of telephone-type relay assemblies, includ-
ing the type-]J relay, plastic dust cover,
and special mounting socket. Other de-
vices are covered. Complete electrical and
mechanical characteristics are included.
C. P. Clare & Co., 3101 W. Pratt Blvd.,
Chicago 45, IIL

Circle 300 on Inquiry Card
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FIRST AS A MATTER OF RECORD ...SCOTCH® BRAND INSTRUMENTATION TAPES

The tape with the built-in duster!

1000 times greater conductivity than ordinary tapes! That’s
how “Scotch’” BranDp Heavy Duty Tapes drain off static
charges before they can attract dust. That’s the built-in duster
that flicks away the growing danger of dust-caused dropout
errors . . . a danger greater than ever as higher and higher re-
corder speeds and tape tensions generate more and more static.
Electrical resistance of the oxide coating of “ScotcH Heavy
Duty tapes is 50 megohms per square or less, The resulting
conductivity, unusual in magnetic
tape, not only avoids dust contam-
ination, it minimizes such other
static problems as tape drag and
skew, noise induced by afrcing.
Heavy duty formulation of binder
and high potency oxides withstands
temperatures from —40 to as high
as +250°F to conquer high head

ot

Fcotsi
b
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heat, assures tapes that outlast standard tapes by at least 15
times. Exclusive Silicone lubrication reduces recorder head
and tape wear. And “ScotcH” Heavy Duty Tapes are offered
for all high-speed applications, even for extreme high fre-
quency and short wavelength requirements. 16 different con-
structions include a variety of backing and coating thicknesses.

TECHNICAL TALK Bulletin No. 4 provides detailed dis-
cussion of the effects of static electricity on instrumentation
recording, offers helpful information in solving static-caused
problems, It’s free. Write 3M Magnetic Products Division,

Dept. MBR-103, St. Paul 19, Minn.

“§LOTCH AKD THE PLAID DESIGN ARE REGISTERED TRADEMARKS OF MINNESOTA MINING
& MANUFACTURING CO . 5T. PAUL 19, MINNETOTA. EXPORT: 99 PARK AVENUE. NEW YORK
CAMADA: LONDON. ONTARIO 1963, 3K CO

Magnetic Products Division BEn!Im
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WIEW TECHH DATA

Test Instruments

This brochure describes an automatic
transistor tester, a diode and rectifier
tester, a resistor tester, and a zener diode
tester. Data includes photos, descriptions,
and test capabilities. Teradyne Inc., 87
Suinmer St., Boston, Mass.

Circle 185 on Inquiry Card

Glass Cloth Laminate

“CuClad Lamicoid” No. 6099 is de-
signed for mechanical and electrical uses
where low, controlled dielectric constant
is not critical. Uses include computer
circuitry, seals, bearings, etc. Informa-
tion available from Dept. W3-342, Mico
Div., 3M Co., 2501 Hudson Rd., St. Paul
19, Minn.

Circle 186 on Inquiry Card

Highly Flexible Computer

The PB440 uses 2 memories, one of
which stores basic logic. This logic can
be changed to equip the PB440 to per-
form radically different programs which
would require different types of com-
puters. It can run Fortran II, and per-
form fixed-point addition in 3usec. Ad-
ditional data available from Packard Bell
Computer, a div. of Packard Bell Elec-
tronics, 1905 Armacost Ave., Los Angeles
25, Calif.

Circle 187 on Inquiry Card

for Engineers.

Disc File

This brochure includes description and
specs. for the Model 800 Random Access
Disc File. Storage capacity is from 20,
160,000 on a single disc to 161,280,000 bits
on 8 discs. Modular construction allows
more discs to be added as needed. Anelex
Corp., 150 Causeway St., Boston I4.
Mass.

Circle 188 on Inquiry Card

Glass Components

These components include fixed capaci-
tors, resistors, trimmers, and inductors.
The brochure includes value ranges, volt-
age ratings, tolerances, physical dimen-
stons, and Mil. Specs. Corning Electron-
ics, Raleigh, N. C,

Circle 189 on Inquiry Card

Slide Rule

An electromechanical coupling coeffi-
cient slide rule for piezoelectric ceramics
is available. This rule is intended for
engineers involved in piezoelectric trans-
ducer design and similar applications.
Electra Scientific Corp., Electra Way,
Fullerton, Calif.

Circle 190 on Inquiry Card

Memory Technique

Technical Data Bulletin No. 2400 de-
scribes how phase modulation method of
mmformation storage offers advantages of
cconomy, reliability and low-noise level
operation. Technique insures a min. of
one distinct flux reversal/storage bit.
Lahoratory for Electronics, Inc., 1079
Commonw calth Ave., Boston 15, Mass.

Circle 191 on Inquiry Card

Card Puller

CDS Card-Out facilitates the rapid
removal of printed-circuit cards from
their receptacles. Recommended for cards
having 14 in. I.D. grommets in the ex-
traction holes. Information available from
Correlated Data Systems Corp., 1007 Air
\Way, Glendale 1, Calif.

Circle 192 on Inquiry Card

Computer Terminology

This 12-page brochure listing dehni-
tions of terms commonly used in the
computer and process industries is avail-
able from TRW Computer Div., Indus-
trial Computers, 8433 Fallbrook Ave.,
Canoga Park, Calif. More than 200 terms
are defined.

Circle 193 on Inquiry Card

featuring :
Industrial (Nema sizes
0to5)
Special (10 to 75 amp)
AC or DC, air-break or
oil-immersed

(Also a full line of over-
load relays & starters.)

"CHOICE FOR
any application

A complete line of versatile, multiple-pole relays
and contactors with extreme reliability.

/

APPROVEDfor Class A and B

Commercial-Industrial and Military
Applications

deterioration.

You can rely on tested-approved Varflo to meet
your most exacting specifications, including
{ MIL-1-21557 and MIL-1-3190.

ON-THE-SHELF: varfio is economical . . . saves {\ ®

on inventory and has long sheif life. No & ? &
\i1!

Vs

write for literature

.'a'yg/g
= ﬂ.‘ )

ROWwWRAMN

THE

ROWwWAMn

CONTROLLER CO.
30 Bridge Ave., Red Bank, New Jersey

(201) SH 7-5094

124
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ON-THE-JOB: varfio is dependable . . . with-
stands high heat, water, alkalis, mild acids,
oil and grease. Has excellent heat aging quali-
ties and stands up to abrasion, vibration and
“after treating.”

Why specify two when one wiil do?

® Available in 10 colors; in coils, spools,
36” lengths or short pieces; all of precise
uniformity, end to end. Sizes .010” to 6” ID.

Send for FREE Folder containing Varflo test
sample and results of laboratory performance
ratings.

W CORPORATION

506 W. COURT ST., ROME, N. Y.
Circle 52 on Inquiry Card
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Flame Resistant —
will not support
combustion.
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Honeywell Advanced Materials Research Yields

New Precision Ceramics!

A virtually new technology has been developed to
increase the strength, precision and adaptability of
ceramics, giving them almost unlimited possibilities.

Newly developed precision ceramics offer dimensional
tolerances to 6-millionths of an inch, surface finishes to
2 RMS micro-inch, and electrical properties including
high dielectric strength and high piezoelectric constants.
These results have been achieved through a continuing
program of materials research.

For the past nine years Honeywell has probed into
the densities, purities and electrical and mechanical
properties of ceramic materials. As a result, exclusive,
superior piezoelectric and structural materials have been
developed and proved. For example, Honeywell’s Type
K-12 piezoelectric material can be stressed to higher
levels without depoling than other ceramic materials,
thus giving it advantages for high voltage generators.

HIGH DENSITY

PIEZOELECTRICS FILLING
IMPORTANT JOBS. Honeywell’s Type
C-16 combines a high piezoelectric
“g” constant and a high dielectric
constant. Because it is very stable
and has a low aging rate, it is espe-
cially suited for acoustic sensing
devices such as hydrophones.

Type S-4 generates high voltages
under stress and is ideal for impact
fuzing devices. Type 101, a modified
barium titanate, is used in large quantities in sonar and
hydrophone drive elements to produce an ultra-low
frequency. It is especially desirable where low price and
reliability are of prime importance.

Exclusive techniques for hot pressing lead zirconate,
titanate have resulted in ceramics with a theoretical
density of 99.5% —a density up to 3.5 percentage points
higher than conventional, atmosphere-fired materials.
Such superior properties produce a dielectric strength of
250 volts/mil, or more than a 100% increase over other
ferroelectric ceramics.

I T HIGH-TOLERANCE STRUCTURAL
CERAMICS. Honeywell’s research has
resulted in aluminum oxide ceramics
that can be machined to 6-millionths
of an inch. Used in gyro spin motors,
these materials sharply reduce drift.
Use of these materials also results in
a theoretical life span that approaches
infinity.

A magnesium oxide ceramic mate-
rial has been developed that is 99.9%
pure, is 98% of theoretical density, and has a melting
point of 5,075°F. With these properties it has the highest
known quality for electrical insulators, or for thermal
conductors used in environments where dusting and
spalling cannot be tolerated.

-
- -

Sy
&

PRECISION
SHAPED

SEALS AND METALLIZING. Both
metallizing and ceramic-to-metal
sealing techniques have been devel-
oped to seal high-expansion steatite
ceramics to stainless steels, and to
seal alumina ceramics to titanium,
tantalum and molybdenum. Active
metal soldering techniques for ceram-
ic-to-metal sealing result in devices
that withstand thermal cycling from
—140°F to 750°F. Metallized ceram-
ic surfaces are bonded so firmly with
electrodes of gold, nickel, stainless steel, silver, or copper
that separation of the metal and ceramic is impossible
without destroying the ceramic base.

SEALING

WRITE FOR TECHNICAL BROCHURE.
These are only a few of the many
ceramic materials and techniques
that are available to you now. Sug-
gestions on how precision ceramics
may be used to advance the state-of-
the-art of your systems are listed
below.

We will be happy to discuss pre-
cision ceramics with you. Write for
our technical brochure, or if you have
a specific use in mind, send us details and we will analyze
them to determine how precision ceramics may be ap-
plied to improve your system. Write Honeywell, Dept.
671-H, 2600 Ridgway Road, Minneapolis 40, Minnesota.

FREE BROCHURE

HONEYWELL PRECISION CERAMICS
OFFER MANY ADVANTAGES FOR:

PIEZOELECTRICS

Sonar Listening Elements
Strain Gages

Depth Gages

Pressure Sensors

Liquid Level Gages
Surface Gages

Switches

Fuzing Elements

STRUCTURAL CERAMICS
HiEh Temperature Heat Precision Shaped Struc-
xchange Media tural Members, such

Electronic Micro Module as Gimbals, Housings,
Substrates Bearings, Seal Rings,

Precision Shaped Elec- Cylinders, Dies
trical Insulators Precision Orifices and
Radomes Valve Components

Antenna Housings Precision Gages

CERAMIC TO METAL SEALS
Specialized Vacuum Electrical Connectors,
Tube Bases Terminals, Headers
Metal to Ceramic Precision Coatings

Structural Joints Aerospace Vehicte
Electrical Circuit Boards Window Seals

Ignition Systems
Voltage Sources

Ultrasonic Cleaners,
Welders, Cutters

Accelerometers
Sound Detectors
Sound Emitters
Sonar Drive Elements

Honeywell

October 1963
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NEW TECH DATA

for Engineers.

Instrument Catalog Coaxial Cable

Catalog No. 6201-A, 20 pages, 2 colors, This sheet lists RG- 189/U 10 RG-
lists a line of rc\nse(l rectilinear instru- 306/U numbers applicable to air diclectric
ments that utilize the RECTIGraph coaxial cable. Forty-seven government
trauslating mechanism, Listed are types. designations are matched with the manu-
applications, case styles, chart drives, and iacturer of the appropriate cable and its
measuring elements, Esterline Angus In- designation.  Phelps  Dodge  Electronic
strument Co.. Inc., Box 596, Indianapolis I'roducts Corp., 60 Dodge Ave.. North
6, Ind. flaven, Conn.

Circle 259 on Inquiry Card Circle 262 on Inquiry Card

Mica Capacitors Pin and Connector Guide

~ This 12-page booklet is the result of an
mteusive study into the needs of those
using crimped pin and socket counectious.
It contains a step-hy-step illustrated dis-
cussion ot the field, including the latest

in tools. | aris
tors. Available in Spi thru 1000pf : closed mto T t makes a comparison hc{-“?‘”
tolerance to *+20%: 250vdcw. Eric Re- the advamages and disadvantages of sol-
SFelibp Gy, 0] \\,. 12th St, Erie, Pa. dering vs. crimping. Buchanan Electrical

! g Products Corp., Hillside, N. J.
Circle 260 on Inquiry Card Circle 263 on Inquiry Card

Sulletin 528 presents specs. on minia
ture mica capacitors. Availahle in feed-
thru and stand-off styles, they offer a
31.5% reduction in size when compared
to the conventional Button® mica capaci-

Thermistors Transistor

“VECO Rod Thermistors,” gives de- The 2N2887 delivers 10w. of r-1 puwel
tailed information on rod thermistors at 100x¢ with a collector efficiency of
with Beta values from 1200 to 4170 and 50% min. from a 45v. power source. It
resistance values from 2159 to 215 meg- features an isolated collector in a double
ohms. Spees, resistance-temp. tables, re- ended power package. Detailed specs. are
sistance-temp. characteristics graplls are available ifrom TRW Electronics/acific
given. Victory Enginecring Corp., 124-28 Semiconductors.  Inc., 14320 A\viation
Springfield Ave., Springfield, N. J. Blvd., Lawndale, Calii.

Circle 261 on Inquiry Card Circle 264 on Inquiry Card
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Crystal Detector

This bulletin covers the Model 148
crystal detector used as a readout device
for operation in the 30 1o 1200xc range
with 30Q coaxial lines. It also operates
as a demodulator for amplitude ovr pulse-
modulated waves. V'SWR ranges irom
less than 1.2 to 1.5 across the full ireq.
range. Sensitivity and vSWRr curves are
given.  Sierra  Electronic  Operations,
Philco Corp.. Menlo Park. Calif.

Circle 265 on Inquiry Card

Regulated Soldering Tip

This temp.-controlled soldering iron
has a solid-state device in the tip to reg-
ulate power. Temp. and power inpuls can
casily be read on instruments connected
to the iron. The iron can “idle” at low
temps. and produce high-heat input when
needed. Data from General Electric Co,
901 W. Burlington Ave, Western
Springs, Tl

Circle 266 on Inquiry Card

Transistorized Power Supply

Data sheet describes 1 cu. in. power
supply which gives isolated 28v regulated
dc from 113v, 400 cps source. It can
supply current up 10 200ma Kearfott Div.,
General Precision Aerospace. Little FFalls,

:
#

Circle 267 on Inquiry Card

It stands
alone

You can’t buy HYDRAZINE-
ACTIVATED FLUX* or Core
Solder under any other brand
name. Fairmount is the sole
producer,

Hydrazine-Activated Flux and

Core Solder offers an

exclusive combination of

advantages:

® High wetting properties
for good ''bite.”

® Non-corrosive connections,

® Residues removed by
heating or water rinse.

® No change on aging.

CONCENTR!TE

~ STANPATS save you
7 money in drafting time
Valuable man hours pile up when routine details have

to be continually drawn. Now, with amazing sTANPAT,
engineers and draftsmen save hundreds of man hours

printed for instant use . . . can be applied in seconds, and etched circuitry.

be reduced to 15 seconds! That’s why STANPAT is used

each week. ‘These performance characteristics were confirmed in a recenf
Your own repetitive symbols and drawing details pre- evaluation of leading fluxes used in the fields of printed wiring

rather than drawn in hou rs. Three hours can actually FLI;IJOXOZ%QIXCSRIEStsé?‘ng{pgglgs$0’(rjllizssTEL}I[=Yl”?hRéAﬁ$5
permits pre-fluxing, is useful for soft-soldering a wide range of

by thousands of companies, in every industry. copper and copper-based alloys. The core solder flows at an

Prove it yourself . . . send for sTanPaT literature ideal rate, leaves a

minimum of soldcring residues. Write

and samples, or enclose your symbols for quote. for samples of either, or technical literature.

STANPAT COMPANY *U.S. Potent No. 2,612,459 and others Fai rmount

Whitestone 57, N.Y., Dept. C10, tel. 212-359-1693 Available only from Fairmount CHEMICAL CO., INC.

and its sales agents.

136 Liberty St.,, N. Y. 6, N. Y.

Circle 54 on Inquiry Card Circle 55 on Inquiry Card
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NEW GEN-PRO 700 SERIES
INDUSTRIAL TERMINAL BOARDS

ALL SIZES AVAILABLE NOW FOR
TIMED DELIVERY AS NEEDED

Superior features

jeome,

Competitively priced e
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When you need terminal boards for any application, rely on Gen-Pro’s great new 700
Series for the quality and interchangeability you want—on Gen-Pro’s unique timed
delivery for prompt as-needed shipments. Greater length—up to 46 terminals—permits
a larger number of connections than ever before possible. Thicker, stronger barriers
with rounded corners reduce breakage—creepage path is longer—saddle plates avail-
able for more secure mounting. All sizes and variations in number of stations—
packaged in lots of 5, 10 and 20. The boards of your choice are delivered from stock in
the quantities you require—when you need them. All types of hardware and special
molding compounds are available in addition to standard-purpose phenolic. Write
today to Dept. SMMD for illustrated literature.

Your assurance of quality.
700 Series terminal boards are
subject to the same rigorous qual-
ity control procedures as Gen-Pro’s
famous 400 Series — the finest
commercial terminal boards avail-
able anywhere today.

ELECTRONIC INDUSTRIES

October 1963

700 SERIES TERMINAL BOARDS

Model No. Voltage, RMS | Terminals
740 1200 1.46
741 1600 1-39
742 2500 1-30
764* 1600 1-46

*6/32 screws

Circle 56 on Inquiry Card

Conveniently packaged

(

20

/
h

GENERAL

PRODUCTS

CORPORATION
UNION SPRINGS, N.Y.

TWX No. 315.999.1455
Phone: (area code 315) T79.7367.

127




NEW PRODUGTS

SYNCHRONOUS MOTORS

The 60 and 400 cycle units op-
erate from 900 to 24,000 rpm.

The size 15 hysteresis motors are 2-
phase, 115v units. They are supplied with
either plain or pinion shafts, the latter
being a 153-tooth. 96 pitch type. Motors
maintain constant speed. Kearfott Div.,,
General Precision Aerospace, 1150 Mec-
Bride Ave., lLittle Falls, N. J.

Circle 276 on Inquiry Card

POWER MODULE
Converts 1l5vac to any desired
cutput  from 3 to 3660vdc.

Maodel GOD is an unregulated unit that
uses true hermetic sealing, full encapsu-
lation, silicon-type semiconductors and
transformers. [t meets the environmental

STANDOFF TERMINAL

In overall height of 2.531 in.
makes it ideal for miniature chassis.

The ST-SM-27-TUR Press-Fit Ter-
lon® staneloff terminal has a 3 turreted
lug separaling the areas (or wire solder
ing. 't can be insertd into a 0.238 in
(=0.002 in.) dia. hole countersunk 6()
for metal rhassis 0.040 in. or thicker. For

cnassis under 0.040 in thick, an 80° coun
tersunk hote 0.260 in. «40.010 in. —0.000
n.) in dia. Sealectro Corp., 139 Hoyt St
Mamaroneck, N. Y.

Circle 278 on Inquiry Card

Stainless Stan says
‘'Star screws have clean
bright ‘n’ shiny heads.””

needs of Mil-E-5272C. Power rating is
Ow.  .Abbott Transistor lLaboratories,
Ine.. 3055 Buckingham Rd.. Los Angeles
16, Calit.

Circle 277 on Inquiry Card

STAINLESS STEEL

300 & 400 Series
* AN Drilled

o5 | STAR'S CATALOG OF
S Right-off-the-Shelf ®©

4. | STAINLESS STEEL

* Hinges

Machine Screws
Nuts
* Set Socket

* Sheet Metal .

Screws Save time . . . save money. Thkis book lists over
Stud Bolts o . .

- Taper Pins 8,000 stainless steel fastenings available for

TR A immediate delivery RIGHT OFF THE SHELF®!
Write for your new cofalog TODAY.

STAR STAINLESS SCREW CO.

G 611 Union Blvd., Paterson 2, N. |.

5= phone: (201) Clifford 6-2300
Direct New York Tetephone: Wisconsin 7-6310
Direct Philadelphia Telephone: WAInut 5-36€0

Circle 60 on Inquiry Card

In Stock—
Complete

ELECTRONIC INDUSTRIES -

MICROCHOPPER

Viay be plugged in or soldered,
m be driven from dc to 100KC.

The Model 20 fits into a standard 5
pin transistor socket. The encapsulated
unit connects and disconnects a load from
a signal source. It may be used as a
synchronous demodulator to convert an
ac signal to dc. Solid State Electronics
Co., 15321 Raven St., Sepulveda, Calii

Circle 279 on Inquiry Card

PRESSURE CONTROL
Differentials of 0-30 . Hy
cac, 0-6pst, 0-40psi. or 0-90psi.

The J21K maintains a system ditferen-
tial between 2 separale pressure-vacuum
sources, and sensitively transmits a signal
(alarm, light, etc.) and/or shuts on or
off equipment. On-off operating differen-
tials are from %% (*1/10 in. llg) to
3 (=lpsi), depending on model. United
ioleciric Conwrols Co.. 83 School St
Watertown 72, Mass.

Circle 280 on Inquiry Card

NYLON ¢ ETHYL-CELLULOSE
BUTYRATE  TEFLON

Write for Free Samples, Prices, Complete Details

ME@_@@” COMPANY, Inc.

5711 Northwest Highway .

Chicago 46, lllinois

Circle 6! on Inquiry Card
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Freeze it.

Hecre's why you can practically do any-
thing to this new %" square Micropot
trimmer:

SILVER BRAZED TERMINATIONS—no fine wire
conrections

POSITIVE, NO-SLIP WIPER POSITIONING—de-
tent prevents movement even under severe
shock and vibration

CLUTCH MECHANISM PREVENTS DAMAGE at
end of travel

BONDABLE TEFLON LEADS assure most re-
liable possible sealing

SPECIAL HIGH TEMPERATURE (DU PONT ML)
INSULATION between mandrel and resist-
ance element prevents catastrophic failures

Wet it. Heat it. Jar it.

Where clse can you get a 14" squarc
trimmer with all these features—in your
choice of terminal configuration? The
subminiature Model 2900 Micropot
trimmer is designed to meet all require-
ments of MIL-R-27208A. [t is humidity-
proof, dustproof, and shockproof to 100
g’s. You can take it down to —65°C or
heat it up to 175°C

Now scan this trimmer’s specs. Inter-
csted? Phone your ncarby Borg distrib-
utor. Or drop a line to R. K. Johnson,
Sales Manager.

Circle 62 on Inquiry Card

ACTUAL SIZES i I

Resistence values. ... ....... 10 to 100 K ohms

Resistance tolerance

Power rating....1 watt at 70°C, 0 watt at 175°C

Resolurion of adjustment....... 1.0% to 0.084%
25 turns nominal

30 ppm/°C nominal

Mechanica adjustment
Temp coefficient of Fot
Operating temperature range.. —65 to +175°C
Humidity —proof .« .. MIL-R-27208A
Mechanical stops. . .clutch allows contact idling

BORG ELECTRONICS

A Division of Amphenol-Borg Electronics Corporation,
Janesville, Wisconsin




NEW PRODUGTS

SILICON DIODE RECTIFIER

Full-load operation even if
oiie diode in each leg fails.

The assembly maintains adequate peak-
reverse voltage ratio with suitable protec-
tion against commutation spikes and
switching surges. It includes diode cur-
rent-limiting fuses, balancing reactors,
neon indicating tamps and overtemp. ther-
mostats. Faulty individual diodes are cut
out in less than 1 cycle by the fast-acting
fuses. Diode voltage drop is 1v. Westing-
house Electric Corp., P. O. Box R08,
Pittsburgh 30, Pa.

Circle 281 on Inquiry Card

CAPACITOR

Temp. coefficient is 0 (£25ppm); cu
pacitance from 10 to 1000pf (+3%).

The VY-Z capacitor has end radial
lead configuration for use where hoard
space is critical. Conforms to Mil-C-
11272. Operates at 50vdc; temp. range is
—355°C to 4125°C. Vitramon, Inc., P. O.
Jox 544, Bridgeport, Conn.

Circle 282 on Inquiry Card

LEVER SWITCH

Current-carrying capacity is 9a.;
current rating at 115vac is 230ma.

The PA-222 lever switch is available
in 2 or 3 positions—positive detent and
spring-return  with up to 12 contacts/
switch. At 12vdc the make-and-break re-
sistive load is 3.3a.; average initial con-
tact resistance is 5 milliohms. Centralah,
The Electronics Div. of Glohe-Union
Inc., 900 15, Keefe Ave., Milwaukee I,
Wise

Circle 283 on Inquiry Card

VIDICON TUBE

U'scable pictures with face-plate
illumination  of 0.1 ft.-candle.

The type 8483 is a 1-in. vidicon capable
of 900 line resolution. Used for black and
white or color TV cameras. It uses mag-
netic focusing and deflection, and pos-
sesses an average gamma of 0.6. This tube
has very good microphonic characteristics.
Suitable for transistorized cameras. Am-
perex Electronic Corp., Tube Div.,, 230
Duffy Ave., Hicksville, L. I., N. VY.

Circle 284 an Inquiry Card

CRYSTAL OSCILLATORS

Available in 1.0 to 5.0Mc range;
crystal Q Is tn excess of 1 million.

Model JKTO-60 features a proportion-
al-controlled oven combined with a Dewar
Hask, offering low oven power consump-
tion with a very close non-cycling temp.
control.  Unit requires 0.75w. max. at
—30°C. Daily aging stability is 1 x 10~
or hetter. The James Knights Co., Sand-
wich, 111

Circle 285 an Inquiry Card

| Patent No. 3104299
Other Patents Pending

Impervious

The sealed front pane! portions of
Series PSB binary and decimal rotary
push button switches are completely
impervious to dust and liquids. Ten-
positions. Ideal for limited space—
require only 1” panel space per
module. Simply press button to op-

PRINTED CIRCUIT
DRAFTING AIDS

Time Saving Shapes and Narrow Tape for
Making Printed Circuit Master Drawings

BALE HO ST AR 4 ’
PIUSSAL SENSTAE TAZE [
o

e

“KWIKY-DOT” overlapping Donuts

and solid Discs for quick and easy

application.

Pressure-sensitive Teardrops,
Twin Pads, T's, and Corners.

Black non-stain, non-smudge narrow
tape in 15 or 60 yd. rolls from
1/32" wide. Also red translucent
and black an white.

WRITE FOR HANDY CROSS REFERENCE

erate. Data sheets available. |

CHICAGO DYNAMIC INDUSTRIES, Inc. |

PRECISION PRODUCTS DIVISION
1725 Diversey Blvd., Chicago 14, tllinois

Phone WEllington 5.4600
Circle 63 an Inquiry Card

CHART, PRICE LIST AND FREE SAMPLES.

BY-BUK COMPANY
4314 W. Pico Blvd. - Los Angeles 19, Calif.
Telephone 937-3511 - Long Distance Area Code 213
Same Day Shipment is Our Usual Service

Circle 64 on Inquiry Card
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Model HR40-5A

... the most versatile power supplies going!

In the lab—you'll find you can't beat a Trygon Half Rack for versa-
tihty and low cost! Want constant voltage with adjustable current
limiting? You've got it! Want constant current with adjustable voltage
limiting? You've got it! Want to select voltage and current with a
remote control? You've got this too!

But check the features at the right—and the prices—for yourself.
And remember—every Trygon power supply, large or small, goes
through the same test procedures before shipment. Each is
aged—burned in; each is subjected to stability runs. Each must pass
shock and vibration tests—your assurance of long, trouble free per-
formance along with versatility.

In a system—you merely take off the Half Rack dust cover, reverse
it, add an inexpensive Trygon adapter, and you have a unit that
slides right into a rack. What's more, you
can place two Half Racks in a 19" rack
width, occupying only 5% of panel height.

For complete specs—on the Half Rack
Series as well as our catalog showing
the complete iine of over 100 Trygon
Power Supplies, write to us today.
Address: Dept. EI-7

TRYGON

Two Trygon HR20-1.5's,
rack-mounted side by side

ELECTRONIC INDUSTRIES -+ October 1963

ELECTRONICS

111 Pleasant Avenue EI-7
(516) FReeport 8:2800 TWX (516) 868-7508

Roosevelt, L.I., N.Y.

Circle 65 on Inquiry Card
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*Single Meter Units

FEATURES

CONSTANT VOLTAGE OPERATION
with adjustable current limiting.

CONSTANT CURRENT OPERATION
with adjustable voltage limiting.

COMPLETE RANGE REMOTE PRO-
GRAMMING furnishes voltage and
current selection from a remote
control.

REMOTE SENSING provides rated
regulation at the load, available at
both front and rear terminals.
HIGH RESOLUTION for setting cur-
rent and voltage is provided by
coarse and fine adjustments for
bothk (4 controls).

AUTOMATIC OVERVOLTAGE PRO-
TECTION-Trygon's unique over-
voltage protection is available as
an option.

INC.

133




WEW PRODUGTS

INDUCTION MOTORS
The 264 frame size has from 17100
to 1/12 hp; the 334 has 1/350 to 1/5 hp.

The A-line induction motors include
20 and 33 irame motors, cover 2, 4 and
6-pole speeds, and are offered in perma
nent split capacitor, split phase, capacitor
slart, capacitor start-capacitor rumn, and
polyphase types. Howard Industries, Inc.,
1760 State St., Racine, Wis.

Circle 286 on Inquiry Card

PHASE MODULE
Continnously shifts the phase angle of
an r-f signal from 0° through 360°.

The Variogon Series V-530\ can In
diaded manually or driven at speeds up
to 5000 ren. They produce continuous
time delays or phase variation that are
directly proportional to dial rotation. The
units  contain  electrostatic  type  phase
shifters with phase-splitting networks.
Special capacitor allows shifting without
brushes. Nilsen Mig. Co., P. O. Box 127.
Haines City, Fla.

Circle 287 on Inquiry Card

MASS SPECTROMETER

Supplied with a completely
open ion source and detector.

The MB Type “Nude" mass spectro-
meter is 4 x 7 x 10 in, and can be in-
stalled  in any  experimental  vacuum
chamber and oriented there in any man-
ner. It detects pressures lower than 107"
Torr: has a mass range of 1-85; and
uses i stainless-steel-sheathed or  gold-
coated internal magnet. Nuclide Corp,,
642 L. College Ave, State College, Pa.

Circle 288 on Inquiry Card

MULTI-SWEEP OSCILLATOR
Provides a full 30Mc of swept-
freq. output by IFM teclniques.

The model 159-A is a wide-range video
UnF sweeping oscillator. It provides a
linear swept freq. outpul and acce. In-
cludes provision for the insertion oi ¢x-
ternal oscillators to generate variable
hirdie-hypass type markers on all freq.
I'req. controlled by external dc-15kc. Cal-
ibrated freq. dial allows usage as an i1r-
vir oscillator. Kay Electric Co, Maple
Ave, Pine Brook, Morris County, N. ]

Circle 289 on Inquiry Cord

AVALANCHE RECTIFIER
Peak reverse vollage is 1000 to
1500; max. forward current is 1.6a.
Series 11 diode features top hat con-
struction with a gold plated, hermetically
scaled case. Dimensions are in accordance
with JEDIEC DO-1 outline. Syntron Co.,
203 Lexinglon Ave., Homer City, Pa.
Circle 290 on Inquiry Cord

HIGH-PRECISION

CIRCUIT BOARD
DRILLING MACHINE

42,000
Precision
Holes Per
Hour with

Qutstanding
Reliability

The Quad-Drill is a four spindle precision circuit
board drilling machine that is used for both long
and short run production. Holes can be produced
at the rate of 42,000 per hour while maintaining
hole location on each spindle to within .001 inch
Has many other
features that will increase production, cut cost
and increase profits on every job. Write for

of true template position.

specifications today.

EXCELLON
INDUSTRIES

5002 CRENSHAW BLVD./L.A. 43, CAL.
Circle 46 on Inquiry Card

(CONNECTOR DESIGN CRITERIA

ELIMINATION OF SOLDERED CONNECTIONS
(Try Dewtselt Connectors with Crimp Type Contacts!)

73

DIZUIISE@I8(J

Circle 47 on Inquiry Card
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A new standard of excellence in
mercury-wetted relays

Babcock's new non-bridging. mercury-
wetted contact relays are designed for
the high speed switching requirements
of computer, control, and data process-
. : ing applications. Operating at speeds as
ThIS new Ca.talog high as 1 millisecond or on power as fow
. as 1.2 mlliwatts, these high perform-

can Change ance relays have a contact breaking

‘ [ acceleration of 1500 Gs.
the Way yﬂu h y Featuring Babcock's new form C mercury
'mercury.wetted switch element, Series BW relays provide

billions ot trouble-free operations, con-
relay's stant contact characteristics and perma-

nent low contact resistance without
erosion. bounce or chatter.

send for it An exclusive Babcock feature offers a
wide variety of specia! adjustments.

Five models are available, each designed
to meet specific applications.

* n
Model BW-4: A seven oin mir
i tature plug-in relay measuring
only 625 {(dia) x 1891’
Recommended for use in mifitary
and commercial applications
where small size 15 a cnitical
factor

| ! ‘mABCOCK RELAYS |

Model BW-2: A single switch
unit housed 1n a 1 234" steel
container Avaiable in a wide
range of single-side stable
bi-stable and chopper adjust-
ments Model BW.5: Module form
designed for printed circuit
board applications Plated steel
enclosure can be grounded to
provide both mechanical prote.
tion and magnetic shielding

.

| _BASCOCK RELAYS |

w
-

Modei BW-6: Similar to the
BW 5 but housed 1n an epoxy
Model BW-3: Similar to the | filled molded nylon enclosure for
BW-2. but housed in a shorter | cooler operation Recommended
steel containe Designed for use | for apphications where caustics
where mounting space 1s limited and solvents are involved

Send for complete details.

A DiIVISION OF BABCOCK ELECTRONICS CORPORATION
3501 HAR30OR BLVD COSTA M 'SA C LIF -« 546-2711

ELECTRONIC INDUSTRIES + Octoker 1963 Circle 68 on Inquiry Card 135
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THIS
NEW
TOOL
SOLDERS
THESE

ey = &

Aircraft connectors, switch terminals,
printed circuits, lugs, pins or electronic
wiring... THERMO-TIP soldering is
quickest and easiest. For all high-
reliability soldering, in tight quarters
especially, this resistance heating
principle solders better. No pre-heating.
No cold flow joints. No damage to
nearby connections or semiconductors.
Featherweight THERMO-TIP tool point
heats only when in contact with work.
Perfect for production line operation.
Available with *‘pencil grip’’ or *'pistol
grip” and 5 electrode styles. Power unit
sizes: 125W, 250W and 500W.

Sold through America’s leading distributors

IDEAL INDUSTRIES, INC.

5127-J Becker Place, Sycamore, |llinois
Mail caupon far camplete details.

Please send data on new THERMO-TIP E
resisiance soldering method. i

Name 00

i Company___ _

Address._ -~

i City. Zone. State

[ S —

In Canada: ID| Industries (Canada) Ltd., Ajax, Ont,
Circle 49 on Inquiry Card

|
|

PUT...The Touch of
Brilliance in your
Panel Design with. ..

o

HIGHEST QUALITY o PERFORMANCE o RELIABILITY AND LONGER LIFE
LIT-SWITCH

COMBINATION INDICATOR LIGHT
AND PUSH-BUTTON SWITCH

| | |
j \ B

FEATURING . . .
SINGLE OR GANGED LIT-SWITCHES
LOCK AND INTERLOCK LIT-SWITCHES

2™ Utilizes T-13, Bulbs, MS 25237.327.328, etc.
= ‘g?”‘- No special tools are required for assembly in
x . #  the panel or for changing bulbs. No screws
L are required through the mounting panel. The
Lit-Switches are availablie with momentary or
push-on-push-off actuation or solenoid opera-
tion and with Lock and Interlock. Matching
Indicator Lights are available. Lit-Switches
are ganged at no extra cost.

M fact
For complete anufactured By

specifications, THE SLOAN COMPANY
write to Dept. EI1063. 7704 San Fernando Rd. = P.0Q.Box 367
Sun Valley, California = TRiangle 7-1123

Circle 70 on Inquiry Card

ALLIED

Industrial
Electronics
Catalog

exclusively
for
industry

1964

free

ask for
your

ALLIED "2

1964 /@ CATALOG 640
540 PAGES + COMPLETE INDUSTRIAL ELECTRONICS CATALOG FOR
THE SPECIAL USE OF PURCHASING AGENTS AND ENGINEERS

+« World’s Largest Stocks of Electronic Components
« Same Day Shipment « Factory OEM Prices

for FREE copy, check reader service card or write direct

ALLIED ELECTRONICS

subsidiary of ALLIED RADIO CORPORATION
100 N, Western Ave,, Dept. 77-K, Chicago 80, IlI.
For separate Catalag Na. 230 featuring hi-fi,
build-yaur-awn kits, hame tape recarding, ham gear,

} etc., write directly ta Allied Radia,
Dept. AX, 100 N. Western Ave,, Chicage 80, Hl.

. S
Circle 71 on Inquiry Card
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Universal Microwav

This exchusive combination of features is not merely desirable —
it is essential, if you are to make full use of the enormous range
of measurement capabilities inherent in spectrum analyzer tech-
niques. As a minimum, for truly quantitative measurements, you
must have:

o ACCURATE CRYSTAL MARKERS . . . =+-0.01% in the SA-84WA!

o ACCURATE IF ATTENUATION . . . =+-0.05 db/db accuracy in the
SA-84WA!

+ WIDE FREQUENCY RANGE . . . 10-63,680 mc in the SA-84WA!

SA-84WA
10-63,680 mc

This instrument was the microwave “hit’’ last August
at WESCON. They were standing three deep to see it
in October, at N.E.C. At NEREM, in November, we were
demonstrating it continuously. At IEEE, eight months
after its introduction, it was a standout attraction!

Why? Because it stands alone. No other manufacturer
offers, in a single standard instrument, the complete
complement of performance characteristics placed at
your command by this fully-equipped, truly quantitative
spectrum analyzer.

pectrum Analyzer

= HIGH MAXIMUM SENSITIVITY . . . to —115 dbm in the SA-84WA!
(defined in the only meaningful way: S + N = 2 X N)

o CALIBRATED WIDE-RANGE DISPERSIDN . . . over 80 mc in the
SA-84WA!

* WIDE-RANGE VARIABLE RESDLUTION . .. 1-80 KC in the SA-84WA!

* LOG/LINEAR AMPLITUDE SCALES . . . to 36 db log display in
the SA-84WA!

* WIDE-RANGE VARIABLE-FREQUENCY MARKERS . . .
the SA-84WA!

—+40 mc in

We can only touch the high spots here — but our brand-new
40-page Spectrum Analyzer Bulletin A63 gives the complete
specifications. Use this card —we’ll send your copy by return mail!

Incidentally, we make seven classes of spectrum analyzers, in
35 standard versions, hundreds of standard variations. Turn
the page for a brief summary.

Name

098765432

Title

Company _

— VW AT
:“;/10.01%1@

Address

City

Polarad Electrenic Instruments -

[ Please send me your new 40-page
Engineering Bulletin A63 on Micro-
wave Spectrum Analyzers.

My application is

POLARAD

A Division of Polarad Electronics Corporation
34-02 Queens Bivd. - Long Island City 1, New York

[J | may have an immediate require-
ment—have my local Polarad field
engineer get in touch with me.
(My telephone extension is J

_Zone State




Choose from the industry’s largest, most complete line of microwave spectrum analyzers.

Choose the exact price/performance combination to meet your needs, without compromise,

without excessive cost. Remember, only Polarad makes them all — because Polarad originated

and pioneered the microwave spectrum analyzer . . . and Polarad has consistently led the

way in extending the range, the versatility, and the scope of applications of spectrum analy-

sis. Experience really counts, too, when you must have reliable, accurate, “bug-free”” meas-

uring capability . . . and there are more Polarad microwave

spectrum analyzers in service than all other types combined!

Max. & Min.
Config- Freq. Additional Sensitivity
MODEL | PRICE  uration Range Resolution Dispersion Display Features (S+N=2xN) REMARKS
%=; — = — —
TSA $3.990.% Multiple 10 me¢ 1 kcto 100 ke to LIN-LOG ~ Video —115 dbm Lowest cost analyzer for |
PLUG-IN to 80 ke 25 me Filter to specific frequency §
HEADS 40 ge —50 dbm application. %
=2
(=3
TSA-W $4,335* Multiple 10 me 1kcto 25 ke to LIN-LOG ~ Sweep and —115dbm Lowest cost analyzer for | 2
PLUG-IN to 80 ke 80 mc (25 Video to specific frequency g
HEADS 44 ge mc on Outputs. —50 dbm application requiring <E
STU-1 band) Video Filter wide dispersion. = '§
e
TSA-S $4,635.% Multiple 10 me Spect./ 5 ke 400 ke to LIN Sweep and —105 dbm Combined spectrum §3
PLUG-IN to Anal. 150 ke 25 me Video to analyzer & synchroscope § =
HEADS 44 gc Syn- {500 ke Outputs. —50 dbm for frequency & time e
chro.l 5mc Trigger Output domain displays.
SA-84 $5,000.  Universal 10 me 25 ke 500 ke to LIN Military —90 dbm Lowest cost analyzer for
MULTI- to 25 me Standard to wide frequency coverage
BAND 40.88 ge UPM-84 —40 dbm
SA-84T | $5650.  Universal 10 me 20 ke 500 ke to LIN 41 DB —105dbm  Transistorized, portable,
MULTI- to 25 me Calibrated IF to battery or line operated, J «
BAND 40.88 g Attenuator —55 dbm wide frequency coverage. J £
=
SA-84W | $6,290.  Universal 10 me 1 keto 25 ke to LIN-LOG 20 DB —105dbm  Wide frequency coverage | =
MULTI- to 80 ke 80 mc (25 Calibrated IF to with wide dispersion. g
BAND 40.88 ke to 100 Attenuators —55dbm g
BC mc on special IF & RF Crystal i
order $100 Markers, =
add'l) Video Filter ®
[
SA-B4WA | $6490.  Universal 10 me l1kcto 25 ke to LIN-LOG 20DB —115dbm Widest frequency &
MULTI- to 80 ke 80 mc (25 Calibrated IF to coverage with wide
BAND 63.68 ke to 100 Attenuator IF —45dbm dispersion.
gc mc on special & RF Crystal
order — $100 Markers,
add'l) Video Filter
* With One Head
STANDARD OPTIONS
OPTIONS UNIT
1. 100 mc Dispersion 1. TSA-W, SA-84W, SA-84WA
2. Phase Lock Capability 2. All Units
3. AM Marker Modulation Input 3. All Units
4. XY Recorder Output & Slow Scan Rate 4. TSA, TSA-W, SA-84W, SA-84WA
5. 50 DB on Screen Log Display 5. TSA, TSA-W, SA-84W, SA-84WA
6. 63 DB Calibrated IF Attenuator 6. SA-84T
7. Choice of CRT Phosphor 7. All Units

s ——
—

This 40-page engineering bulletin
contains an excellent “State of the
POLARAD ELECTRONIC INSTRUMENTS Art" summary and a review of many
s e . . : e new and unusual applications, as
A Division of Polarad Electronics Corporation -‘;u;:'z::'\':’ woll 55 coupleth Spociications 0
34-02 Queens Blivd. Aﬁalv,em the industry's largest line. Use the

card—get your copy by return mail!

Long Isiand City 1, N. Y.




scientists, engineers, mathematicians...
transfer with minimum energy

Use of the Hohmann formulae to transfer bodies from orbit to orbit makes it
possible to place satellites in synchronous orbits on equatorial planes. AC-
Milwaukee is seeking scientists, engineers and mathematicians to help develop
the guidance systems and hardware that will achieve synchronous orbits.

AC's highly skilled scientific team has played an important role in advancing
the state of the art in inertial guidance theory, development and production.
Singular successes have been achieved by AC in the development of the Apollo

Milwaukee (Systems Design, Development,
Manufacturing)

SYSTEMS ANALYTICAL ENGINEERS — Perform
analytical studies of inertial guidance systems, includ-
ing analysis of system performance requirements,
writing system model and error allocation specifica
tions, conducting system simulations on digital and/or
analog computers, conducting trajectory studies, and
preparing guidance equations. BS, MS or PhD in EE,
math and physics plus 2-5 years experience depend-
ing upon education.

SYSTEMS MECHANIZATION ENGINEERS—To de
sign and mechanize inertial guidance systems or
subsystems. BS, MS or PhD in EE, math or physics
w'th minimum of 2 years aircraft or fire control expe-
rience employing closed loop systems, switching circuits
and digital techniques.

CIRCUIT DESIGN & ANALYSIS ENGINEERS—To
design and/or analyze servo amplifiers, DC operation
amplifiers, power converters, feedback amplifiers and
pulse circuits. Will work in the area of inertial measure-
ment unit electronics. BSEE plus 3-5 years experience
in above field required.

DIGITAL COMPUTER ENGINEERS—Logic design,
evaluation of logic techniques, evaluation of memory
storage, development of programming format and
define computer subsystem functional block diagrams
and input-output devices. BS or MS in EE or math
and physics and 3-7 years experience in logic circuit
design of digital computers.

GYRO ENGINEERS—Thermal and stress analysis of
gyro instruments. Analytical ability and 2-5 years gyro
design experience necessary. BS or MS in ME or EE.

RADAR SPECIALISTS—Circuit design and analysis
of airborne radar systems. Prepare functional block
diagrams and define subsystems, analyze and test
errar budgets, perform analog and digital computer
simulations including interfacing of associated sub-
systems and aircraft performance characteristics. BS
or MSEE and 5-10 years radar-radio systems experience.

SCIENTIFIC PROGRAMMERS—Concerned with sim-
ulation of guidance and control systems, electronic
system design and logic designs. Will perform satellite
and trajectory studies, numerical and statistical
analysis and systems calibration. BS or MS in engineer-
ing, physics or math with 1-3 years experience.

ELECTRONIC INDUSTRIES -

October 1963

SYSTEMS ENGINEERS—To assist in interface of
Apollo airborne and ground support equipment,
including the development of test circuits to ensure
proper GSE checkout before interface. BSEE, plus 2-3
years related experience required.

MECHANICAL DESIGN & DEVELOPMENT ENGI-
NEERS—To assist in the design and development of
Apollo ground handling equipment, Titan GSE consoles,
drawers and other hardware. BS or MSME and 2-3
years related experience required.

EQUIPMENT DESIGN ENGINEERS—Design and
development of transistorized electronic airborne and
GSE equipment on Titan and Apollo projects. BSEE or
ME with 2-5 years design experience.

DEVELOPMENT ENGINEERS—Perform engineering
development, product support and coordinate design
changes. BSEE or ME required.

Boston Advanced Concepts Laboratory
(Research & Development)

INERTIAL & SPACE SYSTEMS ENGINEERS—To
engage in the analysis, synthesis and mechanization
and/or evaluation of advanced inertial navigation
systems. Will perform optimization studies, error
analyses and systems configuration studies in the
field of space navigation, avionics, and attitude control
systems. Advanced degree or BS with analytical sys-
tems background required. Two or more years expe-
rience in inertial systems preferred.

DIGITAL SYSTEMS ENGINEER—To engage in the
adaptation of digital techniques to inertial navigation
and avionics systems. BSEE and 3-5 years experience
in the design of digital control systems required.

MECHANICAL ENGINEER—Design of miniature in-
ertial platforms and gimbal systems. BS and 3-5 years
in above field and inertial instrument application.

SR. MECHANICAL ENGINEER—Responsible for the
development of inertial instruments through the use
of analysis and experimental verification. BSME plus
3-5 years experience in the design and development
of precision electromechanical devices.

ELECTRONIC ENGINEER—To design transistor
feedback and servo amplifiers, and low level switching
circuits. BS or MS and 3 or more years experience in
the above field desirable.

Command Module guidance-navigation system, the Titan I inertial guidance
system and the Titan Il inertial guidance system, plus other guidance and
navigation systems and components for space vehicles, missiles and aircraft.

Specific openings for all AC locations—AC-Milwaukee, AC-Los Angeles and
AC-Boston—are listed below. For more information, send your résumé to
G. S. Raasch, Director of Scientific ard Professionai Employment, Dept. 5753,
AC Spark Plug Division, Milwaukee 1, Wisconsin.

SR. METALLURGIST—To work in an expanding
group corducting development programs and evalua-
tion of both metallic and non-metallic materials as
applied to inertial sensing devices. BS or MS with 3-5
years experience in metallurgical or related area.

ELECTRONIC ENGINEER—To design and develop
semiconductor pulse circuits, logic circuits, digital
analog circuits and precision DC amplifiers, BS or MS
plus 3-5 years experience in above field. Experience
in the area of precision electrical measurement de-
sirable,

MATHEMATICAL ANALYSTS—To perform analysis
as required in the development of inertial components
and systems. BS or MS in applied mathematics plus
1-3 years experience in the development of inertial
components and systems. BS or MS in applied mathe-
matics plus 1-3 years experience in the field of
mathematical analysis.

PHYSICISTS & ENGINEERS—Excellent positions
are available for Senior Physicists and Engineers
preferably having advanced degrees and experience
in the theoretical and experimental development of
precision devices. The particular area of investigation
relates the application of mechanics, electricity,
nucleonics and physical phenomena to inertial mea-
surement components such as gyros and accelerometers.

Los Angeles Advanced Concepts Laboratory
(Research & Development)

SENIOR SCIENTIFIC PROGRAMMERS—To assist
in trajectory analysis and guidance simulation prob-
lems. Strong mathematical background and experience
on 7090 desired.

SENIOR MECHANICAL ENGINEER—Design of in-
ertial goidance system hardware. BS or MSME with
extensive background in thermodynamics and a
minimum of 5 years related experience required.

AC SPARK PLUG

The Electronics Division
of General Motors

An Equal Gppertunity Emptoyer

Circle Number 801 Professional Frofile, page 196 139




NEW PRODUCTS

AVALANCHE RECTIFIERS

Max. peal I-cycle surge owverload cur-
rent is 400a.; PRI rating is 400-6001".

In the Type PZ140 rectifiers, avalanche
hreakdown occurs between 300 and 950v.
Max. continuous power dissipation in the
avalanche region is 10w, ; at 10usec dura-
tion the dissipation rating is Skw. \ver-
age forward current is 25a. at 140°C, and
30a. at 100°C. Tung-Sol Electric Inc,
One Summer Ave., Newark 4, N. J.

Circle 194 on Inquiry Card

DC POWER SUPPLY

Remate programming and sensing, and
continvously adj. current limiting

The 313A solid-state dc power supply
1s capable of supplying up to 2a. from 0
-50v. with calibration accuracy of 0.01%
of its 6-digit in-line rcadout. The supply
has a resolution of 10uv (5v. range) and
100pyv (50v. range) with a stability of
0.002%/hr. and 0.005%/mo. John Fluke
Mig. Co, Inc, P. O. Box 7428, Seattle
33, Wash.

Circle 195 on Inquiry Card

ALUMINA CIRCUIT BASES
Provides good clectrical prapertics
and high resistance to softening.

These flat alumina plates are used as
printed-circuit bases for assembly into
electronic components. Made from high-
purity 96% alumina, they arc arailable in
sizes up to 3 in. sq. in thicknesses to
0.008 in. (=*=0.0005 in.). All pieces have
polished or lapped faces and are made
parallel within 0.0005 in. Saxonburg Cer-
amics. Inc., Saxonburg, 1’a

Circle 196 on Inquiry Card

DELAY RELAY
Standard delavs of 5, 10, 15.
20, 30, 43, 60, 75 and 90 sec.

The Thermette 1s a thermal time-deiay
relay that fits a 9-pin min. tube socket.
[t is interchangeable with similar relays.
The compensated bi-metal mechanism is
enclosed in a shatterproof, dust-tight
metal shell. Its contact arrangement is
SPST, either normally open or normally
closed. The contact rating is 2a. resistive
at 115vac or 28vdc. G-V Controls Inc.,
Okner Pkwy,, Livingston, N. J.

Circle 197 on Inquiry Card

VARACTOR MULTIPLIERS

Power levels up to several watts and
spurious rejections of 20db to 30db.
Operating at freqs. from 125Mc to
106c these multipliers are used as single
units or cascaded to provide any multi-
plication to your desired freq. Standard
doublers and triplers have 609% efliciency.
LEL, Inc.. 75 Akron St.. Copiague, N. Y
Circle 198 on Inquiry Card

DOW-KEY

DK60

SERIES

COAXIAL
RELAYS

Ruggedly built, individually inspected to assure de-
perdability. Quality and versatility make DK60
Ser'es relays adaptable to a multitude of applica-
tions, military, industrial and amateur.

COIL RATINGS: 6, 12, 24, 28, 32, 48, 110 and 220
V OC € 2 watts. 6, 12, 24, 110 and 220 V AC @
& VA 50-40 cps. Special coil voltages available on
request. Co’l terminals are solder connections feed-
throuwgh insudators.

rf. RATINGS: | kw power rating to 500mc. 20 watt
power rating to 500 mc in DK60-G and DK60-G2C
in de-energized position. The DK40-G and DK-60-
G2C have a special isolation connector in the de-
energized position to reduce crosstalk to a minimum.
AUXILIARY CONTACTS: Form 2C {DPDT) on
DK5C-2C end DK60-G2C, Bifurcated contacts rated
at 5 amperes at 110.¥Y AC non-inductive.

VSWR: Less than 1.15:1 from 0 to 500 mc (50 ohm
load). 72 skm relays available.

ISOLATICN: Greater- than 60 db @ 10 mc in
DK50 and DX60-2C. Greater than 100 db from 0 to
50C mc in CK60-G and DK60-G2C when in the en:
ergized position.

OPERATING TIME: Less than 30 milliseconds from
apolicatioa of coil voltage; less than 15 milliseconds
between cortacts.

Size
23.x3%x1Y%
Less than 9 ox.

DKé60-C2C

HYPOT.

JUNIOR

Breakdown
Testers

4 Standard Models, AC or DC,
UHF, N, BNC, TNC or C Conn.

- )
./ MODEL 411
0-2500 volts output

onwy 344450

VISUAL INDICATOR MODELS

Have neon ‘“breakdown” light for
breakdown, corona or arcing indica-
tion . . . and separate neon ‘“leak-
age” light for leakage indication.
5 models from 0-1500 to 0-10,000
volts output. Priced from $137.50
to $199.50. Model 411 shown.

AUTOMATIC "SQUAWKER™ MODELS
Provide audible and visual test in-
dications. 4 models from 0-1500 to
0-6000 volts output, Priced from
$255 to $290,

Make faster, safer
AC dielectric strength tests

of electronic parts and components,
small tools, appliances, motors,
transformers, etc.

{Also ind st ard tar
a fed and bult

requirements m

fo specifica

STANDARD RELAYS WITH
TYPE UHF CONNECTORS
INCLUDE:

DK&0—SPDT 1.f. switch. $12.45

Simple to operate. Make break-
down, leakage and shorts tests to
U.L,C.S.A.,, ASTM, NEMA, IEEE,
MIL and EASA standards. 115 vac,
50/60 cycle input. Continuously ad-
justable output. Included are: com-
plete metering, controls, safety fea-
tures, case with removable cover,
test leads, line cord, instructions.

DK&0-G
SPDT rf. switch with special
“isolation™ connector in de-
energized position.  $13.70
DK$0-2C
SPOT rf. switch with DPDT
suriliory contacts.  $14.35
DK&0-G2C
SPDT rf. awitch with DPDT
suziliary contacts and spe-
cial “isolation” connecter in
deenergized position. $15.65

Unconditional Guarantes
for | year.

Get all facts . . . write for Bulletin 4-1.3

Associated Research, Inc.

il Dist. Dealers, U.S. & Can. write:
Manufacturers of Electrical Testing Instruments since 1936 Cat. sheets avail. at Dist. and Dealers 2L

DOW-KEY COMPANY
Thief River Falls, Minnesota
Circle 74 on Inquiry Card

3787 W Belmont Ave  Chicago | 60618

Circle 73 on Inquiry Card
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432-C l
255.A I. ®
n -
935-B
1025-A
2504 CXXXIXXIX)
432-C

Swept, Marked, Logged, Galibrated ... by MK AW

A sharp filter, swept and marked in frequency (fixed and variable)
by 935-B and 990-A on the log amplitude display of the 1025-A, with
calibrated level line set by the 432-C, switched in by the 255-A.

935-B Sweeping Oscillator 990-A CW Oscillator 1025-A Log Amplifier

50 cps to 220 me 4.5 to 220 me 200 kc to 220 me
Audio Video, VHF 1.0V rms, AGC’d 80 db Dynamic Range

Price: $1295.00 Price: $373.00 Price: $795.00

Write for complete catalog information

432-C Attenuator K Av 255-A Coaxial Electronic Switch
DC to 500 mc DC to 500 mc
Oto 101 dbin 1-db steps ELECTRIC COMPANY 70 db “off” at 200 mc
Price: $110.00 Maple Ave, Pine Brook, Morris County, New Jersey | Price: $295.00

Circle 75 on Inquiry Card
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' NEW GERTSCI

HPRE $91
i
il

|

PHASE ANGLE

—measures in-phase voltages, quadrature
voltages, and phase angles

This versatile instrument accommodates up to 8 f requencies, employ-
ing plug-in filters and networks to 10 KC. You can order a single-
frequency unit—then add or change frequencies as they are needed.

Variable gain control permits full-scale setting of any voltage from
1 mv to 300V, allowing equivalent angular error to be read directly
in degrees and minutes. Ideal for synchro and resolver testing.

Band-pass filtering of both the signal and reference voltages mini-
mizes effects of harmonic distortion, and noise.

Instrument can also be used as a standard VIVM (50 cps to 50
KC), and a phase-sensitive null indicator (5.v sensitivity).

Available with isolation transformers for both signal and reference
channels.

“Go”'—*‘no-go”’ testing—enabled by optional full-scale meter relay.

Complete information on all Gertsch synchro/
resolver test instruments in catalog #11— 40
pages of technical information, specifications,
theory, application data and engineering bulletins.
A valuable reference source for design and test
engineers,

=lbertsch =

GERTSCH PRODUCTS, INC.
3211 S. La Cienega Blvd., Los Angeles 16, Calif. « UPton 0-2761 « VErmont 9-2201

142 Circle 76 on Inquiry Card
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- NEW PRODUGTS

ION PUMP

Ton pump has 2 gauss at the
flange and 42 gauss ma.r.

This high-vacuum ion pump substan-
tially reduces fringing fields. This reduc-
tion allows min. interference from stray
magnetic felds to external instrumenta-
tion such as tinear accelerators, neutron
generators and other beam devices. Ultek

Corp., . 0. Box 10920, Palo Alto, Calif.
Circle 199 on Inquiry Card

WIRE MARKERS

Fireproof, nonconductive, and
resist constant temp. to 300°F.

Self - sticking  B-5004 wire markers
grab instantly on contact to plastic, rub-
ber or glass-braid insulations, or those
which are slip-coated or contain plasti-
cizers. They stay stuck indefinitely. They
have fadeproof inks and conform to Mil-
E-3272\, Mil-D-10369B, IPCEA-
NEMA's new specs. W. H. Brady Co.,
7200 W, Glendale Ave, Milwaukee 9,
Wisc.

Circle 200 on Inquiry Card

VARIABLE ATTENUATORS
Insertion loss is 5db at 0db sct-
ting; max. power rating is 100z0.

Model E101 covers the 1 to 26c range;
Model E103, 2-46¢, and Model E105, 4
to 8cc. Attenuation range is greater than
60db, contiruously variable in L-, S- and
C-bands. Freq. sensitivity is less than
*+34db at min. attenuation with external
terminations having vswr less than 1.1:1.
Calibration accuracy at midband is
*0.2db or =*2¢%, whichever is greater.
Alfred Electranics, 3176 Porter Dr,,
Stanford Industrial Park, Palo Alto,
Calif.

Circle 201 on Inquiry Card
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‘® Now machine five parts
* W in the time it took to do four
from new Brush free-cutting
beryllium copper rod

'l

R

When you need high fatigue strength and hardness
uniquely combined with excelient electrical and thermal
conductivity, resistance to corrosion and wear, and de-
pendable operation through a wide temperature range . ..

...you need beryllium copper.

And, when you want all these properties plus a minimum
of 25 percent better machinability, specify Brush free-
cutting beryllium copper rod.

Our beryllium copper rod costs no more. lts better ma-
chinability saves time, extends tool life, reduces waste.
We supply it annealed or cold drawn to close tolerances,
with controlled metaliurgical composition, in lengths to

suit automatic machine operations.
Vi

Write to us for technical service and information about
beryilium ccpper rod, strip, bar, plate, wire, casting and
master alloys; beryllium oxide ceramics and beryllium.

Brush Beryllium Copper 25 Alloy MACHINABILITY RATING*

turning drilling tapping
Annealed 175 200 80
Cold Drawn 125 180 50

-Based on index of 100 for AIS| Steel B1112 (co!d rolled or cold drawn).
Study by Metcut Research Associates, Inc. Copy on request

THE BRUSH BERYLLIUM COMPANY

17876 St. Clair Avenue - Cleveland 10, Ohio

Phone: 486-4200 - Area Code: 216 - TWX: 486-5790




Speed Production...Lower Costs! NEW PRODUCTS

f—
«MKCAHLE
| VACUUM GAUGE

AUTOMATIC PRECISION | Covers range 25 microns to 107 Torr:

'has replaceable 1500 gauss magnet.
|

KAHLE service encompasses the complete responsibility for spec-

ial machine projects from design to final testing. KAHLE designs |
and builds high efficiency production machines for manufacturers

in electronics, glass and general industry. The machines illustrated

are typical of the thousandf-\_of different types now in use.

< !

Assembly Machine No. | Model 700 cold-cathode gauge and

. d ?ﬁg;g;"ts::}aggaé%snﬁkg: | Model 710 stainless-steel gauge tube make
odes. Capacity 2,200 seals up this system. Model 710 is a cold-
per hour. cathode discharge gauge tube suited for

uses which experience pressure “bursts,”

| since it will not burn out. It can be
rapidly outgassed by baking up to 430°C
for precise vacuum measurement. [t can
be supplied with step seals for glass-to-
metal joints, and is adaptable to any type
of flange or fitting. Vactek, Inc., subs. of
Geophysics Corp. of America, Bedford,
Mass.

q /

Sealing-Exhaust Machine
No. 2187 — Automatic ma-
chine features 16 positions
for high speed production.

Circle 202 on Inquiry Card

RELAY

Contact rating of the 6 PDT unit
is 5a.; meets Mil-R-5757 and 61066.

In style 801, the 2-coil bi-polar mag-
netic actuator is coupled with a balanced

Assembly Machine No. armature for max. immunity to shock,
3711 — Cat-whisker welder vibration, and acceleration. Single or bi-
for crystal diode assembly. furcated contacts are available to cover

Automatically welds 3,000

units per hour a variety of contact loads. Withstands

50g shock, 10g vibration to 1500ces.
| Available with solder lug, wire leads or
""""""""""""" ==== | plug-in type termination. Price Electric
| Corp., 300 Church St., Frederick, Md.

KAHLE Engineers have the Experience and Circle 203 on Inquiry Card

Facilities to Solve Your Production Problems!

Call or write KAHLE for recommendations on your specific assem- CERAMIC CAPACITORS

bly and production problems. KAHLE automatic high speed, pre- Eliminates failure due to humidity;
cision machines are in use by hundreds of leading manufacturers available in 50 and 200vdc models.
where they have earned an industry-wide reputation for high The SCH 70 series are said to afford
efficiency and dependable performance! absolute humidity protection. These her-

metic-seal ceramic capacitors using a
glass-to-metal case seal have passed more
than 90 days of continuous humidity cy-
cling/Mil-C-11015C, which required only
{ 10 days of continuous humidity cycling
ENGINEERING COMPANY for qualification. They come in the CKO6
| size package in ranges of 10mmf to 10,-
000mmf{ for 200vdc, and up to 100,000mmi

3320 HUDSON AVENUE, UNION CITY, NEW JERSEY | for 50vdc. The Scionics Corp, 7400
Telephone: UNion 7-6500 (Area Code 201) | Deering Ave., Canoga Park, Calif.
DESIGNERS & BUILDERS OF AUTOMATIC MACHINES FOR HIGH SPEED, PRECISION PRODUCTION Circle 205 on Inquiry Card
144 Circle 78 on Inquiry Card ELECTRONIC INDUSTRIES + October 1963
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MICROAMPERES

A

A .6 “CLEAN SWEEP”
% il 8 PANEL INSTRUMENTS
\\\\ ///////// A fresh approach to ultra-modern instrument de-

\\ H H i 14 H
\\\ 7 sign provides a *‘clean sweep’’ of the pointer over
N\ D. C. //y the full scale.

MILLIAMPERES
L /7 You get instant readabihty easier and at greater
> distances—plus more attractive designs to
QU . . .
F“Gé?{\ : integrate into your equipment.
Self-shielded, accurate, reliable D.C.

instruments have the exclusive Triplett
BAR-RING meovements.

Whatever your panel instrument
3 requirement, look to Triplett
for the right size and
style, the right
capability at the
right price.

SHIELDED BAR-
RING MOVEMENTS

ALNICO MAGNET IS

MOUNTED INSIDE SOFT

IRON RING; FULLY
SELF-SHIELDED ————» <

—~

Not affected by magnetic panels
or substantially by stray mag-
netic fields for D.C.

More Torque

DIE CAST ONE-PIECE

FRAME HOLDS IRON
fastenRESDONSS CORE IN EXACT ALIGNMENT
Exceedingly Rugged and

Accurate

Lower Terminal Resistance



NEW PRODUCTS

OSCILLATOR-OVEN UNIT

Available at 1.0Mc; it is calibrated
x 107 daily aging 1 x 10° or better.
JKTS-1000 is suited to lab. and equip-
ment uses requiring an ultra-stable signal
source. [t is a large-dia. 1nc crystal,
glass-enclosed with an oscillator-buffer,
voltage-control and oven-control circuitry
all housed in a double proportionally
controlled package. lixternal voltage can
be applied for external trimming or con-
trol of ecxact freq. The James Knights
Cao., Sandwich, I11.

Circle 215 on Inquiry Card

STATIC INVERTER

Supplics 800va continnous poweer, or 200cu
for I min., from standard 28vdc source

Model 185102 features 90¢: (min.)
eficiency and has a capability oi 23507,
sustained  overload for motor starting
needs. It uses a crystal reierence circuit
to assure a stable freq. output. Qutput
voltage 1s precisely regulated 115vac ras
*19%. The basic model is available for
800-cvcle, 400-cycle and 60-cvcle systems.
Microdot Inc, 220 Pasadena Ave., So
Pasadena, Calif.

Circle 216 on Inquiry Card

TIME-DELAY RELAYS

Accepts spade  terininals; increased
reliability by no soldered connections.

The TER series of solid state clec-
tronic timers are compact. 1.5 x 2.0 x 2.8
in., and extremely versatile. They are un-
conditionally guaranteed for 3 vears. Life
of each unit is a min. of 10 million op-
erations. Syracuse Electronics Corp., Box
300. Syracuse, N. Y.

Circle 217 on Inquiry Card

MINIATURE RHEOSTATS

RP0O6 is rated 12%w. and RPO7 is
rated 6.25w. as required by Mil-R-223.

Miniature rheostat styles RP06 and
RPO7 of military spec. Mil-R-26C arc
available. The new sizes have slotted
shafts only—either with 14-32 standard
or locking-type bushings in  various
lengths. Locking bushing types are avail-
able for styles RP10 through R P30 now
listed by AMil-R-22B. Additional informa
tion is contained in Military Catalog 30C
Ohmite Mfg. Co., 3650 Howard St., Sko
ke, T

Circle 218 on Inquiry Card
TEMPERATURE CONTROLLERS

Features: Null balunce input and con-
tnnous cold-junction compensatio
Micro Sentry temp. controllers feature
a measuring circuit made up of a high
gain magnetic amplifier and a SCR. The
units respond to furnace temp. changes of
less than =159 of full scale 1000°. T'hey
are non-indicating devices designed for
precision on-off temp. limit applications
Operation is from a thermocouple sensing
clement. Magnetics Inc., Butler. Pa.

Circle 219 on Inquiry Card

.

How Taylor copper-clad quality control

You get clean copper-clad material. The
copper-clad laminated plastic, used in making
etched printed circuits, is prepared for press-
ing in Taylor’s dustfree “white rooms.”

One of the many instruments used by Taylor to check product quality is the
Profilometer. Here a quality-control specialist is inspecting surface finish on a
composite sheet.
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FIXED CERAMIC CAPACITORS

Each unit has a minimum Q of 3000
averlapping ranges from 8 to 10.000pf
Unicerams® are 1/10 the size of units
of comparable capacitance values and have
a ceramic sandwich construction and ex-
ceed  Mil-C-11272B.  Temp. cocflicient
(ppm/°C) at Imc through the range
irom —33°C to +125°C is 90 (=135).
[nsulation resistance is a min. of 10° at
+257C: at 125°C it is 5 x 10° (or 5002
farads). JFD) Electronics Corp., 15th
Ave. at 02nd St., Brooklyn 19. N. Y.

Circle 220 on Inquiry Card

COLLET KNOB

Configuration permits identification
of pointer direction by touch alone.
Molded as a single unit of styrene for
use on 4 in. D-shafts, part No. 3008
double-locks by means of a tapered alu-
minum collet fitting that contracts on the
1>-shatt when the collet screw is tightened.
The screw, in turn, is locked by a nylon
plug when tightened. Cambridge Therm-
ionic Corp., Cambridge, Mass.

Circle 221 on Inquiry Card

NEW PRODUCTS

PRESSURE TRANSDUCER

Thermal sensitivity shift is within
0.005% of full range output/°I.

The Type 4-354

under

pressure transducer
acceleration,  vibration,
and shock at temp. ranging from —439°1F°
to +300°FF, Thermal zero shiit is within
0.01¢0 of full range output/°IF over the
compensated temp. range of —320°F 1o
+250° 17 cage
pressures of Hluids in ranges from 0-100ps1
to 0-3000psi. 1t provides a 20myv output.
Consolidated Electrodynamics Corp.. a
subs. of Bell & Haowell, 350 Sicrra Madre
Villa. PPasadena. Calii.
Circle 222 on Inquiry Card

operates

Measures absolute and

provides high reliability in etched circuits

DC SUPPLY

Ranges are from 0-35 to 0-90;.
output, at from 2.8 to 2ia.

Four Solavolt dc power supplies are
continuously adjustable from zero to max.
voltage, over their entire range without
step-switching. Regulation of %1% at
max. voltage and full load is provided by
a  constant-voltage transformer which
also provides current-limiting and short-
circuit protection. Sola Electric Co., Div.
of Basic Products Corp., 1717 Busse Rd,,
Elk Grove Village, TI1.

Circle 223 on Inquiry Card

SYNCHRONOUS MOTOR
It provides 73 oz.-in. starting, 70oz.-
. pull-in, and 130 oz.-in. pull-out.
Model 37411P1 is said to be 1/3 the
size of its conventional hysteresis motor
counterpart; it starts and reverses in half
the time, provides 2 to 3 times the damp-
ing, has 1/5 as much jitter, and requires
no extra cooling. Qperates on 00cps
19, 115vac with a speed of 1200 wrpar.
Electro IP’roducts Div,,
Corp., "asadena, Calif.

Circle 224 on Inquiry Card

Western  Gear

- . sistance, and high mechanical strength. combined with good

A | '9 ’ dic]ectric strength, high surface resistivity and insulation
! \ . | resistance.

! & The standard glass epoxy grades shown in the table meet

H most of the critical requirements of today. If you are work-

Every precaution is taken to protect the surface. Before
leaving the “‘white rooms” for the laminating presses, copper-
clad loads are covered with plastic film to prevent dust or other
foreign matter from contaminating the surfaces of the material.

Taylor copper-clad laminates are custom-engineered to pro-
vide assured performance by combining thermosctting
resins, reinforcing materials, and copper foil in carctully

formulated combinations.

Composite sheets are made in atmosphere-controlled layup
rooms under strict quality control (MIL-Q-9858 qualified).
All have low moisturc absorption, excellent chemical re-

aylor c

ing on requirements for tomorrow, let Taylor assist you by
developing a copper-clad material enginecred to your
planned application. Bulletin 8-1B gives technical informa-
tion about our standard grades. Write for your copy today.

TAYLOR COPPER-CLAD GLASS EPOXY LAMINATES

TAYLOR GRADE

MILITARY
SPECIFICATIONS

PRINCIPAL
CHARACTERISTICS

Combines all desirable
MIL-P-13949 progy)erties of G-10

Fireban1011-E| G-10, G-11, | Types GE, GB, |(GEE) and G-11 (GEB),
FR-4, FR-5 GF, GH plus flame retardance

In one grade.
Self-extinguishing. Ex-
cellent electrical prop-
) MIL-P-13949 (erties under high hu-
Fireban 600-E | G-10, FR-4 Types GE, GF |midity conditions. Ex-

tremely high fiexural,
impact and bond
strength.

GEC-500-E

G-10

Extremely high flex-
ural, impact and bond
strength. Low moisture
absorption. High insu-
lation resistance.

MIL-P-13949
Type GE

~

ENGINEERED PLASTICS

ELECTRONIC INDUSTRIES -
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FORMERLY TAYLOR FIBRE CO.
VALLEY FORGE 53. PA.

WEST COAST PLANT: LA VERNE, CALIF,

Circle 80 on Inquiry Card 147




Circle 81 on Inquiry Card

BUSS Sub-Miniature

PIGTAIL

Body Size
Only

.145 x .300
Inches

BUSS : the complete line of fFuses .

TRON FUSES

NEW PRODUCTS

COAXIAL CABLE

Solid-sheath, semiflexible, and flexible
coux. available with different jackets.

The Alumiline and Copperline series
have seamless aluminum or seamless cop-
per tube as outer sheaths. They are avail-
able with either DPolvethylene, Teflon®
FEP or Teflon TFE, and a broad range
of optional jacketing materials including
polyethylene. Times Wire and Cable, Hall
Ave., Wallingford, Conn.

Circle 225 on Inquiry Card

PLUG & SOCKET CONNECTOR

Right-angle plug and socket con-
nector is for printed-circuit boards.

Series 683-40 and 41 have 19 solder-
less wrap-plug and 38 taper-pin socket
terminations. Each wire-wrap termination
has 2 taper receptacles in common when
the connector is mated. Contact spacing
is staggered and the center-to-center di-
mension is 0.250 in. Guide pins and guide
sockets are polarized to prevent improper
mating. Continental Connector Corp., 34-
63 36th St., Woodside 77, N. Y.

Circle 226 on Inquiry Card

FLUX-SENSITIVE RESISTORS

Operating temp. range is from abso-
lute 0 to +100°C.; walues, 0.1 to 10K

F

MistoR™ MR-A magnetic tlux-sensi-
tive resistors change resistance directly
as a function of applied magnetic-tlux
density. These miniature, thin-film mag-
netoresistors are available in 4 sizes. The
elements are 0.004 in. thick. Sensitivity is
approx. 49 change in resistance/kilogauss
at room temp. American Aerospace Con-
trols, Inc., 123 Milbar Blvd., Farming-
dale, N. Y.

Circle 227 on Inquiry Cord

CERAMIC CAPACITOR

Range: 1000pf - 10,000pf. 100vdc
over the range —55° to +125°C.

In V-Lam ceramic dielectric and plati-
num electrode materials are laminated in
alternate layers and molecularly fused to
form a dense, homogeneous unit. This
provides ruggedness and stability. Ideal
for coupling and by-pass applications.
Conforms to Mil-C-11015. They are 0.1
dia. x 0.280 long. Solderable and/or weld-
able leads. Vitramon, Inc, P. O. Box
544, Bridgeport 1, Conn.

Circle 228 on inquiry Card

INSULATED SCREWDRIVER

Dipped blade coating has good diclectric
properties. dvailable in four blade lengths.
Series 620 shank screwdriver has the
blade insulated with hard plastic, highly
resilient to cutting, cracking or chipping.
It is thin enough to permit using the
screwdriver in confined places. Tip of
screwdriver is exposed 14 in. beyond the
plastic. Available with 3, 4, 6, or 8 in.
blade. Mathias Klein & Sons, Inc., 7200
McCormick Rd., Chicago 45, 111
Circle 229 on Inquiry Cord

Circle 81 on Inquiry Card




NOISE ANALYZER
Features 1/10-octave, 1/3-o0c-
tave, and all-pass bandwidths.

Freq. range of the Type 1564-A sound
and vibration analyzer is 2.5cPs to 25Kc.
High-input impedance (25 megohms in
parallel with 80pf) permits use directly
with microphones and vibration pickups
to measure sound pressure levels from
44 to 150db re 0.0002ubar and acceleration
from 0.0005 to 100g. Lower levels can be
measured if the analyzer is used with a
sound-level meter or a vibration meter.
It can be used as a tuned filter after a
random-noise generator to produce 1/10-
or 1/3-octave bands of random noise.
Unit may be operated from either ac
lines or a rechargeable nickel-cadmium
battery. General Radio Co., West Con-
cord, Mass.

Circle 230 on Inquiry Cord

NEW PRODUCTS

SELENIUM HV RECTIFIER
Max. rRMS nput ratings range
from 45 to 17,600v. (res. load).

These half-wave selenium cartridges
provide peak-reverse voltage ratings of
63v./cell. All units are assembled in new,
lightweight housings. International Recti-
fier Corp., 233 Kansas St., El Segundo,
Calif.

Circle 231 on Inquiry Cord

LOG VOLTMETER-CONVERTER

Features 70db range with 0.2db accu-
racy; dc output is Imv/db or 0.1mv/db.

The HLVC-150 gives continuous meas-
urement and conversion of voltages. A
reading of 70db corresponds to a range
of Imv to 3.16v. or 100mv to 316v; either
range is selectable with an attenuator.
Readings are indicated on a logarithmical-
ly-divided upper scale and a lower scale
calibrated in db. The upper 3.5 decade
true logarithmic reads accurately regard-
less of level. The lower scale is moveable,
allowing any arbitrary level to be chosen
as the 0 db point, thereby eliminating sub-
sequent additions and subtractions con-
ducive to error for 0 db reference correc-
tion. Houston Instrument Corp, 4950
Terminal Ave., Bellaire 101, Tex.

Circle 232 on Inquiry Cord

ceeeeese OF unquestioned high quality

BUSS Sub-Miniature
FUSE-HOLDER COMBINATION
ST special problem

/M\M I _ ' in electrical

GMW FUSE AND G=> HWA FUSEHOLDER protection...

If you should have a

Circle 81 on Inquiry Card Circle 81 on Inquiry Cord
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GOT A CONTACT PROBLEM?

% -

—

PROBLEM: To select a contact material for current-
carrying hinge rings for power circuit breakers.

A current carrying movable joint in a power circuit breaker requires
contacts of low contact resistance so that they can operate at the con-
tinuous rating with a minimum generation of heat. They must also
be capable of withstanding fault current surges without welding. They
must slide against each other under considerable force with low wear
and friction.

ANSWER: Gibsiloy NC-205 contact rings. Silver is selected as the prin-
cipal ingredient because of its high conductivity. Nickel is added to
increase the hardness. Graphite is added to provide self lubrication
and increase the non-welding characteristics. The resulting material —
Gibsiloy NC-205 — has the right combination of properties for this
application — low contact resistance, resistance to welding, ability to
withstand sliding action under heavy pressure without galling. This
1s a good example of how powdered metal
contact materials can be ‘“engineered” to /

provide specific combinations of properties. '\"

OTHER APPLICATIONS: Because of these de-
sirable properties, Gibsiloy NC-205 (and
other Silver-Graphite Gibsiloys) have found
application in disconnect switches, contac-
tors, relays, rheostats. and various sliding
contact applications.

Write for Catalog C-604 and Bulletin T B-507

GIBSON ELECTRIC COMPANY
A subsidiary of TALON, INC.

DELMONT (PITTSBURGH DISTRICT), PA.

ibsilo

ELECTRICAL CONTACTS
Since 1933
——

BOX 598

Representatives n Princ pal C ties of the United States and Canada

Circle 82 on Inquiry Card

ELECTRONIC INDUSTRIES

NEW PRODUGTS

VACUUM POTTER

Degussing and casting chamber
can be heated 1o 300°F (max).

The Model 5A-R is for: mixing and
degassing the resin and catalyst prior to
casting . evacuation of components prior
to potting 1 and provision for casting all
under mital vacuum. Max. resin and
catalyst capacity is approx. 1 pt: ultimate
vacuum  during degassing and casting
cveles, 0.lmm Hg: max. height of mold

shello 8 i Hull Corp., Hatboro, Pa.

Circle 206 on Inquiry Card

WAVEGUIDE TERMINATION
Short. lyzv vSWR terminations f
use oves range of 2.6 to 40.0cc

These terminations ahsorh vi tually all
of the applied power and assure rm. vswe
values. The resistive block used to ab-
sorb power is of min. size and stable un-
der varying conditions of temp. and hu-
midity. Over the full cperating  freq.
range the vswr is 1.02 max; powes-han-
dling capacity is Iw. average. Waveline
Inc., Caidwell, N, J.

Circle 207 on Inquiry Card

SEMICONDUCTOR TESTER

Veasires beta with as lewe as
S0 ewmirter-to-base loading.

Model #245 In-Circuit Tester is used
for quantitative trouble-shooting of di-
odes. rectifiers, and transistors, cither in-
or ont-of-circuit. It weichs less than 10
Ibs. and operates on standard flashlight
batteries. 1t measures: heta over the
1-1000 range, (%10%): resistance be-
tween semiconductor electrodes  (power
limited o law) independent of semi-
conductor Joading; shorts and opens in
diodes and rectifiers with resistive load-
ing of 208: transistors for lepn: and di-
odes and rectifiers for reverse leakage.
American  Electronic Laboratories, Inc.,
Jox 552, Lansdale, 1’a.

Circle 208 on Inquiry Card
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LOOK AT LOCKHEED...AS A CAREER.
Consider Lockheed's leadership in space
technology. Evaluate its accomplishments
—such as the Polaris missile and the
Agena vehicle's superb records of space
missions. Examine its outstanding advan-

TYPICAL ASCENT TRAJECTORY

T
Agena burnouts
i

T T 1

!

350 sec

g
L
1§ |

]

éF Agena main engie ignition

Vernier engine cutoff and separation

tages—location, advancement policies,

Booster main engine shutdown

+—

ALTITUDE (NAUTICAL MILES)

120 180 0 300 360

| | i

|

A R

SRS S W &

420 480 - 720 780

RANGE (NAUTICAL MILES)

Trajectory analysis, directly affecting pay-
load capability, is vital to any satellite
flight. As Lockheed Missiles & Space
Company is responsible for the orbiting
of over 60% of all U.S. satellites, consider-
able effort has been given to the study of
vehicle dynamics-performance problems.

The result: Many trajectory problems
are being solved routinely through the use
of automated computer programs. Some
of these in use at Lockheed are: Optimal
trajectory shaping programs, maximizing
payload weight capability for a given set
of mission parameters . Targeting pro-
grams for specific configurations, which
automatically develop ascent trajectories

and orbit ephemerides - Automated tra-
jectory programs for generating disper-
sion analyses needed to establish propel-
lant margins and expected injection errors
. Post-flight analysis programs which
establish the actual subsystem flight per-
formance characteristics.

As missions become more complex and
demanding in terms of payload capability,
accuracy requirements and mission flex-
ibility, the sophistication of ascent and
orbital systems increase, demanding
greater detail of trajectory and perform-
ance analysis. Engineers and scientists at
Lockheed are continually expanding their
capabilities to meet these needs.

LOOK AT LOCKHEED. ..

Automation of highly complex trajectory programs

creative climate,opportunity for recognition.
Then write for a brochure that gives you
a more complete Look at Lockheed.
Address: Research & Development Staff,
Dept. M-50F, P.O. Box 504, Sunnyvale,
California. Lockheed is an equal oppor-
tunity employer.
SCIENTISTS & ENGINEERS: In addition
to positions relating to Trajectory Analysis,
such as mathematicians, engineering me-
chanics, guidance & control and electrical
engineers, other important openings exist
for specialists in: Laser research . Bio-
astronautics . Guidance and control -
Operations Research . Trajectory analysis

MISSILES & SPACE COMPANY
A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORAT/ION
Sunnyvale, Palo Alto, Van Nuys, Santa Cruz,
Santa Maria, California « Cape Canaveral,
Florida « Huntsville, Alabama ¢ Hawaii




OPTICAL METER-RELAY

WHICH ONE IS BETTER ?

It all depends on the control job you have in mind.

For manual-reset (limit) operation where there is sufficient open-circuit voltage
between contacts the old standby, the AP! locking-coil meter relay, is your best
bet. Circuitry for this type of operation is simpler and, generally, the cost is lower.

But for control requiring automatic reset, our new optical meter-relay clearly
has the edge on both counts—simplicity and cost. In addition, it gives you con-
tinuous indication over the entire scale. Control deadband is only 0.25 percent
f.s. (adjustable deadband optional). Set-points, on double set-point (high/low)
models, are adjustable to as close as 2 to 3 percent f.s. And you have a choice
of three control outputs: on-off, time-proportioning, or SCR triggering.

The APl optical meter-relay is probably as notable for the complications it
avoids as it is for the advantages it provides. It uses sealed fiber-optic light
pipes and so does not require a light-tight meter case. It has a minimum of
moving parts. It doesn’'t need an interrupter (no contacts). And it is inherently
fail-safe.

Both our locking-coil and optical meter-relays are available in a number of
new and striking case styles, and both can be furnished as controlling pyrometers.

The choice, then, is up to you. But we'll be glad to supply all the help we can.
For a starter, we suggest you look over our new Bulletin 33-B. It gives detailed
technical data and price information on our line of optical meter-relays. For infor-
mation on our locking-coil meter-relays, Bulletin 5-C is the one to ask for. A quick
note or phone call will bring either or both,

api

152 Circle 83 on Inquiry Card

ASSEMBLY PRODUCTS, INC.
Chesterland 92, Ohio * Phone: (216) 423-3131

SA 2836
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NEW PRODUCTS

=== = —— — _]
OMEGATRON

Used as an appendage tube for meas-
uring gas amb. in vacuum devices.

The SY 1301 Omegatron is a mass
spectrometer analyzer tube which oper-
ates on the same principle as the cyclo-
tron. Gas molecules ionized by electronic
bombardment are accelerated in a cycloi-
dal path under the influence of r-f and
magnetic  fields. Under conditions of
resonance, ions with a certain mass-to-
charge ratio are collected and the re-
sultant output recorded as one peak of a
gas spectrum. Sylvania Electric Products
Inc, 1100 Main St., Buffalo 9, N. Y.

Circle 209 on Inquiry Card

DC TO AC SUPPLIES
Output power: 15 to 75va at any
power factor from 0.95 lag to unity.

Model SHX-46 is a 75va, 400 cps in-
verter which operates on 25-29vdc and
produces an output of 115v rms (*£5%) ;
output current is 0.65a. Input ripple cur-
rent is 0.3a p-p. Output voltage regula-
tion of 105-125v rMs is unaffected by
varying loads from 15 to 75w., or chang-
ing the input from 25 to 29vdc. Mecets
environmental requirements of Mil-E-
5272D; operating range is —55°C to
+71°C. Units drive roll, rate, yaw, and
pitch gyros. Arnold Magnetics Corp.,
6050 \V. Jefferson Blvd, Los Angeles
16, Calif.

Circle 210 on Inquiry Card

PHOTOSENSITIVE TRANSISTOR
Input sensitivity is Sua/upw; spec-
tral response is 0.4 to 1.1 microns.

The 1-102 PHOTOFET (photosensi-
tive field-effect transistor) consists of a
ditfused, passivated, silicon photodiode
functionally integrated with a high-im-
pedance, low-noise preamplifier in a win-
dowed TO-18 package. Specific detectiv-
ity of 10™cm-cps'/*/w. (equivalent input
noise power of 10™w./crs¥* @ 1Kc) can
be obtained with the detector output op-
erating into a 2K to 10KQ load. Dark cur-
rent is 10na (max) ; amplifier transcon-
ductance 1000umhos min; and amplifier
noise figure (Re = 1 meg, 1kc) 1.0db.
Ideal for high - impedance, high - output
transistor systems. Siliconix Inc., 1140
W. Evelyn Ave, Sunnyvale, Calif.

Circle 211 on Inquiry Card

October 1963




Downtime’s nemesis, rugged and reliable as a purebred workhorse — that's Mincom. Common

denominator of dependability in all four basic Mincom Recorder/Reproducers is the exclusive
Mincom DC Top Plate. Here's a tape transport built with beautiful simp'icity: Only 12 moving parts
with four easy adjustments, full dynamic braking, instant six-speed pushbutton control, seven
or fourteen tracks — plus tape speed accuracy within +0.005% using Mincom's Cyclelock®.
Whether your specifications call for wideband predetection at 1.5 mc, or a comfortable 120 kc
at 60 ips, there's a reliable Mincom workhorse to meet your facility’s needs. Write today for details.

ELECTRONIC INDUSTRIES

WORKHORSE

==

Mincom Division Bm

2049 South Barrington Avenue, Los Angeles 25
425 13th Street N.W., Washington 4, D.C.

October 1963
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¢
RELIABILITY MEANS VACUUM / VACUUM MEANS jf””llyd
®

CAPACITORS

JENNINGS
VACUUM

TO MEET HIGH VOLTAGE CIRCUIT DESIGN PROBLEMS

Of course this unusually large selection didn’t just happen overnight. it
represents the accumulation of twenty years experience in the manufac-
ture of vacuum capacitors. During this time Jennings has developed
exclusive vacuum processing techniques. Examine the representative types
shown below, all of them proven successful in thousands of applications.

HIGH VOLTAGE

TyPe . o VMMHHC
Capacitance Range.. .................... 25 to 200 mmfd

N

Peak Voltage ............................. . ... 120 kv

RF Current............................... 125 amps RMS
Length................ ... .. ... 20% inches

HIGH CURRENT ¢

L1713 8500600050008 bR R BB nE S B S Ea R DDA O RO VMMHCW = N
Capacitance Range................... ... 50 to 400 mmfd \

Peak Voltage ....................................... 55 kv o

RF Current.. ............................. 500 amps RMS ~ _ f
Length............. . 17 inches 1

HIGH RATIO OF CAPACITANCE CHANGE

TYPE - ucsL
Capacitance Range ........ ..

©

Peak Voltage .......................................... 5 kv

RF Current................. ... 42 amps RMS
Length................ . 7-9/16 inches
SMALL SIZE

TYDC oot tle e e e e e el e e e e e e e e ECS
Capacitance Range ............................ 3 to 30 mmfd |
Peak Voltage ....................................... 15 kv

RF Current .................coooiiii . 20 amps RMS
Length............ 4% inches

Write for our special brochure describing our

complete line of vacuum capacitors.

154

Circle 85 on Inquiry Cord

Our radio frequency laboratory with 12 functioning transmitters ranging
from 17 KC to 600 MC and up to 100 KW CW power is at your service to
test our products under your particular circuit conditions.

JENNINGS RADIO MFG. CORP., 970 McLAUGHLIN AVE., SAN JOSE 8, CALIF., PHONE CYpress 2-4025

| VACUUM SYSTEM

Provides working pressures of 1 x
10° Torr; volume is over 3200 cu. in.

Model 125 is composed of a hell jar
and base plate made from stainless steel,
a high-vacuum oil diffusion pump. a
roughing manifold with an ejector and a
2-stage roughing vacuumr purip, valving
| and associated instrumentation and con-
trols. The chamber can be baked to 450°C
and/or cooled to —196°C with liquid
nitrogen. By cooling with liquid nitrogen,
pressures of approx. 1 x 187 Tarr are pos-
sible within 2 hrs; under a 16-hr., 400°C
| bakeout cycle, pressures of 3 x 107 Taorr
’ or less are obtained. Cooling to —196°C

permits 1 x 10 Torr. Westinghouse

Scientific Equipment Deot, F. (. Box
i 808, Dittshurgh 30, Pa.

Circle 212 on Inquiry Card

PRESSURE CALIBRATOR
' Generates pressure of 0.0005pst
resolution in a 0-50psia range.

Model PCS pressure control syvstem is
manually adjustable to generate precise
pressure in open or closed systems. In a
0-500psi range, resolution is equal to the
resolution of the pressure sensing element,
If used with the companion TI precision
pressure gage, resolution is 1 part in
100,000 for pressures up to 200psi and 1
part in 25,000 up to 500psi. Texas Instru-
ments Incorporated, P. O. Box 06027,
Houston 6, Tex.

Circle 213 on Inquiry Cord

TEMPERATURE CHAMBER

Eliminates conventional heater-potocr
relay and cycling about control teint.

Model SD8 is a 2.6 cu. ft. beach-type
chamber which operates over tne range
of —100°F to 4525°F. It has a control
accuracy of £L1°F. It features 24 lineal
inches of calibrated set-poiat scale, with
temp. readout by means of a deviation
meter calibrated in 1° incremeiws. Stat-
ham Instruments, Inc.,, 12401 W. Olympic
Blvd.,, Los Angeles 64, Calif.

Circle 214 on Inauiry Cord
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BREAKS THE NOISE BARRIER!

QUIET PERFORMANCE!

Yes, Beldfoil* shielding definitely breaks the noise barrier. It breaks the noise
barrier by being a noise barrier. Beldfoil gives total shielding . . 100% isolation
between adjacent pairs. For audio and radio frequency, it completely elimi-
nates cross talk, spurious signal impulses . . and it’s ideal for stationary or
limited flexing. Beldfoil is lighter in weight, requires less space, and is usually
lower in cost.

MINIATURIZES!

Beldfoil shielding reduces the diameter of multi-conductor cables . . by as
much as 662:%. It gives design engineers extra space . . extra conduit space,
extra raceway space, extra consele and rack space. Beldfoil shielding means
that you can “think small.”

ASK FOR DATA SHEET. Get your copy of newly published bulletin
8-63-A and technical data sheet. They give complete information on Beldfoil
shielding. Write Belden Manufacturing Company, 415 South Kilpatrick Avenue,

Chicago 44, lllinois.
8-1-3

ELECTRONIC INDUSTRIES + October 1963

APPLICATIONS: Beldfoil is effec-
tive over the entire audio frequency
range. Typical applications include in-
strumentation, data processing, and
telemetering equipment, and any infor-
mation and measurement circuits.

WHAT IS BELDFOIL? It's a lamination
of aluminum foil with Mylar** that pro-
vides a high dielectric insulation. A pa-
tented Belden method of folding***
gives definite benetits. An inner fold
creates a continuous metallic path
around the surface of the cable.This
eliminates any possible inductive ef-
fects. An outer fold tucks the cut edge
of the aluminum under the Mylar. This
gives complete isolation from other
adjacent shielded cables.

==

Typical cross sectibn looks like this.

*Belden Trademark Feg. U S, Patent Office
$*du Pont Trademark ***1}.S. Palent 3,032,608

WIREMAKER FOR INDUSTRY
SINCE 1902 — CHICAGO




WHICH DEFLECTION YOKE &)
FOR YOUR DISPLAY O

YOKE SPECIALISTS '

Syntronic’s team of experts knows more about yoke design, engineering and
quality control than anyone else. A solid 10-year record of leadership—
acknowledged throughout the industry. Benefit from it.

SYnLront

Circle 131 on Inquiry Card

INSTRUMENTS, INC.

100 Industrial Road, Addison, lllinois
Phone: Kingswood 3-6444

EISLER ...

soldering and ! o
brazing equipment ‘

g
—gas & high frequency '==®

CONTINUOUS AND
INDEXING TYPES

4
iElSLER AUTOMATIC BRAZING MACHINE - |

DOUBLE TURRET TYPE ADAPTABLE & ADJUSTABLE
!FOR MAKY DIFFERENT CPERATIONS.GAS HEATE%
} "

Please write for full particulars

AUTOKATI AT

UTOMATIC 3RAZING & SOLDEZRING MASH(AE. NGLE
TURRET TYPE.18 FUSITILN.FRGDUCTTC;: €00 ncrLH
EISLER CONT

“CONTINUOUS TYPE

NO.100-18-TPD

ENGINEERING CO., INC. / 770 S. 13th St., Newark 3, N. J., U.S.A, ‘

EISLER

156 Circle 132 on Inquiry Card

ELECTRONIC INDUSTRIES -

NEW PRODUGTS

RACK/PANEL PLUG

Operates in a temp. range of —57°F to
257°F. Accommodates three wire sizes.

The DPJMB98 is a miniature environ-
mental rack/panel plug incorporating the
Little Caesar rear release system. The
plug is keystone-shaped for polarization
and accommodates wire sizes #20, 22,
and 24. A moisture-proof peripheral seal
and a grommet cemented to the rear of
the insulator provide environmental seal-
ing for high-altitude uses. Cannon Elec-
tric Co., 3208 Humboldt St., Los An-
geles 37, Calif.

Circle 291 on Inquiry Card

PATCH BOARDS

Receptacle panel can be used as a
patch board with patch cord wires.

The terminations on the back of the
WASP receptacle panel are for wire-
wrapping. Patch plugs may be used. The
patch contact can be supplied loose for a
crimp tool or in chain form for a crimp-
ing machine. Contacts cover wire from
16-26 AWG,, and all 6 wire sizes can be
crimped without changing or adjusting
the crimping machine. Shrinkable tubing
(105°C) insulates the crimp barrel and
is a strain relief. Malco Mfg. Co., Dept.
ES-2, 4025 W. Lake St., Chicago 24, Ill.

Circle 292 on Inquiry Card

SPECTRUM MONITOR

Converts microwave receiver to spectrum
analyzer; 150xc to 25Mmc dispersion.

Model DM-1 has an input freq. of
140Mc and can be used with RI/FI meters
to provide spectral displays in accordance
with Mil-I-11748B and proposed Mil-
STD-826. It provides spectral character-
istics of pulsed AM and FM signals, dis-
play and measurement of multiple r-f sig-
nals, detection and identification of spuri-
ous signals, and rapid determination of
signal bandwidth. Logarithmic display for
relative amplitude measurements over
large dynamic ranges is readily achieved.
Polarad Electronic Instruments, 34-02
Queens Blvd., Long Island City 1, N. Y.

Circle 293 on Inquiry Card

PANCAKE RESOLVER

Total primary requirement is 0.030w;
put voltage is 28v. at 800 cycles.

Model 48DRU816 is a 2-speed unit
which provides 16- and 1-speed outputs.
Accuracy is better than 10 sec. for the
16-speed output and 3 min. for the 1-
speed. Phase shifts are 14° and 2.4° re-
spectively. Reeves Instrument Corp., Gar-
den City, N. Y.

Circle 294 on Inquiry Card
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NEW PRODUCTS

SPACE SIMULATOR

Designed to provide an ultunate
vacunum capability of 5 x 107 torr.

The ultra-high vacuum chambers can
simulate temps. from —320° to +400°F,
and produce combined space environ-
ments that simultaneously simulate solar
radiation. random, or sine vibration at
vacuum to 1 x 10°* torr. Each chamber
provides test space 235 ft. dia. x 2z ft.
deep. and 123 cu. ft. in volume. Cook
Electric Co., Technological Center Div,,
6401 W. QOakton St.,, Morton Grove, Il

Circle 233 on Inquiry Card

AC RATIO STANDARD

Min. ratios to —0.0111111,
and max. ratios to 1111111

Required values an model 1011R are
set by means of 7-in. line-control knobs.
The output is kept connected while set-
tings are being changed, virtually elim-
inating switching transients. Unit oper-
ates over a freq. range of 30-10,000 cps.
Terminal lincarity is better than 0.0001%
(1ppm). Designed for standard rack
mounting, mstrument measures 19 x 5%
x 7% in. Gertsch Products, Inc., 3211
S. La Cienega Blvd, Los Angeles 16,
Calit.

Circle 234 on Inquiry Card

PRECISION POTENTIOMETER
Independent linearitv ts *0.25%.
and absolute linearity is *1%.

The Series 65 is used in accelerating
voltage circuits for CRTs and other high-
voltage uses. Long leakage paths within
the 3 in. dia. produce a 4000vdc to ground
rating. Available with insulated or metal
shafts. Resistance ranges can be specified
to 200K. Dual assemblies are also offered.
Available with continuous rotation or
with stops. Mounting is either bushing or
tapped hale. Clarostat Mfg. Co, Inc,
Dover, N. H.

Circle 235 on Inquiry Card
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THE ONLY HIGH RESISTIVITY ALLOY
USED AS A RESISTANCE STANDARD

EVANOHM

]

SPECIFICATIONS
Nominal composition
75% Nickel
20% Chromium
2.5% Aluminum
2.5% Copper
Specific resistance 20°C
0 ohms/cmf
134 microhm cm
Temperature Coefficient

| T ¥ of Resistance

—65°C to +-150°C
*.000005/°C

[ e S Coefficient of

linear expansion
20° to 100°C
.000014/°C

Magnetic permeability
1.0005

Maintains Highest
Stability Over L.ong
Periods of Time and Wide
Ranges of Temperature!

EVANOHM, the time-tested standard of the precision wire-wound
resistor industry, features the lowest thermal EMF versus copper
of all resistance alloys . . . with stability within a few parts per
million per year. EVANOHM is recorimended for all precision re-
quirements where highest reliability is essential, and is well suited
for analog computers and guidance equipment for space applications.

EVANOHM, in .0004 and heavier gauges, can be supplied from
stock, either bare or enameled, for immediate delivery. The Wilbur
B. Driver Company’s engineering “know how” is available to help
solve your problems. Call or write WBD for recommendations on
your requirements, or request EZVANOHM brochure!

Average tensile strength
180,000 psi

Mean thermal EMF vs

copper —65°C to +150°C

2uv/°C

Composite Groph of Mean Change in Resi of E led
EVANOHM at Room Temperature for Prolonged Periods of Time
+15
s |
=
g.: <10 A A
g5 =
z 2
o 0 n o
e o
g 5 @® W. B. Driver Co.
- % O Independent Laboratory
5 A Proceedings L.E.E. Vol, 103,
@ -10 part B. No. 10, July 1956 —]
o Each point represents a mean value for several resistors.
=15 1 1 1

10 20 30 40 S0 200 300 1 YEAR

100
TIME (DAYS)

WILBUR B. DRIVER COMPANY
Newark 4, New Jersey — Tel. HUmboldt 2-5550 (Area Code 201)

MFG. PLANTS—1875 McCarter Highway, Newark 4, New Jersey; 50 Ronson Drive, Rexdale (Toronto), Ontario, Canada
BRANCH OFFICES—Chicago*, Phlladelphla, Los Angeles*, Minneapolis, Cleveland*, Hartford (*Indicates Warehouse)

I Melters and Manufacturers of Custom Electrical, Electronic, Mechanical and Chemical Alloys for all industries

Circle 87 on Inquiry Card 157




EWING GaLLOWAY
I s =

Tiny...
> but TOUGI"!/

@

9/32” DIA.

i

-

MULTI-APPLICATION
MICRO-MINIATURE VARIABLE RESISTORS

For miniat
machines,
reliability.

ure transistor hearing aids, miniature radios, telephone equipment, pocket dictating
medical equipment and industrial applications requiring extremely small size and high
Micro miniature M250 Series has knobs in 4 sizes in a choice of colors.

e Ultra quiet element.

e Controlled turning torque can be tailored to your knob-size requirements,

® Versatile mounting arrangements.

® Molded phenolic base available in colors to match color of knob—an
exclusive feature.

@ Noise-free volume adjustment because stud not electrically connected
to element—an exclusive feature.

e Limitiess variety of tapers and resistances available
from 100 ohms'through 10 megohms

® Fast, dependable delivery. £ d
ounded

Write for Catalog page describing Series M250.

CTS

OF ASHEVILLE, INC. | subsidiary of CTS CORPORATION

Skyland, N.C. Elkharl, Indiana

Circle 88 on Inquiry Card

ACTUAL SIZE
700" SERIES

-

-
J

vow COITI

=

TS

output impedance, case and mounting.

call, write, INSTRU[AB, INC.

158

small ® printed circuit or chassis mounting ® sim-
plifies circuit design ®m no temperature compensation
needed ® low priced—unlimited variations of volt-
ages, current, temperature coefficient, regulation,

|

1205 LAMAR ST. DAYTON 4,0HIO |

NEW PRODUCTS

TRANSMISSION LINE

Lliminates most of the dielectric;
hence lotwe line losses are obtained.

Air-strip overcomes problems encoun-
tered in solid - dielectric strip lines at
higher fregs. leakage has been climinated
by continuous metal barriers in  the
ground planes. Air-strip offers no r-f
leakage: low inscrtion loss: identical re-
production: no spurious mades; wide
bandwidths and adjustable elements. Tun-
able filters, diodes, ferrites, adjustable at-
tenuators, phase shifters ard loads may be
installed.  Micro - Radionics, Inc., 14844
Oxnard St., Van Nuys, Calif.

Circle 236 on Inquiry Cord

PHASE-SENSING RELAYS

lutended for monitoring 3-phasc
280%., 60 and 400 cps current.

The P and Q units provide protection
in the event of phase failure or phase re-
versal. The DP-characteristic maintains
closed contacts only when all 3 phases are
energized in proper sequence. The Q-
characteristic provides the additional fea-
ture of de-energizing i any input ter-
minal is disconnected or grounded. Con-
tact rating is 32vdc, 2a. or lldvac, la.
Hi-G  Inc, Rradley Field, Windsor
Locks, Conn.

Circle 237 on Inquiry Cord

ADJUSTABLE TIME DELAYS

Time delay range is 0.1 to 200sec.;
nominal wvoltage is 20 to 30vdc.

The Model 3900, a dpdt time-delay re-
lay encased in a package mecasuring 0.4
x 0.8 x 1.3 in,, employs an clectromechan-
ical relay capable of switching la. resis-
tive at 26.5vdc. The Model 3907, a solid-
state switch in a 0.4 x 0.8 x L0 in. case,
features an internal spno solid-state de-
vice rated at 250ma resistive at 26.5vdc.
Trimpot Div., Bourns, Inc., 1200 Colum-
hia Ave., Riverside, Calif,

Circle 238 on Inquiry Cord
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ELECTRONIC INDUSTRIES -

CUT

BACK-PANEL
SPACE REQUIREMENTS
UP TO 207

WITH NEW, RECTANGULAR MINISIG®
TRANSISTORIZED INDICATORS

Here's the new shape of indicator miniaturization. In
these tiny MixiSic models, the typical 27 extension
behind the panel shrinks to about %”; at the same tine,
overall volume is reduced by as much as one-fifth.

Performance, however, is king-size. These are high-
gain devices with built-in transistor driver-amplifiers
and low-voltage incandescent amps. They operute
dircethy and brightly from low-voltage signals, yet are
a light load on the signal source. Lamp currents stay
inside the indicator liousing, out of your sensitive
logic circuits.

If your necds arce highly specialized, chances are
EECo’s design staff can find a fast, cconomical answer
—an answer backed by the NixiSic record of relia-
bility in hundreds of major systems.

THREL MODELS AVAILABLE
Model R-38Z: —11V, off; -3V, on.

Model R-481: 0V, off; —6V, on. Features keep-alive

current to extend bulb life.
Model R-381: 0OV, off; -6V, on.

Back-panel dimensions: 57 x #” x

rer
b

Lens colors availuble: red, green, amber, white.

EECo offers you a full line
of MiniSic indicators.
Choose from neon, filament
and thyratron types. Many
have adjustakle operating
characteristics, and will ac-
commodate a broad range
of input signal conditions.

Competitive prices, fast delicery. Write today for technical data.

October 1963

ENGINEERED ELECTRONICS Company

1441 East Chestnut Avenue, Santa Ana, California
Telephone: 547-5651 Cable Address: ENGELEX

Ciscle 90 on Inquiry Card
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HIGH DENSITY

RELAYS DELIVER |

Y

——
AWM OELLAM AMADHEN oNmal

These contact form C relays follow
signals up to 200 operations per
second without variation in timing.
Areavailablein single-side-stable,
bi-stable and chopper forms. Ad-
lake MWSA 16000 relays like the
one on the left are the only ones
you'll find anywhere molded in
epoxy. Tnough less expensive,
they stay cooler. Contain no wax
to overheat and rum. Parts are
rigidly secured—no movement to
cause circuit noise. Epoxy is proof
against all caustics and solvents
except acetic acid. The metal en-
cased version on the right can be
grounded to assure magnetic
shielding. Use it where magnetic
interference is a special problem.
For more information, call Adlake.
And remember, Adlake makes
more kinds of mercury relays than
anybody.

RELAYS

The Adams & Westlake Company
Dept. 8810, Elkhart, Indiana
Phone Area 219, COngress 4-1141
Circle 91 on Inquiry Card
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WEW PRODUGCTS

DATA LOGGING SYSTEM

Measures and records wolt-
ayes from 0.0000 to 9999v.

The 864-100 is a basic, medium-to-high-
speed dc voltage logging system with
high-input impedance. Information con-
sists of 4 digits, polarity, range indication,
and channel identification, and can be log-
ged at rates up to 400 channels/min. A
closed-loop system control automatically
adjusts the system logging rate in accord-
ance with the component requirements.
Accuracy is 0.02% of full scale +0.015%
of reading; temp. coefficient is less than
0.002% of full scale/°C over the oper-
ating range of +410°C to +40°C. Cohu
Electronics, Inc., 5725 Kearny Villa Rd,,
San Diego 12, Calif.

Circle 239 on Inquiry Card

TAPE VIEWER

Makes wvisible the data recorded on magy-
netic tape without damaging the tape.

Tape Viewer No. 600 is used to check
recorder-head alignment, track placement,
pulse definition, inter-block spacing and
dropout areas in computer and instrumen-
tation work. It also can be used to ex-
amine and synchronize the audio track on
video tape and the pattern of recorded
sound on audible range tapes. Viewer de-
termines whether tools, heads or guides
are magnetized. 3M Co.,, 2501 Hudson
Rd., St. Paul 19, Minn.

Circle 240 on Inquiry Card
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mls YOUR

BEST SOURCE

FOR

SOLDERING LUGS
TERMINALS

PRINTED CIRCUIT
HARDWARE

HERE’S WHY:

® Specialized high production
techniques afford lowest possible
unit cost.

® Precision tooling. rigid quality
control assure tolerances to critical
specifications.

® Ample stocks of over 1000 differ-
ent parts permit prompt delivery.

® Malco specializes in a complete
line of small stampings for Radio-
TV, elecirical/electronic and auto-
motive industries.

® Our line includes terminals and
printed circuit hardware in loose
or in chain form for automatic
insertion.

Let Malco show you haw you can save
on production time and costs. Contact
us today.

REQUEST
CATALOG
NO. 10

MANUFACTURING CO.
4037 W. Lake St., Chicago 24, 1.

Circle 92 on Inquiry Card
October 1963




NEW PRODUCTS.

TAPE RECORDER

Six endless-loop-type cartridges
can be handled simultaneously.

The Maodel DR-1 provides separate
controls for each cartridge and permits
simultaneous recording or playback of
any desired combination of cartridges.
Each cartridge has 2 data channels. Cu-
mulative wow and flutter oi the solid-
state unit is below 0.15% RMs over the
range of 0 to 300cps, and less than
0.05% with bin-storage type tape-loop
cartridges. KRS Electronics, 4035 Trans-
port St., Palo Alto, Calif.

Circle 241 on Inquiry Card

PRESSURE TRANSDUCER

Can withstand exposure to 1200°F;
radiation resistance is 10° NUVT.

The Variable Mu Pressure Transducer
converts mechanical input pressure to an
electrical voltage output which is a linear
function of the applied pressure. It has
no moving parts and operates from
—320°F to 800°F; provides a 0.2v. out-
put into a 10KQ load (800°F unit), or
0.5v. into a S0KQ load (500°F unit);
withstands 500g shock in an axis. Pres-
sure ranges from 0 to 400 up to 0 to 10,-
000psi for inputs of 4 to 6v.,, 400 to
5000cps. International Resistance Co., 401
N. Broad St., Philadelphia, Pa.

Circle 242 on Inquiry Card

MINIATURE INDUCTOR

Nominal inductance is between 0.006h.
and 150h.; min. is 0.0054h., max. is 165h.

The HVV Variductors™ are used
where precise matching to other compo-
nents, such as tuning to capacitors with
standard 109% tolerances is needed. Units
are hermetically sealed to Mil-T-27B, Mil
type TF4RX20YY, and provide a vernier
inductance variation of =10% of nominal
value through an adjusting screw with a
900° range. United Transformer Corp.,
150 Varick St., New York 13, N. Y.

Circle 243 on Inquiry Card
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SHRINKS DOWN -

SECONDS
TO
YOUR
JACKETED
CABLE

FIT
HRINKABLE
TUBING

WITH CONTROLLED SHRINKAGE

WITH
ALPHLEX"®

Alphlex FIT-105 Tubing with ‘‘controlled
shrinkage' is an economical, easy-to-use,
irradiated PVC tubing that provides a snug,
extremely flexible cabie covering.

Cable cores may be pulled through FIT-105 Tubing with ease and
shrunk down to form a jacket with all the qualities of the finest
extruded plastic jackets. The tubing is supplied in expanded form
and in continuous lengths and shrinks 509% upon application of
heat (325°F). Heat may be applied through the use of the Alpha
Heat Gun, or other heat sources. FIT-105 conforms to MIL-1-631C
(105°C).

FIT-105 Tubing is available at your locai electronics distributor
in 14 sizes ranging from 3/64" to 4” 1.D. before shrinking.

Write for your FREE Alphlex Catalog AT-63 describing the indus.
try’s most ccmplete tubing line.

ALPHA WIRE
CORPORATION

subsidiary of LORA L Etectronics Corporation
200 Varick Street, New York 14, N. Y.
PACIFIC DIVISION:

11844 Mississippi Ave., Los Angeles 25, Calif.

Jectroni

Circle 93 on Inquiry Card
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NEW FROM
ROBINS

CANNON XL
CONNECTORS

EFFICIENT, RUGGED

AND LOW COST

FOR CONTROLS, COMPUTERS,
INSTRUMENTS, AUDIO

AND VIDEO!

o Self-latching for locking mated
fittings together securely

o Wide variety of mountings

STRAIGHT CORD PLUGS

3 and 4 conductor plugs with socket or pin
contacts feature cable relief spring entry,
satin nickel finish.

RECEPTACLES

Socket and pin type 3 and 4 conductor, for
wall or panel mounting. Panel units can
mount on panels from %" to ¥,".

SINGLE GANG AND 2-GANG
Assembled to single or double wall plate. 3
and 4 conductor, with socket or pin contacts.
MICROPHONE OR 90° MOUNTING
RECEPTACLES

3 conductor with pin contacts.

ADAPTOR RECEPTACLE

3 conductor with pin contacts mounts in or
on to microphone and other units.

The Cannon XL connectors are interchange-
able with and mate with Cannon XLR
connectors.

ROBINS . ~

INDUSTRIES CORP. (" ;o

FLUSHING, N. Y. 11356 "‘;_"

Robins Industries Corp, is the o Hf

Exclusive U.S. Supplier 45,
oi Connon XL Connectors, . : ) ’»C',! .

l:llllll —
® @ pLues. FREE CATALOG

Manuhctured by Cannon Electric (Australia) Pty. Ltd.

@ "CANNON" is a trade mark registered in the U. S.
Patent Offtice and in other countries by Cannon
Electric Company.

fee e e 7]
Circle 94 on Inquiry Card
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WEW PRODUCTS

TIME BASE COUNTER
Freq. range is Icps - 120K¢; input
sensitivity is 10my rRMS, 3cps-120Kc.

PES SRR = |

'oom S

U T T LRI TR TITEW Tt

This solid-siate, variable time-hase
counter has an integral O-channel, time- ‘
hase programmer. Readout display is a
wide-angle, long-life Nixie®. An integral
O-channel sclector switch permits readout
of any input channel. Each channel has
an independently  adjustable time  base
and can bhe set irom 0.0001 to 99.99 scc.
by 4 thumb wheel switches and a 3-posi- |
tion range multiplier switch. Anadex In-
striments Ine,, 76017 Hayvenhurst Ave, |
Van Nuoys, Calif.
Circle 244 on Inquiry Card

PRESSURE TRANSDUCER

Pressure ranges from 0-100 to 0-6000
paty; static-crror bands aboie =073

In model PT-101 series gage-pressure
transducers, a cermet potentiometer re-
places the standard wirewound, carbon-
film or conductive-plastic types. A built-
in fusing mechanism prevents damage to
the element in the event of high-surge
currents. Intermediate linkages and bear-
ings arce eliminated by transmitting the
motion of a temp. stable Ni-Span-C bour-
don tube directly to the potentiometer
through multiple fingered wipers. Tec-
tron Electronic Corp, P O, Dox 222 |
Jamaica, N. Y.

Circle 245 on Inquiry Card

POTENTIOMETER

Nine-cosine wnit is accurate  to
025 absolute of p-p input voltage.

The Type 7534SC (Model 734-6046)
offers this accuracy in a resistance range

EXTREMELY
BROADBAND

2'16:.

MODEL T-50%

OCTAVE
BANDWIDTH

12

RANGE COVERED BY 4 MODELS

Ay

TWT POWER
AMPLIFIERS

with 1 watt output guaranteed over octave bandwidths

EEEEEnEE R
FEATURES

Periodic permanent magnet focusing
on all tubes

Ruggedly built for long service
Continuously variable gain controls
CW, pulsed or AM modulated operation

CHARACTERISTICS and PRICES

Model [ T601 | T607 | T608 | 1609 | T610
Freguency, G216, 12 | 24 | 48 | 812
“Min. Pwr. Out- 1* 1|1 1|1
put Watts | | |

! !

Gam
Prlce | $3990| $2150 $2150 $275(F$2750

Min. Sd’"a“s'g | 50.0* | 36.0 | 30.0 | 30.0 | 36.0

*Over center octave band.
Prices subject to change without rotice.

Write for more information.

of 10 1o 50KQ (*+3%/quadrant). Accu- | A R R, SRl

racy is absolute in accordance with Mil-

R-12934. Specs: life is 1 x 10" revolu- |
tons: spec. is less than 0.1% of the input
voltage ; operates at 70°C temp. and 95%
humidity ; angular resolution is 0.1° to
0.3°, and voliage resolution is 0.035% to
0.1%. Fairchild Controls, div. of Iair-
cuaild Camera and Instrument Corp,, 225
Park Ave, Hicksville, N. Y, |

Circle 246 on Inquiry Card

LA _merican Elec'ronlc

Laboraiories, Inc.
1313 RICHARDSON ROAD, COLMAR, PENNA,
Just north of Philadelphia

|

Circle 9.5‘ on Inqﬁi;y Cfurd
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NEW PRODUCTS

CASTING FURNACE
Unit can be adapted for operations
at 2800°C : capacity is 3-12 Ibs.

Muaodlel 319 bas a vacuum chamber that
is 30 in. in inside dia. x 13 in. deep. All
operating controls are placed where they
can he easily reached or olserved by the
operator. The upper chamber surface al-
lows attachment of bridge-breaker, addi-
tions-maker, thermocouple-immerser, and
a long-bore sight glass for an optical
pyrometer. The vacuuin pumping system
consists of a 4-in. “Ring-Jet”
pump backed by a Microvac mechanical
pump; it can be adapted to several other
pumping options
pump, an additional cold-trap, etc., with-
out ~emoving the cther components. I©. ].
Stekes Corp., 5500 Tahor Rd., Phila. 20,
Pa

otl oster

such as a 6 in. diffusion

Circle 247 on Inquiry Card

RESISTORS

Rise times as lowe as 1Unsec.;

ranges to 20 mey.; watlayge to 2.5%0.

Series RT are for use in computirg,
data processing, process control and other
related systems. They provide good h-f
periormance and can be supplied with
rise times as lew as 100nsec. (from 10%
to 9% oi peak pulse amplitude with a
100ke pulse input), depending on re-
sistance values and physical contigura-
tions. Available in axial lead, radial lead,
and lug types, they are rated at 0.15w. to
2.50w. based on a max. amb, temp. of
125°C, derated to Ow. at 4+150°C:
resistance ranges from 560K to 20.0 meg:
tolerances are 1% through 0.005%. Kel
vin Sales Co., 5919 Nable Ave., Van
Nuys, Calif

Circle 248 on Inquiry Card

max,
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New G-E Quartzline lamps
pack 60 to 150 watts into

less space than ever before!
e —

General Electric’s use of quartz bulbs and a regenerative iodine
cycle make it possible to package high wattages in small spaces.

The iodine cycle within the lamp essentially eliminates bulb
blackening so that light output is not diminished throughout lamp
life. Besides providing a ‘‘package'’ for a high concentration of
radiant energy (visible and infrared), this quartz bulb can with-
stand extreme thermal shock.

You can use these tiny G-E Quartzline lamps individually or
mount them in closely spaced clusters to give you even higher
levels of radiant energy.

At present, there are six lamps in the G-E Quartzline. They give
designers a new dimension which allows greater design freedom
in applications that require concentrations of light and/or heat.

For complete specifications on the entire line offered by
General Electric's Miniature Lamp Department, write today for
Bulletin 3-3407. General Electric Co., Miniature Lemp Dept. M-316,
Nela Park, Cleveland, Ohio 44112.

Progress [s Qur Most Important Product

GENERAL (%6 ELECTRIC
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WHAT
GASEOUS
DIELECTRIC
HAS...

[0 high heat transfer

[ high dielectric strength,
power to microwave frequencies

(J no dipole moment

(] unusual sonic properties
(] remarkable inertness

[ high molecular weight
[ low condensation temperature
[ high compressibility

[ virtually unlimited life
[ coloriessness

[J odorlessness

3 non-toxicity

[ detectability

[] ready availability from
two producing locations

offers all of the above. This dielectric
gas has found successful apptication
in heavy electrical units, miniaturized
electronic devices and X-ray equip-
ment. If the unusual properties of sulfur hexa-
fluoride suggest other potential applications to
you, mail the coupon for our 22-page technical
bulletin.

SFs

I E1-1036

Baker & Adamson® Fine Chemicals
GENERAL CHEMICAL DIVISION
P. 0. Box 353, Marristown, N. J.

Please send your technical bulletin on SF,.

Name

Title _

Firm

Address

City. Zone State
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164

 NEW PRODUCTS

|

WELD HEAD

I For interconnecting micro compo-
nents or integraied microcircuit leads.

With the model UTA-62 “Split Elec-
trode” weld head, common lead materials
in ribbon or wire configurations, ranging

l in thickness from less than 0.0005 in. to
0.010 or more, can be bonded to copper,
gold, nickel or Kovar laminates or to

‘ fired-on metallic frits or other films down
to 0.0005 in. Hughes Aircraft Co., Vacu-

} um Tube Products Div., 2020 Short St.,
Occanside, Calif.

Circle 249 on Inquiry Card

LONG LIFE CAPACITORS

Expected useful life is in the
order of 10 years or more.

Type 34D series of tubular aluminum
electrolytic capacitors have ratings from
10,000uf at 2.5v. to 70uf at 450v. They
employ welds at all critical anode and
cathode terminations. Elimination of riv-
eted or pressured connections insure no
open circuits even when operated in the
mv or uv signal range. Protection against
drying out is assured by a molded phe-
nolic end seal and synthetic gasket de-
sign. Sprague Electric Co., Marshall St.
No. Adams, Mass.
| Circle 250 on Inquiry Card

| IONIZATION GAUGES

Sensitivity of 100ua/micron
with a grid current of 4.0ma.

Gauges have 2 filaments which will not
suffer burn-out or emission decay if ex-
posed to atmospheric pressure during
l operation. Each filament is capable of

3000 hrs. life when the gauge is operated

at a pressure of 10 Torr or better.

Heater power is 7w. Gauges are capable
| of pressure measurements between 107°
| and 2 x 10" Torr. The X-ray limit is

2 x 107 Torr. Resitron Laboratories,

Inc, Vacuum Products Div., 3860 Cen-
’ tinela Ave., Los Angeles 66, Calif.

Circle 251 on Inquiry Card
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AUGAT

TEST JACKS

for .080 diameter prods

Meeting Requirements of MS16108 (Ships)

Patent Pending

Look at these features . . .
(1)

Front and rear barriers for addi-
tional voltage breakdown

Closed entry contact design

e Heat treated beryllium copper
contact
0 Choice of three terminal styles

EYELET

TURRET
for No. 20, 22,

WIRE WRAP*
24 or 26 wire

PIUS ten brilliant Nylon** colors
| (also available in Teflon**).

Write today for Data Sheet 162 de-
scribing Augat Test Jacks in detail.

*Gardner-Denver Companp trademark
**DuPont trademark

lAUGATINC.

39 Perry Avenue, Attleboro, Mass.
Circle 99 on Inquiry Card
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NEW PRODUCTS

BEAM PENTODE

Handle facilitates insertion and
remowal, driving toltage is 110.

The PL-195 is capable of over Skw of
useiul power output in Class AB, linear
amplifier. The tubc uses a coated unipo-

tential cathode and requires 102w. of
heater power. Cooling requirements witn
the tube operating at the f{ull rated out-
put are 70 cry cf air at a pressure «drop
of 0.26 in. of water column. Max. plate
voltage rating is Skv; 2.0a. is the max.
plate current. Length is 8.25 in. and dia.
is 3.33 in. Penta Laboratories, Inc, 312
N. Nopal St., Santa Barbara, Calif.

Circle 252 on Inquiry Cord

DIGITAL DELAY GENERATOR

Interval range af 0-9999nsec. in
lusec. steps; no *1 count ambiguity.

Maodel 610 has an input sensitivity oi
Tv. min, with 0.1y, risetime, and output
pulse risetime of v /nsec., Sv. max. De-
layed output is always referenced to the
Start channel pulse. Trigger modes are
manual, remote, external pulse, and in-
ternal 2xc¢ multivibrator. Provision can
be made for extended delays to 10%nsec.
Eldorado Electronics Co., 1832 Second
St., Berkeley 10, Calif.

Circle 253 on Inquiry Cord

ZENER DIODES
Temp. compensated at Sppm/°C;
coltage ranges from 8 to 200v.

These hermetically-sealed silicon zener
diodes have a power dissipation of 1.5 to
25w. With voltage drops independent of
current over a witde current range, they
are cffective in regulating dc voltages,
low impedance dc level changing, elip-
ping, limiting and surge protection within
their max. rating areas. They are temp.
aged and scope-tested to check stability :
temp. range is —35°C to +100°C. Units
meet environmental requirements of Mil-
202, Methods 1034, 106A, and 202\, and
Mil-12-1D). Tighter tolerances and higler
voltages are avaiiable. Solitron Devices.
Inc., 500 Livingston St., Norwood, N. J.

Circle 254 on Inquiry Cord
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 NEW! BALLANTINE SENSITIVE
TRUE-RMS RF MILLIVOLTMETER

Measures 300 uVito3V
from 0.1 Mc to 1,000 Mc

|

| Measures True-RMS
regardless of
Waveform

| and Voltage

=
=

! High, Uniform

| Accuracy and
Resolution over
| entire 5-inch scale

| Model 340

Price $760

\ \ (with all accessories®)

’ Ballantine’s new Model 340 is an extremely sensitive RF millivolt-
meter designed for accurate True-RMS measurements with high
resolution. Its 5-inch voltage scale spreads out the readings log-
arithmically so that you can make measurements to the same high
resolution and accuracy at the bottom as at full scale. This advan-
tage means that you can not only measure voltages accurately,
regardless of waveform, but also calibrate the 340 using a signal
source that may be far from sinusoidal. The new 340 is now avail-
able in both portable and rack versions.

SPECIFICATIONS

Voltage Range................coeuvvrrnnnn 300 Vto3V

frequency Range.......... 0.1 Mc to >1,000 Mc;
calibrated to 700 Mc

| Indication..................... True-RMS on all ranges,
all voltages

Accuracy....% of Reading
0.1 Mc — 100 Mc, 4%;

Crest Factor..... 100 to 3 depending on voltage
range

Scales......Two.logarithmic voltage scales, 0.95
to 3.3 and 3.0 to 10.6. One decibel scale,
0to10

Mean Square DC Output. 0.1 V to 1.0 V dc.

700 Mc — 700 Mc, 10%; Internal resistance 20 kilohms. (For con-
above 700 Mc as sensitive indicator nection to recorcer.)

‘ *Accessories include a probe tip for in-circuit measurements,

an adapter for connection to N or BNC, a T adapter for cornection
to a 50 ohm line, and a 40 db attenuator

Write for brochure giving many more details

- Since 1932 —

JY BALLANTINE LABORATORIES ne

CHECK WITH BALLANTINE FIRST FOR LABORATORY VACUUM TUBE VOLTMETERS, REGARDLESS OF YOUR REQUIREMENTS FOR AMPLITUDE,
FREQUENCY, OR WAVEFORM. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR. ALSO AC/DC LINEAR CONVERTERS, CALIBRATORS,
WIDE BAND AMPLIFIERS, DIRECT-READING CAPACITANCE METERS, AND A LINE OF LABORATORY VOLTAGE STANDARDS O TO 1,000 MC.
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AMPERITE

Thermostatic

DELAY RELAYS

Delays:
| 2 1o 180 seconds

I
| Actuated by a heater, they
| operate on A.C., D.C., or Pul-
sating Current . . . Being
hermetically sealed, they are
not affected by altitude, mois-
ture, or climate changes . . .
SPST only—normally open or
normally closed . . . Com-
pensated for ambient tem-
perature changes from —55°
to +80° C.. . . Heaters con-
sume approximately 2 W. and
may be operated continu-
ously . . . The units are
rugged, explosion-proof, long-
lived, and—inexpensive!

TYPES: Standard Radio Octal,
and 9-Pin Miniature.
List Price, $4.00

PROBLEM? Send for
Bulletin No. TR-81

nd double-ch

Indivicual i
asswres top qualnty of Ampente products

AMPERITE

BAllAST REGULATORS ,

VOLTAGE OF 24V ‘ WITH AMPERITE
BATTERY & CHAnG:F VOLTAGE VARIES
VARIES APPROX . ONLY

30% : 2%

Hermetically sealed, they are
not affected by changes in alti-
tude, ambient temperature
(—50° to -4-70° C.), or humid-
ity .. . Rugged. light, compact,
most inexpensive .

List Price, $3.00

mi‘uum#
Write for 4-page Technical l | l
Bulletin No. AB-51

AMPERITE

600 PALISADE AVE., UNION CITY, N.J.
Telephone: 201 UNion 4-9503

' By ]
AMPERITE, }

In Canada:-Atlas Radio Corp., Ltd.,
50 Wingold Ave., Toronto 10

Circle 101 on Inquiry Caord
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WEW PROJUCTS

RECORDER

Inalog correlation iy

8e/be
deconplished

coirtimous-loo

morecl-to-recl o)

a dual
recorder/reproducer

Delta-Tau 480 series is
time-delay

The
capstan,
applications ol
Other applhi

used  Tor sophisticated
auto- and cross-correkition.
cations inetude overlep data editing, 1-
PCM data, and conun
uous-loop monmtoring and infrequent data
xed or
time delavs are made

pass capture o1

\ceurate, camtinuously variable
nossible by a light

mass drive and speed control system at

[ cach head station. Data can be recorded
at lngh speed and simultancously or later
playved haex with a greatly expanded time
Sangamo  Fleerrie Co.,  Electronic
Systems Ty, Sprineficld. L

Circle 255 on Inquiry Card

hitse.

MIXER-AMPLIFIERS
| Proeides 30xc or 60x¢ ontput. 1 ide-
band and warrowcband models gveiiable.
Type 133 mixer-amplifier
solves the problem of matching mixer and

waveguide

anmiplifier stages for microwave tse. \ir

horne Instruments T, Deer Park, L. L,
N, Y.
Circle 256 on Incuiry Card
| TRANSISTORS

cicl satiration

specd dx Tae,

Ideal clhoppers for loa

seviteling ; sacitehing

| Fypes 2N2871 waind 2N2872 transistors
have applications 1 telemetry,  analog

computers. de to ac conversion, and mod
[ ulators. They are matehed for offset volt
age at less than 200uy and are packaged
m a 0 lead TO-3 case,

offset voltage,

They feature low
low saturation resistance,
and high voltage operation with the space
can.

variation will not atiect the

saving advamage of 2 units i |
| Amb. temp.

offset matching since the junction temps.
| are equal. Ilughes Aircrait Co.. Senu
| conductor Div,, Newport Beach, Calif.

Circle 257 on Inquiry Card
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new Allen hex
screwdrivers

work faster, easier ... reach
where wrenches won't go

" fixed handle
SCREWDRIVERS

11 hex sizes-
050" to 1y

Precision formed,

alloy steel blades
Shockproof hreakproof,
amber plastic
(UL) handles

detachable BLADES
8 hex snzes
K" 103,
Fit all "99" Series
handles
Available singly —
as a set of six in
free plastic pouch
~— or in roll kit
with handie

WRITE FOR
BULLETIN N763

®
XCELITE, INC., 28 BANK ST., ORCHARD PARK, N. Y.
Canada: Charles W. Pointon, Ltd., Toronto, Ont,

Circle 102 on Inquiry Card
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NEW PRODUCTS

THERMAL WRITING SYSTEM

Chart speeds may be varied from
a fewe mm/hr. to 200mm/sec.

Model 15 1784 70 is an 8-channel pres-
sure-thermal writing  recording  system
that permits long-term monitoring al e¢x-
tremiely slow chart speeds. Thermal pens
exert a constant force of 25gm on the
chart paper. They eliminate the effect of
extrancous vibrations that might he
transmitted 1o the pens. If the heat to
the pen is accidently turned off, the pen’s
force is sufficient to make a trace. System
produces a sharp, uniform, rectilincar
trace even where transients of extremely
high rise time exist. System accuracy is
4% full scale, static and dynamic. Brush
Instruments div. of Clevite Corp., 371th &
Perkins, Cleveland 14, Ohio.

Circle 268 on Inquiry Card

SOLAR SIMULATORS

Units rated at 500w. @ 120v.
and 1000w. @ 200v. respectively.

Models 5236-5 and 5236-10 are modular
solar heat-flux simulation radiant heating
units. They have 5 and 10 in. lighted
lengths and are rated at 500w. @ 120v.
and 1000w. @ 200v. respectively. They
tan be arranged in a space simulation
chamber to produce from near zero to
approx. 300w./sq. ft. (£10%) of pro-
grammable simulated solar or albedo ra-
diant heat-flux density on the test-vehicle
surface. Units satisfy the general solar
heat and albedo heat-flux test conditions
and can be reused and reoriented to pro-
vide a variety of test set-ups. Research,
Inc, P. O. Box 6164, Edina Sta., Min-
neapolis 24, Minn.

Circle 269 on Inquiry Card

CHRISTIE

SINCE 1929 ®

XENON

& XENON MERCURY ARC LAMP
D-C POWER SUPPLIES

From Stock:

4.5-180 amp - Various Ratings
11.5-65 vdc | . and Styles

1% Reg & Ripple

150-5000 watt |, * B Igniters

MIL & RFI Specs | < Also
Silicon 2 / Available

Also 200 other Models of Power Supplies & Battery Chargers * Write for Catalog
CHRISTIE ELECTRIC CORP. 3408 West 67th Street, Los Angeles 43, Calif.

Circle 113 on Inquiry Card

[V Peirle L "8 ELECTRONICS

o developed
o packaged

o fabricated
o tested

o & delivered

MR 17111 [-] ground checkout systems

for automatic go/no-go testing of
voltages, limits, responses and pro-
gramming of GAM-72 Quail Decoy
Missiles.

THAT'S CAPABILITY

For information about how you can

apply this capability to your elec-

tronic system and equipment
requirements, write:

W. W, Toole
Manager of Sales, Dept. 946
I McDonnell EED
Box 516, St. Louis 66, Missouri
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= U= S B N N R BN BN AR N .
for your silicon power transistor

 AVNET

requirements specify STC
N SR BN BN BN BN BN BN AN B BN o
over 150 2N type nos.in 12 package
sizes in power ratings from 5 to 300
watts. 21 MIL approvals; features
major breakthrough in miniaturized
power without heat sink; isolated
collector in 75-85 watts;PNP tran-
sistor with NPN coniplements.
contact Avnet for on-time delivery

of STC silicon power transistors
. ¥ T R R BN B B B B B |

N BN BN BN OGN BN OGN 05 G N . A
call your nearest Avnet office

AVNET

| 10 Local Headquarters, coast to coast
( ¢ n 2 N 0 0 R N N B B B |

Circle 104 on Inquiry Card

- SCAN CONVERSION

FLICKERLESS
DISPLAY STORE
- VIDEO STORAGE

RECORDING STORAGE TUBE SYSTEMS

Single-gun, dual-gun, multi-tube
systems to convert scan for radar,
sonar, television, and to perform
analog processing, data analysis,
contract or expand time scale,
auto correlation.

o SLOWED TELEVISION
TRANSMISSION

by telephone line or other narrow-
band systems.

« IMAGE ENGINEERING

OPTICAL CHART READERS, FLY-
ING SPOT SCANNERS, LOW-LIGHT-
LEVEL CAMERAS, and IMAGE
RECTIFICATION. Automatic inspec-
tion and recognition of size, shape,
color, and texture.

Write or call for
‘complete information:
ANRIER.
J INSTRUMENTS, /nc.
: 2300 Washington Street

-m e S

Newton 62, Massachusetts
617 WOodward 9-8440 __ 4

Circle 105 on Inquiry Card
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LETTERS

to the Editor

‘‘Photoconductive Devices —"’

Editor, ELECTRONIC INDUSTRIES :
Your article, “Photoconductive De-
vices in Control Circuits,” in the June
1963 issue of ELECTRONIC INDUSTRIES
was read with great interest, especially
the references to CdS photocells.
We are currently working on the
development of an electronic fire simu-
lator for Defense Atomic Support
Agency, and in our prototype a CdS
cell was used as the radiant energy
sensor. You state that “all tvpes of
CdS and CdSe photocells are limited
to a maximum operating temperature
of 70° to 80° C.”
While our device will actually oper-
ate at a normal ambient temperature,
after it is triggered the cell may be
exposed to temperatures around 600°F
Since the cells are made by sintering,
we are curious as to what tempera-
tures are used and what the conse-
quences of repeated high temperature
exposures might be. They could
easily be cut out of the circuit at such
times if desired.
If this information is not readily at
hand, we would appreciate vour sug-
gestions as to a suitable source.
Lester A. Eggleston
Senior Research Engineer
Fire Research Section

Southwest Research Inst.

8500 Culebra Rd.,

San Antonio, Tex.

Ed: This letter was directed to Dr. F.

Jaumot, author of the article. Other readers’
comnients would be welcomed.

‘‘Mathematical Models—"'

Editor, ELEcTRONIC INDUSTRIES:

If available, I would appreciate a
reprint of the article entitled “Mathe-
matical Models for Engineers” which
appeared in the September 1963 issue
of ELECTRONICS INDUSTRIES.

F. A. Edwards,
Principal Engineer,
Maintenance Engineering
Division
Directorate of Maintenance,
Washington 25, D. C.

Editor: We anticipated a large number of re-
quests for reprints of this article, and we have
not heen disappointed. Fortunately, we still have
a good number on hand—enough to fill any rea-
sonable requests.

(Continued on page 176)
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“orthonics o

New! Low-cost
Instrumentation Head
toaled for high volume

.. fast-prototype delivery!

= IIBQQII
4-CHANNELS
ON V4" TAPE

SHOWN
2%, TIMES:
ACTUAL SIZE

Deposited quartz gaps down
to 50-millionths. Gap is extra-
hard with precision edges—
eliminates smear!

Multiple channels for less — with
Nortronic’s new, compact “BQQ”
heads. Designed for digital, instru-
mentation, analog and audio record-
ing or reproduction, “BQQ” heads
are readily available in production
quantities — will fit existing 4-track
systems. Types include Record only
and Record/Reproduce heads in no-
mount, base-mount, rear-mount and
side-mount styles.

TYPICAL APPLICATIONS — Used
for instrumentation recording in-
cluding carrier modulated types such
as: AM, FM or Pulse; as straight
Digital and Analog recording. Ideal
for Audio Duplication, Background
Music and 4-Channel “‘in-line”
Stereo. In multiple staggered chan-
nel use, the “BQQ” accommo-
dates 14 channels on 1” tape and 7

channels on ¥2” tape.
“BQQ' SERIES—Lami- ,.2,._\/-% c:—,[,

nated core; flush or 5. B
relieved metal face; b
hyperbolic contour; pin 50— ]

terminals. Impedances

to360millihenrys. Wide e [
range of gap lengths. %0 % Bk
NEED MAGNETIC HEADS? l Ll p i

Cut specification time—check 1
Nortronics first! Industry's

widmest line of **standards*’ plus

specialized **know-how*’.

8144-B 10th Ave. No., Minneapolis 27, Minn,
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PECIFY

Stromherg Carlson

THEPHONETYPE
~ RELAYS

The sound design and long, reliable life
of these Stromoerg-Carlson relays have
been proved by many years of success-
ful use in the exacting field of tele-
communication:

Type A: general-purpose relay. Up to 20
Form "*A" spring combinations.

Type B: multi-contact relay. Up to 60
Form A" spring combinaticns.

Type BB: multi-contact relay. Up to 100
Form "A" springs.

Type C: two felays on one frame; mounts
in same space as one Type A,

Type E: general-purpose relay; universal
mounting; interchangeable with relays of
other manufacturers.

All standard spring combinations are
available in these telephone-quality re-
lays. For complete technical data and
details on special features, write to In-
dustrial Sales Department.

STROMBERG-CARLSON
s ovision or GENERAL DYNAMICS

1S CARLSON ROAD e ROCHESTER 3, N. V.

Circle 107 on Inquiry Card
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NEW PRODUCTS

BALL-CAM RELAY

Switch actuation allowes max. movement
without retraction when coils de-energize.

In the ball-cam multi-pole relay type
FF-505 switch, actuation is accomplished
by movement of ball bearings which are
positioned by a sliding nylon bar. The
action is positive to the extent that max.
movement is accomplished without back-
off or retraction after coils are de-ener
gized. It can be built with any combina-
tion of open or closed contacts up to
30-pole throw. Contact ratings up to 12.5a.
resistive. It operates either for ac or dc,
with a power requirement of approx. Sw.
Guardian Electric Mfg. Co. of Calif,
5755 Camille Ave., Culver City, Calif.
Circle 258 on Inquiry Card
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FOR GROUP WIRE

R,

FOR SINGLE WIRE

1
]
[ ]
va=R
== 1

it | NAME
FOR FLAT 1

TWINLEAD-IN | FEIRM.

]
i

V  STREET
E
]

city

S NN BN BN BN NN BN NS o AE I
lspecify the new U.S.Semcor Products.

T
on-time delivery of

SEMCOR:

diodes and capacitors
C L T Y FE P T 1T ¥ ¥
5 watt miniature Zener Diodes, high
voltage temperature compensated
Reference Elements, non-polar solid
and hermetically sealed wet Tanta-
lum Capacitors, 400MW Glass
Zeners Mil Types USN IN 962BM

—USN IN 984BM
T T ¥ L X ¥ K § |
caIl your local Avnet Headquarters ]

AN

The Avnet System, coast to coast
hesesssssmmem
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PLASTIC
CLAMPS

TEST 'EM AT
OUR EXPENSE - SEE
WHY THERE ARE
MILLIONS IN USE!
Available in . . .
® Nylon @ Saran
® Ethyl Cellulose
® Polypropylene
/g" to 3" in &I

Stock Sizes
MAIL

IT TODAY!

SEND SAMPLES OF PLASTIC CLAMPS

HOLUB INDUSTRIES, Inc.

= ——  STATE.——_

448 Elm St., Sycamore, lll.

Circle 109 on lnquiry Card
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did NCR) select ELCO VARICON"*
Series 7028 bus-strip connectors?

PROGRAMMED WIRE-WRAPPING ... 5400 CONTACTS WITH
ONE PROGRAM ... AMONG MANY, MANY REASONS!

ELco Series 7028 enabled THE NATIONAL CASH REGISTER
CompaNY to change from manual to programmed manu-
facturing without modifying existing plug-in cards utilized
throughout the NCR 315 Electronic Data Processing Sys-
tem and its unique Cram (Card Random Access Memory),
which stores up to 8.3 million informational digits, and
locates required data in a fraction of a second!

ELco Series 7028 is recessed below insulator surface,
eliminated any possible programmed wire-wrapping inter-
ference; and additionally provided the proven reliability
of ELco Varicon* Contacts, with their fork-like design,
4 coined mating surfaces, ““wiping’’ action and innumer-
able other production and performance features.

Send for the ELco Varicon* Connector Catalog, Series
7028 information and any other design and engineering
information, to learn how your own project problem may
be reliably solved in a manner similar to the NCR 315.

™

IF IT'S NEW..,
IF IT'S NEWS

IT'S FROM...

ELCO CORPORATION, Willow Grove, Pa. « 215 OL 9-7000, TWX 510-665-5573
Attend Qur Connector Seminar at
NEC, October 28, 10:30 am

ELCO PACIFIC, West Los Angeles 64, Cal.,, 213 GR B-0671; ELCO MIDWEST, Chicago 45, .,
*TRADE-MARK 312.222-0928 e Also Subsidiaries, Licensees, Importers, Representatives Throughout the World
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FREE! Use These Cards for:

e Catalogs. Bulletins, Literature ® Design features of advertised products
e Information about new Products ® New Tech Data for Engineers

YOUR NAME . v TITLE
Mail Stop or
FIRM . . Div./Dept.

FIRM ADDRESS . e

CITYORTOWN . .. ... .. ... ... ... .. ZONE. = .. . . . .. STATE .. .. ... ... .. ..
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100
101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120
121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140
141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160
161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180
181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200
201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220
221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240
241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260
261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280
281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300
301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320
321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340
341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360
361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380
381 382, 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399 400
Please send me further information on the items | have circled above.
Postcard valid 8 weeks only. After that use own letterhead describing item wanted. EI-09 OCTOBER. 1963

BUSINESS REPLY MAIL

No Postage Stamp Necessary If Mailed in U.S.A.

POSTAGE WILL BE PAID BY

ELECTRONIC INDUSTRIES

The Computer Center

P. O. Box 1970

Camden, New Jersey 08100

FIRST CLASS

PERMIT NO. 2333

CAMDEN, N. J.




F REE! Use These Cards for: .

* Catalogs, Bulletins, Literature ® Design features of advertised products
* Information about new Products @ New Tech Data for Engineers

BUSINESS REPLY MAIL

No Postage Stamp Necessary If Mailed in U.S.A.

POSTAGE WILL BE PAID BY

ELECTRONIC INDUSTRIES

The Computer Center
P. O. Box 1970

Camden, New Jersey 08100

FIRST CLASS
PERMIT NO. 2333
CAMDEN, N. J.
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FIRM

YOUR NAME

FIRM ADDRESS

CITY OR TOWN
1 2 3
21 22 23
41 42 43
61 62 63
81 82 83
101 102 103
121 122 123
141 142 143
161 162 163
181 182 183
201 202 203
221 222 223
241 242 243
261 262 263
281 282 283
301 302 303
321 322 323
341 342 343
361 362 363
381 382 383

................................ TITLE

4
24
44
64
84

104
124
144
164
184
204
224
244
264
284
304
324
344
364
384

Mail Stop or

............................... Div./Dept. . ... .

.......... ZONE Seee......... STATE
5 6 7 8 9 10 11 12 13 14 15 16
25 26 27 28 29 30 31 32 33 34 35 36
45 46 47 48 49 50 51 52 53 54 55 56
65 66 67 68 69 70 71 72 73 74 75 76
85 86 87 88 89 90 91 92 93 94 95 96
105 106 107 108 109 110 111 112 113 114 115 116
126 126 127 128 129 130 131 132 133 134 135 136
145 146 147 148 149 150 151 152 153 154 155 156
165 166 167 168 169 170 171 172 173 174 175 176
185 186 187 188 189 190 191 192 193 194 195 196
205 206 207 208 209 210 211 212 213 214 215 216
225 226 227 228 229 230 231 232 233 234 235 236
245 246 247 248 249 250 251 252 253 254 255 256
265 266 267 268 269 270 271 272 273 274 275 276
285 286 287 288 289 290 291 292 293 294 295 296
305 306 307 308 309 310 311 312 313 314 315 316
325 326 327 328 329 330 331 332 333 334 335 336
345 346 347 348 349 350 351 352 353 354 355 356
365 366 367 368 369 370 371 372 373 374 375 376
385 386 387 388 389 390 391 392 393 394 395 396

337 338 339 340

397 398 399 400

Please send me further information on the items | have circled above.
Postcard valid 8 weeks only. After that use own letterhead describing item wanted.

El-09
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NEW Subscription Order ——

| wish a new complimentary Subscription to

ELECTRONIC INDUSTRIES

Mail Stop
or
Company Name Div./Dept._—_
Name _ Position/Title
Company Address N .
City____ - . Zone State_____ I
IMPORTANT

FOR OUR STATISTICAL RECORDS PLEASE CHECK THE ONE APPROPRIATE CATEGORY THAT
BEST DESCRIBES YOUR COMPANY OR DEPARTMENT. Failure to do so will delay your subscription.

Mfr. of non-military electronic receiving and transmitting equipment.
Mir. of non-military electronic instruments, measuring, control and test oqmpmenl
O Mir. of non-military etectronic puters, data pr I hi
O Mfr. of Guided Missiles and Accessories; Aircraft and Accussoms All Types of Military Products and Equipment.
" Mtr. of electronic components, parts, tubes and like products.
] Mfg. Co. (non electronic) using any of the above equip. In mir., research or deveiopment work.
D Broldcastmg or tolecastmg stalion.

C cial tion user (Tel & Tel. Police, Airports, Rccordmg Studio, Etc.).
[j Independent research, test, design lab ies and indep net part of a mifg. Ce.
O Gov't Bureaus, Gov't laboratories, Gov't research center, military installation.

[] Wholesaler, mfg. representative, service firm.
[] University (educational) Public Library.
] Other (Please expiain)

CHANGE OF ADDRESS

i wish to continue receiving ELECTRONIC INDUSTRIES

Change my address as indicated.

OLD ; NEW

] : Company
' Mail Stop or
. Div./Dept.
! Title/Position
Company Address

Paste wrapper imprint here, or . . . City Zone State
Write In complete old address
© Signature
IMPORTANT

FOR OUR STATISTICAL RECORDS PLEASE CHECK THE ONE APPROPRIATE CATEGORY THAT
BEST DESCRIBES YOUR COMPANY OR DEPARTMENT. Failure to do so will delay your address
change.

O Mfr. of non-military electronic receiving and transmitting equipment.
7] Mir. of non-military electronic instruments, measuring, control and test equipmant.
O Mtr. of non-military electronic ters, data pr i i busi machines.
[ Mtr. of Guided Missiles and Accessories; Aircraft and Accessoms AII Types of Mititary Products and Equipment.
] Mfr. of electronic components, parts, tubes and like products.
Mfg. Co. (non electronic) usmg any of the above equip. In mfr., research or develepment work.

[ Broadcasting or telecasting

gJc cial ication user (Te! & Tel, Police, Alrports Recordmg Studio, Etc.).

[ Independent research, test, design laboratories and indep not part ef a mfg. Co.

(] 6ov’t Bureaus, Gov't laboratories, Gov't research center, military installation.

O wh , mig. rep tative, service firm.

J University (educational) Public Library.

] Other (Please SXPIEIN) .. .. ... .. .. ... e ee e




Att: Circulation Dept.

Att: Circulation Dept.
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CONNECTORS ACTUAL SIZE

First we made Then we made Now what’s all
a Pygmy. a Pancake. this about a Dwarf?

It’s 2 new series of connectors designed primarily for and shell material. Gasketing at the main joint provides

internal use. Quality and dependability are the same as contamination resistance.

in the bigger ones, despite smaller size. Electrical characteristics include minimum flashover
The Dwarf connectar incorporates gold plated contacts voltage 1800 VAC RMS; test voltage 1200 VAC RMS;

with .090 centerline spacing. Numerical contact identifi- working voltage 400 VAC RMS; current rating 3 amps;

cation. Uses 24 gage contacts with solder pots which wiil insulation resistance 50,000 megohms; minimum

accommodate 22 gage wire. Shell styles include jam nut contact engagement .060".

mounting receptacles, box mounting receptacles and Write us for information on current availability of our

straight plug assemblies. Contacts are molded into place Dwarf, Pancake, or Pygmy® connectors, and any specific

within a stable high strength dielectric combination insert application. We’re in Sidney, New York.

Circle 111 on Inquiry Card Scintilla Division e ,,,J,;/‘

CORPORATION




(We can serve you with both!)

Because we engineer and manufacture the
most complete lire of high frequency cable
available in this country, we are in the unique
position of being able to offer highly competi-
tive prices and delivery on all your semi-flexible
(aluminum ana copper tube sheath) coaxial
cahie, your flexible coaxial cable and triaxial
cable regquirements. One source for all cable.
Let us prove it. Put Times on your bidders list.

Times specializes in transmission system
analysis, and offers comprehensive experience
in impedance (VSWR) attenuation, electrical and
crosstalk problems. Ard, as always, Times will
manufacture cable and assemblies to your pre-
cise electrical requirements, including cutting
to precise electrical length.

HAVE YOU SEEN THE NEW CABLE-KIT?

Since we have produced virtually every type
of standard coaxial cable {(over 300) plus thou-
sands of special ccaxial and multi-conductor

cables, Times has put together this one-of-a-
kind kit, which enables you to see, at a glance,
samples of the types of cables we design and
produce. It's probable that you may find in it
a cable already produced that will meet your
exact needs, or be able to select composite
construction for a new requirement.

For transmission with critical requirements
of attenuation, or attenuation and impedance
uniformity, crosstalk or electrical length
(phase), we suggest one of the following semi-
flexible cable constructions:

® ALUMIFOAM:-low loss, 30% better than RG
solid dielectric coaxial cable. Aluminum sheath,
foamed polyethylene dielectric {50 & 75 ohm).

—

® ALUMIFIL-low loss, 40% better than RG
solid dielectric. Helical filament dizlectric (50
& 75 ohm) coaxia! cable.

— e T

@ ALUMISPLINE-lowest loss and best electrical
characteristics, 45% better than RG solid di-
electric. Splined dielectric (50 & 70 ohm) coax-
ial cable.

e ——— e ————————C

@ ALUMISOL-excellent electrical length vs.
temperature and uniformity characzeristics —
better than RG so'id dielectric coaxial cable
(50 & 75 ohm).

—_————————————————————,——,——————————— e — — —,
|r TIMES WIRE AND CABLE  °™ = |
I Division of The International Silver Company |
I Wallingford, Connecticut I
| | am interested in receiving technical data on: Name I
| [0 Semi-fiexible coaxial cable Title

[J Fiexible coaxial cable '
| [J | am interested im seeing the Cable-Kit Company )

demanstration—have salesmen call: l

I Address I
| telephone — city Zone. _ State I
l TRANSMISSION SYSTEM DESIGN AND ENGINEERING ¢ STANDARD & SPECIAL PURPOSE COAXIAL I
I CABLE ® MULTICONDUCTOR CABLE ©¢ COMPLETE CABLE ASSEMBLIES ¢ TEFLON® HOOK-UP WIRE
S
176 Circle 112 on inquiry Card
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LETTERS

%o the Editor

(Continued from page 168)

““What About the NSPE?—"’
Lditor, LLECTRONIC INDUSTRIES :

Your editorial of April 1963 states
“Many technical societies now serve
the electronic industry, but so far they
have not sponsored any national pro-
grams to develop engineering profes-
sionalism.”

I would like to call your attention
to the National Society of Professional
Engineers which has as its goal the
provision of the services not met by
the technical societies. These services
include promoting professionalism,
political awareness, community activ-
ity, public information, etc. NSPE is
engineering’s counterpart of the Amer-
ican Medical Association.

However, your point is well taken,
and it is indeed true that we have
failed to maintain our public image as
demounstrated by the fact that the edi-
tor of a major engineering magazine
does not know of the existence of
NSPE.

Philip A. Jarvis
Registered Professional
Engineer
9260 S. \V. 70th
Portland 23, Oregon
Ed: We are hardly unaware of the NSPE. But
by definition, it represents only professional en.
gineers. There are many, many other engineers

by far the majority—who are not being ade-
quately represented.

“Congratulations—"’
Editor, ELECTRONIC TNDUSTRIES:
Congratulations on your State-of-
the-Art Reference Issue! A real job.
One point we would like to make:
Please change our name and ad-
dress in the index
IFrom:
Montvrar EiLecrroNics, Inc.
321 Central Ave.
Osseo, Minnesota
To:
Mobvvrar ELecTrONICS, INC.
21 4th St. S, W,
Osseo, Minnesota
Walter A. Gammel, Sr.
President

October 1963




LEVTTERS

1o the Eaitor

‘‘State-of-the-Art’’ Issue —
Editor, ELECTRONIC INDUSTRIES :
1 have just finished reading the
June 1963 “State-of-the-Art Refer-
ence Issue” of ELectroNic IxpUs
TRIES. You are to be congratulated on
covering such a broad technical ficld
with completeness and effectiveness,
EcectroNiCc INDUSTRIES has Deen
interesting, informative and a valuable
source of reference. Keep up the good
work.
I would appreciate receiving eight
(8) reprints of the article “Testing
without Direct Electrical Connections”
by David M. Goodman. These reprints
will be distributed to the enginecrs of
our Branch who are working on new
and unique testing techniques.
Edward C. Wilgus, Chief
Checkout Design Branch,
Analysis and Design Division,
Directorate of Reconn. I'ngrg.

Aeronautical Systems Div.,

AFSC, USAF

Wright-Patterson AIFB, Ohio

“Thanks —"'
Iditor, L.LECTRONIC INDUSTRIES:

I had occasion to call your Readers’
Service Department for some informa-
tion that was difficult to Jocate. Your
Miss Mover took my call and was in-
strumental in arranging to provide me
with back issues of ELEcTRONIC [NDUS-
TRIES so that [ might have the infor-
mation at hand for future reference.

It was refreshing for me to find
people in your organization willing to
o “the extra mile” when one more or
less expeets “the quick brush off”
when any extra etfort is called for in
business life today.

May I thank you not ouly for your
helpful  magazine but for the
calibre of vour personnel.

E. H. Kline
I-Jectronic Maintenance
Supervisor, Dept. 985
UNIVAC Div.,, Sperry Rand Corp.
P. O. Box 5616,
Phila. 29, Pa.
Ed: We are happy to help when we can. In this

case, back issues were available. We are not
always so fortunate.

also

ELECTRONIC INDUSTRIES -

October 1963

Typical Model (SR10P2)
Size: 2-5/8" x 3-1/16" x 4-1/4"
Price: $90.00

Ultra-Compact, All-Silicon
DC power modules

The Silicon TRANSPAC® DC power modules listed pro-
vide the same high-performance features found in the
complete line of ERA Silicon Transpacs plus ultra-compact
size and ide voltaye range at lowest cost.

A SPECIFICATIONS

* Ultra-Compact * Low Ripple COMMON TO ALL MODELS

« Wide Range o Fully Repairable

o High Temperature o Low Cost

Operation : o Off-the-Shelf input: 105-125 VAC, 50-400 cps
o Ultra-Stable Delivery Line Regulation: From 4+0.05%
Load Regulation: From 0.05
MODEL CURRENT VDC RANGE . £ nerr s
: Ripple: From 0.01%
SROS5P2 0-200 ma 0-5 L P
SREP3 0.200 ma 510 ong Term Stability: Less than 5 mv
SR10P2 0-200 ma 10-20 Transient Respznsfe: Less than 50
SR20P1 0-150 s 5030 (r:nhng:‘ogseecon s for step line or load
SR30P1 0-150 ma 30-40 Maximum Operating Temperature: 71°C,
SR40P1 0-150 ma 4050 free air, full ratings, convection-cooled
SRS50P1 0-150 ma 50-60 Temperature Coefficient: Typical, 0.01%
SR60P1 0-100 ma 60-70 per degree C
SR70P1 0-100 ma 70-80 Short Circuit Protection: Automatic, with
| SR80P1 0-100 ma 80-90 automatic recovery
| SRI90P1 0-100 ma 90-100 Interconnection: Series or parallel
SR100P1 0-100 nia 100-110 LN G
SR150P1 0-100 ma 150-160 OutpytthConneptt_ion: Ungrotunded outp'uts,
either positive or negative terminals

SR200P1 0-100 ma 200210 may be grounded
SR250P1 0-100 ma 250-260
SR300P1 0-100 ma 300-310
The complete Transpac line iscludes 87 off-the- .

sheif models with current ratings from 0.1 ma to
8 amps and voltages to 20,000 VOC.

L
L
Check the full range of solid-state TRANSPAC »
DC Power Modules, Converters, Inverters and -
Frequency Changers, Send for your ERA catalog B -
today! ]
‘\.\\_\~

ELECTRONIC RESEARCH ASSOCIATES, INC.

DEPT. EI-10, 67 FACTORY PLACE « CEDAR GROVE, N. J. « (201) CEnter 9-3000

SUBSIDIARIES: ERA Electric Co. * Advanced Acoustics Co. * ERA Dynamics Corp, ¢+ ERA Pacific, Inc.

Circle 103 on Inquiry Card 177
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MODEL 78 SWITCH
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| SWITCH to the Best

ol

e 2000 volt peak flashover at 60 cps
e 20 ampere current carrying capacity y
® Low loss silicone impregnated steatite stator

e Current carrying members heavily silﬁ‘omd
; TR

® Stainless steel detent assembly 4
e Coin silver contact shoes y

® 18 positions maximum /’* ™
® Sleeve bearing y - 4 :
oy (SR MY TR - WY (BT ¥ '
rnsH’ i6 'H’ i6 *‘:ﬁl‘ 's EaY |
1 I
= |
= o]
— o]
4 - ! ) O 3
S . ; 0o 23
iy 8
- ) LommETER @@O o°
4in o —

RA010 SHITEA C0A203ATI0N

MARLBORO, NEW JERSEY - Tel. 462-6100 (Area Code 201)

FOUNDED 1933

Guard against performance
degradation from unpredictable
magnetic field conditions to which
your equipment may be exposed.
Economical CO-NETIC and NETIC,
Magnetic Shielding Foils are adaptable
to any size or shape components.
Simply cut with ordinary scissors.
Available in continuous iengths

on rolls up to 15" wide. Furnished

in final annealed state.

Co-Netic and Netic alloys are not affected

CUT IT,
WRAP IT!

NETIC AND CO-NETIC
MAGNETIC SHIELDS

APPLIED 4“ significantly by vibration or shock, assuring
¢ components performance repeatability
IN SECONDS over a wider range of flux intensities.

They are also non-retentive and do not

require periodic annealing. When grounded,

they shield electrostatic as well as

magnetic fields. They have many

applications in satellite instrumentation
and many other magnetically

sensitive devices, ‘

—/ MAGNETIC SHIELD DIVISION §

Perfection Mica Co. Phone EVerglade 4-2122
1322 North Elston Avenue, Chicago 22, lllinois

178

Circle 116 on Inquiry Card

ELECTRONIC INDUSTRIES -

CONMING EVENTS

OCTOBER

Oct. 13-18: Semi-Annual Conf., SMPTE;
Somerset Hotel, Boston, Mass.

Oct. 14-17: South Central Reg. Conf.,
NACE; Oklahoma City, Okla.

Oct. 14-18: 15th Annual Fall Conf. &
Exh., Audio Eng'g Soc.; Barbizon-
Plaza Hotel, N. Y.

Oct. 14-18: Nat'l Mtg., Soc. for Applied
Spectroscopy; ElI Cortez Hotel, San
Diego, Calif.

Oct. 15-17: 9th Tri-Service Conf. on
Electromagnetic Compatibility, IT
Res. Inst., U.S. Army, Navy and Air
Force, IEEE (PTG-RFI); Iil. Inst. of
Tech., Chicago, IlI.

Oct. 15-17: Int’l Conf. on Nuclear Phys-
ics with Reactor Neutrons, U. S.
AEC, Argonne Nat'l Lab; Argonne,
.

Oct. 15-23: Anglo-American Conf., AlAA
Canadian Aeronautics & Space Inst.,
Royal Aeronautical Soc.; New Ocean
House, Swampscott, Mass.

Oct. 16-18: Nat'l Symp. on Vacuum
Technology, Amer. Vacuum Soc.;
Statler-Hilton Hotel, Boston, Mass.

Oct. 16-18: 16th Annual Gaseous Elec-
tronics Conf., Div. of Electron Phys-
ics. APS, NBS; Pittsburgh, Pa.

Oct. 21-23: East Coast Conf. on Aero-
space & Navigational Electronics,
IEEE (PTG-ANE); Emerson Hotel,
Baltimore, Md.

Oct. 21-24: NEMA Annual Mtg.; Edge-
water Beach Hotel, Chicago, Ill.

Oct. 21-25: ASM Metals/Materials Exp.
& Cong., ASM; Sheraton-Cleveland
Hotel, Cleveland Hotel, Cleveland
Public Hall, Cleveland, Ohio.

'63-'64 Highlights

NEC, National Electronics Conf., Oct.
28-30, IEEE; McCormick Place, Chi-
cago, lil.

NEREM, Northeast Research and Eng.
Mtg., Nov. 4-6, IEEE; Boston, Mass.

IEEE Int'{ Conv., Mar, 23-26; Coliseum,
New York Hilton, New York, N. Y.

WESCON, Western Electronic Show and
Conv., Aug. 25-28, I|EEE, WEMA;
Sports Arena, Los Angeles, Calif.

Oct. 25-26: Mtg. on Theoretical Physics,
Univ. of N. C.; Chapel Hill, N. C.
Oct. 28-30: “Plastics Packaging and
Custom Molding'’ Conf. & Eng’g Exh.,
SPE; Sheraton-Dallas Hotel, Dallas,

Tex.

Oct. 28-30: 19th Nat'l Electronics Conf.,
IEEE, . Inst. of Tech., Univ. of .,
Northwestern Univ.; McCormick
Ptace, Chicago, Il

Oct. 28-Nov. 1: Business Equip. Exp.,
BEMA Annual Mtg. & Conf., BEMA;
New York Coliseum, New York, N. Y.

Oct. 29-31: 10th Annual Mtg., PTG-NS,
IEEE (PTG-NS); EI Cortez Hotel, San
Diego, Calif.

Oct. 31-Nov. 1: 1963 Electron Devices
Mtg., IEEE (PTG-ED); Sheraton-Park
Hotel, Washington, D. C.

October 1963
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WATER
DEMINERALIZER
CARTRIDGE

Provides low cost deionized
water for small volume or
infrequent users.

No equipment expense.
309, to 509, lower cost per
gallon than with other
brands.

Hose nipples at both ends
for easy connection to fau-
cet and collection vessel
with ordinary laboratory
tubing.

Can be used on closed sys-
tems under pressure up to
25 psig. Flow rates, up to
twenty gallons per hour.

Complete line includes
Oxygen Removal, Organic
Removal and other special
types.

No meter or electrical con-
nections needed. Clamps
onto Lab stand, or bracket
is available for wall mount-
ing.

Backed by over 85 years of
specialized water purifica-
tion experience.

WRITE: Bulletin #190

Describes Barnstead’s complete line
of Hose Nipple Cartridges. Write to-
day! No obligation.

Barinstead |

STILL AND STERILIZER CO.
51 Lanesville Terrace, Boston 31, Mass.
Circle 117 on Inquiry Card
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COMING EVENTS

NOVEMBER

Nov. 4-6: Northeast Res. & Eng'g Mtg.
(NEREM), 1EEE; Commonwealth Ar-
mory, Boston, Mass.

Nov. 4-6: Design & Propulsion for
Future Aerospace Vehicles Conf.,
AIAA; Biltmore Hotel, Dayton, Ohio.

Nov. 6-9: Annual Mtg. of the Plasma |

Div., APS; San Diego, Calif.

Nov. 6-9: Mtg., Acoustical Soc.
America; Univ. of Mich., Ann Arbor,
Mich.

Nov. 11-13: Radio Fall Mtg., IEEE EIA;
Hotel Manger, Rochester, N. Y.
Nov. 12-14: Fall Joint Computer Conf.,
AFIPS (IEEE, ACM, Simulation Coun-
cils, Inc.); Conv. Ctr., Las Vegas, Nev.

Nov. 12-14: Manuf. Automation Show &
7th Conf. on Manuf. Automation,
Manuf. Eng. Council, Purdue Univ.;
Cobo Hall, Detroit, Mich.

CALL FOR PAPERS
Nineteen Sixty Four Electronic
Conference, May 5-7. 1964, Marriott
Twin Bridges Motor Hotel, Washing-

of |

ton, D. C. Conference is sponsored by |

the EIA, IEE and ASQC. Papers
will be in the following areas: resistors
—fixed and variable; capacitors; con-
nectors, connections and interconnec-
tions; printed wiring; materials for
components; thin-film devices; micro-
miniaturization (excluding silicon in-
tegrated devices): conductors and
cables: reliability and testing tech-
niques. Three copies of a 500-word

abstract should be sent by Nov. 1, 1963, |

to: Dr. John J. Bohrer, Technical
Program Chairman, International Re-
sistance Co., 401 North Broad Street,
Philadelphia 8, Pa.

Ninth Scintillation & Semiconduc-
tor Counter Symp., Feb. 26-28. 1964,
Hotel Shoreham, Washington, D. C.
Symposium is sponsored by IEEE,
AEC and NBS. Papers are invited in
the following areas: photomultipliers
and image tubes : scintillators and scin-
tillator combinations; semiconductor
and special detectors: circuitry and
uses; multi-dimensional data acquisi-
tion and presentation track imaging
(scintillation and spark) complex de-
tector and data processing systems:
and radiation detection in space and
other special applications. Papers
should be 15 min. long. Authors should
send title and abstract by Dec. 1. 1963,
to: W. A. Higinbotham, Chairman,
Program Commiittee, Brookhaven Na-

tional Laboratory, Upton, L. T., N. Y. |

October 1963

TRANSFORMERS

Hermetically
Sealed to
MIL-T-27A

PIONEERS

L “MINIATURIZA

SERIES power and plate trans-
formers are suited for both military
and commercial use. Conservative de-
signs, using MIL cases, provide maxi-
mum reliability through low temperature
use and high insulation factors. Grain-
oriented core materials, combined with
the latest winding techniques, produce
units of exceptional efficiency and
reliability. The tapped high voltage wind-
ing provides either of two secondary volt-
ages for greater versatility. Plate trans-
former ratings are, primaries: 105/220
volts, 50/60 cycles, secondaries: 1000
to 6000 volts up to 1 amp. Power trans-
former ratings are, primaries: 115 volts,
50,1000 cycles, secondaries: high volt-
age 200 to 2400 volts up to Y2 amp, &
multiple low voltage filament windings.

®
IMMEDIATE DELIVERY

From Stock
@

150 Varick Street, New York 13, N.Y.

PACIFIC MFG. DIVISION
3630 Eastham Drive, Culver City, Calif.
EXPORT DIVISION
13 East 40th Street, New York 16, N. Y.

Circle 118 on Inquiry Card
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See one you need?

Here are the latest additions to Raythcon’s collection of
new tube types featuring advanced packaging and con-
struction techniques. They are products of Raytheon's
vigorous and continuing program to provide entertain-
ment tubes designed to lower manufacturing costs and
increase cquipment performance. And, there are more

tvpes to come. For technical data on recent additions to
Raytheon’s growing lines of entertainment receiving

tubes, pleasc write: Raytheon

Company, Industrial Compo-

nents Division, 55 Chapel St., RAYTH EON
Newton 58, Massachusetts.

Circle 119 on Inquiry Card
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The Systems
Engineering
Section of
ELECTRONIC
INDUSTRIES

HIGH GAIN, LOW SIDELOBE

Rantec’s 32 element dipole flate-plate antenna provides high-gain
and low sidelobe performance. Individual orthogonal elements permit
circular, linear and diversity polarization systems. Sum channel and
two orthogonal difference channels yield deep tracking nulls and
high inter-channel isolation. Boresight shift is very low. Freq. ranges:
130-155, 215-260, and 370-430MC. Gain is 22.5db nominal. Side-
lobe level is —22db in principal planes and —18db in 45° planes.
Beamwide is 14° nominal with null depths of 35db min.

The GE-233 computer capabilities can be increased with
the addition of a high-speed Auxiliary Arithmetic Unit
(AAU). The unit is not a peripheral device; it is a com-
puting device having built-in logic and serves as a close-
working auxiliary to the basic arithmetic unit. It features
“floating-point trapping’; processing is interrupted upon
detection of overflow, underflow, and illegal divide. This
causes processing to transfer to a connecting program
and eliminates special checking provisions in the main
program. Computing capacity using the AAU is expressed
mathematically as, “a binary number equivalent to a decimal
number with 9 significant digits having an expouent range

of —77 to +77."

The RCA 3301 REALCOM merges the four primary
data-processing areas of scientific, business, real-time, and
communication into one system. A design concept, “func-
tional modularity” permits the computer to grow as appli-
cations require. An innovation called ‘‘scratch pad” memory
has an internal speed of 250 nsec. The main-core memory
cycle time is 1.75usec. In one second 160,000 additions or
subtractions, 32,000 multiplications, and 18,000 divisions of
8-digit numbers can be performed.

The Army Electronic Command awarded a contract to
Sinetics Corp. to develop a family of integrated circuits
that operate in the 10mc range. The line of diffused silicon
circuits will use diode and transistor logic. Five circuits
will be developed: a gate, gate expander, power gate, binary
element, and a one-shot multivibrator.

ELECTRONIC INDUSTRIES + October 1963

ELECTRONIC
SYSTEMS

Five glass ultrasonic delay lines will serve as shift registers
in the guidance computer for Gemini. Operating speeds are
1.0 megabit/sec., and delay times are 27.11, 45.11, 50.61, and
110.61usec. Storage capacity is between 2000 and 2250 bits.
Peak drive voltage required is 25v.; output voltage levels
range from 500 to 900mv. In operation, a tran:ducer at-
tached to the glass line converts a digital pulse to an
ultrasonic signal. The inherent slowness of this signal is
used as storage time for the digital pulse; hence, the delay
line acts as a memory. When the signal reaches the end of
the delay line, an output transducer converts it to an elec-
trical pulse. Developed by Corning Glass.

DOPPLER NAVIGATION

The ALVIN 2-man sub uses JN-400 Acoustic Doppler system devel-
oped by Janus Products Inc., Syosset, N. Y. ['our beams are directed
fore-aft and port-starboard and detected by transducers. 1f there
is any relative motion between vessel and bottom, the freq. re-
ceived will be different. System determines motion and drift at
depths where little is known about current.

The 25A Datatel®, an intermediate-speed data transmission
system, sends information over private-line telephone fa-
cilities at twice the speed of present telegraph transmission
systems, and with more than double the accuracy of in-
termediate-speed data systems. It is used where commu-
nications requirements do not involve large, concentrated
amounts of data. Developed by Lenkurt Electric Co,, Inc.,
a sub. of G'T&E.

The Commissariat a L’Energie Atomique, Paris, France,
has leased an S-C 4020 high-speed computer recorder from
General Dynamics/Electronics-San Diego. Working with
an IBM 7090 it will record calculations onto 35mm micro-
film or 914 in. wide photorecording paper. The recorder
utilizes electron beams to translate computer output into
graphic form. It converts digital language into curves,
maps, drawings, complex charts or alphanumerics. The
results will appear, in French, on the face of the CHARAC-
TRON® ghaped-beam tube.
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Time is an independent variabie in correlat-
ing data with position. Erroneous time read-
ings are of real concern. An error detection
and correcting time decoder has been de-
signed for use with the data reduction at
Goddard. Time codes, methods of data han-
dling, systems approach to detection, and
the complete system are discussed here.

THE DATA REDUCTION FACILITIES AT THE GODDARD
Space IFlight Center process magnetic tapes contain-
ing data received from the scientific satellites. The
time code, which indicates the data reception time in
Universal Time, is produced by a time encoder lo-
cated in the tracking station. It is serially recorded
on a channel of the tape adjacent to those on which
the incoming data are being recorded.

Tracking networks and supporting computer fa-
cilities correlate the satellite’s location in space with
time, and receiving networks and data reduction fa-
cilities correlate the satellite's data with time. Since a
majority of the data from the satellites thus use time
as an independent variable in correlating data with
position, erroneous tinie readings are a sotirce of gen-

uine concerm.
* * *

To reduce the time reading errors to a minimum,
an error detecting and correcting time decoder has
been designed. It is for use with the data reduction
facilities at Goddard.

Time Codes

The two time codes adopted for use are the Serial
Decimal (SD) time code and the Binary Coded
Decimal (BCD) time code.

The Serial Decimal Time Code—the SDI) time
code consists of time data in digits from tens of sec-
onds through tens of hours. Fig. 1 shows this code.
The resolution of the serial decimal time code is 1

Error Handling in . . .

TIME DECODING
FOR SATELLITE
TRACKING SYSTEMS

sec.; however, the resolution can be improved to 1
msec with the use of a linearizing (reference) fie-
quency, which is either 100 k¢ or 10 kc and is de-
rived from the same tracking station precision oscilla-
tor from which the time code is derived. FM is used
for recording this signal on tape.

The BCD Time Code—The BCD time code pre-
sents time data in digits from seconds through hun-
dreds of days. This includes 4 bits per sec. of “station
data” to identify a magnetic tape recording by in-
cluding, e.g., station identification, satellite identifica-
tion, the year of recording, etc. The resolution of the
BCD time code is 1 msec. because the 1 Kc carrier
frequency is a part of the code. A binary zero is rep-
resented by about three to one increase in the voltage
amplitude of the carrier for two complete cycles. A
binary One is represented by a similar carrier voltage
increase for 6 complete cycles.

I'ig. 1 shows the 1 k¢ coded carrier. The spectrum
of the BCD time code includes no significant energy
more than =400 cycles away from the 1 kc center
frequency. Therefore, this code can be mixed with
other signals on a single channel of a tape recording
to conserve channels. At present, the servo signal,
which is 60 cps modulation of 18.24 xkc, is mixed
with the BCD time code. The decoders previously
available, however, did not do a reliable job of de-
coding this time code, because the signal strength
and signal-to-noise ratio have had wide variations
among the ensemble of tapes received from the re-

P. ). McCeney

T. ). Karras
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ceiving stations, and the decoders have been unable to
cope with these variations.

Present Methods of Time-Data Correlation

In the data reduction process at Goddard, the two
methods previously used for correlating time with
data are the multiple-read-in and the single-read-in
methods.

In the multiple-read-in method the decoder collects
the time data from the magnetic tape and formats the
data as a single time reading: once every 10 sec. for
Serial Decimal. or once per sec. for BCD. This read-
ing is updated by I xc pulses until another full time
reading is collected. The main disadvantage is that
any temporary perturbation in time signal appears
as an error in the time reading.

In the single-read-in method the operator observes
the register display and when it appears to he mon-
otonically increasing, he transiers the decoded time
word from the decoder into a register where it is
updated with 1 k¢ pulses. The main disadvantages of
this method are that only one time reading is actually
correlated with the data, and that potentially valuable
data are lost each time the register is reset, since the
operator must wait several seconds to he sure that
the decoder output is increasing monotonically before
setting the updating register.

TFig. 2 shows various possible errors in, and con-
ditions of, a decoder’s output. Undetected errors in
the time readings associated with data can increase
the cost of the data reduction process. In later proc-
essing of the data, general purpose computers are
used to perform such operations as scaling, convert-
ing, sorting, and other special arithmetic or format-

2 o} 2 8 S
TENS OF HOURS HOURS TENS OF MINUTES TENS OF
TWO PULSES FOR MINUTES SECONDS
START OF WORD
A

fe- 1 SEC
TH-2
SYNC PULSE

10 SECO%YDS
T'ME AT POINT "A'= 20 HOURS 23 MINUTES, 50 SECONDS

Fig. 1a (above):

The NASA serial decimal time code. Fig. 1b (below)

The completed error detecting and correcting time de-
coder system is shown here in its rack mounted cabinets.

ting operations needed for a specific set of data. If
undetected errors in the time data are recorded on
the digital magnetic tape, computer time must be
spent in searching for these errors. For PFM telem-
etry, the digital tape is formatted to have a time
reading once per frame, which occur at approximate-

ly constant time intervals. The computer measures
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ERROR HANDLING (Continued)

Iy
\ BIAS
ERROR
BAD ENCODER \
(OR DECODER [ TRUE JUMP
e cam. | END OF PASS
TIME |
[
|
|
\ NOISE:
TIME J
FADE - OUT !
4
4 ? o
ELAPSED OPERATING TIME AT THE DATA
REDUCED FACILITY
|
START TIME STOP TIME

Fig. 2: Possible conditions of a time decoder output.

Table 1

Conditions of the signal arriving in the Data Reduc-
tion Facility

I.  The BCD code exists:

1. It is correct

2. It is incorrect sporadically

3. It is incorrect regularly (Dhias)
II.  The BCD code does not exist:

4. temporarily

3. permanently
[T1. The SD code exists:

6. It is correct

7. It is incorrect sporadically

8. It is incorrect regularly (Dias)
IV. The SD code does not exist

9. temporarily

10. permanently
V. The Lincarizing frequency exists:

I1. It is correct

12. It is incorrect sporadic

13. It is incorrect regularly (bias)
VI. The Linearizing frequency does not exist :

14, temporarily

15, permanently

The conditions can exist in only 8 possible com-
binations

Category Il & IV & V Category I & IV & VI

" I &V “ IT & IIT & VI
" I&IV&YV " 1&IV & VI
- T&IHI&V H &I & VI
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the difference between two consecutive time read-
ings: and if this difference falls outside certain toler-
ance limits, an error is indicated.

The Systems Approach

The engineering problem is in choosing and de-
signing a system which, while minimizing operator
intervention, optimizes the trade-off of cost-complex-
ity vs. index of confidence in its output readings. The
ideal system would be one that could provide correct
time readings regardless of errors in the input signal.
A more realistic system is one for which the output
can be assigned an index of confidence which is a
function of the condition of the input signal and the
cost and complexity of the system. The final choice of
an optimum system depends upon the statistics of the
probability of occurrence of any given type of error.

Categorizing Errors

The design of a system which deals with errors re-
(uires categorizing those errors. There are several
ways to classify these errors, e.g., firstly, those caused
by the encoder, decoder, by transmission link; sec-
ondly those caused by equipment, or by the operators.

Most nseful seems to be the various conditions
which can be assumed by the signal at the input to the
decoding system. Malfunction of the decoding equip-
ment is equivalent to some of these input signal con-
ditions. With this in mind, the listing Table 1 was
prepared.

The other combinations are impossible because
categories I & 11, categories IT1 & 1V, and categories
V & V1 are mutually exclusive.

An ldentification and Correction System

This system detects and identifies errors and cor-
rects certain types of errors. Also, it provides time
readings as pure binary numbers which express
either the number of elapsed milliseconds of the year,
or the number of elapsed milliseconds of the day and
the day of the year, as well as the mixed modulus
system where time is put on the digital magnetic tape
as a BCD number indicating the day of the year, hour
of the day, minute of hour, etc. Providing both for-
mats helps eliminate costly conversion time later in
the data analysis process.

The time decoding system, which is being built,
has been designed to consider: 1. a low signal-to-
noise ratio at its input, where noise includes white
noise, impulsive noise, and stray modulation ; 2. genu-
ine errors in the input signal which may be caused at
the encoder ; 3. signal fade-out; and 4. decoder mal-
function.

There are only 4 combinations of bad input signal
in Table 1 which will render incorrect output read-
ings without the system recognizing that its output
is incorrect. These 4 combinations are:
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1. (3.8) a BCD bias error and a SD) bias error
where the two bias errors are equal.

2. (3,10) a BCD bias error and no S code any-
where on the tape.

3. (5,8,11) no BCD code anywhere on the tape, a
S bias error.

4. (5,8,14) no BCD code anywhere on the tape. :
SD bias error, and the linearizing frequency missing

for very short periods of time.

The seriousness of these limitations, of course, de-
pends upon the nature of the input signal, the fre-
quency of occurrence of the unmanageable input sig-
nal combinations, and the consequences of allowing
uncorrected errors. After a careful thought. it was
presumed too expensive to design features into the
system to compensate for these.

There are 3 inputs to the system: 1. the BCD time
code, 2. The Serial Decimal (S.1).) time code, and
3. a linearizing frequency.

The following is a brief description of the proposed
system (See Fig. 3).

A. Band Pass Filters:
signed to extract the BCD time code from the in-
coming signal, which can also contain an 18.24 kc

These filters were de-

carrier with 60 cycles ax for tape speed control. The
filters attenuate both the carrier and the servo signal
at time compressions of 1, 2, 4, 8, and 16, (i.c., tape

speed-ups). The band width of the 1 kc filter is 800
cvcles. These filters are conventional T-type capacitor
and inductor low pass-high pass filters.

B. BCD Code Detector: This code detector ac-
cepts and adequately deals with amplitude variations
of the input signal. It will handle variations of from
2.0 to 13.0 v pk-pk. It also demodulates the time code
from the carrier.

C. BCD Decoder: This unit discriminates be-
tween the Ones and Zeros of the BCD time code and
presents this decoded time to the read-out circuitry.
The BCD decoder contains a One detector circuit,
svnc shift pulse generator, sync pattern recognizer,
sync shift register, logic counter, binary input error
detection logic. binary shift register, and a binary
word generator.

D. BCD Readout: This
coded BCD time word in parallel form from the shift
register in the BCD decoder unit and holds each de-
caded word for display and for making comparisons.
E. Display Units: Each decoded word is dis-

unit receives the de-

played to facilitate operation and maintenance. Each
display unit contains Nixie™ drivers, binary-to-deci-
mal converter units, and miniature Nixie tubes for
display.

F. Shaper, Frequency Selector, Frequency Di-
vider, and Flywheel Synchronizing Selector:

Fig. 3: Block diagram of the time decoder. Note that this unit is broken into sub sections by dashed lines.

| (
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ERROR HANDLING (Continued)
N e e e

Two different “real tinie” linearizing frequency sig-
nals, 100 k¢ or 10 K¢ may be available to the time
decoder. They are shaped with a Schmitt Trigger cir-
cuit. If the input is the 100 kc signal, it is divided
down to 10 Kc in the frequency selector. If the input
is the 10 kc signal, it is passed straight through this
selector. The 10 ke out of the frequency selector is
again divided by 10 in the frequency divider to pro-
duce 1 kc. The frequency divider is reset by the 1 k¢
carrier from the BCD code detector to assure that
synchronization exists between hoth 1 k¢ signals en-
tering the flywheel synchronizing selector. This se-
lector supplies 1 Kc to the flywheel from the linear-
izing frequency if that signal is present. If, however,
the linearizing frequency fades out, the 1 k¢ from the
BCD detector will automatically be used to drive the
flywheel.

G. Flywheel: The purpose of the flywheel is to
produce a nominal 1 kc signal which is phase-locked
to its input, if there is an input, and to maintain an
output at the frequency of the last input if the input
disappears. The flywheel has a selectable bandwidth
of £5% or ==10%. This means that the standard fre-
quency at the input can vary as much as the selected
bandwidth and yet the output of the flywheel will
continue to maintain phase-and-frequency-lock with
its input. This compensates for input tape stretch, or
input tape recorder speed variation, etc. The flywheel
also supplies the 8 kc signal to the SD decoder front-
end circuitry.

H. Digital Filter and DC Restorer Units: The
SD code signal consists of pulses which are 40 to 43
msec wide and occur at a rate of 10 pulses/sec. Such
a wide-band signal is susceptible to degradation by
impulsive and white noise which makes the reading
of this code susceptible to error. Digital techniques
are used to extract this signal from the noise. The dc
voltage of the base line of these input pulses varies
between +0.5v. and —0.5v. A dc restoring circuit is
used to assure a constant bias level to the input of the
decoder.

I. Serial Decimal Decoder: The decoder is used
to find synchronism in the SID time code and present
the decoder time to the readout register. It also
checks the SD system by way of a word generator.

A REPRINT OF THIS ARTICLE CAN BE OBTAINED
by writing on company letterhead to
The Editor
ELECTRONIC INDUSTRIES
Chestnut & 56th Sts., Phila., Pa. 19139
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J. Serial Decimal Readout: This unit receives
the SD decoded time word in parallel from the Serial
Decimal Decoder and holds this information for ten
seconds for display and for making comparisons with
the decoded BCD word or the accumulating register.
K. Accumulating Register: The use of an ac-
cumulating register prevents possible sporadic errors
in either of the decoded time words from bheing
passed to the rest of the data reduction facility. The
time, as decoded in either the SD or BCD decoders,
is antomatically set into the accumulating register at
the beginning of each data reduction run and/or
when the mode of operation switches between loops 1
and 2. The register is then updated by the 1 xc out-
put of the flywheel. This accumulated time is avail-
able as an output and is also sent to the BCD-to-
binary converter which presents time (msec of the
day and day of the year or msec of the year) to the
data reduction facility. The BCD output of the ac-
cumulating register is programmable.

L. Comparator and “Set in New Word”: The
Comparator compares the decoded time with the ac-
cumulated time in the accumulating register. It also
serves to make comparisons between the serial deci-
mal and BCD decoded time words. The “set in new
word™ unit operates with the comparator to set a new
word in accumulating register when the accumulating
register is deemed incorrect. The comparator detects
errors in the input signal and errors in the equipment
itself, and is, therefore, one of the most basic elements
of the system.

M. BCD-to-Binary Converter: This unit con-
verts the time word in the accumulating register
(secs. through hundreds of days) to a binary number
representing either msecs. of the year or msecs. of the
day and day of the year. This converted time word is
presented to the data reduction facility upon elec-
tronic request. The format of this output is pro-
grammable.

The converter is designed to make an automatic
internal test for component malfunction prior to
every conversion. 1f the automatic test procedure in-
dicates a component malfunction, an error light will
warn the operator and the output will be flagged. The
light will remain lit until the malfunction is repaired
and then it will go out automatically.

N. “Settable Trap”: This trap aids the operator
in locating a specific time among the ensemble of in-
coming time words. It consists of a Digiswitch and
a comparator. A number is set on the Digiswitch and
a comparison is made between this number and the
word in the accumulating register. When the number
in the accumulating register is equal to or greater
than the number on the Digiswitch the operator is

alerted. (Continned on page 183)
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THE WORLD'S LARGEST AND
MOST DEPENDABLE LINE OF
HIGH VACUUM PUMPS

Single Stage, Compound and Triplex High Vacuum
Pumps from 2 to 1100 cfm

KINNEY’S TRIPLEX HIGH VACUUM PUMPS Series KT

Triplex High Vacuum Pumps
use the rotary-piston principle
developed by Kinney. A new
and original balancing tech-
nique utilizing three sets of
cams and pistons offer com-
pactness and vibration-free
operation not available with
any other pumps of compara-
ble size. The complete line of
Triplex pumps offers a range
4 of displacements from 15 to
. 1100 cfm.

MODEL KT-300

KINNEY'S  yinney Compound Me-

COMPOUND HIGH  chanjcal Pumps main-
VACUUM PUMPS Series KC tain lower pressures
than are attainable with single stage pumps. Six
models provide a range of displacements from 2 to
46 cfm. On test, each pump is required to produce
an absolute pressure reading of 0.2 micron; readings
of 0.1 micron are typical of standard production
models. Dynamic balancing assures vibrationless
performance.

KINNEY'S SIMPLEX HIGH
VACUUM PUMPS Series KS

Kinney Simplex
Pumps employ a sin-
gle cam and piston
principle, in a rotary
piston design provid-
ing maximum per-
formance, minimum
wear and mainte-
nance.They attainan
ultimate pressure of
10 microns and have
adisplacementrange
from 13 to 47 cfm,

MODEL

® .
KINNEY VACUUM

DIVISION THE NEW YORK AIR BRAKE COMPANY

3529 WASHINGTON ST. « BOSTON, MASSACHUSETTS

KINNEY ... EVERYTHING IN VACUUM

Circle 120 on Inquiry Card
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ERROR HANDLING (Concluded)

This decoder makes use, when possible, of the
built-in redundancy of having both the BCD and SD
time signals available for processing. If only one of
these two signals is present, it automatically considers
only that one. The decoder automatically checks its
internal circuitry, identifies (flags) the class of error
which it has detected, can automatically delete the
output and alert the operator when the time-density
of errors exceeds some present value, alerts the oper-
ator and deletes the output at previously known pre-
set times. The feature of alarming the operator at
some preset time permits the immediate automatic
detection of known times, such as the end of the re-
cording of a satellite pass. This feature is most useful
when more than one pass is recorded on one analog
magnetic tape.

The system requires no starting procedure or
starting point on the data tape. Unlike other time
decoders, this system has neither manual single-read-
in nor multiple-read-in modes of operation. It per-
forms these operations automatically whether BCD
or SD or hoth time codes are available.

The logic diagram, Fig. 4, of the time decoder
shows its various modes of operation. If the system
has been reset, either by the system normalizer when

'WITH TEMP-PLATE’
YOU SEE TUBE
SHIELD HEAT

Accurate to within *=1%. Easy to apply. TEMP-PLATES are self-
adhesive, plastic stickers that contain small white dots of heat-
sensitive elements positioned in series of graduated temperatures
—from 100°F to 1100°F. As the indicated heat for each dot is
attained, the dot turns black. Affix TEMP-PLATES to tube shields,
heat sinks or any critical electronic component where it is desired
to check heat exposure. TEMP-PLATES are the quick, reliable...and
visual method to record operating temperatures. Free samples are
yours for the asking.

PYRODYNE, INC. &R ®
11876 Wilshire Bivd. -

Los Angeles 25, California @ 140°F
Circle 121 on Inquiry Card

PYRODYNE, INC.,
TEMPERAT!
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the power is first turned on, or by pushing the master
reset button, operation will begin in loop 1. In this
loop, the decoded BCD time word will be compared
with the accumulating register. If they compare, flag
1 will be presented to the buffer together with the
time word. If they do not compare, flag 2 will be pre-
sented to the buffer accompanied by the time word.

In this loop the decoder will also determine if the
serial decimal circuit is in synchronism with the in-
coming serial decimal code. If the serial decimal cir-
cuit is in synchronism with the incoming signal, the
appropriate part of the incoming BCD time word is
compared with the serial decimal time word. If they
do not compare favorably (flag 9), the BCD circuit
is automatically checked for circuit malfunction.

If the circuit is okay, a check is made as to whether
or not the BCD circuit is in synchronism with the in-
coming BCD time code. If it is in synchronism, a new
BCD time word is set in the accumulating register
and updated. If there is a BCD circuit malfunction,
the BCD circuit operation is inhibited and the de-
coding function is shifted to loop 2. Another way to
shift the decoding function to loop 2 is to have the
BCD time word and the accumulating register not
agree for a number of consecutive times, where the
number is selective. Initially the number has been set
for 3 times.

Operation of the decoding function in loop 2 is
similar to that in loop 1, except that the SD code is
used in place of the BCD code. However, since the
BCD loop is the more desirable loop, the decoder will
continually determine if operation in loop 1 is possi-
ble; and if so, it will shift the decoding function hack
to that loop.

Conclusions

An error detection and correcting time decoder
has been designed for use with satellite data reduc-
tion facilities to cope with the large number of er-
roneous time readings. This decoder is an improve-
ment over the straightforward instance-by-instance
time decoding (called multiple read-in) because
short-term perturbations in the time code will not
produce an incorrect output from the decoder. This
decoder is an improvement over a single read-in
method of data-time decoding updated by a standard
frequency because it continually correlates the time
words with the data.

The decoder further decodes both a S1) time code
and a BCD time code, compares them with each
other and with the accumulating register, and *‘flags”
each time reading to show the amount of confidence
the experimenter can place in its accuracy. It also has
self-checking circuits to reduce the probability that a
malfunctioning decoder component will provide an
incorrect time reading.
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Standard ,,
To Sub-Miniature

= e
PUSH
BUTTON

e

Dependable Push Button Switches by Grayhill

“ « Snap Action + Silent Action
o * Double Pole + Solderless
« « Lighted * Push-Pull
b + Single Pole/Double Throw

.~ —Ratings from 1/10 ampere to 10 amperes—
- for commercial or military applications—cus-
tom engineered models for special applications.
These top quality Push Button Switches are

" available with a wide variety of accessories,

. such as decorative mounting nuts, range of col-
ored button caps, lockwashers, etc.

.. Special return springs, contacts and other
variations of the standard model are available
on special order.

‘:U '.‘-J,,’:z‘ MM T e e e -\N‘Q:é
O
v Switch GC,h
VTes" 21 7
yrConnect |

GRAYHII;J ] / /

Tt ‘}0 ;

“N. Gineer”
Grayhill offers a full line of Ro-
tary Tap Switches, Push Button
Switches, Test Clips, Binding
Posts, and other miniature elec-
trical and electronic components.
ASK FOR CURRENT CATALOG.

lae o

Phone: FLeetwood 4-1040
- 8.4 543 Hillgrove Avenue,
LaGrange, illinois

'\
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HOW CAN | CUT
TRIMMER
CAPACITOR COSTS
IN MY EQUIPMENT
WITHOUT
LOSING
RELIABILITY?

USE
THE
NEW
JFD
HI-LIFE
uyn
PISTON
TRIMMER.

JFD piston capacitor know-how now gives you a com- Modei VCIGWY 0.8 to 85 Compare the other advantages, too: B Precision Hi-
petitive edge in performance and price. Ol Peaclymount lone of Life adjust mechanism guarantees adjustment life
New technological advances together with auto- avaitable). Actual size. of 500 cycles — more than 600 per cent greater than

matic production facilities make it possible for you to i requirements o Mil-C-14409A ® Special process

buy new JFD *Y" trimmers at approximately 30 per glass dielectric for high stability over a wide
cent below the cost of other comparable capacitors. i range of operating temperatures (—55°C to 125°C)

® High Q factor — 500 measured at 1 MC ® Ultra linear tuning with no reversals ® Fine vernier multi-turn adjustment for
increased sensitivity and excellent resolution. ® Space-saving telescopic tuning assembly with little, if any protrusion of adjust-
ment screw for compactness. ® Anti-backlash design maintains its setting through shock and vibration and gives smooth uniform
tuning adjustment. JFD **Y"" trimmers are available in panel mount and printed circuit types—as well as Sealcap, Max-C, split
stator, or ditferential, glass or quartz construction. Special **Y"" trimmers can also be designed to meet your performance re-
quirements. Ask your distributor or write us for Bulletin “Y"".

Components Division

JFD ELECTRONICS CORPORATION, 15th Ave. at 62nd St., Brooklyn 19, N. Y. « DEwey 1-1000 - TWX- 212-833-7001
JFD NORTHEASTERN, Ruth Drive, P.0. Box 228, Marlboro, Mass. « Huntley 5-7311
JFD MID-ATLANTIC, 313 E. Broad St., Palmyra, N. ). » 609-665-0788

JFD MIDWESTERN, 6330 Hermione St., Chicago 46, 1flinois - 775-5424,5425
IFD MIDWESTERN-OHIO, 7415 Montgomery Road, Cincinnati 36, Ohio - 513-421-1166

JFD WESTERN, 9 Morlan Place, Arcadia, California + 213 H1 6 0312
JFD CANADA, LTD., 51 McCormack Street, Toronto, Ontario, Canada - ROger 2-7571
STANDARD TELEPHONE & CABLES LTD., Components Group, Capacitor Sales Dept., Footscray, Sidcup, Kent, England

LCC STEAFIX, 128 Rue de Paris, Boite Postale 51, Montreuil-sous-Bois, Seine, France
THE ;‘f." AMERICA KNOWS BEST! JFD ISRAEL, LTD., Bidg. 23, Industrial Area B, Azur, Israel
DUCDN CDNDENSER PTY. LTD., Christina Road, Villawood, N.S.W., Australia

Variable Trimmer Piston Capacitors @ Metalized inductors s LC Tuners m Fixed Capacitors m Fixed and Variable Distributed and Lumped Constant Delay Lines g Pulse Forming Networks
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PROFESSIONAL GUIDELINES

Reporting late developments affecting the
employment picture in the Electronic Industries

EJC REPORTS ON ENGINEER
PLACEMENT, ENROLLMENT
AND GUIDANCE METHODS

The Engineering Manpower Com-
mission of the Engincering Joint Coun-
cil is taking issue with the U.S. Em-
plovment Service's efforts to increase
its professional placement services.
Their position is that a “third party”
between employer and job seeker on
a professional level is neither desira-
ble nor necessary.

The EMC resolution states that
graduating engineers should negotiate
directly with employers, within the
college placement framework.

[f the USES expands to the point of
displacing normal college placement
functions for engineering graduates,
the best interest of the students, em-
plovers, and professional societies will
not be served, says the Commission.

A similar resolution was passed re-
cently by the Scientific Manpower
Commission.

In other activity, an EMC subcon-
mittee surveyed various guidance pub-
lications and practices.

In addition to upgrading the public
image of engineering, the subcommittee
recommends joint effort by profes-
sional and technical societies to pro-
duce one and only one guide booklet,
supplemented by an official list of addi-
tional materials published by private
sources, colleges and industries.

The committee believes that the
sheer weight and diversity of material
now placed in the hands of high school
students tend to defeat its own ends.

In another report, recently com-
pleted, the EMC points out that large
numbers of well-qualified students are
dropped out of engineering schools.
Iigh attrition rates cause disillusion-
ment, which reacts against engineer-
ing and is one of the principal causes
of declining freshman enrollments.

Students, according to the report,
ask themselves, “Why take engineer-
ing if the odds are stacked against
vou?"

Engineering deans were asked to
comment on the problem by Dr. Arthur

ELECTRONIC INDUSTRIES -

ELECTRONIC BRIDGE DEALER

R. M. Bloch (1), VP, Honeywell Electronic
Data Processing, and R. L. Frey, Editor,
American Contract Bridge League “Bulletin,”
check hands Honeywell 800 computer dealt
ACBL members at recent tourney. Computer
also scored, but did not play or bid. A
100% accurate scoring program was called
for, since each team’s score depends on
the scores achieved by all other teams.

F. Bronwell, dean of engineering, Uni-
versity of Connecticut, and chairman
of a Commission subcommittee. The
report, based on the comments, con-
cludes that there are effective ways
of reducing student attrition if colleges
face up to the problem. Suggested
remedies are:

1. More effective pre-sclection and
guidance to trim number of weaker
students.

2. Greater curricular flexibility for
freshman to allow for variations in
academic backgrounds — to help the
faltering but conscientious student.

3. Positive program of tutorial help
to lift the student over initial hurdles.

4. Experiments on more effective
counseling methods.  Most  students
now do not seek out counselers.

3. .\ more conscientious prograimm
for engineering freshmen and sopho-
mores to develop a sense of identifica-
tion with the profession and a feeling
of engineer pride.

IFOR MORE INFORMATION | . .
on opportunities described in this sec-
tdon Ol out the convenient resume
form, page 190.
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Design Engineers
Development Engineers
Administrative Engineers
Engineering Writers
Physicists
Mathematicians
Electronic Instructors
Field Engineers
Production Engineers

TECHNICAL RECRUITING TAKES
DOWNWARD SLOPE IN JULY

A sharp downtrend in demand for
technical people was seen in July. The
Engineer/Scientist Demand Index
showed 84.9, down 133 from June
This is the lowest figure for July in
the history of the index.

The drop is part of a steady decline
that began in February, marked by a
slight upturn from 948 in May to
Tune's 98.4. The July hgure is the
lowest since December, 1960, It is
more than 30 points below last vear’s
level.

Causes for this steady downtrend
and sharp drop during July are not
clear. In part, the usual mid-sunmier
break in demand for technical people
is a factor, with the spotlight on field
interview trips.

NSPE SECTION PUBLISHES
PRIVATE PRACTICE INDEX

A compilation of material on con-
sulting engineering called “Profes-
sional Index of Private Practice” has
heen published by the Professional ln-
gineers in Private Practice, part of the
National Society of Professional Engi-
neers.

The Index is in eight sections in-
chiding Ethics, Fees, Competitive Bid-
ding, Contracts, NSPE Policies, Or-
ganization of the Functional Sections,
Professional Liability Insurance, and
FFederal Laws Affecting the consulting
engineer.

CHARITY OFFERS EDP CLASS
TO HIGH SCHOOL QUITTERS
A program of on-the-job training in
electronic data processing for high
school dropouts was announced by
Altro Workshops and the Association
of Data Processing Services Organiza-
tion (ADAPSO) in New York City.
The program provides training in com-
puter operation, key punching, and re-
lated EDP techniques. The program
is being conducted by Altro, a non-
profit rehabilitation agency affiliated
with the Greater New York Fund.
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There is considerable disagreement

TECHNICAL
WRITING:
SUPERSTITION
AND FACT

throughout the engineering community

as to what conslitules a technical writer.

While some personnel managers seek a
pigeon-hole combination of graduate engineer

and professional writer. another camp observes that
the ideal man is simply a writer who understands
the basic principles of science.

Here are some comments on the matter.

\ CHARACTERISTIC OF OUR SOCIETY 1s 1S preoccupi-
tion with measurement and classification. Almost s
soon as the need for a new breed of specialist is rec-
ognized, we begin scarching for a conventional Tabel
to deseribe his job.

The rub is that many of these labels are misnomers.
But, hunman nature heing what it is, it is easier 1o cling
to the misnomer than it is to rename the job.

The term “technical writer™ is just such a misno-
mer. Subject matter may be technical, hut the primary
purpose is the same for all writers— to communicate
1deas.

Most technical writers have songht professional
acceptance by emphasizing the word “technical.”
Because the space age has so enhanced the prestige
of science and engineering, the temptation to line up
under the scientific-technical banner is almost irre-
sistible.

There is nothing really wrong with this httle fie-
tion. except perhaps the consequences. Many person-
nel recruiters have accepted this techmeal writer as
“just another kind of engineer.” They have aceepted
it primarily hecause. like most of us. they don’t veally
know what a technical writer is or does. J\nd hesides.
it limits the scarch to MIL or 121 degree holders.
Closed Profession Challenged

FFortunatelyv, this tendency toward i closed pro-
fession is being challenged. William Gilman i his
book “The language of Science™ has this to sayv:
“\Whether the technical writer comes from the science
or Lnglish corner of the campus matters less than his
having a reasoning mind and ability to explain. Tere.
then, is a new specialty which is not so highly special

.

ized after all. [t isn't so much heing ‘strong in science
and weak in linglish.” or vice versa, as having wha
a good writer and a good scientist  share—awareness
of the reader and willingness to work for clarity.”

If Mr. Gilman's viewpoint is correct. then why

194

haven't more people accepted it 7 The opposing argu
ment can be reduced 1o the following statement : any
writer not professionally trained in the field in which
lhe is writing cannot do a thorough and accurate job
of presenting information because he must depend on

others 1o cheek the technical accuracy of his writing.
Mistaken |dea of Tech Writer

Thiz assertion is hased on an erroneous concep-
tion of technical writing. Usually the people who offer
this argument see the technical writer as one who re-
fines a batch of raw engineering data sheets into pol-
ished technical documents. This individual usually
writes instruction hooks and proposals exclusively.
Most want-ads speciiy this kind of person. The trou-
ble is that instruction hooks and proposals are only
two of the many facets of technical writing. Ignored
are such chores as editing symposium presentations,
converting research findings into reports and signed
artictes, editing technical house organs. and preparing
press releases and speeches.

A\ good share of industry’s technical writing is not
original work by the writer. It is instead a professional
give-and-take relationship between a technical writer
and an engineer with the writer assisting the engincer
in documenting his ideas and the engineer checking
the work for techmical accuracy. Under these circum-
stances the technical writer is 90% reporter and 10%

author

By ROGER M. D’APRIX

Light tAlitary Electronics Dept
Genera! Electric Co.
‘tht\", N,\/

October 1963
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Must Recognize Reporter Role

The technical writer must be aware of his role as

a reporter, Today, more than ever before, the tecl-
nologist, because of the demands and complexity of
his work, finds it difficult to communicate with the
layman, or even with fellow enginecers in different
specialities. As a result, he finds himself living and
working only with those “who speak the same lan-
guage.” Here is one important area where the tech-
nical writer contributes to the information e¢xchange.

In this relationship the writer's own technical back-
ground is important only so far as it permits him to
understand the engineer’s intent. Indeed. in some in-

neers who write well enough to do it for a living. and
of the few who are good cnough, writing generally
plays second fiddle.

Another reason is that experience shows these twin
(ualifications do not necessarily guarantee good tech-
nical writers. This is more a question of the broadness
of the writer’s responsibilities than it is of the writing
inadequacies of transplanted engincers,

Most technical writers today are jacks-of-all-the-
writing trade. Besides the familiar instruction books
and proposals, they are frequently asked to edit tech-
nical reports, symposium papers, signed articles, en-
gineering presentations, and other writings.

-~ ORIGINAL
ENGINEERING
- -~ WRITING

INSTRUCTION BOOKS

SPECIFICATIONS 3
[

PARTS MANUALS X
R ——
N — —

-

TECHNICAL
REPORTING

PROPOSALS ]
* SIGNED ARTICLES o |

? TECHNICAL PAPERS “

COMPANY REPORTS

=
=

—

TECHNICAL HOUSE ORGANS

P 4
: ENGINEERING PRESENTATIONS

TECHNICAL

Most industry technical writing today is technical reporting (right scale) rather than original engineering writing

stances this background can even be a liability, as in
the case when the writer chooses to question the engi-
neer's work, until empathy gives way to open hos-
tility.

Although want ads for technical writers lead one
to believe that industry is hiring only experienced
engineers with a flair for writing, this is not really
the case.

In one survey of technical writers reported at last
vear’s Professional Group on Engineering, Writing
and Speech symposium, 31 of some 82 respond-
ents did not have a college degree. Of the 31 with de-
grees, 18 were EE’s and 7 had assorted “‘hard sci-

ence’” degrees for a total of 25 technical backgrounds.

The remaining 26 respondents had degrees in the
humanities.

Engineer-Writer Hard to Find

A good reason for the discrepancy between the
want-ad stereotypes and the actual hires is that the
stereotypes are hard to come by. Engineering and
writing are opposite interests. There are few engi-
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left).

Such responsibilities imply a broad, flexible person
whose chief talent is conveying ideas clearly. Fortu-
nately, or unfortunately, there is no one background

or degree—that will produce such a person. We
should not perpetuate the myth that there is.

In practice, the writer’s broad responsibilities re-
sult in some interesting problems. Consider the engi-
neer-writer relationship. At Dbest, this is an area
fraught with potential misunderstandings and resent-
ment. At worst, it is open conflict.

Bears Considerable Responsibility

A technical writer bears considerable responsibility
for the content and style of handbooks and proposals.
In this rather formal relationship, however, in which
the engineer supplies raw technical material and the
writer translates it into printed pages, both parties are
able to preserve a degree of anonymity even within
the organization.

But an engineering presentation, or a signed
article, is another matter. The engineer, besides giving

(Continued on page 197)
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ELECTRONIC
INDUSTRIES Professional Profile

The ELECTRONIC INDUSTRIES Job Resume Form for Electronic Engineers

Name

Street
Address

City State

[ Single [ Married [ Citizen [d Non-Citizen Date of Birth

Will Relocate [].Yes [] No. If Yes [JAnother City [J Another State
Salary Desired to Change Jobs in present area

Salary Desired to Change Jobs and relocate in another area

Professional Memberships

College or University Major

RECENT WORK EXPERIENCE

Company Div. or Dept.

SIGNIFICANT EXPERIENCE AND OBJECTIVES

STATE ANY FACTS ABOUT YOURSELF THAT WILL HELP A PROSPECTIVE EMPLOYER EVALUATE YOUR EXPERIENCE
AND JOB INTERESTS. INCLUDE SIGNIFICANT ACHIEVEMENTS, PUBLISHED PAPERS, AND CAREER GOALS.

Mail to: ELECTRONIC INDUSTRIES—Professional Profile—56th & Chestnut Sts.—Philadelphia 39, Pa.
This resume is confidential. A copy will be sent only to those Companies whose number you circle below.
800 801 802 803 804 805 806 807 808 809
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TECHNICAL WRITING (Concluded)
e

birth to his raw material in long, painful labor, will
forever be personally identified with hoth content and
style.

Under these circumstances, he is generally more
resistant to the technical writer’s changes. Besides
his skill as a technician, the technical writer must
now become a specialist in human relations.

Another problem for the technical writer is orient-
ing his own stvle to the varied kinds of material he
is called on to write. There is a vast difference in ac-
ceptable style and tone for the Journal of the Acous-
tical Society and for a management presentation to
a group of visiting school teachers. Yet the writer
may very well work on both kinds of material in the
same day, with a section of a proposal thrown in.

Want-ad stereotype of a technical writer suggests a combina-
tion of Ernest Hemingway, Werner Von Braun, Norman Rockwell.

Writer Must Analyze, Observe, Perceive

What is needed is a man acquainted with the broad
principles of science, one who can analyze, observe,
and perceive scientific relationships. A thorough
knowledge of the theory and application of commu-
nication principles is also essential; these are the
writer’s tools. Beyond this there should he no neat
pigeon-hole for his job description.

The only real measure of a tech writer’s success
is his ability to communicate technical ideas to his
audience. If he cannot—regardless of his background,
regardless of his degree—he is not a technical writer.

Admittedly, this pragmatic definition does not
make the personnel specialist’s job any easier. But
anything less inclusive than this will rule out thou-
sands of effective technical writers needed desper-
ately to help resolve the rapidly developing crisis
in technical communication.
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Because...

Mapico pure synthetic
iron oxides are un-
matched for uniform-
ity...they are
subjected to the most
precise production
controls.

Why
MAPIEO

iron oxides
for ferrites, above all others?

Because...

There's range . . . a
Mapico iron oxide raw
material is available
for every end use area
from deflection yokes
to temperature com-
pensated cores to hard
ferrites.

Because...

Mapico iron oxides are
made in three typically
different particle
shapes . . . each avail-
able in several ranges
of particle size.

Because...

Selection of the right
Mapico iron oxide gives
controlled electronic
characteristics and
shrinkage.

MAPICO

offers a useful, up-to-date chart on these
many oxides with detailed data on particle
shapes and other properties.

WRITE FOR IT TODAY'!

MAPICO IRON OXIDES UNIT

COLUMBIAN CARBON COMPANY

380 Madison Avenue, New York 17, N. V.
BRANCH OFFICES IN PRINCIPAL CITIES

COLUMBIAN CARBON COMPANY
380 Madison Avenue, New York 17, N.Y.
Please send me the new, up-to-date
chart on MAPICO IRON OXIDES FOR FERRITES.

Position
Firm__..
Address
City .Zone. .. State

Circle 124 on Inquiry Card
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- Isyour career
in perspective with tomorrow?

DIBEST oF

170

——
OPPORTUNITIES

SPANNING 1y
SPECTRUM 05
ELECTRON0g
AT 19 UABORATGRiES

C DN orreur

Projecting technical programs three to five and more years ahead is not unusual in the engineering
environment. This same time projection should hold in planning the direction of your career. To
help you determine the most advantageous path in the future, Sylvania Electronic Systems has
prepared a “Digest of 170 Jeb Opportunities” which lists current openings and encompasses a
majority of the advanced areas in electronics today.

The diversity of professional manpower requirements described in this “Digest” include: research,
design, development, systems engineering, advanced research and program management. They
cover the areas of communications systems; data processing and display; detection, tracking and
missile defense systems; electronic warfare; and navigation, intruder warning and reconnaissance
systems.

At Sylvania Electronic Systems you will find the atmosphere professional — with small informal
groups emphasizirg the individual contributor at all 19 collaborating laboratories. Geographic
locations: Eastern Operation (Suburban Boston); Central Operation (Suburban Buffalo); Western
Operation (San Francisco Peninsula). Operations serving the entire Division are: Applied Research
Laboratory; Product Support Organization; and Systems Engineering and Management Operation.

To help put your career in perspective with tomorrow, complete and mai! this coupon, now.

— T A —— M— S — A Mttt S— — — —————— — ——— —
Manager of Professional Staffing, Dept. El I
Sylvania Electronic Systems

Division of Sylvania Electric Products Inc.
40 Sylvan Road—Waltham 54, Mass.

SYTVANLN ewecrronic systems

Governmeny Systems Management

tor GENERAL TELEPHONE & ELECTRONICS. I

' [0 Please send me a copy of Sylvania's l
“Digest of 170 Opportunities”

I & B An Equal Opportunity Employer '
Name

I Address. I

I City. Zone State, I
Geographical Preference: Boston Buffalo, San Francisc

I BS in 19 : MSin 19 I

I PhD in 19__ My specialty area is: l

I—————_————————_————_
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‘OUCH’ TOLERANCE and person
ality are now under scrutiny by Re-
public Aviation psychologists. If you
don’t like dentist’s chairs, chances are
vou won't like a ride to the moon
either. Republic’'s Dr. Julius Peters
reports a relationship between ability
to endure pain and the limited use of
the senses, Dr. DPeters said findings
tend to refute the theory that the man
most sensitive to pain could hest cope
with reduced sensory environment in
a space capsule. lle concludes that
some persons have highly developed
endurance to pain or any other ab-
normal situation, and further study
could provide valuable c¢riteria 1or
astronaut selection.

TWINKLE-LESS STARS ain't the
job of engineers of \Westinghouse Bal
timore Defense Center at Lakehurst
Naval Air Station, but they are work-
ing on a way to take “twinkle” out
of Echo IT when orbited by NASA
later this year. This ‘“‘twinkle” is
caused by random reflections of radio
and radar waves irom Echo's skin. If
the 135-foot diameter varies more than
two inches, returning signals become
distorted and unusable. If the signals
are unclear, experiments using Echo
11 as a passive, reflecting satellite will
be worthless.

YOU DID IT when you were a kid—
balance an upright broom on your
hand. A machine called MADALINE
can do it, too. So, there! A simple
but brainlike system of Multiple
ADAptive Llnear NEurons, MADA-
LLINE does it by electronically oh-
serving how a human does it and then
copying his actions. Only a year and
a half old, MADALINE is the brain-
child of Bernard Widrow and his re-
search team at Stanford. MADA-
LINE’s raison d'étre—to demonstrate
that a teachable machine is possible.

RADIO BIRD WATCHERS of the
Montana Fish and Game Department
around Shonkin, Mont., can track their
sharp-tailed grouse with mounted min-
iature transmitters. FCC has waived
a couple of rule sections concerning
call letters and physical control of
transmitters. Only six of the tiny
transistor units will be used at a time.
Each will operate on a different fre-
quency, one for each bird. With two
or more receivers and triangulation
methods, birds can be pin-pointed.

October 1963




RECORDED AMERICAN MUSIC
gives lowered morale a much needed
needle to troops in the Vietnam jun-
gle. A U. S. captain wrote to Vincent
Barreca, Admiral Corp. head, asking
for a new morale-building phono sys-
tem. Barreca said ‘“ves,” but ran into
a broken record finding a way to get
the thing from Chicago to Quang
Ngai, South Vietnam. After quite a
turn-table of events, it was finally hand-
delivered by Admiral to Sixth Army HQ
and theu coptered in to the Vietnamese
regiment, where the morale-builder was
put to work building morale—building
morale—building morale—building morale
—building SQUAWK.

R&D ON REPAIRS YET! Wecsting-
house has a special lab to look in on
problems of fixing heavy electrical
equipment and apparatus—this does
not include your toaster, either. Work
done by the lab will extend the jobs
of 40 around-the-nation repair plants
and relieve production men of time-
consuming repair consultation. The
lab’s job is to examine industrial ap-
plications and operating conditions
that impose unusual and severe
stresses on electrical gear, and to
make faster, more up-dating repairs.
This includes study of new repair
materials, methods, tools, facilities,
tests and answers to specific customer
problems.

CONCEALED INTERCOMS in
trash receptacles are stopping New
Yorkers in their tracks—and helping
to keep city streets free of litter.
The specially wired trash receptacle,
known as “Lively Louie” draws
crowds by asking passers-by, friendly
but firm, to place litter in trash bas-
kets. Conversations can sometimes be
wild as suprised pedestrians respond
in varied ways. The system consists
of a standard two-station set-up by
Executive, Inc.,, with the master
placed in a concealed office overlooking
the street area and a slave (Louie) in the
trash receptacle.

AN ELECTRONIC SWITCH now
can tell people whether the sun was
out during the day and for how long
without looking out the window, or
raising the shade. Developed by Car-
ter Products, Inc. and Science Asso-
ciates, both of Princeton, N. J, a
unique, sensitive switch and recorder
enables St. Petershurg, Florida, news-
papers to inform readers the exact
hours and minutes of daily sunshine.
Because of the device, St. Petersburg
is now ready to dispute, with statis-
tical authority, any other city’s claim
to heing sun capital of the U. S.

ELECTRONIC INDUSTRIES -
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stability offered by
new Reeves-Hoffman
2.5 mc Frequency Standard

Yau're wrang, Charlene, it’s a bit mare than
nine! Stability is 2 parts in 100,000,000,000
far madel $2075 ultra-precise 2.5 mc Fre-
quency Standard. It utilizes an AT-cut, 5th
avertane crystal of aur awn manufacture,
dauble prapartianal cantral oven, and is
transistarized thraughaut. Phase stability is
7 X 1073 degrees peak ta peak during a
20 millisecand periad. Output frequencies
are 100 k¢, 1 mc and 5 mc simultaneausly.
Unit fits inta 5%-inch rack panel. Request
bulletin $2075.

{oEQHEAET STANDIEY
rorgatacy 310

4y

4

PENNSYLVANIA
DIVISION OF
DYNAMICS CORPORATION OF AMERICA
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for cleaner signals—
. DEKORON "

Computef-TWlST-EX'
Thermacouple Extension Wire

Clear, clean control signals are now readily available when you specify Dekoron
Computer Twist-Ex thermocouple extension wire.

Twisted pair construction enables the EDP designer to increase wire density and
cut installed costs substantially. Twisted pairs with total coverage shield of Mylar®
tape with aluminum backing in contact with bare copper drain wire provides maxi-

mum electrostatic and electromagnetic noise rejection.

Dekoron Computer Twist-Ex is also available in
cables (lower left) of from 4 to 36 pairs per cable in up
to 1000 ft. lengths. Wire insulation and cable jackets
are color coded to ISA standards. Engineered to highest
standards, Dekoron computer wire products assure
cleaner signals and lower installed costs. Samuel
Moore & Co., Mantua, Ohio

SAMUEL A MOORE
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REFLEX MACHINE REMEMBERS 4800 DIFFERENT PATTERNS

CONFLEX T recognizes 4800 dif-
ferent patterns, including pictorial dis-
plays, letters, numbers and geometric
patterns. Test patterns to be learned
are viewed with a 35mm slide projector
or manually-fed negatives. The value
assigned a test pattern is called stimuli,

Particular sets of stimuli are as-
signed to particular classes which are
mdicated by various combinations o1

classes.

Once trained, the system will classify
—with 99.6% accuracy—any stimulus
it has seen before. Unit was built by
Scope Inc., Falls Church, Va.

INDIANS OK NEW PLANT

A building-and-loan agreement for
more than $1 million, including a 40.-
000 sq. ft. electronics plant at the l.a-

responses that register as output. The

large number of stimuli which then are

placed in any number of different the Pueblos of Laguna.

%wemyawwu’zééf——
1.32222

LOGARITHM. ..

10101

BINARY...

this number can mean BIG SAVINGS
on your PW Board Eyeleting Jobs!

HERE'S WHY: You can handle practically all your single-side and
double-side PW board eyeleting jobs with ONLY 21 SIZES of United
Standard Electronic Eyelets. As a result you’ll reduce engineering
and specifying time and costs . . . simplify your purchasing proce-
dures . . . and reduce your inventories. On top of this, you'll need
fewer sizes of setting tools, so you'll reduce tooling costs too.

IT'S EASY TO PROVE . . . just how
effectively United Standard Electronic
Eyelets can work to help you reduce
costs. Just order one of the new
“Selection Kits’' (containing generous
samples of all 21 sizes) and try these
eyelets yourself on your own PW board
applications. For complete information
on these kits (and on United’s high-
production Eyeleting Machines),
phone the United Office in your area
... or write direct to Fastener
Division, United Shoe
Machinery Corporation

2058 River Road

Shelton, Connecticut

United Eyelets

FASTENER DIVISION
United Shoe Machinery Corporation

SHELTON, CONNECTICUT

Branches: Atlanta, Ga. » Boston, Mass. ¢ Chicago, IIl. ® Cincinnati, Cleveland,

guna Indian  Reservation, lLaguna,
system can be trained to classify a N. M., has been signed between
Burnell & Co., Inc., Petham, N. Y..

w211

Ohio ¢ Dallas, Texas e Sun Valley (Los Angeles), Calif. « Lynchburg, Va. ¢ Milwaukee,
Wisc. * Nashville, Tenn. ¢ New York, N.Y. ¢ Rochester, N.Y. * St. Louis, Mo.

200 Circle 127 on Inquiry Card

U.S. AEROSPACE R&D IS AID
TO INDUSTRY, STUDY FINDS

Government - sponsored missile and
space research has benefited the com-
mercial side of industry and the bene-
fits will increase according to a study
by the University of Denver.

The study findings will help in ac-
celerating transfers of technology from
NASA research programs to the com-
mercial sector of the national economy
by identifying extent and ways in
which past transfers have been made.
The survey showed 127 actual trans-
fers and 58 potential transfers.

Some facts revealed in the study are:
transfers from government-sponsored
R&D in terms of technology are the
most important contribution, and space-
related R&D stimulates basic and ap-
plied R&D of improved materials,
processes and techniques, plus new
test and laboratory equipment.

The study also showed that R&D
output contributed to cost reduction in
both commercial manufacturing and
fabrication methods.

COMPACT TRANSPONDER GIVES
RE-ENTRY COMMUNICATIONS

A compact transponder, called Azusa
C-T, and made by General Dynamics/
Astronautics has succeeded in com-
municating through the ionization
layer surrounding a space vehicle on
re-entry.

The Azusa C-T, mounted in the
missile, transmits at 5,000 MC. It is
only 9 x 9 x 47 in.,, weighs but 21
Ibs. It reportedly performed without
failure on over a dozen recent missile
tests from Cape Canaveral.

Signal exchange between trans-
ponder and Azusa ground station at
the Cape provides data to predict
vehicle re-entry and impact. Before
this, position and velocity for range
safety and orbit are determined.

GERMAN TRANSMITTER WILL
WORK WITH RELAY, TELSTAR

The German Government will buy
a portable space communications sta-
tion that can work with both Relay
and Telstar. ITT Federal Labora-
tories, Nutley, N. J., will supply it for
the German Post Office Dept.

The station is to have two trans-
mitters, one for Relay and one for
Telstar. It will be able to handle 12
two-way voice channels, facsimile,
multi-channel, teleprinter and high-
speed data transmission.
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WORKHORSE SATELLITE

Syncom 2, first synchronous satellite now
hovering 22,300 miles out in space, has
logged more message time than all other

satellites combined since it was orbited
nearly three months ago. It has been re-
ceiving and transmitting an average of 15
hours a day. With Syncom above is Dr.
Allen E. Puckett, Hughes Aircraft exec.

AF, SPERRY CONTRACT SEEKS
VERSATILE RANGE CENTER

Range control equipment to permit
simultaneous countdown for two mis-
sile launches and global range support
of another orbital vehicle is now on the
design board for the Air Force, ac-
cording to a contract awarded to
Sperry Piedmont Division of Sperry
Rand Corp.

Plans call for about 64 men at 137
electronic consoles in a new Range
Control Center at Cape Canaveral to
he able to control simultaneously 800
range instrumentation status displays,
four missile trajectory plots, tliree im-
pact prediction plotters, three separa‘e
countdown and timing systems and a
network of comniunications to direct
the operations of ships, planes and
range instrumentation stations alorg
the 10,000-mile Atlantic Missile Range.

The Center will have command and
control equipment needed for world-
wide activities in support of missile,
orbital and deep space launchings from
Cape Canaveral

Equipment will provide visual dis-
play of the state of all range instru-
mentation systems including radar,
telemetry, optics, instrument ships, air-
craft, and recovery forces along the
entire Range.

Thirty-four TV monitors and a num-
ber of cameras will allow operators to
monitor launch pad operations, mete-
orological display, in-flight missile per-
formance, and other remote displays.

ELECTRONIC INDUSTRIES -

FAILURE STUDY

A recent study shows that higli-per-
formance electrical connectors com-
pare favorably with other electro-
mechanical parts in failure rate.

The study, by a leading aircraft
maker and offered by Amphenol-Borg
Electronics Corp., evaluated field fail-
ures on commercial jet aircraft for 11
months. The study showed connectors
meeting Mil Spec MIIL-C-26500 failed
at a rate of 0.048 failures per million
hours,

The comparison was with compo-

INDICATES CONNECTORS MORE RELIABLE

nents such as diodes (0.564 failures
per million hours), wire wound resis-
tors (0.087 pmh), power relays (0.3
per million cycles), germanium power
transistors (0.6 pmh), and ceramic ca-
pacitors (0.02 pmh).

Also covered in the study were con-
nectors meeting MIT.-C-5015 and MIT.-
C-26482 specs. Failure rate for MIL-
(C-5015 was about 10 times higher than
that for MIIL.-C-26482 units.

MII.-C-26482 had failure three times
higher than MIIL.-C-26500.
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Save time . .

ALITE’

STANDARD
HIGH ALUMINA
BUSHINGS

OVER 100 TYPES AND SIZES!

. cut costs . . .

ALITE

October 1963

DIVISION

U. S. ST

80X 119

simplify design problems with
Alite standard high alumina
high voltage terminals, feed-
throughs, cable end seals and
high amperage bushings — all
stocked for “off-the-shelf” de-
livery.

Manufactured entirely within
our own plant, under our strict
Quality Control procedures, each
bushing is tested for vacuum-
tightness by a high-sensitivity
helium mass spectrometer.

Rugged, heat-shock resistant and
maintaining their dielectric
properties at elevated tempera-
tures, Alite bushings are adapt-
able to virtually any assembly
method, such as welding, braz-
ing and soldering.

Send today for free catolog show-
ing types and sizes.
56-3

\5’_}
ORRVILLE, OHIO
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NOW

FROM

SAXONBURG

ALUMINA CIRCUIT PLATES

Made from high-purity 96% alumina, these lightweight plates are used
primarily as printed circuit bases for assembly into electronic com-
ponents. The plates provide high physical strength and resistance to
softening as well as good electrical properties.
SIZES: Up to 3" square
THICKNESSES: Down to .008" with
tolerances to + .0005" h
FLATNESS: Polished or lapped faces gxun urg
made parallel within .0005" CERAMICS, INC.

Write for additional information 8003rd Ave. s SAXONBURG, PA.
and samples, Quality Ceramics for Industry Since 1924

Circle 129 on Inquiry Card

8 Poles in a Display Switch?
900 000 Operations?

Now you get both of these exclusive features
in the new Telex Pushbutton Display Switch.
Standard 8-pole, single-throw, notrmally open
contacts provice more control circuits with
less panel space. Extremely long life—
500,000 operations at 1 amp 30 VDC—
assured by patented wire bridge design.
Heat-resistant materials used in construction
make possible eontinuous 4-bulb operation.

For full specifications write for illus-
trated data sheet.

) TELEX/Acoustic Products

A WESCON Design 3054 ExcelsiorBivd.eMinneapolis16. M nn.
Award Selection

TWO COMPANIES INK
HYBRID COMPUTER PACT

Joint marketing and systems engi-
neering in designing, making and in-
stalling large hybrid computing sys-
tems have been disclosed by Packard
Bell Contputer and Computer Products
Inc.

Both firms point out that the growth
of hybrid computing uses require a
more intimate combination of the ana-
log and digital clements of the com-
puting svstem than has been available.

Lquipment most likely for hybrid
svstents are Computer Products Mark
I1f Analog Computer and Packard
Bell's PB440 Digital Computer,

RCA DEVELOPS VIDEOSCAN
OPTICAL CHARACTER READER

RCA has developed an optical char-
acter reader that combines the scan-
ning ability of the TV vidicon tube
with the data handling capacity of the
RCA 301 computer.

Called Videoscan, it picks data off
up to 90,000 printed documents an
hour by multiple scanning of printed
characters. The data is then put in
computer code and fed to the com-
puter.

The system processes accurately
such documents as gas and telephone
bills, insurance premiums, tax notices
and magazine subscription blanks.
Processed documents can be from 2.5
to 8.5 in. wide, 2.5 to 4 in. high, and
from .003 to .01 in. thick. Docuntents
4 in. wide or less can be handled at
1,500/min,

X-RAY-SENSITIVE TV MAY
AID INDUSTRIAL TESTERS

An X-ray-sensitive vidicon TV sys-
tem developed by licker X-ray Corp.,
Cleveland, Ohio, proniises to aid indus-
trial component testers.

The TV system has a scanning rate
of 830 lines/frame, helped by a 20
mc/sec. bandpass. This compares with
the 525-line scan rate and 4.4 mc freq.
response for standard broadcast TV.

The unit has a fixed-potential beryl-
lium window 250 kv. NX-ray tube with
0.7mm. focal spot. Focal spots of
0.3mm. are available with Derylium-
window 150 kv. equipment.

Radiation passes through the com-
ponent inspected, a 33 x 14 in. opening
in a lead shield, a beryllium window
and a photocathode that converts the
N-rays into electrical charges. These
are picked up hy a scanning beam.
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MOON PACKAGE

(3

Westinghouse Defense Center designed this
model of a lunar logistics system communi.-
cation payload. The package is intended
to make the arrival of Apollo astronauts
safer and their work more useful. It may
be on stand-by on the moon for a year; it
would relay voice and television mes-
sages from lunar vehicles back to earth.

ASTRONAUT SPACE TRAINER

A dynamic trainer at the Manned
Spacecraft Center, Haguston, Tex.,
gives Gemini astronauts and Apollo
candidates practice in docking and
rendezvous-ing with another orbiting
object. The trainer consists of two
vehicles: the Gemini cockpit in which
two astronauts can periarm a rendez-
vous “mission” at the same time, and
the Agena target vehicle.

The trainer has 6 degrees of free-
dom. The Agena “vchicle” has 100 ft.
travel longitudinally, and =+16.5 ft.
vertically. The Gemini “spacecraft”
has =*=24 ft. travel laterally, and pitch,
roll and yaw capability to £45°.

Air bearings on the trainer give the
two vehicles minimum friction and
maximum smoothness during “re-
sponse” to pilot control.

FLAME-RETARDANT LAMINATE

A copper-clad laminated plastic—
Fireban 600—with built-in flame-re-
tardant properties has helped RCA up-
grade the quality of printed wiring
boards and shave production costs.

Taylor Corp., Valley Forge, Pa., pro
duces the glass-base epoxy-resin lam
inate—equivalent of NEMA  Grade
G-10—which has supplanted Grade G-
11 primarily because of cold punching
and machining operation advantages.

The less brittle quality of Fireban
600 is attributed by Taylor to the resin
system it employs in the laminate's
manufacture

ELECTRONIC INDUSTRIES -
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Where ya’going mister ?

To Temco Electronics, son. At Temco, talented scientists and engineers know the
excitement of creativity, the satisfaction of personal and professional advance-
ment and contribution in a growing electronics organization . . . an organization
designing and developing systems, components and specialized devices in the
areas of communications and data handiing, instrumentation, telemetry, track-
ing, guidance, automatic controls and support systems. ® In 1961, Ling-Temco-
Vought combined the staff and facilities of Vought Electronics, a division of
Chance Vought Corporation, with Temco Electronics, a division of Temco
Electronics and Missiles Company. First as Vought Electronics and now as
Temco Electronics, this LTV division has experienced a growth in sales averag-
ing approximately 409% per year. This success is directly attributed to Temco's
technical competence, aggressive management and extensive research and
development efforts. @ Temco Electronics has a personal challenge for you.
Your investigation of the following openings plus many others is invited.

RADAR TERRAIN SENSORS Requires
full design knowledge of advanced
airborne radar systems and compon-
ents of such systems. Will have full
design responsibility.

RECEIVERS Design engineers experi-
enced in design of solid state and
electron tube high performance re-
ceivers. Experience desirable in re-
ceiver circuit design for the VHF &
UHF range, computer and decision
making type logic circuitry. Informa-
tion theory, probability of detection
and false alarm capability.

ELECTRONIC SUPPORT SYSTEMS
Design engineers for requirements
analysis and design of all types of

electronic support systems and auto-
matic check-out equipment.
TRANSMITTERS Transmitter design
specialists in UHF-VHF power ampli-
fiers. Both high and low power linear
amplifier experience desirable.
AUTOMATIC CONTROLS Electronics
systems engineers experienced in
servo systems analysis and design
or digital or analog computer tech-
niques. Also assignments in solid
state transistor circuitry design.
DISPLAY SYSTEMS Electronics engi-
neers to perform systems concept
design. Should be familiar with digi-
tal logic design, servomechanisms,
solid state circuit design and analog
computer techniques.

For complete information on Temco Electronics and career assignments, write
to B. G. Hickey, Dept. B-103, P. O. Box 6118, Dallas 22, Texas. An equal
opportunity employer.

(77 TEMCO ELECTRONICS

A DIVISION OF LING-TEMCO-VOUGHT N C

Circle Number 802 Professional Profile, page 196
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SWITCHCRAFT AUDIO CONNECTORS

EASY-TO-WIRE

AUDIO
CONNECTORS

D

with

“Captive Design'' Insert Screws that eliminate
their loss during cable installation and speeds

assembly.
=3 o Yy Patent Applied For

The “Captive Design” Insert Screws turn down into insert assemblies—screws
with left-hand threads are flanged to eliminate loss during cable assembly. The
audio connector housings are designed to speed and simplify your wiring job.
Contact terminals and Switchcraft’s exclusive ‘“Ground Terminals” are out in
the open for simple connections. Also featured in these rugged audio connectors
are “Ground Contaclors” to provide ground continuity between mating con-
nector shells.

4 different 3-contact connectors are now available from your nearby Switchcraft
distributor. Contact him today, or send for Catalog E-508.

ESWALLUELWELY Ny
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5599 N. Elston Ave., Chicago 30, Ill.
Canadian Rep.: Atlas Radio Corp., LTD.
50 Wingold Ave. Toronto, Ontario, Canada

RECORDE

-

N.Y. LASER FIRM OFFERS
NEW HIGH-POWER LINE

A series of light, compact, low-cost.
high-power laser units with separate
power supplies are offered for pur-
chase or lease by Boston's Maser
Optics, which claims the broadest line
of high and low power lasers on the
current market.

High-power pulsed lasers from
Maser Optics are rated from 20 to
300 joules output, and range in price
from $3500 to $15,000. Compact laser
hicads are hand portable and are easily
accessible for adjusting. The 300-joule
units include light weight multicavity
laser heads. Power supplies, 3 to 5 KV,
are priced $3500 to $30,000.

MAG. TAPE BIBLIOGRAPHY

A revised Bibliography of Magnetic
Recording, covering years 1954 to
1961 inclusive, has been published by
Kinelogic Corp., Pasadena, Calif.

The 20-page bibliography list 762
papers and articles from more than
120 technical journals — foreign and
domestic. Complete names and ad-
dresses of cited journals, and a sepa-
rate cross-index of 626 authors are
inctuded.

HR-96-T

$895

0.05-2 IN/SEC Time Base

Zener Reference Voltages
Electric Pen Lift

HR96 Without Time Base, Zener
Reference Supply and Pen Lift $725

LITERATURE AVAILABLE UPON REQUEST

0.25% ACCURACY
10 IN/SEC Pen Speed

1 MV/IN- 10 V/IN
Sensitivity

OCTOBER
28, 29, 30

Magnificent
McCormick
Place
Chicago

New Product Seminars o Refresher Courses o Exhibits & Displays

All that's new and significant in Electronics
e more than 200 technical papers, panels and discussions.
® 500 industry, government, military, university exhibits.

e special displays by NASA, Argonne National Labora-
tories, U.S. Commerce Department, U.S. Air Force,
U.S. Navy and 11 Midwestern Universities.

e a full three-day program of technical sessions, tours,
social activities, awards, and special events.

Send v yown M?Mq)wvw oW . ..

/ houston Instrument
corporation
) W4

4950 Terminal Avenue/Bellaire 101, Texas

MOhawk 7-7403/Cable: HOINCO  TWX 713-571-2063
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NATIONAL ELECTRONICS CONFERENCE, INC,

the nation’s leading forum on electronic
research, application, and education.

| Dept.EI-10 » 228 N. LaSalle Street « Chicago 1, lllinois

| Circle 134 on Inquiry Card
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FLEXIBLE PRINTED WIRING MATERIALS
FROM SPAULDING

/

N

Flexible laminate for etched wiring, harnesses and other electronic
applications to reduce space, weight and cost while broadening your
design parameters.

Available in combinations of copper, nickel or Kovary foils lami-
nated to Mylar* or Teflon* films. Write for details.

tWestinghouse registered trade name
“duPont registered trade names

:g 3 ASSURED RELIABILITY
Spaulding Microclad-metallic foils
’ bonded to insulating films—may
7 be printed and etched continu-
ously thereby guaranteeing re-
’ producibility coupled with

2 economy.

SPAULD|NG FIBRE COMPANY, INC. * 472 Wheeler Street/Tonawanda, N. Y.
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When the ultimate in quality and reli-
ability is required...when you can't
tolerate downtime...when trans-
former consistency is critical...then
it's high time to specify TODD ELEC-
TRIC transformers. Here are only a
few reasons why they provide perform-
ance beyond the expected.

Rigid component quality control
Electronically controlled winding
Automated assembly

Automatic electrical test proce-
dures at all stages

Accurate production scheduling
assures delivery you can count on.

pe

TODD ELECTRIC co., inc.
20 Harrison Avenue ¢ Yonkers, N. Y.
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SPACE STATION

Rene A. Bergluad, Chief, Space Vehicle De-

sign Branch, Space Technmology Division,
MSC, is shown with models of the award
winning space station concept he designed.
Berglund received a $400 award from NASA
Inventions and Contribution Board. The cir-
cular model represents modular space station
concept erected in space. The other model
denotes a space station ready for launching.

NEW VIDEO MONITORS OFFER
APARTMENT HOUSE SECURITY

A nmlti-purpose  video  protection
syvstem called " Videosentri™ with appli-
cationis in scores of areas has bren
announced by Industrial TV Utilities,
New York City.

The Videosentri features a hi-defini-
tion vidicon camera and a proprietary
video distribution technique with hi-
definition, low-cost, eight-inch moni-
tors. Two series of video systems are
available.

One system. designed specifically for
multiple dwellings, provides a hi-defini-
tion camera for mounting in lohby di-
rectory panels. \When a visitor presses
a call button he is unknowingly re-
vealed instantly on the tenant’s eight-
inch monitor.

The other system is for connnercial
houses. industrial  plants,
points, shipping
docks, warehouses, and other places

secnrity
zones,  distribution

where a number of guards are necded.

TV SERVICE EXPANDING

Color TV will result wn the servicing
industry assuming a larger role in the
home entertainment industry in conting
vears, predicts R, W, Saxon, president
of RCA Sales Corp.

He stressed the need for a healthy
and vigorous independent service in-
dustry to be ready for the expans~ion of
color television and the “new products
taking shape in laboratories.”

e said that independent servicemen
now aecount for more than 94% of the
service business on RCA TV sets. The
independent servicing industry handles
999% of the retail TV industry’s se=v-
icing requirements, he added.

ELECTRONIC INDUSTRIES -

PLATINUM

RESISTANCE

THERMOMETERS

(FOR EVERY APPLICATION)

MINCO’S S31
PRECISE
TEMPERATURE
SENSORS
ARE AVAILABLE
IN 15 MODELS

ACTUAL SIZE
SENSOR LENGTH: .400" to .500"
DIAMETER: .138" to .150"
DEPENDING ON MODEL

1. Precision, strain-free, platinum sens-
ing element.

2. Hermetically sealed metal enclosure.

3. For use from —100°C to --204°C
(—148°F to 4 400°F).

4. Repeatability accuracy better than
100 parts per million (0.03°C).

5. Available with 0°C resistance of 470
ohms, 100 ohms, ar 50 ahms; cali-
brated within 4%, %%, or 1% of
nominal value.

6. Measured 0°C resistance value (to
5 places) supplied with individual
units.

7. 3-wire termination for lead resist-
ance cancellation.

8. Models with 0°C resistance of 470
ohms are stocked for immediate ship-
ment, other models 4 weeks,

9. Prices range fram about $146 to
$52, depending on quantity and
calibration specified,

10. Patents Pending.

FREE PRODUCT FOLDER OF
THERMAL-DEVICES

Request our Thermal-Devices catalog
file for technical data about Heaters,
Thermal-Ribbons, Thermal-Indicators, Re-
sistance Temperature Detectors, and
Precision Resistance Thermometers.

MINCO PRODUCTS, INC.
740 WASHINGTON NO.
=

MINNEAPOLIS 1, MINN.
Phone: (612) 338-6753
Circle 137 on Inquiry Card

TWX: 612-321-1340
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Putting spacecraft in ‘“‘space” is almost
routine with these NASA Manned Space Ctr.
engineers. Here they roll Mercury model

c“RRENT into vacuum chamber at Houston facility,
to test environmental control system, ECS
is life - sustaining system within craft.

It cannot produce weightlessness, but it

can evacuate air pressure to space levels.

& Rise and fall time: 10 nsec to 5 psec Heat pads on craft simulate solar heating.

e Output current: 0.1 amp to 1 amp
o Output impedance: 10K ohms minimum
e Frequency: 20 me¢ maximum
o Duty cycle: up to 80%
o Back voltage: + 50 volts

TELSTAR RECOVERY BEARS
OUT WESTINGHOUSE STUDY

The recovery of Telstar confirnis a
| recent study of the failure of elec-
tronic devices recently conducted by
Westinghouse for the AF Rome Air
Developnient Center.

The Westinghouse study, though un-
related to the Telstar project, ex-
plains transistor failure due to surface
charge, and says the transistors re-
cover when the charge leaks off or is
removed.

Westinghouse scientists, beginning
in July, 1961, found the temporary
failure of a transistor due to a charge
from ions on its surface has several
causes : Transistor surface charge may | Quality engineering and precision
result from space radiation effects, | manufacturing together with long
electrical discharge, static charging of | years of experience and pride of work-
a transmitter by a nylon-clad assem- | manship has enabled Lavelle Aircraft
bler, transmitter exposure to ultra- |4 participate in Tiros, Telstar and
violet light, or even in some cases from many other projects of both a proto-

transient pulses during operation. type and high-quantity production
ment including twistor, small core ‘

multi-aperture cores, thin films, PILOT TO MAKE COLOR TV | nature.
high speed tape and drums, |

® Serial delay line development and Pilot Radio Corp will produce color | ywhen you look for quality,
test including RZ and NRZ acoustic television receivers this fall in a new
glass delay lines, quartz, magneto- $2.000.000 o] look to Lavelle!
strictive and filament lines, $2,000,000 plant. _ .
Color sets will be incorporated in

e Research in Cryogenics.
e Development of magnetrons and Pilot’s expanding line of stereo con-
soles.

3C positive and negative Pulse Current
Generators, featuring variable rise/fall
times between 10 nanoseconds and 5
microseconds, convert programmed sync
pulses from digital program generators,
including 3C's 20 megacycle Digital Pro-
gram Generator, into stable, variable |
parameter current pulses for investiga-
tion and test. They also incorporate
internal triggering and sync output pro-
visions, allowing one or more instru-
ments to operate without program source.
Combination of either the Negative Cur-
rent Generator, Model 2031, or the
Positive Current Generator, Model 2032,
with  Timing/Power Unit, Model 2030,
forms a completely self-contained Pulse
Current Generator providing trigger con-
trol, delay, sync, width, output shaping,
and output amplitude controls. Input
power required is only 115 volts. In addi-
tion, the instrument provides two special
features: an output back voltage adjust-
ment and output analyzer circuits. Com-
bined, these allow high cycles with
complete safety. Applications include:

® Routine core memory exercising,

test, and device development.
e Advanced storage device develop-

‘When you look for quality,
look to Lavelle!

Since 1940, Lavelle Aircraft has con-
tinuouslysupplied qualitycomponents
to the most prominent companies in

| the aircraft, turbine engine, electron-
ics and aerospace fields.

To find out more information about
Lavelle Aircraft Corporation’s quality
controlled services, write for free
booklet: ‘‘Precision Aerospace Com-
ponents’ or call our Contracts
'Manager. William Devoe at (215)
WO 8-3838.

- Z Ll

devices requiring short duration

high energy pulses.
Light-weight, portable 3C Pulse Current
Generators function comfortably as either
general bench-type faboratory instruments
or as component elements within larger
test systems to meet a broad range of
magnetic and solid state test and de-

EQUIPMENT, MATERIALS,
PARTS & COMPONENTS

Pocket Precision Slide Rule
Used For Advertising

velopment requirements.

COMPUTER CONTROL COMPANY, INC.
OLD CONNECTICUT PATH, FRAMINGHAM, MASS,
2251 BARRY AVENUE, LOS ANGELES 34, CALIF.

Circle 138 on Inquiry Card
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Imprinted with trademark, name and sales
message. Fine sales promotion gift. For
literature and prices, write Hoffman, Box

662-E1, Passaic, N. ).
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| LAVELLE AIRCRAFT CORPORATION
llnzwmwn, BUCKS COUNTY, PA.
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Custom-designed nanosecond pulses

With the hp 215A: Positive or negative
pulses to 10 v into 50 ohms with rise and
fall times less than 1 nsec. Width con-
tinuously adjustable to 100 nsec. Con-
tinuously adjustable internal triggering
100 cps to 1 mc, external 10 cps to 1 mc,
with selectable slope and level, single
pulse. Trigger output 140 nsec advance
to 10 nsec delay with respect to output
pulse. Pulse bursts with gated input,
1 v to turn on. Price, $1875.
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Controlled, specified pulse shape! No need tomonitor the
pulse from this new generation of Hewlett-Packard pulsers.
Pulse shape is so carefully controlled that it can be specified
under all operating conditions!

Constant 50-ohm source impedance absorbs reflections
from the external load, bans secondary reflections from the
pulser. Monitoring is unnecessary.

Scope-typetriggering, pulse gating. No amplifiers or invert-
ers needed for external triggering—you can select your ex-
ternal trigger slope and level. The gated feature provides
pulse bursts for maximum versatility!

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

HEWLETT-PACKARD COMPANY

1501 Page Mill Road, Palo Alto, Calif. 94304, (415) 326-7000.

Sales and service in all principal areas. Europe, Hewlett-Packard ﬁ\
S.A., 54 Route des Acacias, Geneva, Switzerland; Canada,
8691

Hewlett-Packard (Canada) Ltd., 8270 Mayrand St., Montreal, Que.

Circle 141 on lnquiry Card

TWO NEW PULSERS FROM hp—WITH TWIN PERFORMANCE INNOVATIONS:

Power-packed 200 watt pulses

With the hp 214A: Positive or negative
pulses to 100 v into 50 ohms (2 amps)
at rep rates to 1 mc. Rise times 10 to 15
nsec. Pulse width continuously adjust-
able to 10 msec. Internal triggering, 10
cps to 1 mc continuously adjustable, ex-
ternal, dc.to 1 mc, level and slope select-
able. Gated feature for pulse bursts,
double pulse, single pulse, square wave
capabilities. Ideal for high current
applications. Price, $875.

Ask your Hewlett-Packard field engineer for a demonstration of the pulse generator that will best fit your requirements.




NEW RCA ADVANGES IN FERRITE TECHNOLOG
EXTEND MEMORY STACK CAPABILITIES

RCA offers Wide-Temperature-Range Stacks...Microferrite Stacks...Temperature Controlled Stacks

...Conventional Memory Stacks..

RCA WIDE-TEMPERATURE-RANGE
STACKS COVER 80°C SPAN

New RCA wide-temperature-range
ferrite cores permit the construction
of planes and stacks that operate over
any 80°C range within the limits of
—60°C to +125°C without peripheral

temperature-control equipment. In |

those applications where small size,
minimum weight and reduced periph-
eral equipment are required, these de-
vices can help you achieve vital space
and cost savings.

RCA CONTROLS STACK TEMPERATURE
TO WITHIN ==2°C OVER A 120°C RANGE

RCA Memory Stacks, temperature-
controlled within *=2°C are designed
to meet MIL Specifications. Available
in conventional or high density pack-
ages, these stacks can be utilized where
specifications call for conventional core

operation over extreme temperature |

ranges (up to a 120°C span).

.in virtually any configuration to meet today’s computer demands

RCA'’s versatile line of memory stacks now in-
cludes sizes from 256 words by 8 bits to 16,304
words by 32 bits, with ferrite cores from .030”
to .080” O.D. for system speeds as fast as 375 nsec.

RCA stacks can be supplied in a wide range
of configurations and operating characteristics
to meet your design needs, including types de-
signed to meet stringent environmental specifi-
cations for shock and vibration. In addition, you
can select from a broad range of plane construc-
tions—new molded epoxy, phenolic, and printed-
circuit types, or aluminum types designed to
meet MIL specifications. All RCA stacks are 100
percent dynamically tested to assure dependa-
bility under actual operating conditions.

RCA’s EXCLUSIVE MICROFERRITE
STACK ACHIEVES 65 nsec. SWITCHING

New RCA microferrite memory stacks
complete a full read/write cycle in 300
nano seconds with less than 350 ma
driving current and bit outputs of 50 mv.

These revolutionary word-address
systems, using proved ferrite cores,
achieve packing densities to 2,000 bits
per cubic inch. Available in multiples
of 32 words by 32 bits.

RCA CONVENTIONAL MEMORY STACKS
MEET LOW-COST REQUIREMENTS

RCA conventional memory stacks may
be used where temperature extremes
are not a critical problem, but where
RCA'’s high quality and reliability are
required at lowest possible cost. Hun-
dreds of these stacks are now in use
with an outstanding record of relia-
bility.

Service: Your local RCA Field Representative is prepared to provide a completely
coordinated application service, covering ferrite cores and memory systems, and semi-
conductor devices. Call him today. For further technical information., write RCA
Electonic Components and Dcvices, Memory Products Department, Section FJ10,
64 "A” Street, Needham, Mass,

THE MOST TRUSTED NAME IN ELECTRONICS
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