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MEASURE DYNAMIC CHARACTERISTICS
of IRON-CORE COILS OVER WIDE RANGES

-..measure incremental resistance in the preserce of d-c
of solid-state rectifiers, Zener diodes,

thermistors, and other non-linear resistances

Type 1266-A Line-Frequency
Supply . .. $345. (Relay Rack Model)

... a60-cycle multi-range source
of voltage to 1250v, and current
to 5a at power outputs to 200 va.

Type 1265-A D-C Power
Supply... $875.

... amuiti-range source provid-
ing constant voltage up to 400v,
constant current up to 5a at

power outputs to 200w,

Type 1633-A

Incremental
Inductance >

Bridge...
$925./;’ =

* Wide impedance ranges: L — 0.1 4= to 1000h;
R —10 n: to 1 Mq

* Indicates Q or R of inductor directly at any of nine
frequencies between 50c and 15.75 kc; no sliding
balance.

* Output for checking waveform wita scope.

* Accepts wide range of applied signal lz2vels —
up to 1250v (ac or dc) at 7 amps. Accessory resistor
available extends current range to 3] emps.

Under Development — Type 1308-A Power Oscillator .

Type 1630-AL
inductance
Measuring

Assembly

. including Relay Rack
and all interconnections
... $2300. complete.

New Active Bridge

for Wide-Range
Inductance Measurements
at high levels of

dc and ac excitation.

* Highly selective null detector is built in.

* Incremental inductance can be measured while in-
ductor is operating in circuit — voltage across the
inductor is unzffected by bridge balance controls;
voltage can be set and maintained throughout the
test procedure.

* +1% acouracy for L; -£2% for R and Q.

will provide up to 1250v rms, and currents to 5 amps with a

power rating of 200 va . . . frequency range from 20c to 20 kc.

WEST CONCORD, MASSACHUSETTS

Write for Complete Information G E N E RA I_ RA D I o C O M PA N Y '
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EXPERIMENTAL RADAR at Sandy Hook displays New York
Harbor. Storage tube converts radar video into tv picture.

See p 76 COVER

MILITARY R&D. Advanced Research Projects Agency requests
$257 million for 1963. Most of the funds are for studies and
development of missiles, missile defense and nuclear detection.
A big. new radar will be used in reentry studies

LASER Operates at Atmospheric Window. Output wavelength of
rare-earth-doped calcium fluoride is 2.36 microns. At cryogenic
temperatures, only one to 0.1 joule of input energy is needed

BOOMING EARTH SCIENCES PROGRAMS Help Oil-Oriented
Companies Stage Comeback. Geophysical equipment firms find
multi-million-dollar market in other fields. Biggest spur to date
has been seismic detection of nuclear explosions

COMPUTERS Make Hardware News at Spring Conference. Five
companies introduce new models. Several are small types costing
under $100,000

UNDERWATER PLANE Scouts Ocean with Sonar and Tv. Re-
motely controlled device carries sensors. It can be operated from
ship, submarine or helicopter

EPITAXIAL GROWTH and Epitaxial Devices. Deals with surface
preparation, crystal growth techniques, impurity doping and
ways to make the process more automatic. Epitaxial devices in-
clude conventional diodes and transistors, field-effect devices
and wonaolithic semiconductor elrcuits.

By R. M. Warner, Jr., Motorola, Inc.

MAGNETOSTRICTIVE DELAY LINES: How to Specify Them.
Guidelines for specifying time delay, resolution, output pulse
duration, delay and amplitude variation with temperature and
signal-to-noise ratio. Method s based on measurements on an
output voltage doublet in response to an input step.

By A. Rothbart and A. J. Brown, Cutler-Hammer Inc.

VIBRATION MEASUREMENTS With a Peak-Reading Circuit.
Protective instrument for steam-turbine installation uses tran-
sistors exclusively. Circuit gives low-frequency boost; two volt-
age-doubler networks permit rapid level change on switching.

By H. Harriman and W. M. Trenholm, General Electric Co.
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CROSSTALK

EARTH SCIENCES. As we have indicated a
number of times in the past, the carth sciences
equipment field is becoming more important.

One group of companies aware of this—and
profiting by it—are the geophysical equipment
and services companies in and around the Texas
and Oklahoma oil fields. When oil prospecting
slumped, they tapped seismic equipment for nu-
clear explosion detection and gained millions of
dollars in new business (p 28, this issue). One
company hopes to see its earth science division
doing $100 million a year within 10 years.

Nuclear detection may prove to be a tempo-
rary necessity. But the better equipment devel-
oped to meet the military necessity will undoubt-
edly be welcomed by people and nations seeking
to find and control natural resources.

A parallel can be found between military seis-
mology and military radar. Radar was devel-
oped for defense against planes and ships. Now
it also provides a defense against sudden storms
and hurricanes.

Seismic analysis techniques being developed
under Project Vela (EvnectrroNics, p 28, Feb. 23)
could in the future provide a defense against the
earthquakes and volcanic eruptions that have
killed tens of thousands of people in a single day.
With the proper warning equipment and under-
standing of what happens underground, such dis-
asters could be detected in time. The day may
come when preventive measures can be taken.

This is perhaps more a humanitarian than a
business reason for welcoming a boom in seis-
mology. But man has always welcomed the op-
portunity to turn his swords into plowshares—
there is more satisfaction and profit in plow-
shares in the long run.

HISTORY IN THE MAKING. Yesterday’s
breakthrough is today’s commonplace. Take the
antiques in the photos. We reproduced them
from a much earlier edition (LrecTroNies, p 18,
Sept., 1935) which carried an article headed:

“Telefunken reveals details of ten-centimeter
‘mystery ray’ system capable of locating position
of aircraft through fog, smoke and clouds. Ru-
mor indicates that U. S. and Italian armies are
experimenting with similar system, expected to
revolutionize military tactics.”

The British, who were to make such excellent
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use of the “mys-
tery ray” during
the Battle of Brit-
ain, had appar-
ently been keep-
ing mum about
their interest.
The system, of
course, became
radar.

With that clue,
you may recog-
nize the upper
photo as an early
form of magne-
tron with an ex-
ternal tuning ar-
rangement, The
lower photo is a transmitter incorporating this
magnetron and horizontal dipole radiators.

Since the 1930’s there have been numerous
advances in microwave techniques. Many of
them have revolved around development of
higher-frequency signal sources. One of the big-
gest steps was getting away from the conven-
tional tuned circuit and applying more funda-
mental techniques for controlling and concen-
trating electrons. The Kklystron and cavity
magnetron, to name two now-familiar devices,
behave nothing like conventional tube oscillators.

Today, klystrons and cavity magnetrons are
generally available. Twenty years ago, the Navy
considered itself fortunate to find that it could
overrun transmitter tubes designed for other
gear—amateurs often push their hardware—and
get enough power for 20-Kw airborne radar.

The axiom that yesterday’s breakthrough is
today’s commonplace is demonstrated well in an
eight-page survey we will publish next week.
Written by W. W. Teich, of Raytheon, it brings
the reader up to date on power generators for
millimeter wavelengths, Such devices are edging
in frequency toward the laser range. One of the
latest is the rebatron, developed at the Univer-
sity of Illinois. The predicted capability of this
device is up to one teracycle. There are now a
number of devices that will operate at tens of
gigacycles and a few at hundreds of gigacycles.
By comparison, that old 10-cm magnetron oper-
ating around 3 Ge is pretty slow. But then, it is
by now a great-great-grandfather.
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Rlue Jackdt

WIREWOUND RESISTORS

Sprague builds reliability . . . ef-
ficiency . ..economy right into
minified Blue Jackets with these
important features:

* All-welded end-cap construc-
tion with special vitreous-en-
amel coating for total protec-
tion against humidity, mechan-
ical damage, heat, corrosion
gives long-term dependability
under severe environmental
conditions

* Available in resistance toler-
ances as close as *=1%

*Low in cost. .. quick and easy
to install

Tiny axial-lead Blue Jackets are

specially designed for use with

conventional wiring or on print-
ed boards in miniature electron-
ic assemblies. Write for com-
plete technical data in Sprague
Engineering Bulletin 7410B.

SPRAGUE ELECTRIC COMPANY

35 Marshall Street, North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY
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COMMENT

War and Peace

Recent articles in business peri-
odicals have publicized the use of
certain scientific discoveries as po-
tential war-deterent devices, but
have failed to reveal their equally
important applications in advanced
manufacturing techniques.

I refer, for example, to reference
to the high-intensity light beam,
the laser, as a “‘death ray,” with no
reference to its effectiveness to in-
dustry for metal removal.

The Newark College of Engineer-
ing has originated a series of en-
gineering seminars which will
attempt to focus attention on engi-
neering research and its accom-
plishments for the benefit of man-
kind generally.

We believe these seminars will
provide added knowledge for prac-
ticing engineers and be a stimulus
to their creative efforts.

CLARENCE H. STEPHANS
Director of Relations
with Industry
Newark College of Engineering
Newark, New Jersey

The April 28 seminar concerned
nuclear power in the space age,
and thé May 15 program was on
advanced manufacturing tech-
niques.

The series will continue in the
fall, with seminars on such sub-
jects as ceramics, plastics, and
technical problems in urban re-
newal,

Abbr.

I'm taking just several sec and
a couple cm of paper to indicate to
you the max deg to which my temp
C rises when I read an article
heavily seeded with abbreviations.

Not that I don’t understand what
you mean by a d-c cro, a HOR OSC,
a SIG GEN, or a FREQ CONV. It’s
just that I hate like h (henry, that
is) to see the Eng. lang chopped to
pes. How much nicer in print is the
pleasant It.-Fr. combination of volt-
ampere than the emaciated and
truncated v-a, which slows up my
reading by conjuring up such
images as Veterans Administration,
vice-admiral, and vixit annos.

All right, there are some abbre-

viations that would take up entirely
too much space if spelled out, such
as iff, spdt, ave and prf. (Honestly,
how many of those did you recog-
nize instantly just now?) But how
much smoother the text runs when
words like minute, microsecond and
inch are used in full, rather than
chopped down to min, wsec and in.

CHARLES F. ROBERTS
Homer, New York

Reader Roberts has a point, and
it is especially valid when deal-
ing with fiction or even non-
technical articles. But we are
dealing with facts and figures, and
one big advantage in using abbre-
viations is that more facts can be
squeezed into a magazine page.
For instance, the above letter
would be seven lines longer if all
the abbreviations were spelled out.

Mail Queries

If I were to send an order by mail
today to the Entwhistle Company
for a dozen flubbers, chances are
that I'd receive the flubbers within
a week. But if I write to Entwhistle
and merely ask for a brochure, it
may be weeks or months before I
get an answer, if at all.

Now, if a company is interested
only in doing business on an order
basis, they may do fairly well if
their product is an established one.
But suppose it’s a new product, and
I want to know something about it
before ordering?

A large company may be able to
ignore information requests, al-
though I’'ve found that the large
ones answer firstest with the most-
est. Perhaps small companies feel
they have neither the time nor per-
sonnel to handle what may often
seem to be rather trivial requests.

Why does it take so long? After
all, most of the time all I ask for is
a simple brochure and price list.
Why should it take a week for some-
body to drop the brochure in a mail-
ing envelope and address it?

Must I send an order for a dozen
flubbers along with my request for
the brochure on flubbers before I
get an answer? There are several
products I’ve lost interest in, simply
because I received no answer to two
or even three letters of inquiry.

JAMES O. PENICK
Coral Gables, Florida

electronics



ON THE SHELF-
ARNOLD CORES
IN WAREHOUSE STOCK

FOR IMMEDIATE DELIVERY

Let us handle your inventory prob-
lems and save you time and mor.ey
on your magnetic core requirements.

Extensive stocks of four types
of Arnold cores in the most popu-
lar sizes have been set up in cur
Marengo, Illinois and Fullerton,
Calif. plants. Subject of course to
temporary exhaustion of stock by
prior sales, these cores will be
shipped the same day on orders re-
ceived at the warehouse by 12:00
noon. When cores are out of stock
at the nearest plant, we may be
able to ship within 24 hours from

May 18, 1962

the other.

Arnold core products covered
by this warehouse stock program
include: 1) Silectron C, E and O
cores in 2, 4 and 12-mil tape. 2)
Type 6T aluminum-cased cores of
Deltamax, Square Permalloy and
Supermalloy, in 1, 2 and 4-mil
tape. 3) Mo-Permalloy powder
cores, both temperature-stabilized
and unstabilized types, ranging
down to 0.260"" diameter. 4) Iron
powder toroids, threaded cores
and insert cores.

All four products are available

e

in a wide range of selection, for
your convenience and economy in
ordering either prototype design
lots or regular production quan-
tities. ® Stock lists, bulletins, etc.
are available—write for informa-
tion. The Arnold Engineering
Company, Marengo, Il.

2998A

ADDRESS DEPT. E-5

# ARNOLD

SPECIALISTS in MAGNETIC MATIRIALS

BRANCH OFFICES ond REPRESENTATIVES in PRINCIPAL
CITIES o  Find them FAST in the Y2LLOW PAGES

IRON POWDZR
CORES

MO-PERMALLOY
POWDER CORES

--

6T TAPE CORES:
DELTAMAX, SQUARE

PERMALLOY and

SUPERMALLOY

SILECTRON
C, E and 0 CORES
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INTRODUCING: EIMAC VAPOR-PHASE COOLING-A DROP-IN-READY PACKAGE THAT
REDUCES EQUIPMENT, CUTS NOISE, INCREASES POWER OUTPUT. SAVES MONEY, T00

Zimac uses an old principle to bring you a better way to cool high power vacuum tubes: Eimac Vapor-Phase
Cooling. It cuts costs by as much as two-thirds. Increases anode dissipation capability 509 and more. And
eliminates the pump since it operates on its own steam. (Take away the pump; you take away noise—by the
tens of decibels.) It all boils down to the classical thermodynamic relation: heat exchange is proportional to
temperature difference. First in the U.S., Eimac's vapor-phase cooling package requires especially designed
tubes — five new types are available now from Eimac with anode dissipation ratings from 8 to 75 kw. (Package
and application assistance? Gladly.) This is another example of the way Eimac meets tomorrow's tube
needs today. Another reason to keep your eye on Eimac — for advanced power grid tubes, high power
klystrons, microwave devices, accessory products. Want more details on this new cooling

system? Write today to Eitel-McCullough. Inc., San Carlos, California. Subsidiaries: Eimac W
S.A., Geneva, Switzerland: National Electronics in Geneva, lllinois. KEEP YOUR EVE ON @
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ELECTRONICS NEWSLETTER

Apollo Guidance Contractors Are Selected

WASHINGTON-—NASA announced about $40 million in contracts
for the Apollo guidance system last week: A.C. Spark Plug gets
$16 million for inertial platform, associated electronics, and ground
support and checkout; Rayvtheon will receive about $2 million

for on-board digital computer;
Kollsman Instrument also gets $2
million, for space sextant, sun find-
ers and navigation display.

The three contractors are to sup-
port MIT Instrumentation Lab,
which will build the first flight
units. The industrial team will then
make 10 follow-on units. MIT got
overall responsibility for the guid-
ance system—and a $20 million
contract—last year. The 10 produc-
tion units will be used during the
moon-landing project’s earth or-
bital test phase.

Apollo’s communications system
will be built by Collins Radio under
a $40 million contract. It will in-
clude voice, telemetry and tv links
with earth, tracking, ranging and
rescue beacons, and on-board tv, in-
tercoms and communications stor-
age. All vital modules will be pro-
vided in duplicate.

Mercury Capsule Wake
Echoed Like a Meteor

BOSTON—Radar observation of Col.
Glenn’s reentry indicates that
strong echoing characteristics of
ionized trails may prove valuable
for locating reentering satellites
and spacecraft. The recently de-
classified data also suggests an ex-
planation for meteor “head echoes.”

An Avco Everett Research Lab
team headed by S. C. Lin observed
five clearly separated ionized trails
when the Mercury capsule was 370
miles from its impact point. They
used an omnidirectional pulsed
radar with a carrier frequency of
30.25 Mc, similar to equipment for
studying meteor echoes.

The capsule’s wake was visible to
radar for 20 seconds and displayed
at its peak an equivalent isotropic
scattering cross-section of about
10" square meters. The other four
trails, probably due to retrorocket
disintegration, showed glints last-
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ing about one second, like the

rapidly decaying trails of small
meteors.
Overall characteristics of the

main trail are believed due to a
combination of highlights from a
strongly reflecting front segment
and diffuse scattering from the
turbulent rear wake.

House Committee Approves
$3.67 Billion for Space
WASHINGTON — The House Space

Committee has cut $116 million
from the administration’s budget

One Man’s Opinion

AN ECONOMIST for the Rand
Corp., W. H. Meckling, shook up
the Second Annual Conference
on the Peaceful Uses of Space,
in Seattle last week, by casting
one vote in the negative for
much of the space effort.

He found the future for
weather and communications
satellites somewhat “fuzzy.” saw
little point in establishing resi-
dence on the moon and worried
about glamor displacing science
in space policy.

Meckling reserved his sharp-
est barbs for a communications
satellite system that would
charge the same prices as other
routes. He said that a svstem
“that must be constantly subsi-
dized and protected from com-
petition is not much of an ac-
complishment and mav make us
the subject of ridicule rather
than admiration.”

Other speakers at the confer-
ence were more optimistic

request for space exploration in the
coming fiscal year, approving a
total of $3.67 billion. The major cut
was $75 million from the Nova
booster rocket program. Also cut
was $23.5 million from the $273.5
million request for space explora-
tion, mostly from Project Pros-
pector for unmanned space explora-
tion. Project Mercury was reduced
from $13.2 to $12.2 million. Cuts in
the scientific satellite program
totalled $8.7 million.

Higher-Power Laser
Moon-Bounce Planned

BOSTON—MIT plans to repeat dur-
ing the next few weeks the experi-
ment that reflected an optical maser
beam from the moon last week.
Plans are also being made to use a
higher-power transmitter in the fu-
ture.

C. H. Townes, MIT provost,
called the experiment a benchmark
in exploiting the space transmis-
sion possibilities of optical masers.
The technique may also help deter-
mine interplanetary distances and
aid in obtaining information on the
lunar surface.

A team headed by Louis Smullin
used a liquid-nitrogen-cooled ruby
laser made by Raytheon. The 50-
joule beam was transmitted by a
12-inch telescope. The weak return
signal was received by a 48-inch
telescope, focused into a multiplier
phototube and recorded on an oscil-
loscope.

Evidence that the reflections
were genuine came from analysis
of 13 !-msec bursts. The beam il-
luminated a two-mile circular area
on the moon.

Report Faster Circuits,
Purer Gallium Arsenide

IBM RESEARCHERS reported in the
company journal last Friday that
they have run a full serial binary
adder. a basic computer element. at
a speed of 125 Mc. The adder is
based on tunnel diode circuits that
use matched pairs of diodes con-
nected in series. A 250-Mc rate has
been achieved with individual cir-
cuits, said M. S. Axelrod, A. S.
Farber and D. E. Rosenheim.

In one circuit, the diodes are in
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series with two delay lines and in
the other, in series with two in-
ductors. Both produce an output
whose polarity is determined by the
polarity of the majority of input
signals.

A few days earlier, S. E. Blum,
N. G. Ainslie and J. F. Woods told
the Electrochemical Society meet-
ing in Los Angeles that they have
obtained gallium arsenide with car-
rier mobilities of 7,000 to over
8,000 cm?®/volt-sec, by limiting sili-
con pickup.

The lower level is obtained from
a melt of gallium and arsenic pre-
pared in an aluminum nitride cru-
cible developed at Alcoa Research
Lab.,, instead of in a quartz crucible.
The higher level is obtained by zone
melting in a silica reaction tube
with oxygen added to suppress dis-
sociation of SiO..

Gemini to Tap Fuel Cell
For Both D-C and Water

BOSTON—GE has received a multi-
million-dollar contract to develop
a fuel cell as the power source for
Gemini spacecraft. The cell is a
hydrogen-oxygen device using an
ion-exchange membrane (ELEC-
TRONICS, p. 3, March 30). The cells
will also produce drinkable water as
a by-product, one pint for each kilo-
watt-hour of operation.

Fuel cell battery will deliver peak
load of 2 Kw d-c as primary source
for control of craft, artificial en-
vironment, communications and in-
strumentation. Expected thermal
efficiency is 60 percent under nor-
mal load. Cryogenic fuel storage
will save space in the craft. Cell
weight will be about 425 lbs.

First prototype is to be delivered
near the end of 1962, other units
over two-year period. Gemini, being
built by McDonnell Aircraft for
NASA, will be used in development
of orbital rendezvous and docking
techniques prior to three-man lunar
exploration in Project Apollo.

High-Flying Telescope May
Solve Planetary Puzzles

SPECULATION about Mars’ canals,
Jupiter’s red spot and other plane-

tary mysteries may be answered in
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a few months when a balloon-borne
telescope, called Project Strato-
sphere II, is sent up 80,000 feet.

The three-ton package is equipped
to take visible-light photos of the
stars, nebulae and planets, and in-
frared views of the planets. It con-
tains a 36-inch telescope, two tv
cameras, a 40-channel command
system and 64 telemetry channels.

Perkin-Elmer built the equipment
for Princeton University. The proj-
ect is supported by the Department
of Defense, National Science IFoun-
dation and NASA. The balloon will
probably be launched in Texas. The
flight will last from dawn to dusk
and may cover 800 miles.

British Components Sales
Rise 10 Percent in 1961

LONDON—British production of elec-
tronic components and accessories
topped $392 million last vear, a 10
percent increase over 1960, the
Radio and Electronic Component
Manufacturers Federation reports.

Reduced production of tv receiv-
ers was more than made up by in-
creases in radio receivers, profes-
sional equipment and a nine
percent rise in exports. Component
exports reached $41.7 million. Ex-
ports of tubes and semiconductors
totaled $27.7 million. Both cate-
gories have increased nearly 50 per-
cent since 1959.

Antenna Array Will Take
Radio Pictures of Sun

NEW YORK—A radioheliograph will
be built near Sydney, Australia,
with a $550,000 grant by the Ford
Foundation to the Commonwealth
Scientific and Industrial Research
Organization.

The instrument will be a circu-
lar array of 100 saucer-shaped an-
tennas, each 40 feet in diameter.
The array will feed radio waves
from the sun into cro recorders to
provide a visual image of the sun.
The instrument is to be completed
in 1965.

Radioheliograph observations will
test hypotheses about the causes
and nature of solar phenomena
observed by radio telescopes.

In Brief. ..

SONY CORP. has been granted a U. S.
patent for the tunnel diode devel-
oped by Reona Esaki and Yuriko
Kurose. The company said in
Tokyo that it would not disclose
licensing plans, pending negotia-
tions with U.S. companies.

BRITAIN’S Prime Minister MacMil-
lan has endorsed the proposed
U. 8. nuclear explosion in the Van
Allen belt, despite criticism from
British scientists. He cited the
need to know effects on electronic
defense systems.

CENTAUR (p 28, April 13) failed in
its first test last week. Also lost
because of booster failure was
Anna, satellite with flashing
lights to aid global mapping.

FLIGHT of Comdr. Carpenter’s Mer-
cury capsule, scheduled for May
17, was delayed because of trou-
ble in the attitude control system.
One report said Carpenter would
attempt to track his Atlas booster
after separation to gather hints
on future rendezvous techniques.

PUSH-BUTTON horse betting system
has been introduced by Electronic
Assistance Corp. Bettors buy
tickets in advance, punch choices
on machines scattered around the
track and linked to parimutuel
equipment.

FRENCH computer manufacturer, La
Compagnie des Machines Bull, is
moving into Japanese market via
agreement with Mitsubishi Shoji
Kaisha Ltd.

SHIPMENTS of electronic compo-
nents in the fourth quarter of
1961 were 13 percent over the
third quarter and 14 percent over
the fourth quarter of 1960, re-
ports the Business and Defense
Services Administration. All ma-
jor categories went up except re-
ceiving tubes, which declined
eight percent.

MAJOR military contract awards in-
clude $24.6 million to Hughes for
Falcon missiles and test systems;
$7.8 million to General Dynamics
for R&D on Mauler missiles; $3
million to Zenith for bomb prox-
imity fuzes.
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We had golf pro Bud

' Holscher take his best

® shots at a standard

Hoffman IN429 zener. Then we hooked the very same zener
into a 6-volt DC circuit. It workec perfectly, of course. And,
no wonder. This straight-from-the-bin unit is built to take
many times the impact required by current military specifi-
cations. It's the same device that has achieved a 99.49%
per 1000 hours Survival Rate Factor after two million
component operating hours of testing. Our IN429 stands
up in cvery way, like all Hoffman semiconductor devices.

[}

We specialize in devices for control, regulation and power.
You can buy them with confidence that they’ll work and keep
on working. Confidence that they’ll be available when and
where needed. That's why so many of the most successful
electronics designers keep coming back to Hoffman—again
and aga:n and again. Chances are you’ll do the same. Try us.
Call your nearest Hoffman distributor or szles office today.

ELECTRONICS
an CORPORATION
Semiconductor Division

1001 N. Arden Dr.. E! Monte, Calif. - CUmberland 3-7191 - TWX: E! Monte 9735
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Measure Switching Time
of Fast Diodes,
Transistors

1 nsec resolution with new plug-in
test set for (i) 185 1,000 MC scope

A new ‘‘state-of-the-art” plug-in for your ¢ 185
Oscilloscope measures transistor and diode
switching time with nanosecond resolution!
Just plug in the ¢ 186A Switching Time Tester
... and all the versatility of the 135 1,000 MC
scope is yours for making switchinz time tests
on transistors, diodes and tunnel diodes, or
testing pulse response of active and passive
networks. The 185 displays switcting charac-
teristics of test elements powered and pulsed
by the 186A plug-in. And what's mbore . . . you
can use the X-Y output of the scope for making

permanent records with a Moseley AUTO-

GRAF® or other standard X-Y r=corder.

The 186A includes all instrumentation

CIRCLE 10 ON READER SERVICE CARD

needed for fast pulse testing. It provides a test
pulse generator, vertical amplifier for the oscillo-
scope, and two bias supplies for the device under
test. Pulses with less than 1 nsec rise time and
up to 20 v output are available for many types of
switching tests. Component and network testing
is easy with a series of quick-change test adapt-
ers that plug into the front panel of the 186A.

Because the vertical amplifier in the 186A pro-
vides a rise time of less than 0.5 nanoseconds,
you retain the remarkable versatility of the
basic 185 scope. Test measurements are dis-
played on the 10 by 10 cm scope screen, and the
high rep-rate pulse generator in the 186A in-
sures clear, continuous, flicker-free display.

electronics



Specifications & 186A
(when plugged into & 185A or 185B Sampling Oscilloscope)

PULSE GENERATOR

Amplitude:
0.1,0.2,05, 1, 2, 5, 10 and 20 volts peak, either polarity
Rise Time:
Less than 1 nsec
Width:
1 4sec or 0.2 ysec
Fail Time:

Less than 3 nsec

Repetition Rate:
Approximately 5 KC to 100 KC, continuously variable

VERTICAL CHANNEL
Sensitivity:
10 mv/cm to 10 v/cm

Bandwidth:
Greater than 800 MC (0.45 nsec rise time)

Noise:
Less than 3 mv

Input Impedance:
50 ohms

And Look at the Scope Itself:

Hundreds of Different Measurements, DC to 1,000 MC!

Look what you can do with the & 185B Oscilloscope:
Sync on any signal rep rate, look at rf sine waves to
1,000 MC. See clear, bright pictures, 10 cm full scale
width, of a single event as long as 100 microseconds, as
short as 0.5 nanoseconds. Sync on signals as small as
10 mv. Effectively see any portion of 600,000 sq. cm. dis-
play, with a sharp, steady trace!

Besides performing the measurement work of lower
frequency scopes, the @& 185B is ideal for analyzing rf
carrier signals by viewing rf directly; measuring phase
angle on signals to 1,000 MC by dual channel viewing
with the 187B Duai Trace Amplifier plug-in; analyzing

Specifications & 185B with &

VERTICAL (Dual Channel)

Bandwidth: Greater than 800 MC, usable to 1,000
MC; less than 0.5 nsec rise time for any
input signal.

Sensitivity: Calibrated ranges, 10 to 200 mv/cm.

Vernier increases sensitivity to 4 mv/
cm. Attenuator accuracy, *3%.

20 to 1,000 mv, *3% accuracy.
100 K ohms shunted by 2 pf.

Voltage Calibrator:
Input Impedance:

HORIZONTAL

Sweep Speeds: 10 ranges, 10 nsec/cm to 10 usec/cm,
calibrated within +59%. Vernier in-
creases fastest speed to 4 nsec/cm,
provides continuous adjustment be-

tween ranges.

Time Scale

Magnifier: 7 calibrated ranges x1, x2, x5, x10, x20,
x50, x100. Increases maximum calibrated
speed to 0.1 nsec/cm, vernier to 0.04
nsec/cm.

Jitter: Less than 0.03 nsec or 2 mm with x100

expansion, whichever is greater.

Variable Delay

ange: Any portion of the trace may be viewed

in detail using the Time Scale Magnifier
and the time delay.

(Normal) External trigger 150 mv for 5
nsec or longer, 50 cps to 100 MC.
(Sensitive) External trigger 15 mv for 5
nsec or longer, 50 cps to 100 MC.

(High Frequency) External trigger 200
mv p-p, 50 MC to 1,000 MC.

Trigger Functions:

May 18, 1962

BIAS SUPPLIES

Supply #1 (Collector): .
0 to *30 volts 50 ma maximum (0.5 amp with 10%
duty cycle)

Supply #2 (Base):
0 to =10 volts, referable either to ground or supply #1
(20 ma maximum)

TRIGGER OUT
Triggers d» 185A or 185B Oscilloscopes

TEST BOARDS (supplied with 186A)

Transistor Test Board

Diode Test Board

Tunnel Diode Test Board

Universal Adapter for circuit tests (optional)

Price
@ 186A Switching Time Tester, $1,500.00

coaxial connectors, cables, attenuators and other de-
vices by observing reflections of fast pulses. It's the
first practical, commercially available answer to the need
for measuring and viewing nanosecond pulses . . . and
broad sweep speed capability and extreme sensitivity
increase its usefulness for viewing all types of repetitive
waveforms.

@ experience, know-how, quality manufacturing tech-
niques and careful testing procedures assure perform-
ance according to specs, long life and exceptional in-
strument value. Check the specifications on these pages,
then call your & rep for a demonstration on your bench.

187B Dual Trace Amplifier

Less than 120 nsec, 100 nsec/cm sweep
and faster.

Minimum Delay:
Sampling Rep
Rate:

SYNC OUTPUT

100 KC maximum.

Amplitude: Positive, at least 1.5 voits into 50 ohms.
Rise Time: Less than 2 nsec.

Width: Approx. 7 ysec.

Recurrence: One pulse per sample.

GENERAL

X-Y Recorder

Output: Available for making pen recordings of

waveforms in MANUAL, RECORD and
EXTERNAL scanning modes.
Facilitates location of beam that is off-
scale vertically or horizontally.

Beam Finder:

Accessories

Furnished: 187A-76A BNC Adapter (2); 187A-76F
accessory adapter (2); 185B-21A Sync
Probe.

Prices: @& 185B Oscilloscope, $2,300.00;

@& 187B Dual Trace Amplifier, $1,000.00.
Data subject to change. Prices f.0.b. factory.

HEWLETT-PACKARD COMPANY

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

7565
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TIGHTEN
PROJECT
CONTROL

“EXCESS”
PROFITS
REVIEW

CONGRESS
TO NIX
PAY HIKES?

MORE
FOR RS-70
SYSTEMS
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WASHINGTON OUTLOOK

LATEST STEP in the administration’s drive to centralize direction
of the defense program is a plan by the Pentagon comptroller, Assistant
Defense Secretary Charles J. Hitch. He is developing a “self-evaluating”
type of report, containing ‘“defined milestones,” that military procure-
ment agencies will submit monthly to his office.

He calls this a “more systematic procedure to follow the physical
progress” of the more than 200 major military R&D and production
projects. The reports will allow Hitch’s office to scrutinize in relation
to precise objectives such major project stages as tooling up, prototype
deliveries and operational tests.

U.S. TAX COURT acceptance of Boeing’s petition for review of the
court’s January ruling on the company’s much-publicized renegotiation
case takes on added importance in view of the Department of Defense’s
intent to stress incentive-type contracts in the future.

The court had decided against Boeing’s initial appeal and in fact
hiked the amount of profit determined as excessive. In its second
appeal, Boeing uses an argument by the Navy’s general counsel that the
original decision represents “fundamental misconceptions of the incen-
tive contract.” The court was disturbed that &1 percent of Boeing’s
profits in the 1952 case stemmed from incentive contracts and declared
that such contracts do not actually offer an incentive to reduce costs.

Most Pentagon lawyers contend that the basic objective of the incen-
tive contract is to‘obtain lower prices by paying the contractor a greater
profit measured by the reduction of actual cost under the target costs.

PAY HIKES THIS YEAR for government scientists and engineers
now appear doubtful. The administration-backed bill to bring salaries
more in line with those paid by private industry (ErLtcTroNics,p 12, Jan.
12, and p 12, March 2) is finding little support in Congress.

Moreover, some industry opposition is being quietly circulated to the
effect that a government pay raise would trigger a similar boost in
industry salaries and result in about the same wage spread.

In seeking to bolster salaries for its top men, the administration
decided against creating an elite pay group and proposed increases
across the board. This blocked some opposition, but created others.
Mainly, the economy-minded congressmen are balking now at the added
$1 billion a year cost after the proposal is phased in.

AIR FORCE has reportedly recommended that the RS-70 program
be expanded to include production of three reconnaissance-strike air-
craft fully equipped with sideview radar and other specially-designed
electronic subsystems, instead of three stripped-down prototypes. The
recommendation was prepared at Defense Secretary McNamara’s
request. The House Armed Services Committee authorized another
$320 million for RS-70. Odds are McNamara will again veto additional
planes, but he is expected to add money for electronics subsystems.
The present plan earmarks $52 million for such work.

electronics
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PUT YOUR

For confidential information, write Robert J. George,
BALTIMORE GAS AND ELECTRIC COMPANY, Balti-
more 3, Maryland. Or call him at 301-539-8000,

WHERE YOUR SHIP COMES IN DAY AFTER DAY

There's nothing like a port city to put you right
next door to the world. And Baltimore is one of
America’s bustling and busy top ports . . . millions
of tons per year move into or out of the holds of
better than 5,000 ships. Nearer the Midwest, de-
cidedly, than any other Eastern harbor, Baltimore
gives you a vital edge in freight rates and speed.
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Inland transportation, too, is equal to the port's
demands . . . and yours. Trunk railroads, truck lines,
and airlines make the Baltimore area a prime ship-
ping hub for half the nation. All sorts of manufac-
tured goods, all kinds of skilled labor are here. So
are plant sites aplenty . . . including 2,500 zoned
acres in 30 industrial parks. When you want to
think big, think BALTIMORE.

CIRCLE 13 ON READER SERVICE CARD 13



With the inwTroduction of the new M>del
OA-1 FTester for Silicon Toatrol.ed R=cti-
fiers, Baird-Atomic continues tc ciferthe
most ccmplese line of trans:stcr and semi-
condus:or test equipmen: aveiladle The
Model OA-1 vests for:

Vee: Forward Breako7er Velaage . ..

also measures gate cucranrt to fire

at any anode voltage...p-ovision
for connecting external gete Dias
...front panel curcemt ar.d vclsage
seneng jacks fcr graph:o_display
of characterisdes oa extemmal
oscilloscope.

Iz Forward Leakage Cur-en:
I,: Reverse Leakags Carvemat

Vg Voltage dropfrorm anoce:ccazkode
at fcrward currect I,; a_so> m=2as-
ures gate firing charaeterist.cs.

I+ Holding Currens

Witk. this new Test Set, Sil:con Ton-
trolleé¢ Rectifiers may be safely evalaated

NEW Baird-Atomic MODEL OA-1 SCR TEST SET

SCR TEST sgr

under dymamis circuit coaiitions, since
the powersupplies of the Madel OA-1 have
built-in carrert limiting lcad resistors.
And rear panel jacks are ppowided fcr con-
necting ir adiitionsl resistance if re-
quired. Th2 Mbdel OA-1 f2atures & high
voltage po=ver 3upply — ur to 600V — and
a high current supply — up 20 }0A — and
provision s made for consiciuous aontrol
over all power supply ranges.

For the safezy and convenier.ce of the
operator, aa in-erlock jack i3 proviced for
controllirg applicaticns cf figh voltage
to the froct panel termir.ale. All aompo-
nents of tie Mbdel OA-1 SZ3 Test Set are
conservatizely rated for cer8intous oper-
ation at meximrum specifisd surreris. Call
orwrite fordetsiled technicalinformation.

Enginee-s &nd scientis:a: Jnvestigate
challenging oppartunities witF Baicd-Atomic.

rite Indvstrias Relations D’rector. Al® quali-
fied applicants w~ill receive ccrsideration for
employmew wsthout regard % race creed,
color or nationa” origin.

BA/IRD ~ATOM/C,/NC.

W 2
P |

ADVANCED OPTICS AND E_ECTRONICS ..
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A7 Oniverswv Boa? - Combridee 38 M2ss.

.BERVINS SCIENCE
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STACKPOLE-proved in service!

When it comes to stringent service requirements,
Stackpole measures up! Designed to meet or exceed
every MIL-R-11 requirement, Stackpole Coldite
70+ Fixed Composition Resistors bring in addition
extra load life, and moisture and humidity resistance
to a host of industrial applications.

For Extra Dependability, we mold Coldite 70+
resistance elements and outer insulating shells of
similar materials. A completely new process then
forms them into a solid, homogeneous structure that
defies catastrophic failure or erratic resistance
changes in severe environments,

Electronic Components Division

STACKPOLE CARBON COMPANY
St. Marys, Penna,

CERAMAG® FERRITE CORES
ELECTRICAL CONTACTS
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* VARIABLE COMPOSITION RESISTORS
CERAMIC MAGNETS « FIXED COMPOSITION CAPACITORS
GRAPHITE BEARINGS, SEAL RINGS, ANODES o

Easiest of All to Solder by Dip or Iron, Coldite
70* Resistors are unequaled for production line
efficiency. They’re the only resistors, whose leads
are solder dipped — not once, but twice — besides
the usual tin coating. That’s why leads stay smooth
and tarnish-free even after months in storage.

Today’s Best-Looking Resistors, Coldite 70+
combine handsome, glossy finish and uniform, easily-
read color codes. Their attractive appearance easily
survives scrubbing with solvents. They’re available
in MIL-R-11 Type RC-20 (%2 watt), Type RC-32
(1-watt), and Type RC-42 (2-watt) in all standard
resistance values and at ordinary resistor prices.

STACKPOLE

(ololfe JO*

fixed composition RESISTORS

SLIDE & SNAP SWITCHES « CERAMAGNET®
BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT
HUNDREDS OF RELATED CARBON & GRAPHITE PRODUCTS.

CIRCLE 15 ON READER SERVICE CARD
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ROF CORPORATION
HUDBON, N. H.

~ TIME RESPONBE TEST.

e 326% N -
reme 32 Tr TO2LE‘Y
639 aEaPaNGE.. L. .8ECS.

P20 % axuvonss. L. . seCs.
onoxr No.L2OS2 for Al ot

mn_ﬁ’Q“_"%EL TERT WY
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Oscillograph directly records

transducer temperature response

A Type RN-100 ¢“Stikon’ temperature trans-
ducer, one of many types manufactured by
the RdF Corporation of Hudson, N.H., is be-
ing tested for quality in this photo-story.

The tiny nickel grid inside the transducer—
only .0007 in diameter—must be completely
bonded to its silicone rubber carrier matrix.
If the metal-to-silicone bond is not adequate
and there is a free space between, the response
of the transducer to a step change in tempera-
ture is seriously changed.

Test-proved performance of these RAF pro-
ducts is mandatory because inconstancies in
time response can mean failure to every mis-
sion where fast action is important.

To test the quality of this bond formed during
manufacture, RdF uses a Visicorder Oscillo-
graph.

Figure 1 shows an RdF quality control engi-
neer immersing the transducer in an ice bath.
Figure 2 shows immersion in boiling water.
Figure 3 shows analysis of the response curve
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that results from the step-change in tempera-
ture. Figure 4 is a closeup of the Visicorder
record, which indicates that the transducer
met the specified time response to the temper-
ature change. The metal-to-silicone bond was
adequate.

In countless applications, Visicorder Oscillo-
graphs can give you as many as 36 simul-
taneously recorded channels of information
about your products—on instantly readable
records, at frequencies from 0 to 5000 cps.

For details write Minneapolis-Honeywell,
Heiland Division, 4800 E. Dry Creek Road,
P.O. Box 8776, Denver 10, Colorado.

Honeywell
Tt w Coitd
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apecial Pliers
for the
Highly Specialized
Electronics Field

When the early transmission lines were strung in this country a
century ago, it was Klein Pliers in the hands of linemen that
helped do the job.

Kiein has kept pace with the development of the electrical field,
meeting each new challenge with tools specially designed to do
the wiring job better . . . more economically.

Shown here are a few of the many highly specialized Klein Pliers
carried in stock to meet the needs of electrical and electronics
manufacturers.

You will find your assemblies go together more smoothly and
wiring is done more rapidly when the right Klein Plier is used.

SEE YOUR DISTRIBUTOR

mzm IKLEEIN

INCORPORATED

A

D211-6C—Cutters at tip
set at 45° angle.

- ————
" o,
. s
D208-6C—A shear cut-
ting plier designed to cut

dead soft or exiremely
hard wire.

VA

\

D208-6PC—Shear cutting

blode at tip. Halds clip-
ped end.

/

‘:!
A

l

i

5
" —,.....‘...,—';j 7"‘?. M
D318-5%2~Long needle

nose for reaching con-
fined space,

M

e —— e
A —

N

204.6—Cutters at tip.
ideol for electronic wiring.

\

i

D229-4C - Springs be-
tween jaws hold clipped
end of wire,

I\

D052.C—Specially de-
signed far wiring printed
circuits.

\

D207-5C —Replaceable
blode shear cutter. Will
cut dead soft wire or ex-~
tremely hard wire.

& Sons

/

7200 McCORMICK ROAD, CHICAGO 45, ILL.

Name -

Company

|

|

|

|

|

| Title
|

|

|

| Address
|

|
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Mathias Klein & Sons, Inc. 7200 McCormick Road, Chicago 45, lll.
Please send me the Klein Plier Catalog and information.

electronics



AT LAST
SOMEBODY *
HAS A
COMMON SENSE
APPROACH
TO PRECISION
RESISTANCE DECADES

4 HKhalleross

*That somebody is Shallcross. Their common sense approach in the new 6800 Precision O

Resistance Decade Series eliminates the nuisance operational shortcomings of previous
Decade instruments. The informed engineer will be interested in these features:

VERTICAL AND HORIZONTAL READOUTS adapt-
]. able to any test equipment layout with complete
flexibility and convenience. Simpie slide adjustment
sets window readouts for either horizontal or vertical
viewing.

CONVENIENT WIDE ANGLE IN-LINE READOUTS

may be viewed from any angile within 120° plane.
Window readouts present actuat vertical or horizontal
in-line resistance readings.

3 BENCH OR RACK MOUNTING Removal of the in-
strument case provides for rack mounting.

VARIABLE ANGLE BENCH MOUNTING Adjustable
4 rubber tipped legs permit angular horizontal posi-
tioning from 0°-30°.

CALCULATED WEIGHT CONSTRUCTION Instru-

ment remains stable when in use—is not bulky or
cumbersome. Rubber mountings prevent skidding and
bench damage.

SMOOTH “POSITION POSITIVE” DIAL SETTINGS

A new rotary switch employs special detent tested
for 100,000 trouble-free operations.

:03% DC ACCURACY when operated 20°-30° C.
with resistance readings above 100 ohms. (Closer
tolerances available on request.)

SPECIAL WIRE-WOUND CARD AND BOBBIN
8 RESISTORS FOR MINIMUM AC ERROR ; to 1
mc. Minimum noise and low TC (+10 ppm 20°-30° C.).

9 LONG TERM ACCURACY Resistors are stabilized
to .001% per year. Switch contact resistance vari-
ations average == 1 milliohm for 20,000 operations.

May 18, 1962

LOW COST Despite the precise accuracy and
]_ many functional features available in the 6800
series, an attractive price structure is possible because
all parts are manufactured by Shallcross.

Careful consideration of your needs and working
conditions played a major role in the development and
design of this Shallcross Decade. It influenced our use
of the adjustable wide angle in-line readout feature, the
shape and positioning of the knobs, cabinet styling,
color and weight. We think you'll be pleased with this fine instrument.

[ ] L] [ 4

UNMOUNTED DECADES

The same high quality Decades
foundinthe 6800 series are avail-
able as unmounted units. Over
250 standard Decade models in-
cluding high megohm and bench
type Decades are also available
from Shallcross, manufacturer of
fine resistance measurement in-
struments for over 30 years.

(Certification traceable to National Bureau of Standards)

FOR COMPLETE SPECIFICATIONS ON THESE DECADES, MARK READER
SERVICE CARD OR REQUEST SHALLCROSS BULLETIN #170 DS.

~Shalleross

SHALLCROSS MANUFACTURING CO. / SELMA, N. C.

INSTRUMENTS  RESISTORS SWITCHES ATTENUATORS DELAY LINES
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Tradex radar
(target resolution
and discrimination
experiments) on
Roi Namur atoll
will study ICBMs
fired from
Vandenberg AF'B,
Calif. during
Nike-Zeus tests
as part of

Project Press
(Pacific range
electromagnetic
signature study).
With 84-ft antevna,
the RCA radar
neasures range,
azimuth, elevation
and velocity

using doppler. It
operates at both
uhf and L-band.
When it is fully
operational, peak
power will be

5 Mw and average
power, 300 Kw

ARPA Asks $257 Million for Military R&D

By JOHN F. MASON

Associate Editor

MAJOR WORK AREAS scheduled for
1963 by the Advanced Research
Projects Agency may be slightly
modified—but not appreciably al-
tered—when the Senate votes later
this month on the agency’s request.
The House has already passed its
proposal with a $10 million cut
from ARPA’s $257 million request.
Reason for this cut was ARPA’s
large carry-over of unobligated
funds ($51,737,000) from 1962.

Most of ARPA’s projects fall
within the interest of more than
one military department, or else
outside of the specific missions of
them all. ARPA is an integral part
of the Office of the Director of De-
fense Research and Engineering,
but is also assigned projects by the
Secretary of Defense.

Ballistic Misstle Defense

Largest effort in the agency’s
workload is again Project Defender,
R&D in ballistic missile defense,
with an allotment of $110 million.
Research includes understanding
fundamental phenomena, interpret-
ing experimental data, formulat-
ing new systems concepts, and
uncovering and developing new
techniques and ideas for advanced

20

defense capabilities.

In addition, Defender now has
the job of studying the effectiveness
of the present and future U. S. pro-
gram in penetration aids for stra-
tegic weapons.

General Research — Study of
basic physical and chemical proc-
esses applicable to defense against
ballistic missiles at various points
in their trajectories will get an im-
portant new tool, the end of this
calendar year, when the 1,000-ft
hole-in-the-ground radar is com-
pleted in Arecibo, Puerto Rico. It
will study electron and ion-density
profiles of the ionosphere.

Techniques and Devices—This
research covers advanced sensor
and interception technology, Kkill
mechanisms, and an area which in-

ARPA’S BUDGET REQUEST

Projects

{(millions)

Ballistic mi~sile defense........... £110
Nuclear test detection.............. 63
Remote area field conflict 1echnigue 18
Advanced propellant chemistry.... 23
Materials sciences ......vvvunivies 22

Other projects

CONYErsiON . uvveereiaseanaacsnns S
Command and control research.... 9
Weather control ....oviviiiiivuns 2
Technical studies ....ovvvviniinnas 5

including energy

4 N B S 608660668 000 68600600000 $257
Funds bronght forward from 1962. 51.7
House reduction ..ovvviiiiivannans —10

Total available for 1963........

cludes lasers and infrared, ultra-
violet and visible techniques for de-
tecting space objects.

One kind of kill mechanism in-
volves hypervelocity impact. The
primary mission is to determine the
type of material—its mass and
shape—that will do this. Primary
objective in the visible light re-
search is to develop components and
techniques to detect and track space
objects during their ballistic flight
from a space platform,

Missile Phenomenology — Major
effort for 1963 will be study of a
missile’s characteristics during re-
entry phase. Work will also con-
tinue on target and background
measurements during launch phase.

Downrange measurements for re-
entry studies will continue to be
made by the Damp ship using radar
and optical equipment. Major effort
for reentry will be Project Press,
which will take advantage of mis-
siles launched from California to be
intercepted by Nike-Zeus fired from
Kwajalein Island in the Pacific.
Principal instruments will be
Tradex radar and optical instru-
mentation carrier in aircraft. Part
of Lincoln Labs’ $20 million alloca-
tion from ARPA for 1963 goes for
technical management of Press. The
rest is for work on a high-power
tube and for exploration of new
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radar techniques.

Program tostudy the launch phase
is called Tabstone, which began in
the spring of 1961. Almost all meas-
urements are being made from air-
craft and rocket probes. Within the
next year, satellites will be used.

Systems—AIll proposed systems
are studied. For full-scale develop-
ment, they are farmed out to the
military services. The two most sig-
nificant systems now under study
are Bambi, for kill during boost
phase, and Arpat, during terminal
phase.

Penetration Aids—Missile sys-
tems are evaluated for penetration
capability.

Nuclear Test Detection

A $63-million request has been
made for Project Vela. Vela-Uni-
form is the research program for
detection of nuclear blasts under-
ground. Vela-Sierra is to detect
high-altitude explosions by ground-
based instrumentation. Vela-Hotel
is to detect explosions beyond the
atmosphere by space-based sensors.

Most of the effort on Vela-Uni-
form has involved seismology.
Other methods studied include de-
tectable electromagnetic signals,
variation in the earth’s magnetic
field, and air pressure variations.
Eventually 125 seismographic sta-
tions will be established through-
out the world. Also, a prototype
detection system will be developed,
feeding data into a central analysis
center. Another task is development
of on-site inspection techniques.

Planning for Vela-Sierra in-
cludes development of techniques
for detecting detonations and then
using these techniques in an inte-
grated system. ARPA is now study-
ing detection of light emitted from
the detonation, the detection of
changes in the amosphere induced
by radiation or debris, and the de-
tection of electromagnetic waves
produced by the nuclear detonation.

Space-based sensors, in Vela-
Hotel, depend on the x-rays, gamma
rays and neutrons emitted from a
nuclear explosion in space; a sec-
ondary effort involves use of r-f
signals from a nuclear detonation.

According to ARPA’s director,
J. P. Ruina, the U. S. and the Soviet
Union have the capability to ade-
quately detect atmospheric tests;
the sensitivity of underground de-
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tection is far lower. The British are
experimenting with use of an array
of 24 seismometers to detect a sig-
nal, thereby enhancing the strength
of the signal, Ruina said.

Field conflict technique research,
Project Agile—Some $18 million
will be spent to study communica-
tions and firepower problems pe-
culiar to distinctive battle environ-
ments — such as tropical or
mountainous areas.

Materials sciences—This work
has been budgeted at $22 million.
ARPA has established interdisci-
plinary laboratories at 11 universi-
ties for work on structural, electric,
and electronic materials capable of
operating under extreme conditions.
The crystal growth program has
been slow in getting underway.
ARPA promised the House to initi-
ate requests for contracts this
month,

Laser Operates at Atmospheric Window

CALCIUM FLUORIDE lasers have been
operated at RCA’s Princeton labs.
One of these, requiring only a joule
of input energy, has an output
wavelength of 2.36 microns. The
output is at an atmospheric window,
making the laser suitable for com-
munications on earth with mini-
mum attenuation.

In the one-joule unit, calcium
fluoride is doped with 0.05 molar
percent of divalent dysprosium.
Pump power is provided by an
FX-100 flash tube, unfocused and
one inch from the crystal. The
laser’s low threshold is obtained in
part by full utilization of pumping
energy from one micron through
ultraviolet.

Laser action is obtained with
one joule input energy at liquid
nitrogen temperature, 78 K, or 0.1
joule at liguid helium temperature,
4.2 K. In pulse operation, average
output power in milliwatts, pulse
width of 100 wsec have been ob-
tained. Fluorescent line width of
three angstroms is considered ex-
ceptionally narrow.

Continuous-wave operation is ex-
pected from this crystal, using a
different pumping configuration:
two spherical mirrors with a light-
gathering aperture of £/0.25 and a
500-w tungsten lamp. The long,
10-msec, fluorescent lifetime of
dysprosium suits it for c-w opera-
tion.

The same pulsed pumping con-
figuration is used for two other new
lasers.

One is calcium fluoride doped
with 0.05 molar percent of divalent
thulium. It uses an input energy of
40 joules at 4.2 K and has an output

output

Laser with 2.86-micron
wavelength is readied for operation

at 1.16 microns. Operation is as a
three-level maser.

The second is caleium tungstate
doped with 1.0 molar percent of
trivalent erbium. Input energy is
80 joules at 78 K and output is at
1.61 microns. Both have output
power of milliwatts and line widths
wider than three angstroms.

One-inch-long erystals in two
geometrics were used. One form is
a i-inch diameter rod, the other a
s by is-inch slab. For c-w service,
the rods will be used as they allow
pumping light to be focused from
all directions.

The work at RCA was led by Zol-
tan Kiss, working with R. C. Dun-
can and G. Goldsmith on the laser.
Materials were developed by M.
Kestigian and N. Yocom. A dis-
closure was made in a post-deadline
paper for the recent meeting of the
American Physical Society in
Washington.
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New from Westinghouse:

10-kw 5.65 kmc traveling wave tube

for phased array radar. Now in full production, the new
WL-167 is backed by the most exacting quality control sys-
temin the industry: seven TWT Life Test Sets (shown below)
are used to assure the highest performance and reliability.
Outstanding tube characteristics include: m Phase stabil-
ity m High efficiency mHigh power and long life m Extremely
compact and lightweight m 10-KW peak power output =
44-db saturation gain m 10% bandwidth (3db). Produc-
tion quantities now available from stock for immediate deliv-
ery. Higher power versions available on request. For com-
plete information, write: Westinghouse Electric Corp.,
Elmira, N. Y. You can be sure . . . if it's Westinghouse.

SATURATED
POWER
ouTPUT
—Kw

GAIN
-DB

14

10

5.4 9.6 28
FREQUENCY-GC

ST

AT 10 KW

11 T 171

1 ! 1 L Il

5.4 3.6 58
FREQUENCY—GC

Westinghouse
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SMALL PART
PROBLEMS 7

Z.E VIN' Heavy duty instrument lathes offer the

best solution to small part lathe operations. 29 standard
models for first and second operation work in 3/16”,

5/16", and 1/2" collet capacities.

s

-

Shown above, an ACAF turret lathe set up to produce

the small needle valve, illustrated, with a 0.0118"” bleed

hole. The self indexing turret is extremely sensitive

for fine work. Speed regulation is continuously variable

from 0 to 4000 r.p.m. with IR drop compensation.
SEND FOR COMPLETE CATALOG

-

LOUIS LEVIN & SON, INC.
3573 Hayden Ave., Dept. E « Culver City, California

New York Representative and Showroom
RUSSELL-HOLBROOK & HENDERSON, INC.
292 Madison Ave., New York 17, N.Y.
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TRULY CENTRALIZED PROBLEM CONTROL is now offered in the new 2100 Series EASE® Analog
Computer. Pinboard control for iterative (IDA™) or non-iterative (ELDA™) operation. Domain control.
Sector time scale control. As many as 36 different asynchronous computing groups. These are only
a few of the advanced features that make this the most flexible and complete simulation tool avail-
able. For extensive details, ask for brochure A2100.

Beckman‘; INSTRUMENTS, INC.

BERKELEY DIVISION
RICHMOND, CALIFORNIA c.23
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Crystallizing§deas into products

Give

components'

i

the right =
protection |

...with the right
Norton Potting Fillers

Norton ALUNDUM* fused alumina and
MAGNORITE* fused magnesia have proved
outstanding as fillers in potting com-
pounds for electronic components — in-
cluding transistors, resistors, capacitors,
coils, small power and pulse transformers,
Engineered to provide high, ever. heat
dissipation, high dielectrie strength and
low leakage current, these Norton ma-
terials provide a chemically and physical-
ly stable addition to unfilled compounds
to improve component performance,
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For increased filler versatility, ALUN-
DUM iused alumina is available in four
fine powder sizes (average particle size:
31,, 5,12, 20 microns) as well as coarser.
MAGNIRITE fused magnesia is obtainable
in un average particle size of 10 microns
as weil as coarser, These materials enable
potted camponents to operate at a lower
temperature or higher ratings, with in-
creased reliability and longer life.

Fer details on how aLUNDUM Al203 or
MAGNORITE MgO assure important bene-

fits that ordinary fillers cannot provide,
write to NORTON COMPANY, 684 New
Bond Street, Worcester 6, Massachusetts.
*Trade Marks Reg. U. S. Pat. Off. and Foreign Countries.

NORTON
REFRACTORIES

Making better products. ..
to make your procucts better
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[0 VSWR measurements of extreme precision
[0 FXR coax switch cuts Norden Laboratory test time
[0 How to reduce your cable inventory

VSWR measurements
of extreme precision

FXR’s Model B813T VSWR Ampli-
fier is a fully transistorized portable
standing-wave amplifier with a full-
scale maximum error at 5 db of
+0.05 db. We think it's the most ac-
curate on the market.

The unit is designed for use on
battery power for applications in the
field where power is not available or
in the laboratory where line noise
might cause inaccuracies in measure-
ment. Where power is available,
however, the unit can be operated
from the line in the normal manner.

Calibrated range of the B813T is
75 db. Normal, expanded and com-
pressed meter scales are provided
and can be used interchangeably
without the need for readjustment of
the gain control. The unit has special
circuitry for bolometer protection
and a meter display for bolometer
resistance checking and current
adjustment.

Other features of the B813T in-
clude controls and circuitry for sclec-
tive meter damping, bandwidth se-
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lection and frequency peaking, range
selection in 3-db steps, battery volt-
age checking and self-contained
charging. Price: $285.00. For more
information circle Reader Service
Card 252. R

Need a high temperature cable
for nuclear application?

W““"‘"”"’nw

AMPHENOL ultra-high tempera-
ture flexible rf cable is capable of

continuous operation at 1000°F with
short excursions to higher tempera-
tures.

Application enginecered for air-
craft and missile temperature envi-
ronments, the cable is a completely
sealed rf transmission system con-
sisting of inner and outer conductors
separated by a dielectric of modified
semi-solid silica.

Over all is a protective-scaled me-
tallic-convoluted jacket. Cable ends
arc terminated at the factory with
hermetically scaled 1000°F Series N
plugs. System is resistant to nuclear
radiation and is ideal for reactor use.

Altitude Insensitive-
Moisture Resistant

Capacitance:
30.0 f /ft.

Resistant to Velocity of
Shock and Vibration Propagation: 69.0%
Resistant to I
Nuclear Radiation |
—

—Voltage BrEakdo—wn:
3500 Volts RMS

Maximum Operating
| Voltage: 1000 VRMS

Connectors:
Series N Plugs

Weight: Cable, 1712 ibs

Impedance:
50 Ohms pr 100 ft.
Connectors,
l 27 ounces each

1000°F flexible rf cable is available
in standard lengths up to 200 feet.
Part number is 777-502. Specify
length desired in order or quotation
request. Length is measured from
connector mating end to connector

mating end. For more information
circle Reader Card 253. R
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FXR coax switch cuts
Norden Laboratory test time

Norden, a division of United Air-
craft Corporation, operates an en-
vironmental test laboratory at its
Norwalk, Conn., plant.

Faced with an ever-increasing
number of systems requiring noise
and interference tests under military
specifications, Norden engineers
asked FXR to design a 50-ohm re-
sistor-terminated coaxial switch that
would have identical electrical char-
acteristics through each of six out-
puts. Now, to check different chan-
nels, instead of disconnecting and con-
necting cable, Norden engineers just
flick a small knob. All unused chan-
nels are grounded through 50-ohm
terminations, with no significant
crosstalk to interfere with the meas-
urements being recorded.

The result is a faster, more con-
venient test procedure. If you're run-
ning noise tests under MIL-I 6181B,

May 18, 1962

6181D, 26600 or 19610 you'll find that
this new coaxial switch will save
hours of tedious work.

Maybe you have some other un-
usual rf switching problem. Why not
ask us about it? For more informa-
tion circle Reader Service Card254. B

How to reduce
your cable inventory

Most people we know cut up the
cable they purchase, then put con-
nectors on each end.

Why not let us make your cable
assemblies? As the only major man-
ufacturer of coaxial cable and coaxial
connectors, FXR can probably save
you money, We can certainly save
you time,

How? Well, for one thing, you
don’t have to inventory so much
cable or so many connectors. You
don’t have to set up production facil-
ities for making these cable assem-
blies. And, you don't have to worry
about quality control. We can pro-
duce sophisticated electrical assem-
blies to your rigid specifications. We
have the people, facilities, and know-
how to guarantee quality.

FXR manufactures Amphenol
coaxial cable, Amphenol and “ipc”
coaxial connectors and DK coaxial
switches. Together, they constitute
the industry’s broadest line of coaxial
components. Why not let us put them
together for you? For more informa-
tioncircle Reader Service Card 255. ®

The RF Products and Microwave
Division Amphenol-Borg Electronics
Corporation; 33 East Franklin Street,
Danbury, Connecticut.

>R
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Bomb-shaped object is ocean-bottom recording scismograph developed by
Texas Instruments for Project Vela-Uniform. It will operate at depths to
10,000 ft (first photo). Worden gravity meter is used to map water reservoir
sands in the Sudan desert (middle photo). National Science Foundation’s
USNS Eltanin is designed for oceanography and other earth scicnces
research in the Antarctic. The three forward antennas are for radar
meteorology, vif noise and h-f noise studies, (photo, far right)

By MARVIN REID, McGraw-Hill World News

Boom in Earth Sciences Program Helps

DALLAS — Booming government
earth sciences programs are helping
reshape and expand southwestern
firms known in the past primarily
for geophysical exploration for oil.

Faced by a prolonged slump in
oil prospecting, some firms are find-
ing new horizons in nuclear explo-
sion detection projects, oceanog-
raphy, and other military, scientific
and commercial applications for
talents and electronic equipment
capabilities developed during oil ex-
ploration work.

The Department of Defense'’s
Project Vela-Uniform (see p 20)
has benefited such companies as
Texas Instruments; Geotechnical
Corp., of Garland, Texas; Century
Geophysical Corp., of Tulsa, and
Dresser Industries’ SIE group, in
Houston.

While Project Vela, the nuclear
explosion detection program, has
been a major spur to business, it is
not the only one. Seismograph Serv-
ice Corp., of Tulsa, for example, is
not yet in Project Vela, but has sup-
plied long-range positioning appa-
ratus used by recovery ships during
space shots.

TI's Science Services division re-
cently outfitted a Corps of Engi-
neers radar installation at Vicks-
burg, Miss. This novel facility,
called Westar (Waterways Experi-
ment Station Terrain Analysis
Radar) will do terrain research for
immediate military applications
and might be adapted for mapping
lunar soil conditions in space efforts.

TI will also develop water re-
sources in the Sudan, under con-
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tract to the Department of State’s
Agency for International Develop-
ment. The Science Services division
will use the same techniques to map
the base of reservoir sands as its
Geophysical Services, Inc., used to
find oil-bearing sands.

The buildup in government-spon-
sored earth sciences work during
the past three years has had a great
impact on Geotechnical Corp. Geo-
tech left the oil field completely in
1958 for earth sciences. In three
years, its gross sales have jumped
from $1.5 million to over $10 mil-
lion. It is now seeking commercial
markets for telemetry, data proc-
essing and other equipment de-
veloped in earth sciences efforts.

The company started aggres-
sively seeking government-spon-
sored work in the mid-1950’s, and
got several contracts to supply
seismological equipment. It de-
veloped the nuclear explosion detec-
tion station at Fort Sill, Okla., as
part of Vela-Uniform. Geotech now
has subcontracts to supply instru-
ments and equipment for three
similar stations to be built in Ore-
gon, Utah and Tennessee.

TI’s Science Services division has
more than $2 million in contracts
to construct and operate these ob-
servatories. The division now has
between $4 million and $5 million in
Vela-Uniform contracts. P. E. Hag-
gerty, TI president, has said the
division can be doing a $100-mil-
lion-a-year business in 10 years.

The division includes a Geo-
sciences department set up three
years ago to seek earth sciences

work. R. E. Kinsley, department
manager, was one of four men TI
pulled out of Geophysical Services
and the Apparatus division in 1959
to see how GSI's capabilities could
be used. The department now has
135 people.

Kinsley believes that oil explora-
tion firms are way out in front of
other electronic firms in getting
oceanography, earth study and cer-
tain types of space measurement
contracts. He says “it took us 20
years or more to build up our capa-
bilities in geophysics.”

Kinsley’s group is also active in
such fields as seismic propagation
studies. He thinks the earth can be
opened up for communications. A
TI project to evaluate seismic com-
munications has shown this to be
feasible, he says.

Oceanography techniques de-
veloped by GSI for underwater oil
exploration may be the depart-
ment’s biggest potential market,
Kinsley says. The government, for
instance, is outfitting 30 ships for
hydrographic studies. He believes
TI will be a leading supplier of
sensors and other equipment. A TI
maintenance and research team is
aboard the National Science Foun-
dation research vessel USNS El-
tanin.

(TI, by the way, denies its oil
exploration business has declined.
R. C. Dunlap, vice president in
charge of the Science Services di-
vision, says that the company be-
gan stressing R&D in 1950, result-
ing in more growth for GSI in the
last seven years than during GSI’s
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Oil-Oriented Companies Stage Comeback

first 25 years of operation.)

J. Vance Holdam, Dresser Indus-
tries vice president, is another who
sees a tremendous potential in earth
sciences, Dresser’s Southwestern
Industrial Electronics, one of the
largest seismograph suppliers, has
set up a separate group for earth
sciences equipment.

The firm has designed unmanned
seismograph stations for remote lo-
cations and electronic seismometers
that can measure very low fre-
quencies for Project Vela,

Some geophysical firms see the
earth sciences boom as a good way

to move further into diversified
commercial electronics markets.
Century Geophysical now holds
“three or four” Vela contracts. But
one of its officials says Century is
not interested in concentrating on
government-backed R&D. Instead,
it is keeping a sharp eye out for
commercial applications of gear de-
veloped in earth sciences R&D.
The firm started diversifying in
1946 and now has a separate R&D
division and “more research people
than we could possibly afford if it
were not for Vela and other earth
sciences work.” For example, Cen-

tury is doing computer systems re-
search that can also be applied to
other fields.

One of the biggest hurdles geo-
physical firms had to jump to crack
the earth sciences market was
ignorance about their capabilities.
Several said they found congres-
sional and other government people
totally unaware of the type of work
they had done for the oil industry.
Some admitted it was their own
fault, because oil-searching opera-
tions have been secretive. But they
believe they have now gotten their
story across.

Geophysical Oil Exploration in Prolonged Slump

DALLAS—In 1952 more than 110
geophysical contracting firms were
searching for oil deposits in the
U. 8. There are now less than 70,
and many of these are operating
on a standby basis—they can rake
up a crew if they can get some
business.

While there is some indication
that the bottom has been reached,
geophysical contractors have suf-
fered sharply from a general re-
trenchment in the oil industry since
the mid-fifties.

The oil industry’s exploration
people measure their activity in
crew months, each 30 days a crew
works in the field. Between 1952
and 1960, the crew-months figure
dropped in the U. S. from 710 to
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359, the lowest since 1946.

To make matters worse for geo-
physical contractors, much of the
work that is left today is being done
by the oil companies with their own
crews, Virtually all geophysical
firms in the Southwest today re-
port their oil business is down 50
percent or more from 1953-55.

The slump in oil search activity
can be traced back to the Korean
War, and much of the blame can be
laid to the law of supply and de-
mand. The oil industry has been in
a constant state of oversupply for
several years. The pressure on
prices has caused most companies to
cut operating expenses, including
exploration expenditures.

During the 1930’s and 1940’s

companies concentrated manage-
ment skill on finding and develop-
ing crude and gas reserves. Since
1958, many U. S. oil firms have
switched their emphasis from find-
ing oil to selling it.

Some geophysical contractors
now say their oil business is picking
up slightly. However, none is opti-
mistic about a boom. This is one
reason why most of the bigger ones
are bent on diversifying into other
fields. Foreign work has held up
at a fairly steady pace.

“We aren’t getting out of oil,”
the official of one firm says. “There
is still enough business to bring in
a few dollars, but we don’t think
we'll ever see again the big years
we once had in o0il.”
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Data model  for
digital communications systeins
handles 600, 1,200 or 2,400 bauds

Hallicrafters

Ampex showed tape memory ver-
sions of its tape handlers. Elec-
tronic equipment is in cabinet at

AT THE SPRING JOINT COMPUTER CONFERENCE:

Five Companies Introduce Computers

SAN FRANCISCO—The main hard-
ware news at the Spring Joint Com-
puter Conference was the introduc-
tion of new computers, including
several low-cost models, and a
variety of peripheral data handling
and transmitting equipment. At-
tendance at the show—about 4,000
—was considered good.

Computers introduced included:

¢ Digital Equipment Corp. now
has smaller versions of its PDP-1.
The single-address parallel PDP-4
has a 9-usec magnetic core memory
and performs 55,000 additions a

second, It is available in two
models, the PDP-4A with a mem-
ory of 1,024 18-bit words, priced at
$52,000, and the PDP-4B, with a
4,096-word memory, priced at $65,-
000.

Both models have a paper tape
reader and control. Optional equip-
ment includes a 16-in. crt display
and a photoelectric “light pen” that
detects information displayed on
the crt.

« Scientific Data Systems’ 900
series computers were shown in two
models. Selling points include all-

COMMERCIAL SESSIONS TRIED AT SJCC

SAN FRANCISCO—Something new aras tried at the Spring Joint
Computer Conference. Manufacturers with important new ecquipment
were permitted to buy time at evening commercial technieal sessions.

D. C. Lineicome, of Stanford Rescarch Institute, in charge of the
sessions, said they were cffective for companies with good material,

but the reverse was also true.

The audience at one session grew from 50 to 70 in 20 minutes. At
the following session, the 70 pcople dwindled to 20 in the same time.
One participant reported an audience of 150.

Also new were concurrent educational sessions, designed to orvient
non-computer people on information processing
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silicon semiconductor components
and interchangeability of programs.

The SDS 920, priced at $89,000,
has a larger memory and shorter
execution times than the 910 at
$41,000. Multiply time is 248 usec
on the 910 and 32 usec on the 920.
The 910’s core memory holds 2.048
24-bit words, the 920 holds 4,096
words and both are expandable to
16,384 words.

¢ Collins Radio showed its line of
communications - oriented comput-
ers, The C-8400 is for communica-
tion network applications and
satellite and centralized computing
operations. The C-8451 is a tele-
typewriter and high-speed data
switching center. The central data
processor has a transfer link that
permits data transfer in a single
step. It can transfer up to 48 mil-
lion bits a second between input
and output devices.

o Control Data reported that its
3600 large-scale digital computer
will be ready for delivery in about
a vear, with a complete program-
ming system included.

The basic system, including in-
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put-output equipment, sells at $2
million to $2.5 million and rents
for $55,000 to $60,000 a month. Its
core memory is expandable in in-
crements of 1.5 million up to a
total of more than 12.5 million bits.
Access time is 0.7 usec. Tunnel di-
ode circuits speed up basic arith-
metic processes in the nanosecond
range.

e Electronic Associates’ Hydac
analog-digital computer (ELEC-
TRONICS, p 21, May 11) features in
the digital portion a patch panel
and modular construction.

The basic digital building block
is a NAND gate with an inverter,
that also provides the AND function.
These 20-Mc AND-NAND gates are
of potted welded cordwood con-
struction and are combined on
printed circuit cards to form more
complex functions programmed by
the 3,450-hole patch panel.

¢« Ampex showed its tape memory,
the TM-4100. This combines a
TM-4 transport with a solid-state
DE-100 electronics series. Another
series works with the TM-2 trans-
port.

The DE-100 series can operate
with a single tape unit or as a
shared system with up to 16 tape
units. The tape format is com-
patible with the IBM 729 II and IV
tapes. Operating densities are up
to 600 bits an inch, or 800 bits us-
ing a clock channel.

¢ Control data also introduced a
magnetic tape transport, the 606,
which controls the tape by pneu-
matic capstans, vacuum brakes and
vacuum columns.

As the tape passes over the re-
cording head, air jets force the tape
against the head to reduce tape and
head wear. Recording densities are
200 or 556 bits an inch and maxi-
mum data transfer rate is 83,400
characters a second. A single source
will control as many as eight trans-
ports.

* Hallicrafters introduced a com-
mercial version of the carrier phase
reversal digital data communica-
tions system it has been building
for military applications (ELEC-
TRONICS, p 56, May 26, 1961). The
system has been changed to handle
a 9-bit code instead of a 5-bit one
and the code has nonconsecutive
ONES in the translated data. Equip-
ment can be used for transmission

over wire, radio or microwave
links.
May 18, 1962
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(Advertisement)

High-Capacitance,
Small-Size ’Lytics
Now Available for l
Computer Power Supplies

The Sprague Electric Company |
offers two series of ‘‘block-buster” |
electrolytic capacitors for use in
digital power supplies and allied
applications requiring extremely
large values of capacitance in rela-
tively small physical size.

With metal cases ranging from
135" dia. x 214" long to 3" dia. x
4%%” long, Type 36D Powerlytic®
Capacitors pack the highest capac-
itance values available in these case
sizes. Intended for operation at
temperatures to 65 C, their maxi-

| mum capacitance values range from

150,000 F at 3 volts to 1000 uF at
450 volts,

Where 85 C operation is a factor,
Sprague offers the Type 32D Com- |
pulytic® Series, the ultimate in reli-
able long-life electrolytic capacitors
for digital service. These remarkably
trouble-free units have maximum
capacitance values ranging from
130,000 uF at 2.5 volts to 630 uF
at 450 volts.

Both 32D and 36D Capacitors
have low equivalent series resistance
and low leakage currents, as well as
excellent shelf life and high ripple |
current capability. |

Tapped terminal inserts, often
preferred for strap or bus bar con-
nections, are available as well as
solder lug terminals for use with
permanently wired connections.

In addition to the standard bare
case, either series may also be ob-
tained with a new clear rigid plastic
tube which adds very little to the
bare case dimensions. They are also
available with a Kraftboard tube,

For complete technical data on
Type 36D Powerlytics, write for
Engineering Bulletin 3431. For the
full story on the “blue ribbon” Type
32D Series, write for Engineering
Bulletin 3441B to the Technical
Literature Section, Sprague Electric
Company, 35 Marshall Street,
North Adams, Massachusetts,
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New from Sprague!

T0-18 CASE @

nr

T e

1«3 ™ .,/"']® )l

|

|
| TYPEJ]\
11 XT-300

—

I
LOGIC HlTRANSISTOR
&
4 H
| *NoN-UNIVERSAL"
T switen!

® Specifically designed to meet
your challenging vultra-high-
speed needs for “next genera-
tion” computers!

® No need to compromise on any

key parameters! ,
® Combines the best of J;?’L

¥
diffused collector and “
electro-chemical tech- ‘
nology in one superla- l
tive logic device! 1A
Compare the XT-300 with
Present-day Selected “Bests”
Characteristic | 2N779A | 2N964 | XT.300

15V | 15v | 25V
_BVcEs min. | min. | min.
12V | 6V 12v
_BVC_EL | min. _{ __min, l min.__
3uA | 3uA | 3uA
o lcpo { _max. | max. | max.
40 40 40
hre min. min. i min.
— ————- N - Y
18V 35V A8V
_VCE(SAT) min. __L_ min. ‘ min.__
v b6V | 5V | 6V
Ve _max. | max. | max.
; ' 200 m¢ {300 me | 300 mc
T min. | min. | min,

o 60 nsec | 50 nsec | 5O nsec
. o max. | max. | max.
120 nsec | 85nsec | 85nsec

| max. | max. | max.
. —_— -l -

For complete information, write Product Mar-
keting Section, Transistor Division, Sprague
Electric Company, Concord, New Hampshire,

SPRAGUE

THE MARK OF RELIABILITY

48.431
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NOW YOU CAN ADD PULSE-SAMPLING DISPLAYS to the wide range of
applications possible with your Tektronix Type 561 Oscilloscope

You. can adapt your Type 561
Oscilloscope to wideband ap-

TYPE 561
4 OSCHLOSCOPE

plications simply and con- ‘ G ‘

veniently—by using two new , =
.Y y . g. : 3 L ©

sampling plug-in units.

For, with this dual-trace plug-in com-

bination in your Type 561, you have a e ’ @
complete pulse-sampling system with e

“Tvee av 77 smos Sweee

raerion

risetime of 0.4 nanosecond . .. a com-
pact instrument that operates like a con-
ventional oscilloscope in enabling you to
display virtually all repetitive, high-fre-
quency signals—with sensitivity and

bandwidth possible only through sam-

pling techniques.

f}‘ WHAT YOU CAN DO WITH A TYPE 561 USING 1 Type 561 Oscilloscope

Q TYPE 3S76 AND TYPE 3T77 PLUG-IN UNITS y (without plug-ins). . . .« - . . § 440

I , , , . Type 3576 Dual-Trace

i Trigger internally from A and B signals. I Sampling Unit . . . . . .. .. $1100

I'f' Matched internal delay lines in both channels assure accuraze time ; i . .

, 1 comparisons. ' Type 3T77 Sampling Sweep Unit. . $ 650

]

' Measure pulse risetimes with 0.4 nanosecond response or better in both — Probes:

i . channels. Tlmejmea:;m ment r.ange extends to 100 microseconds ; Type P6026 Passive Probe. . . . $ 14

JAl Display repetitive signals on 15 calibrated equivalent sweep rates from \C'J )

b | 0.2 nsec/cm to 10 usec/cm, accurate within g TYS? 56032 Cathode-Followe: e

k! Magnifier provides 10X sweep expansion . .. time per dot r2mains .. XllJ o a0oaeaeaanaatl

1l the same for digital readout (with auxiliary equipment) A 10 other plug-in units availablc —to pr
Change the probes' signal source without affecting the dot transient | vide special performance adapted to par-

( response. = ticular applications.

«l Reduce time jilter and amplitude n if needed, on the more sensitive u U. . Sales Prices f.0.b. Beaverion, Oregon

‘g vertical ranges and faster sweep rates by means of a smcothing r

1 control. [

,m Measure millivolt signals in the presen f a +=1-volt dc component by

{

means of a dc-offset voltage, monitorable at the front panel.
' Show lissajous patterns, observe single or dual-trace displays, add
‘ signals algebraically.

f Drive X-Y plotters or similar readout accessor

e Drive external equipment, with fast delayed-pulse output.

Use other plug-in units for applications other than pulse sampling.

==

For complete information on the char-
acteristics and capabilities of this new
Pulse-Sampling System, please call
your Tektronix Field Engineer.

mﬂl—» p

Tektroni X, INC. » 0 50x 500 BEAVERTON, OREGON | Mitchell 4-0161 - TWX—BEAV 311 - Cable: TEKTRONIX

TEKTRONIX FIELD OFFICES: Albuguerque, .. Llex. « A . 'y « Boston X Liass. « Bu®alo, 1LY, - Chicago (Park Ridge) lll. « Cleveland, Ohio - Dallas, Texas « Dayton, Onio
Denver, Colo. + Detrait (L '\vu,, ) M End '] . r + Hc ¥ » tndiana; . Ind. + Kansas Cuy (I n) Kan. - Los Angeles, Calif. Area (East Los Anjeles
. Pasadena « We Ar .A Ay § . J - 8 | no. L1y« Onando, F < Pr ohia, Pa. + Pl X ot:sdale) Ariz. + Port.
Ore. + Poug NY. + S .[).;gu Calf. - Sanfra . wi e Seat « S,rac M Y. « V/askington, O.C. (Annandale, Va.).
TEKTRONIX CANADA LTD: I atreal, O ¢
ENGINEERING REPRESENTATIVES: Kentron Hawa o Ltd . Hon i T r 2a! t qualfied engineering organ::a

European and African countries, the countries of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL AG, Tenassenweg 1A, Zug, Switzerland, for the name of your local engincering representative.
her Overseas areas, please write or cable directly to Tektronix. Inc., International Marketing Department, P. O. Box 500, Beaverton, Oregon, U.S.A. Cable: TEKTRONIX.
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MODEL 1

Diameter .625"
Depth .371"

CENTRALAB ..

THE LARGEST
MANUFACTURER :

OF THE SMALLEST
POTENTIOMETERS

for high reliability military
and commercial applications

CIRCLE 103 ON READER SERVICE CARD

ULTRA MINIATURE 1/10 WATT
CARBON COMPOSITION POTENTIOMETERS
AVAILABLE WITH SPST SWITCHES!

When you need ultra-miniature high reliability
potentiometers, for military or commercial
use, think first of Centralab. These three
units, for example, are available in a variety
of mounting styles, and may be had with or
wnthout SPST switches. They can be supplied

m : pegohms, in a

Avenue, , leader in
ultra-miniature potentiometers.

Your Centralab Industrial Distributor stocks
the Model 1 and the Model 6, in quantity, for
immediate delivery at factory prices. Ask him
about the B16 series (Model 1) or the SM series
(Model 6).

THE ELECTRONICS DIVISION OF GLOBE-UNION INC.
900 EAST KEEFE AVE. « MILWAUKEE 1, WISCONSIN
In Canada: Centralab Canada Ltd., Box 400, Ajax, Ontario

B.6218




Cubic announces an a=c converter that
works with ANY digital voltmeter!

The new, universal Model AC-85 Converter is now available from Cubic Corporation to provide
a means by which precision A-C measurements may be made with all floating input D-C digital
voltmeters, pen recorders or any similar measuring device. It is a self-contained, self-powered
converter that is not dependent upon the device with which it is used.

The AC-85 is fully automatic. It thinks for itself; it senses input voltage and auto-
matically places itself in the correct range. Ordinary automatic ranging converters depend on the
voltmeter to tell them when to change ranges and go through a multiple nulling process if a range
change is required. This self-ranging converter is faster operating because it only nulls once. The
AC-85 has all these features: Nuvistor input for maximum stability; input may be floated to 500 volts
DC; common mode rejection in excess of 70 db at 60 cps; frequency .

range 30 cps to 20 ke; accuracy 0.1%; sensitivity 1 millivolt. Price $1400. @ ggog;rllg
For more details, write to Dept. A-135, Cubic Corp., San Diego 11,

California; or Cubic Europa S.p.A., Via Archimede 181, Rome, Italy. ot DG 11 A ORNIA « ROME. 1TALY

OTHER OFFICES AND REPRESENTATIVES IN PRINCIPAL U.S. AND CANADIAN CITIES
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vinylidene fluoride resin...
the new high performance insulating material

Kynar, the new fluorocarbon resin from Pennsalt
Chemicals. offers an outstanding combination of
properties for electronie applications. Coupled with
high diclectric strength and resistivity, Kynar offers
extreme mechanical strength and toughness, stability
to temperatures ranging from —80 to +300°F. and
resistance Lo severe environmental stresses caused by
weather. radiation and corrosive ehemicals. Kynar is
readily extruded to form primary wire
insulation. abrasion-resistan. jackets. and
thin wall tubing. And Kynar-insulated
hook-up wire withstands tke mechanical
stresses imposed by high speed automatic
wrap and assembly without deterioration.

May 18, 1962

Chemicals

ESTABLISHED 1850

Typical properties of 10-mil Kynar insulation
extruded over AWG 24 solid soft copper conductor:
Dielectric strength, volts
insulation Resistance, meg-ohm/
Cold bend, 1" dia., 1 Ib. weight at —70°F, volts..
Abrasion Resistance, Janco Tester grade 400

alum., i

Cut through, anvil at 90°, 350 gm. minutes at
730

of nearby fabricators who supply Kynar.
Plasties Dept., PENNSALT CHEMICALS
CORPORATION, 3 Penn Center, Phila. 2, Pa.

Pen nsnlt ’ Write for our new brochure and the names
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Operator (inset photo) operates plane with joystick and rudder bar.
Plane can carry various sensors for underwater scouting

Sonar and Tv Scout Underwater

REMOTELY CONTROLLED and powered
version of its Pegasus underwater
plane has been developed by Loral
Electronics. The plane would be
used by submarines, surface ships,
helicopters or shore stations for de-
tailed underwater inspection, detec-
tion or reconnaissance.

Normally, such planes are ridden
by a scuba diver. Instead of a diver,
the remotely controlled plane has a
power and signal cable and sensing
devices. Loral says the plane is now
equipped with forward and depth
sonar, a tv camera and operating
instruments.

The plane is guided by a joystick
and rudder bars at the control con-
sole, Roll, pitch and yaw control sur-
faces are moved by servos driving
electrohydraulic cylinders on the
plane. Console displays include
sonar, tv, attitude indicator, depth
gage, logs and other operating in-
struments.

Use of remote power supplies en-
ables the plane to operate indefi-
nitely. The manned version is
powered by batteries, limiting op-
eration to two hours at the top speed
of 3.5 knots.

Television Continues to
Grow in Other Countries
U. S. INFORMATION AGENCY has is-
sued a report on the overseas

36

growth of television during 1961,
At the end of the year there were
2,047 transmitting stations and al-
most 54 million tv sets. The figures
exclude U.S,, Canadian and U.S.
Armed forces stations.

In noncommunist countries, the
number of stations increased by 442
to 1,666, and the number of sets in
use increased by nine million to a
total of 44.5 million. In communist
countries, the number of stations
increased by 117 to a new total of
381 and the number of sets in-
creased two million to 9.5 million.

Pill-Sized Half-Watt
Tube Developed for Navy

RCA HAS DEVELOPED a nuvistor triode
requiring less than a half-watt of
heater power. It is half the size of
commercial nuvistors.

As an amplifier, the tube has a
range to well over 1 Ge. RCA said
it can also be a uhf power oscillator
and would have other uses in bat-
tery-operated uhf equipment. The
tube can be installed in transistor
sockets, and in coaxial and printed
circuits.

A 50-tube shipment sent to the
Navy—which sponsored develop-
ment—weighed less than 1.5 oz.
RCA expects the Navy to evaluate
it for use in antisubmarine warfare
and aircraft equipment.

C HEMI

N A X

ADVANTAGES

W 409, less weight
B |ower attenuation
B |ower capacitance

B Stronger center conductor

Weight reduction is proportional to
a positive gain in payload and fuel.
This gain has greatest significance
where it can be effected without

loss of reliability or performance.

Cheminax has this property of con-
serving weight while also present-
ing an equally important benefit, a
larger center conductor. This larger
center conductor means a stronger,
more reliable cable with no over-all

dimensional increase.
Greater strength, reduced weight,

and increased reliability are engi-

neered into Cheminax.,

\o/

RAYCHEM
CORPORATION

OAKSIDE AT NORTHSIDE
REDWOOD CITY, CALIF.
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MIN AX

URE COAXIAL CABLE

“RG I80

WEIGHT CONDUCTOR CAPACITANCE ATTENUATION IMPEDANCE DIELECTRIC 0.D.

*oupoNT

RAYCHEM

CORPORATION
LEADER IN RADIATION CHEMISTRY

FOR ELECTRONIC WIRE AND CABLE
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CANNON

engineering notes:

CLOSED ENTRY SOCKET INSU-
LATOR (CESD"DESIGN PRINCIPLE

Much attention is being paid these
days to making connectors more
reliable. During the past few years,
a tremendous amount of effort has
goneinto improving connector ma-
terials, reducing size and weight,
and tightening pro-

duction controls. N
Failure rate figures
as afunction of N
time are sure to \\:\\
become a major
feature of impor-  £aiures of design.
tant connector spec-
ifications. We find
ourselves increas-
ingly resorting to
the use of ‘white
room'’ environ-

connectors.

ments in our fac-
tory, not only in
assembly, but in
key fabricating de-
partments as well,

N

CLOSED ENTRY SOCKET INSULATOR
Socket contact floatimproves self-aligning

Chamfered '‘Target" entry guides pin into
socket bore even though the pin is mis-
aligned or bent in excess of one diameter.
This is a ‘Fail Safe' design because if pin
is too badly bent you can not mate the

7

OPEN ENTRY SOCKET INSULATOR

Socket contact float increases probability
that pin will not properly mate with socket.

Too many current connector de-
signs wander away from the CESI
concept. The concept is not new;
it was recognized in Hertz' and
Edison’s day.

Now that reliability is firstin impor-
tance,and chances
of pin misalign-
ment and bending
are increased be-
cause connector
users are inserting
and withdrawing
removable con-
nector contacts
many times, we are
continuing our ef-
forts to make sure
that Cannon de-
signs incorporate
Closed Entry Socket
Insulator features.
We can provide
effective CESI de-

NN

Misaligned or bent pin can hit end of sock-

But we have found
that "white rooms”
will not help much
if reliability isn't designed into the
product. The first principle of reli-
able connector design is to incor-
porate a Closed Entry Socket
Insulator (CESI) feature which
makes pin misalignmentimpossible.

properly mated.

o . Coerareone

Vice President, Engineering

Imaginative Engineering For The Space Era.

et, may push contact out, or, worse, may
force itself between socket O.D. and the
dielectric so that connector appears to be

signsin either hard
plastic or elastomer
dielectrics. We
have models which incorporate
MIL Standard 26636 contacts. If
you have contact misalignment
problems, we believe we may have
connector models currently in
production which will solve them,
A * TRADEMARK

CANNON
, PLUGS

CANNON ELECTRIC COMPANY, 3208 Humboldt St., Los Angeles 31, Calif.
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MEETINGS AHEAD

AEROSPACE INSTRUMENTATION  SYM-
POSIUM, ISA; Marriott Motor Hotel,
Washington, D. C., May 21-23.

ELECTRONICS PARTS DISTRIBUTORS SHOW,
Electronic Industry Show Corp.; Con-
rad Hilton Hotel, Chicago, May 21-21.

SELF-ORGANIZING INFORMATION  SYS-
TEMS CONFERENCE, Office of Naval
Research and Armour Research Foun-
dation; Museum of Science & Indus-
try, Chicago, May 22-24,

MICROWAVE THEORY & TECHNIQUES NA-
TIONAL SYMPOSIUM, IRE-PGMTT; Boul-
der, Colo., May 22-24.

POWER SOURCES CONFERENCE, U.S.
Army Research and Development
Laboratory; Shelbourne Hotel, Atlan-
tie City, N. J., May 22-24.

TELEMETERING NATIONAL CONFERENCE,
IRE-PGSET, AIEE, et al; Sheraton Park
Hotel, Washington, D. C., May 23-25.

IRE SEVENTH REGION CONFERENCE, Se-
attle IRE Section; Seattle, Washington,
May 21-26.

NUCLEAR CONGRESS & EXHIBIT, Engi-
neers Joint Counecil; Statler Hilton
Hotel, New York City, June 1-7.

RADAR ANNUAL SYMPOSIUM, University
of Michigan; at the University, Ann
Arbor, Mich., June 6-8.

MOLECULAR BEAMS CONFERENCE, Brook-
haven National Laboratory; at the
Laboratory, Upton, N. Y., June 11-13.

ARMED FORCES COMMUNICATIONS &
ELECTRONICS ASSOC. CONVENTION &
SHOW; Sheraton Park and Shoreham
Hotels, Washington, D. C., June 12-14.

AEROSPACE TRANSPORTATION CONFER-
ENCE, AIEE; Denver, Colo., June 17-22,

BROADCAST & TELEVISION RECEIVERS
CONFERENCE, IRE; O’Hare Inn, Chi-
cago, Ill.,, June 18-19.

VACUUM  METALLURGY CONFERENCE,
American Vacuum Society and New
York University; NYU’s University
Heights Campus, N. Y. C., June 18-19.

SPECTROSCOPY INTERNATIONAL CONFER-
ENCE, Society for Applied Spectros-
copy; University of Maryland, Col-
lege Park, Md., June 18-22.

AEROSPACE SCIENCES SUMMER MEETING,
Institute of 'Aerospace Sciences, Los
Angeles, Calif., June 19-22.

MILITARY ELECTRONICS, 6th National
Convention, IRE-PGMIL; Shoreham Ho-
tel, Washington, D. C., June 25-27.

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

electronics



J Bl —— =
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CANNON PLUGS FOR EXTREME ENVIRONMENTS

IMAGINATIVE ENGINEERING FOR THE SPACE ERA « For more than 40 years Cannon
has been solving critical plug problems across the full spectrum of environmental
extremes . . . has provided plugs for every conceivable military and industrial applica-
tion. Whatever your requirement—whether a standard plug, new design or a modifica-
tion—for any application or environment, Cannon can provide the m—————e—
answer. For information on how we can help you solve problems cA““n"
concerned with extreme environments, writeto: (e PL“GS

llllllll

CANNON ELECTRIC COMPANY, 3208 Humboldt St., Los Angeles 31, Calif. N

XPLOSION
PROOF
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total satistaction

12% to 1000 Watts
In 11 Sizes

OFF THE SHELF
EVERYWHERE

Just pick up your phone and dial
the nearest Electronic Distributor.
Backing him up is the world's
largest factory stock—many thou-
sands of rheostats—ready for im-
mediate delivery. Write for STOCK
CATALOG 30

W

@\

“"STANDARD”
SPECIALS

A surprising number of so-called
specrals are really “‘standard™ at
Ohmite. Already engineered and
tooled, these rheostats can be
scheduled for production at the
drop of a hat. Ohmite CATALOG
58 lists many of them.

1]

WORLD-WIDE
REPUTATION

Ohmite rheostats are preferred in
the U.S.—held in high regard at
electronic-clectrical centers around
the world. As a component, they
augment the saleability of your
equipment, no matter where your
markets are.

WORLD’'S LARGEST SELECTION OF RHEOSTATS ... AND

RESISTORS ¢ RHEOSTATS ¢ TAP SWITCHES ¢+ VARIABLE TRANSFORMERS ¢ RELAYS ¢ TANTALUM CAPACITORS
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OHMITE

RHEOSTATS

Extra
Fast
Delivery

You Can Feel The Difference

ALL SIZES EXCEPTIONALLY DIFFICULT
IN MIL-R-22B SMOOTH CONTROL PROBLEM CLINIC
Supy rom stoch ) on a Try 1t yourself 1Cr¢ s no rasp t I "'ilu‘f“L" A manufacturer O["}YC“U_\

C vl
distributors and the factory. MIL
>

rder from the simplified instruc-

MiLITARY COMPONENTS, 50-B.

gravating jerk points that make
you hunt for a setting. Special
production steps at Ohmite elini-
n ¢

i ordinary units.

construction vehicles was stumped
on a rheostat control. 1t had to
reverse direction constantly, with-
stand high ambients, hold up under
teerific shock and vibration,
Ohmite specialists solved it.

SATISFIED USERS
R.F.CHOKES + DIODES

OHMITE

MANUFACTURING COMPANY

3610 Howard Street, Skokie, lllinois
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jxsedl Regulator Diodes-useful devices in electronic circuits

IDEAS = s e
+V i
1 ——— 10,000 Q@
R PER VOLT PROTECTION OF DC
2
+Vs o N R v METER MOVEMENTS
R3 80K Q Ry, Rz, and Ra-Meter Multipliers.
+V3 6——ww—v0 RV, .2578.2 ) RVi-Sarkes Tarzian Type .25T8.2 Regulator,
(APP.) -
V =100 Microampere Meter Movement.
- . &
Ri
PROTECTION OF AC V1 &—ww —— e
METER MOVEMENTS Rz
V2 &—ww—— . v »
Ri, Rz, and Ra-Meter Multipliers, R3 RV1 2576.2 S5KQ
RVi-Sarkes Tarzian Type .25T6.2 Regulators. Vi &—wwm— 3; (APP.)
V=1 Milliampere Meter Movement. RV1(%).25T6.2 T
te
~~
O O—
CB ] CIRCUIT
BREAKER
SR; OVERVOLTAGE PROTECTION
INPUT — 8 FOR SENSITIVE LOADS
— A RV;-Selected to Avalanche at Critical Voltage
EBG T1 l[ D and Cause Circuit Breaker to Open.
Va |
Q1 _RV; ]
W Not too long ago, the regulator diode (Zener) B
was considered a “luxurious™ component, to be l B SRy
used only in the most sophisticated circuit. Prog- ‘ € RV2 ) R
ress in processing techniques and predictable volt- RVI@ 2
age yields has made almost any application o]} B
economically practical. The small size, inherent | i« RV2 ® L
ruggedness, and physical simplicity of these de- ‘ 1 B RVs 2
vices—and their clipping, limiting, and protect- | B D
ing functions—can now be put to work widely. 1 o l
The fourapplications shown here, while typical, - A.R...l,,..
can only suggest the usefulness of the silicon volt- ]
age regulator. We hope they will also suggest J .R,,.IM . PROTECTION AND
Ways 0 mprove Felabitty snd oo oo AL G
new catalog, 61-VR-11, contains data on five J STATIC DC TO DC
Tarzian series of silicon voltage regulators, plus = CONVERTERS
design and test information. We will include INPUT
prices. (You may be pleasantly surprised!) RV:i-Transistor Protectors.
Prompt engineering service is also available. RV:-Transient Voitage Suppressors.
RV;-Voltage Regulator-Transient Suppressors,

SARKES TARZIAN, Inc.

World's Leading Manufacturers of TV and FM Tuners  Closed Circuit TV Systems « Broadcast
Equipment ¢ Air Trimmers « FM Radios o Magnetic Recording Tape « Semiconductor Devices

SEMICONDUCTOR DIVISION BLOOMINGTON, INDIANA
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DROPOUT
PROTECTION

MINCOM SERIES CM-100 RECORDER / REPRODUCER

Data loss from dropouts is practically eliminated in the CM-100, due to this unique system’s
predetection recording capability. In ordinary post-recording, a dropout more than 6 db down is gen-
erally considered a data loss; the CM-100's operational predetection performance retains such
signals through superior phase characteristics and extended bandwidth. Mincom’'s CM-100
Recorder/Reproducer, performing longitudinal recording with fixed heads up to 1.5 mc at 120 ips,
also offers 7 or 14 tracks, trouble-free dynamic braking, complete modular plug-in assemkbly, built-in
calibration, instant push-button selection of six speeds. Versatile, reliable, a model of simple main-
tenance and operation, the CM-100 is tops in its field. Write today for detailed spec:fications.

Mincom Division 3!!! MINNESOTA MINING E MANUFACTURING CO.

LOS ANGELES 25, CALIFORNIA « WASHINGTON 4, D.C.
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A NEW CONCEPT IN LIGHTING CONTROL

Westinghouse Trinistor* Controlled-Rectifiers make possible new
Kliegl lighting control system that reduces space by 83% ... en-
ables one operator to control 72 circuits simultaneously!

This industrial innovation with a Westinghouse silicon semiconductor
modernizes stage lighting controls and makes dramatic savings in
crowded space area! Only 144 Westinghouse Trinistor controlled-
rectifiers are required to control 72 six-kilowatt circuits...more
than 400 kilowatts of power.The system is so compact and versatile
that one operator at the control console can swiftly dim or switch
any number of these circuits in any combination.

The Westinghouse Trinistor controlled-rectifier was chosen for this
application because it combines the functions of a precision switch
and a power-handling capacity of a high-power rectifier—all in a
compact solid-state device with these characteristics: forward cur-
rents to 70 Amps. Switching times in the millimicrosecond range.
Compact size and weight as low as 3 oz. Efficiencies up to 98%.
Rise time; 200 volts per microsecond.

This device may enable you to achieve important product innovation,
or gain valuable ‘‘lead time’’ over competition. It offers significant
advantages in motor generator sets for static inverters, power
supplies for high-speed induction motors, induction heating, fluo-
rescent lighting, and many other applications. For complete informa-
tion call your nearest Westinghouse distributor. Or write: Westing-
house Electric Corp., Semiconductor Dept., Youngwood, Penna.

e \Westinghouse

¥TRINISTOR—Westinghouse trademark, pronounced TRY-NIS-TOR.

Compact console controls 72 six-kilowatt circuits. Her-
bert Kliegl, President of Kliegl Bros., Charles Roberts,
Westinghouse Sales Engineer, and Stuart Lcuchheim,
President of Philadelphia Academy of Music, inspect new
lighting contrel system,

Each dimming “module’” controls 6-KW locad—with two
70-amp Triristor controlled-rectifiers wirad *back to
back.’”” Dimr ming units a-e ccn-rolled by sigrals ‘rom con-
sole. Rect -ie - based control system has no mcv ng parts,
offers uni mi-ed lite.

Co-ordinatad engineering at work, Herber: Kl egl (lef?),
President of Kliegl Brothers, discusses design require-
ments with Charles Roberts, Westinghouse salesengineer,
Such close cooperaon helps equipment manufacturers
to develop new prod Jcts to meet customer specifications.



Bendix Craftsmanship at work for you

transistor platforms terminals

o
e ®

feed-thrus

NEW CERAMETERM* TERMINALS — THE ANSWER TO TERMINAL PROBLEMS IN
ELECTRONIC EQUIPMENT This new Bendix development provides super-
reliability for transistor platforms, feed-thrus, terminals, and multiple
headers of all sizes, types, and shapes. Today, it is solving three trouble-
some problems. 1. Soldering heat that causes ordinary glass to crack.
2. Insulation cracking through shock or impact. 3. Leakage due to glass
insulation failure when bending or adjusting pins. Has vacuum-tight seal.
Withstands shearing stress of 11,000 psi without failure. Ideal for encap-
sulated devices. Write for free sample. Electron Tube Products, The Bendix
Corporation, Eatontown, N. J.

*Trademark for Bendix' practically indestructible,
olumina-insulated ceramic-metal terminal assembly.
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CORPORATION

CIRCLE 46 ON READER SERVICE CARD
~<—CIRCLE 45 ON READER SERVICE CARD CIRCLE 47 ON READER SERVICE CARD—>



B q

T
or Wakayama, Japan

CEC instruments deliver the facts

A multi-chanrel oscillograph makes a
continuous record of uacccleration, pres-
sures, and strain in parachute capsule
efection tests made at supersonic specds.

And they’re both from CEC — instruments that deliver CEC’s
important end product: FACT...mathematical fact...vast
amounts of vital information obtained quickly, accurately and
reliably. CEC'’s field is broad — instruments for measuring and
recording of physical phenomenon, analytical instruments,
process control instrumentation, high vacuum technology. H
information is a key element in your operations . . .whether in
research and development or in production...CEC instru-

8]
An analytical mass spectrometer makes E‘
qualitative and quantitatice analyscs of s
gascs and liquids from various pa-ts of a
refinery to give better process control data.

mentation may be of service to you. Why not see? Your request
will bring our new 28-page brechure deseribing CEC’s capz-
bilities. Ask for Bulletin CEC 103.

CONSOLIDATED ELECTRODYNAMICS

Analytical & Contro! D vision, Transducer Divis on, Pasadena,Calif.

Data Recorders Division, DeVar-Kinetics Division, p——
C‘{
—

Consolidated Vacuum Corporation
a subsidiary of Bell & Howell




To Contractors and Subcontractors on U. S. Government Projects

HIGH CURRENT SWITCHING
TRANSISTOR 2N1072

12.5 WATTS, 75 VOLTS, 2 AMPERES

Western Electric’'s 2N1072 is an NPN diffused silicon mesa transistor, designed by Bell Telephone
Laboratories for high current switching and core driver applications. Typical turn-on time is 80
nanoseconds. Typical turn-off time is 200 nanoseconds. One ampere may be switched at rise and fall
times of 50 nanoseconds. The maximum power dissipation at a case temperature of 100°C is 5 W.

ABSOLUTE MAXIMUM RATINGS (T¢=25°C)

Pc VCES VEBO VeBo Ic &I

125w 75 Vdc 6.0 Vdc 75 Vdc 20A

ELECTRICAL CHARACTERISTICS

hgg VCE (sat) VBE (sat) tqt+t, ts+tg
(Vcg=5 Vdc) (Ic =750 mAdc) (Ic =750 mAdc) (Vcc=20 Vdc) (Rc=25 ohms)
(Ic =750 mAdc) (Ig=75 mAdc) (lg=75 mAdc) (g (1)=75 ma)
Vee©) "0 | (Ogz)=—75 ma)
Min, 20 - 0.70 vdc = =
Max. - 2.0 Vde 1.8 vdc 100 nsec 300 nsec

The 2N1072 transistor may be purchased in quantity from Western Electric’s Laureldale Plant. For
technical information, price, and delivery, address your request to Sales Department, Room 102,
Western Electric Company, Incorporated, Laureldale, Pa. Telephone — Area Code 215 — 929-5811.

LAURELDALE PLANT

MAKER OF ELECTRON PRODUCTS

48 CIRCLE 48 ON READER SERVICE CARD

MANUFACTURING AND SUPPLY

UNIT OF THE BELL SYSTEM

electronics




Automatic control panel for epitaxial furnace

electronics
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Epitaxial Growth and Devices

Semiconductor erystals grown by vapor deposition on

substrates can be closely controlled for thickness and

resistivity, to make devices such as epitaxial mesa
and field-effect transistors, and integrated circuits

By RAYMOND M. WARNER

Manager, Materials Research,
Motorola Semiconductor Products Inc.,
Phoenix. \rizona

THE SEMICONDUCTOR industry has
progressed along a path marked by
significant technique innovations
which have appeared at remarkably
regular intervals. These techniques
have had to do mainly with junction
formation. The most recent is epi-
taxial growth. It has been exploited
seriously for about two years, al-
though in point of origin it is con-
siderably older.'

In the epitaxial process, a solid
semiconductor crystal is grown
from the vapor phase by deposition
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on a substrate. The substrate is
usually a wafer or slice cut from a
semiconductor crystal grown by
more conventional means, It is cus-
tomary to grow silicon layers on
silicon substrates, germanium on
germanium, although dissimilar
materials can be mated by epitaxial
growth if their properties match
well enough. For example, gallium
arsenide films can be grown on ger-
manium substrates.

Through this process it is possi-
ble to produce layer upon laver, as
shown in Fig. 1 (top), in a speci-
men which represents a radius of a
wafer. These can be highly con-
trolled in thickness and resistivity.
This potentiality goes far beyond

the capabilities of any previous
technique. Device requirements
presently make modest demands on
the number of layers desired—per-
haps four at most. But it certainly
is reasonable to assume that future
requirements will make fuller use
of this capability. Integrated cir-
cuit developments will likely exert
pressure in this direction.
Structures incorporating non-
planar layers can be achieved by
using a contoured substrate. The
result of such a procedure is shown
in Fig. 1 (bottom). Pictures such
as shown in Fig. 1 are made by pol-
ishing a facet on the specimen at a
small angle to the top surface and
then staining the facet chemically
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to delineate n and p regions. This
procedure geometrically magnifies
vertical dimensions for clearer ob-
servation.

The epitaxial art has been em-
ployed first in improving familiar
existing devices such as mesa tran-
sistors. But it is now being applied
to devices that could be made only
inefficiently, if at all, by previous
techniques.

Of particular note at this labora-
tory have been the contributions to
epitaxial work made by G. V. Rus-
sell, W. J. Corrigan, J. T. Law and
R. R. Haney.

While silicon is but one of several
materials currently being prepared
successfully by the epitaxial proc-
ess, it is the most important, and
therefore will serve as an example.

In one process, a mixture of hy-
drogen and silicon tetrachloride
flows through a quartz tube into
the reaction zone of the furnace.
The flow path may be vertical or
horizontal. The difference here is
not as trivial as it might at first
seem because the silicon slices or
wafers on which growth is to occur
are in general lying on a horizontal
surface, and the flow conditions
over them have an important bear-
ing on growth uniformity. Signifi-
cant claims can be made for either
arrangement. To be specific again,
consider the horizontal case. Here
the reaction zone is simply a fur-
ther length of quartz tube, as
shown in Fig. 2A. Energy is de-
livered to the reaction zone by ex-
ternal r-f coils that couple to a
graphite “susceptor.” The wafers
lie on top of a quartz sleeve which
encases the susceptor, and they are
thus protected from possible con-
tamination by impurities from the
graphite.

In the overall reaction that pro-
ceeds in the vicinity of the heated
silicon wafers, hydrogen reduces
silicon tetrachloride to form pure
silicon and hydrogen chloride gas.
Silicon evolved in the reaction de-
posits on the silicon wafer and has
a strong tendency to continue the
crystallographic pattern embodied
in the wafer. This continuation of
structure is “epitaxy.” While this
picture of the process is imperfect
with respect to detailed mecha-
nisms, it is reasonable to assume
that to maintain the crystal pat-
tern, a silicon atom on the growing
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FIG. 1—Six epitaxial layers of alternating type (top); epitaxial checker-
board (bottom) formed by growth on contoured substrate

surface must be given time to mi-
grate to a “proper site” (crystal-
lographically speaking) or to leave
the surface before it is trapped by
other atoms in a wrong position.
This qualitative picture is sup-
ported by the observation that dis-
ordered growth occurs if the
growth rate is pushed above a cer-
tain value at a given temperature.
Raising temperature raises the tol-
erable growth rate. Since the rate
of the deposition process can be
controlled, and since it can be
stopped at any time by shutting off
the reactants, the thickness of the
epitaxial layer can be controlled to
within a few tenths of a micron.
It is also possible to adjust im-
purity doping precisely. Again, a
number of methods can be used. An
impurity compound may be mixed
in a small quantity with the silicon
tetrachloride; it too can then be re-
duced in the reaction zone and the
impurity atoms will be included in
the crystal. Alternatively, separate
vessels can be provided for the
main silicon tetrachloride supply,
for a p-doped supply, and for an
n-doped supply, giving separate n
and p ports, as suggested in Fig.
2A. As in the main supply, a car-
rier gas can be sent through the
doped vessels. Also, diffusion can
be employed as the delivery mecha-
nism. In the latter, it is possible
to control vapor pressure by adjust-
ing temperature. Still another ap-
proach employs gaseous impurity
compounds diluted in a carrier gas.

In general, control is more difficult
as resistivity goes up, that is, as
impurity control goes down. Prac-
tical control at present is about 10
percent at the one-ohm-centimeter
level.

The epitaxial process lends itself
to mechanization because such pa-
rameters as flow rate and flow time
are keys to the control of layer
resistivity and thickness. The lead
photograph depicts an automatic
control panel capable of controlling
an epitaxial furnace that repeatedly
produces layers with predetermined
properties. The specimen shown in
section in Fig. 1 (bottom) was pro-
duced with this apparatus. The
panel embodies timers, flowmeters,
valves and related equipment for
controlling gas flow into the asso-
ciated furnace.

The epitaxial mesa transistor
represents a first major application
of the technique. Some of the prin-
ciples and advantages embodied in
such a structure were elucidated
previously by Early.® The structure
of the epitaxial silicon mesa tran-
sistor is slown schematically in
Fig. 2C with that of a conven-
tional silicon mesa (Fig. 2B) for
comparison. In the conventional de-
vice, both junctions are formed by
diffusion, producing a p-type base
region about one micron thick. But
the n-type collector region is typi-
cally 50 to 100 times thicker for
mechanical strength.

In choosing the resistivity of
this region, which is the starting

2, 8, 4
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FIG. 2—Reuaction zone of epitaxial furnaee (A); conventional mesa tran-
sistor (B); epitaxial mesa transistor (C)

material, the designer notes that a
high value favors high breakdown
voltage for the collector junction
and low parasitic capacitance. But
all the output current from the
transistor must flow through this
region, and its nonnegligible resist-
ance leads to losses, so that, from
this point of view, low resistivity
favors efficiency. A vexing compro-
mise was therefore necessary until
epitaxial growth gave the designer
new freedom. He could now use
low-resistivity starting material
having a thin high-resistivity epi-
taxial layer on top, as shown in
Fig. 2C. Another way of looking
at this structure considers the n*
region to be a “handle,” or simply
an extension of the collector ohmic
contact.

Among the important advantages
of the new design are a lower col-
lector-to-emitter voltage when the
transistor is conducting. This af-
fects the efficiency of the transis-
tor as a switch. It also affects its
efficiency as a high-frequency oscil-
lator or amplifier. Further, the
lower parasitic collector resistance
makes the epitaxial transistor a
more linear amplifier under certain
load conditions than a comparable
conventional transistor.

The application of epitaxy to
junction transistors has been car-
ried further, Thousands of mesa
devices have been made with base
regions grown epitaxially as well
as collector regions®. These have
demonstrated unequivocally that
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epitaxial p-n junctions are at least
as good as diffused junctions.

The field-effect transistor was
proposed and analyzed by Shock-
ley’ over nine years ago. KEven
though it has properties of interest
and utility to circuit designers, it
has still not acquired any apprecia-
ble commercial significance. Its
fabrication poses a difficult prob-
lem which has made it, in a sense,
a device in search of a technique.
Specifically, the field-effect transis-
tor requires a thin semiconductor
layer sandwiched between regions
of opposite conductivity type
within a single erystal. That is, it
requires a thin » layer between two
p regions, or the reverse. Alloying,
diffusion, growing from the melt,
etching and mechanical cutting
have all been employed in making
field-effect transistors. But these
techniques generally lack the re-
fined control necessary to make the
device a practical entity.

Epitaxial growth is so well
adapted to making micron-thin,
uniform layers in a reproducible
way that it promises to make the
device a practical one at last. It is
true that one-micron base layers
are common in conventional dif-
fused junction transistors, but they
typically contain ten to one hun-
dred times more impurity doping
than can be tolerated in the field-
effect transistor; light doping in a
thin layer is the combination that
is so difficult to control by previous
methods.

In FFig. 3A is a schematic repre-
sentation of the device. Consider
that the gates and source are con-
nected together as indicated by the
dashed lines. When a positive volt-
age is applied to the drain, then
the full applied voltage appears
across the junctions bounding the
drain region, while no applied volt-
age appears across those bounding
the source region. The transition
from zero to full applied voltage
represents IR drop associated with
a current flowing from right to left
in the channel.

The junctions bounding the
drain and channel are reverse-
biased and only negligible leakage
currents flow across them. But the
region of depleted carrier concen-
tration—the depletion layer—asso-
ciated with the reverse-biased junc-
tion is fundamental to the
transistor's operation. The junction
acts as an insulator to transverse
current such as channel current.
Therefore, as the depletion layer
grows thicker with increasing ap-
plied voltage, the channel’s resist-
ance increases. When the depletion
layers meet at the right end of
the channel, a condition known as
pinch-off has been reached. Fur-
ther increases in voltage thicken
the depletion layers to the right
of this point, but the current re-
mains nearly constant. The thick-
ening depletion layers are a sort
of sponge that soaks up additional
applied voltage, a limit to this proc-
ess being imposed by avalanching,
which ultimately will occur, caus-
ing a sharp increase in current
through the device.

By reverse-biasing the gates
with respect to the source, it is pos-
sible to thin down the channel elec-
tronically. Thus when drain volt-
age is applied as before, pinch-off
occurs at a lower drain voltage and
current. Thus it is possible to gen-
erate a set of characteristics like
those shown in Fig. 3B, having
gate voltage as a parameter, These
transistors are usually used with
gates common, but the gates can
be employed independently if de-
sired.

Like a pentode vacuum tube and
like a junction transistor operated
in the common base mode, the field-
effect transistor exhibits high out-
put impedance. But unlike the con-
ventional transistor it also exhibits
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high input impedance, mitigated
only by parasitic junction capaci-
tances. Its high input impedance
is a property of interest to circuit
designers. While it shares this
property with the vacuum tube,
it has the important transistor ad-
vantages of small size, simplicity
and power economy, as well as the
possibility of complementary pair-
ing. That is, it is possible to make
a device with a p-type channel and
n-type gates. Its performance, in
silicon, is somewhat inferior to
that of the n channel unit because
p carriers move three times slower
in response to an electric field than
n carriers. But this unit takes op-
posite bias polarity. With homolo-
gous pairs it is possible to open in-
triguing areas of application.

Closely related to the field-effect
transistor is the field-effect diode,
or current limiter.® It has a cur-
rent-voltage characteristic which is
essentially that of the transistor
with V, = O, Fig. 3B.

The current limiter is the cur-
rent analog of the zener diode. Its
most obvious use is as a straight-
forward current regulator in a se-
ries circuit. Also, it can be used as
a protective device. Less obvious is
its application as a sort of choke,
exploiting its high ratio of a-c to
d-c resistance when biased in the
constant current region of the char-
acteristic. Thus as a coupling ele-
ment it offers high impedance with-
out requiring the excessive bias
voltage that a resistor would re-
quire. The advantage here is two-
fold. First, the primary supply
voltage requirement is diminished
and second, the overall dissipation
in the circuit (an increasingly im-
portant problem in integrated cir-
cuits) is diminished by eliminating
the power otherwise thrown away
in a resistor.

Numerous other applications
have been suggested. A current
limiter can be used to charge a ca-
pacitor at a constant rate, thus gen-
erating a ramp voltage. Placing cur-
rent limiters of graduated current
levels in series gives rise to an
intriguing staircase I-V character-
istic. Current limiters of weighted
current levels make excellent input
elements in a digital-to-analog en-
coder; the voltage developed across
the output resistor will be propor-
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FIG. 3—Field-effect transistor (A)
and its drain characteristics (B);
field-effect tetrode (C); field-effect
tetrode as a linear electronically
variable resistor (D)

tional to digital input even though
the voltage applied to the input
terminals varies within wide lim-
its. Specifically, the input voltage
can vary between the current lim-
iter’s pinch-off voltage V, and
breakdown voltage V,.

There is a reason to believe that
the realm of application of this new
nonlinear diode will approach the

scope enjoyed by the zener diode.

A future challenge to epitaxial
technology is posed by the field-
effect tetrode.” " Its structure,
shown schematically in Fig. 3C, in-
corporates two thin channels side
by side. Reverse bias is always
maintained on the junction separat-
ing them, and thus each channel
can be said to act as a gate for the
other. The two adjacent channels
pose more fabrication difficulties
than the single channel required in
each of the other field-effect de-
vices. Nonetheless, this structure
ofiers potentialities that make it
worth pursuing. All these have al-
ready been demonstrated with non-
epitaxial laboratory models which
were made by laborious cut-and-
try mechanical and chemical shap-
ing methods.

Employed as a four-pole network,
the tetrode exhibits gyrator prop-
erties" and is capable of inverting
impedances. That is, a capacitor
viewed through this network ap-
pears inductive, Considerable in-
terest attaches to methods such as
this for producing inductance with-
out bulky wire-wound elements, The
field-effect tetrode exhibits this spe-
cial kind of nonreciprocity for a
number of bias conditions, one of
which is indicated in Fig. 3C. A
positive voltage increment applied
at the left port gives rise to an
inward-flowing current increment
at the right port, while a positive
voltage increment at the right
causes an outward-flowing current
increment at the left, That is, the
two transfer admittances of this
network are opposite in sign.

A second unusual property of the
tetrode can be observed by intercon-
necting terminals 2 and 3 and ap-
plying a voltage between 1 and 4,
with terminal 1 positive. Beyond a
certain voltage, the resistance of
the two channels in sgeries rises
faster than the applied voltage, and
therefore current decreases, result-
ing in a voltage-controlled negative
resistance.

Probably the most interesting
application of all for this new de-
vice is as an electronically variable
yet truly linear resistor. Figure
3D illustrates the principle. Bias
voltage V, establishes a uniform
depletion layer through the junc-
tion region. Capacitors C, with re-
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actance small compared to channel
resistance at the frequency of the
signal voltage, V.. insure that the
signal voltage will not appear to
any significant degree across the
junction. Therefore the two chan-
nels in parallel constitute variable
resistance totally unmodulated by
the signal voltage. Signal voltage
can exceed bias voltage and even
junction breakdown voltage. Only
dissipation considerations impose a
limit.

It seems probable that epitaxial
technology will find wide applica-
tion in the integrated circuits area.
At present there is an appearance
of competition between diffusion
and epitaxy in silicon integrated
circuit work. But this is because
requirements to date have not been
nearly as bold as they will soon be
in number of layers and profile con-
trol in them. When the number
goes above two layers formed on
one side of a crystal, epitaxy will
enjoy a clear advantage. The two
techniques will become, as they
should be, complementary. Where
heavy doping is desired at the sur-
face, diffusion is a natural choice.
This is usually the case where a
metal-semiconductor contact is to
be made. On the other hand, uni-
formly doped layers are not obtain-
able by diffusion.

O. P. Frazee of this laboratory
has shown feasibility on an inte-
grated circuit for performing the
NOR function in a digital system.
The embodiment he developed is
truly monolithic in that it consists
of a single semiconductor crystal.
Schematically it consists of a tran-
sistor, three base-input resistors,
and an output resistor, as shown in
Fig. 4 (top). All interconnections
in the circuit—as opposed to the
connections to the header leads—
are achieved by evaporated metal
or by employing a common semi-
conductor region. Conventional
wire-bonding methods are used for
connections to the header leads, as
shown in the photograph of the
completed device, Fig. 4 (bottom).

The starting material consists of
an n' substrate having three epi-
taxial layers grown on it. These
are, in sequence, a 6-micron n layer
to become the collector, a 1-micron
p layer to become the base, and a
1-micron n* layer on top to become
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the emitter and the resistors.
Throueh KMER (K A~k Metal
Itch Resist) masking, mesas that

form the emitter and the four re-
sistors are etched completely
through the =n' layer but not
through the p layer. In Fig. 4
(bottom), the emitter is a rectangle
at right center, the three base in-
put resistors are the serpentine
mesas at the left, and the output
resistor is the small mesa feature
at the right.

Using KMER another time, a
pattern is etched selectively in
an evaporated metallic coating.
This pattern provides metallized
spots for wire bonding and also
joins the input resistors to the base.
The wire bonded at that point, left
center in Fig. 4 (bottom), provides
a test point in this exploratory
model. Next, a deep moat is etched
encircling the entire configuration
to isolate it from its neighbors and
from the edges of the chip. This
moat defines the collector junction.
Finally the integrated circuit is
mounted on an eight-lead TO-5
header.

Positive input signals are used.
These reverse-bias the junction de-
fining the resistors, which is of

FIG. j—All-epitaxial NOR circuit
(top) and device (bottom)

course a necessary condition. Thus,
for the npn transistor an n-type
layer is indicated for the input re-
sistors. A bonus from using the n*
emitter layer is that the resistors
have a low temperature coefficient
of resistance. A positive signal on
any input terminal, or any combi-
nation of them, gives a negative
output signal, which leads to the
NOR designation of this circuit. The
reason that output signal magni-
tude is independent of the number
of simultaneous input signals is
that the transistor is in saturation.

The circuit is designed for 6-volt
input operation; the junction
breakdown limitation at the input
is greater than 9 volts.

The input resistors regularly
agreed within 10 percent, and were
very linear. Their resistance was
about 6,000 ohms, while the output
resistor value was 750 ohms.

This circuit illustrates the possi-
bilities of epitaxial techniques in
integrated circuits.

To sum up, epitaxial growth
technology has given the device de-
signer and the integrated circuit
designer a freedom that they have
only begun to appreciate, let alone
to use fully. It is safe to predict
that it will find rapidly increasing
application over the next few years.

The author acknowledges the
support of the Air Force in por-
tions of the epitaxial development
reported here through contract No.
AF33(616)8276.
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INCREASING use of magnetostrictive
delay lines in recirculating mem-
ories for digital computers empha-
sizes the need for practical specifica-
. tions for these devices as electrical
components. Unfortunately, when
commercial delay lines were intro-
duced a number of years ago, the
prospective user was either unwill-
ing or unable to determine specifi-
cations for the lines. He would sub-
mit circuit diagrams and models
of his equipment to the delay-line
manufacturer who would then tailor
a line to fit. The only criterion for
acceptance or rejection of the delay
line was the overall system per-
formance. System responsibility
was shifted from the user to the
manufacturer who then had to con-
cern himself with circuit designs
and other electrical components
over which he had no control. There
exists sufficient technical litera-
ture"® on the theory, design, and
application of this type of delay
line to enable the user, in coopera-
tion with the manufacturer, to
determine reasonable electrical spe-
cifications for the line itself.
Particular attention will be
paid to engineerinz principles by
which the inductances of the input
and output coils are designed as
part of wideband electrical net-
works® which can pass the sharp
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rise times demanded in high-fre-
quency digital operation.

In any type of magnetostrictive
delay line, the conversion factor
between electrical and mechanical
energy is so small that the trans-
ducer impedances are primarily in-
ductive. The delay line, which may
be represented as in Fig. 1A, can be
treated as a loosely coupled trans-
former with time delay between the
input and output signal waveforms.
As with other magnetic compo-
nents, the delay line may be ana-
lyzed as a current input-voltage
output device. Furthermore, such
analysis may be accomplished un-
der the circumstance where a step
function of current is applied to
the line under the linear conditions

of small-signal operation. These
conditions usually prevail.
Although the output voltage

waveform may be expressed di-
rectly by a mathematical equation
as a function of the input current,
it is much easier to show this equa-
tion graphically.® The output re-
sponse to an input current step in
a properly constructed and oper-
ated delay line is the voltage doub-
let pulse shown in Fig. 1B. Ideally,
the peaks of the doublet should be
of equal amplitude with no over-
shoot beyond the second peak. Care-
ful observation of the amplitude and

How to Specify

By ARTHUR ROTHBART

Consulting Engineer, New York, N. Y.

ALAN J. BROWN
AIL Div,, Cutler Hammer Inc.,
Deer Park, New York

shape of the doublet waveform
serves as a basis for determining
the delay-line specifications of time
delay, resolution output pulse dura-
tion, delay variation and amplitude
variation with temperature. The
relationship of the amplitude of the
doublet peaks to the peak amplitude
of any extraneous signal outside of
the doublet interval determines
signal-to-noise ratio.

Time delay is usually measured
from the 50-percent amplitude
point of the input current step to
the zero axis crossing of the output
doublet.

An internal delay adjustment,
built into most commercial lines,
enables the manufacturer to set the
nominal delay accurately in the
center of the externally adjustable
range, usually *=4 usec. The ex-
ternal adjustment permits the user
to compensate for circuit delays.

Time spacing, t., between the
peaks of the doublet, which is an
indication of the delay-line resolu-
tion, is the minimum spacing be-
tween adjacent amplitude changes
in the input current which the line
can distinguish. For example, if
tr is 0.5 usec, the line can store bits
of information which are 0.5 usec
apart, thus permitting a maximum
information rate of 2 Mc in a non-

return-to-zero (nrz) mode. In a
conventional return-to-zero (rz)
application, the maximum infor-

mation rate or pulse repetition fre-
quency (prf) becomes 1 Mc for the
same value of ;.

Output pulse duration, {,, which
is measured between the 10-percent
amplitude point of the rise of the
first peak of the doublet to the 10-
percent amplitude point of the fall
of the second peak, should equal
2t,.
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Magnetostrictive Delay Lines

Logical engineering concepts upon which to determine

the mimimum number of specifications for a magnetostrictive delay

as an electrical component in digital applications

A practical tolerance for total
delay variation in digital applica-
tion is 0.2 of the digital period. For
example, at a prf of 1 Mc, the delay
variation is limited to 0.2 usec. For
a millisecond delay line operating
at this prf over the normal indus-
trial temperature range of 0 to 50
C, the average temperature coeffi-
cient of delay should not exceed 4
ppm/degree C.

The delay-line user can be guided
by the following practical informa-
tion when specifying a particular
delay variation over a given tem-
perature range:

For the usual longitudinal line,
the temperature coefficient of delay
is about 150 ppm/degree C. By
sacrificing some output amplitude,
transmission materials are avail-
able that can yield a coefficient as
low as 1 ppm/degree C over a range
from —10 to 60 C. The coefficient
of the usual torsional line is less
than 5 ppm/degree C over the same
temperature range, and may be re-
duced to less than 1 ppm/degree C
over a more limited range. Gener-
ally, the delay variation is not lin-
ear with respect to temperature for
low-coefficient lines.

With increasing temperature, the
output amplitude of a delay line
will rise. Over a range from —50
to 100 C, the amplitude will change
as much as 25 percent from its
mean value at 25 C. However, this
change will have no effect in digital
operation if the output amplifier
and shaper are properly designed.

Magnetostrictive delay line noise
may be defined as any voltage re-
sponse outside of the doublet inter-
val. Noise may arise from capaci-
tance feedthrough from the input
coil to the output coil because of
improper electrical grounds, pulse

May 18, 1962

overshoot caused by

DELAY LINE DEFINITIONS

These specifications are based on the output voltage doublet gener-
ated by an input current step. Where necessary, the definitions of
these specifications will be repeated. All time measurements should
be 1n microseconds.

TIME DELAY—a measurement from the 50-percent amplitude point of
the input current step to the zero axis crossing of the doublet.

RESOLUTION—the time spacing between the peaks of the doublet.

OUTPUT PULSE DURATION—tinie spacing between the 10-percent ampli-
tude point of the rise of the first peak of the doublet to the 10-percent
amplitude point of the fall of the sccond peak.

DELAY VARIATION WITH TEMPERATURE—change in time delay over @
specific temperature range.

AMPLITUDE VARIATION WITH TEMPERATURE—relative change in peak
doublet amplitude over a specific temperature range, « ratio.

SIGNAL-TO-NOISE RATIO—7atio of the pcak amplitude of the output
doublet to the maximum peak of any noise response outside of the
doublet interval.

INPUT AND OUTPUT COIL INDUCTANCES—T hese should be expressed in
microhenries.

OUTPUT PULSE AMPLITUDE—peak amplitude of the output doublet, in
millivolts, which is obtained across the specified output load for a
given amplitude of input current step, in milliamperes.

OUTPUT TERMINATION—a parallel resistaunce and capacitance which
provides an output network, in combination with the output coil in-
ductance, having the bandwidth to pass the output voltage doublet
without distortion

insufficient

mum peak of any noise response,

electrical or mechanical bandwidth
on the overall delay line with its
electrical input and output net-
works, and reflected signals from
the ends of the line, wire supports,
or the mode converters in the tor-
sional lines.

The three types of noise are illus-
trated in Fig. 1C. The signal-to-
noise ratio, which may be defined
as the ratio of the peak amplitude
of the output doublet to the maxi-

should not be less than 20 to 1. This
value, measured as a response to an
input current step, is generally
sufficient to provide satisfactory
performance when the line is sub-
jected to the random pulse patterns
in digital operation.

In its digital application, the de-
lay line must accept and store ran-
dom pulse patterns. It is therefore
necessary that the input coil be
housed in a network that has the
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bandwidth to pass all the fre-
quencies in these patterns. This
bandwidth may be obtained by
loading or damping the coil with
a shunt resistor or diode.

A more suitable wideband net-
work is the low-pass pi filter sec-
tion®* shown in Fig. 2A.

Select R, for proper loading of
the driver circuit. Let L, = R, tz/4
and C, = tz/8R,. For example, if
R, = 200 ohms (a value suitable
for a transistor driver), and {; =
0.5 usec, then L, = 25 ph and C, =
312.5 pf.

The terminating network or load,
into which a delay line operates
may be considered to consist of a
parallel resistance and capacitance.
These parameters should form a
wideband network (Fig. 2B )with
the inductance of the output coil
that has the bandwidth to pass the
output voltage doublet without dis-
tortion,

These relationships® determine a
suitable design

tr = 8L.,/R. = 8R. C,
For example, if t = 0.5 usec, B, =
2,500 ohms, and C. = 25 pf, then
L, = 156 ph,

Attenuation in a magnetostric-
tive delay line depends on the losses
in the transmission medium and
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the efficiency of the transducers.
Transducer efficiency, which is the
dominating influence, is a function
of the coefficient of magnetic coup-
ling between the transducer coil
and the section of delay line under-
neath the coil and the conversion
factor between magnetic and me-
chanical energy. Since the second
factor is much less than unity*
(0.02 for nickel, 0.04 for per-
mendur), the transducer imped-
ances are almost entirely reactive.

In narrow-band applications, the
input transducer inductance may
be resonated to achieve fairly effi-
cient operation. However, the input
inductance must be in a wideband
network for digital application.
The resistive loading, which is a
necessary part of this network, will
dissipate real power and so cause
inefficient transducer operation,

As far as the output transducer
is concerned, since only a small
amount of the transmitted mechani-
cal energy can be reconverted into
electrical energy, efficient operation
cannot be obtained for any applica-
tion. However, this condition of
loose coupling enables many out-
put coils (taps) to be placed on
a delay line without loading the
line and causing reflections.

The delay-line user is generally
more interested in the wideband
transmission system of which the
delay line is the major component
than in the line itself. The con-
cept of a wideband transmission
system helps define attenuation®.
The attenuation of a magnetostric-
tive delay line, with wideband input
and output networks, is the ratio
of the peak pulse power absorbed
in the resistive termination of the
output network to the peak pulse
power dissipated in the resistive
termination of the input network.
If the input network is a pi section,
the input power can be easily deter-
mined. However, where the input
coil is damped either by a shunt

resistor or a diode, the input power
cannot be as readily calculated or
measured.

There is another approach to the
problem of specifying delay-line at-
tenuation based upon the fact that
the line is a current input-voltage
output device. The peak amplitude
in millivolts of the output voltage
doublet across the rated load is
measured as a function of the am-
plitude in milliamperes of the input
current step. With this relation-
ship between the input and output
signals, the delay-line attenuation
may be calculated for a given set
of wideband networks if the resolu-
tion, ¢z, and the coil inductances L,
and L, are specified. If the input
network is a pi section, then the
input power P, = I* R, 10° watt,
where I is the amplitude of the in-
put current step. Since R, = 4 L,/
tz, where L, is in microhenries and
t: is in microseconds, P, = 4 I’ L,/
t. 10™° watt.

Output power for a peak signal
of E millivolts is P, = E*/R, 10°°
watt. If L. has been determined ac-
cording to the relationship, t =
8L,/R,, then P, = E* t./8L, 10°°
watt. Delay-line attenuation is P./
P, = 1/32 (E/I)* (t*/L, L.).

For a millisecond delay line with
a value of t, equal to 0.5 microsec-
ond, L, = 25 ph, L, = 100 ph I =
40 ma and £ = 10 mv are represen-
tative. For this line, attenuation,
P,/P, is equal to 0.2 10~ or 67 db.
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AMPLIFIER SPECIFICATIONS

Input: 04 volt rms/inch/second from a 200-ohin source

impedance vibration detector

Output: 2.0 ma d-c fullscale proportional to peak-to-peak

vibration displacement amplitude
Input for Full-Scale Output:

Model 1: 5 mils peak-to-peak (1 mil = 0.001 inch)
Model 2: 15 mils peak-to-peak (1 mil = 0.001 inch)
Input Impedance: 5,000 ohm minimum
Frequency Range: 6 cps to 200 cps, with a low-frequency
voltage boost of 25 percent or more at 6 cps, dropping
to zero hoost at 20 ¢ps and above

System Accuracy: * 3 percent of full scale for lower 1/3

of scale and = 10 percent of point for upper 2/3 of

scale

Switehing Requirement: During operation a new detector
will be switched into the input each 5 seconds. The d-c

range

output must reach 95 percent or more of its new level
within 4 seconds over the entire output and frequency

Ambient Temperature: —15 C to 4 50 C
Supply Voeltage: 120 volt: rms = 1 percent at 50 or 60 cps

Vibration Measurements
With Peak-Reading Circuit

Has low-frequency boost to compensate for detector characteristics.
Input is switched to a different detector every five seconds, so a special

circuit is used in the peak-reader to insure accuracy on full-scale changes

By MI. A. HARRIMAN
W. M. TRENHOLM*

General Electric Co.,
Schenectady, N. Y.

VIBRATION MEASURING equipment is
important in the protection systems
of large steam turbine installations
in utility power stations. Although
an available vacuum tube unit per-
forms satisfactorily, a transistor
unit with equal or better perform-
ance was designed for greater
long-term reliability. Specifications
for the amplifier section of the de-
vice are given in the table.

Since the output from the ve-
locity-type vibration detectors used
in turbine supervisory instrumen-
tation is a voltage proportional to
both displacement and frequency,
an integrating action is required
of the amplifier if the output is to
be proportional to displacement
only. Integration is usually achieved
most satisfactorily by capacitance
feedback around a high-gain am-
plifier stage, and this approach is
used in this application.

‘Now with Massachusetts Institute of Tech-
nology.
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Although some low frequency
boost can be obtained with resist-
ance and capacitance input and
feedback circuits, inductance was
added to increase boost and de-
crease rounding off at the break
frequency. A damping ratio of 0.5
gave satisfactory operating charac-
teristics. Not all models require low
frequency boost, as Fig. 1 indicates.

The requirement for output cur-
rent proportional to peak-to-peak
displacement amplitude over the en-
tire frequency range—when coupled
with the switching requirement—
proved to be more difficult with
transistors than it is with vacuum
tubes. However, a satisfactory cir-
cuit was worked out, based on a
peak reading circuit invented by
H. A. Harriman and J. L. Paine'.

Figure 1 shows the schematic
and the stages of the system that
was developed. For input signals of
60 cps, the voltage amplification of
the compensating amplifier is ap-
proximately 6.8, and that of the
integrating amplifier is approxi-
mately 5.6. The peak-reading cir-
cuit is a dual diode-capacitor volt-
age doubler, while the d-¢c amplifier
is a compound emitter follower with

a large current amplification but no
voltage amplification.

To achieve the required system
input impedance without an input
transformer, which would have
complicated the low-frequency
boost, it was necessary to make the
input impedance of the first tran-
sistor relatively high. An emitter
follower input stage is used, fol-
lowed by a common-emitter voltage
amplifying stage. An emitter fol-
lower output stage was also used to
allow the high full-scale output volt-
age swing required when the input
signal is at maximum frequency.
All three transistors are silicon
grown-junction devices.

Breakdown diode D, in the input
amplifier allows d-c¢ coupling be-
tween stages with minimum a-c¢ de-
generation. Overall d-c feedback
through resistors R. and R, insures
good d-c bias stability. Capacitor C,
prevents any appreciable a-c feed-
back from occurring in this loop.
Capacitor C, eliminates any high-
frequency (greater than 200 cps)
oscillation that might be present.
This capacitor was found to be most
effective when returned to B+.

The minimum open-loop voltage
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‘ INPUT A-C AMPL
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FIG. 1—Input amplifier has a low-frequency boost to compensate for the vibration detector, which develops a signal
instrument is switched to o different detector every five seconds, GF circuit in the peak-reader makes sure it responds

amplification of the three-transistor
combination is approximately 450,
and the minimum input impedance
is 90,000 ohms. These values are
large enough to insure that the a-c
performance of the compensating
amplifier is almost completely de-
termined by the input and feedback
impedances.

The first three stages of the inte-
grating amplifier are almost identi-
cal to those of the compensating
input amplifier. However, the inte-
grating amplifier must drive the
peak-reading circuit, and the latter
requires a high input voltage and
a low driving impedance to furnish
a d-c output that is proportional to
the peak-to-peak displacement am-
plitude over the entire frequency
range.

This requires the output stage of
the integrating amplifier to operate
at a higher current level and higher
power level than is feasible with
the 2N335A used for the first three
stages. The 2N497A silicon diffused
junction transistor was chosen for
transistor Q., since it has uniform
current amplification at current
levels from 10 to 100 ma.

The minimum open-loop voltage
amplification of the integrating
amplifier is 200 and the minimum
input impedance is 115,000 ohms.
These values are large enough to in-
sure that the a-c performance is al-
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most completely determined by
input resistor R, and feedback
capacitor C,. The product of R,, and
C. sets the integrating time con-
stant of the amplifier and is dictated
by system considerations. The
choice of 0.01 microfarad for C, is
a compromise between poorer per-
formance (if C, were smaller) and
unnecessarily high cost (if C, were
larger). The diodes in series with
C. prevent feedback until the out-
put reaches about 0.6 volts. This
off-set in the output compensates
for the linearity error of the peak-
reading circuit.

The operation of the peak-read-
ing circuit is to convert the peak-
to-peak voltage output of the inte-
grating amplifier into a d-c voltage.
However, it must also be capable of
changing its d-c¢ output level from
full scale to zero at all input fre-
quencies in less than five seconds to
meet the switching requirement. To
accomplish this, two separate diode-
capacitor voltage-doubling net-
works interconnected by a silicon
diode are used, one to provide the
signal output and the other to pro-
vide the rapid change to a new level
upon switching. This method re-
quires a large amount of driving
power from the integrating ampli-
fier, but it is practical and meets
the specifications.

Details of the peak-reading cir-

cuit are also shown in the schematic
diagram. High-conductance germa-
nium diodes are necessary for D,
through D, to minimize the error
due to the diode forward voltage
drop. There are several time con-
stants of importance. The product
of R.. and C,. must be large enough
so that there is no appreciable error
for G-cps inputs due to imperfect
voltage doubling. The product of
R.. and C,,, together with the ratio
of R, to the sum of R, and R,
must be such that silicon diode D,
is reverse-biased for all steady-
state conditions; however, resistor
E., must be small enough to allow
capacitor C,, to almost completely
discharge through diode D; in less
than five seconds after the input
is switched from a full-scale value
to zero. It was necessary to add re-
sistor R, in series with capacitor
C, to prevent distortion in the peak-
to-peak signal into the peak-read-
ing circuit for 200-cps full-scale
inputs. The magnitudes of the ca-
pacitors and hence the resistors
were set by the minimum input im-
pedance of the d-c amplifier output
circuit.

A d-c¢ amplifier is required as the
output circuit to furnish 2-ma full-
scale output current. A peak-read-
ing cireuit furnishing more than
about 100 pa of d-¢ current was not
practical, but it was possible to ob-
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that varies with vibration in both amplitude and frequency. Since the

quickly enough

tain the full-scale voltage swing at
the input to the d-c amplifier. Hence
a two-transistor compound emitter
follower is used for the output
stage.

In the d-c amplifier transistors
Q. and Q. give current amplifica-
tion. The base of Q. normally oper-
ates at about —0.5 volt to draw a
trickle current through diodes D,
and D.. With these diodes already
conducting slightly, most of the
normal nonlinearity of diodes is re-
moved. To provide a zero adjust-
ment for the output current, the
network containing diode D. poten-
tiometer R.. and resistor R, is pro-
vided. Variable resistor R., allows
the overall gain of the amplifier to
be calibrated and adjusted.

Because of the isolated power

i~
(=]
—
-

supply used for the zero adjusting
network, the output of the amplifier
can have one side connected to the
common ground of the input and
power supply.

The d-c power for the vibration
amplifier consists of +30 volts at
90 ma and —15 volts at 95 ‘ma.
These voltages are obtained from
the 115 volt, 50 or 60-cps line by
connecting a series resistor and a
string of =*5 percent silicon regu-
lator diodes across the output of a
transformer-rectifier-filter network,
with the circuit ground connected
one-third of the way up the string.
By using six 7.5-volt regulators, a
low dynamic impedance was
achieved. The regulators are oper-
ated at approximately 65 ma, mak-
ing the total average current
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FIG. 2—Frequency response (A) for 80

cps input (C)
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through the rectifier diodes
proximately 160 ma.

The complete amplifier was evalu-
ated for accuracy at several fre-
quencies and temperatures. Figure
2 shows some of the results.

A frequency response curve for
0.8 full-scale input is shown in Fig.
2A. This plot shows the low-fre-
quency boost and no appreciable
high-frequency falloff.

Data was taken at room tempera-
ture and at 50, 0, and —15 C. Fig-
ures 2B and 2C show linearity plots
for three temperatures for input
frequencies of 6 and 200 cps. A
small zero shift, occurs at both ex-
tremes of temperature for all mod-
els but the overall gain is not af-
fected and the performance of the
complete circuit is not degraded.

The effect of variations in h,.
among transistors was negligible,
indicating adequate negative feed-
back.

The performance of the amplifier
was checked at maximum and mini-
mum values of power supply volt-
ages. The only appreciable change
observed was a slight drop in
the full-scale output for a 200-cps
input when the positive power sup-
ply voltage was lowered 5 percent.

All components in the amplifier
are operated conservatively and
long-term reliability should be ex-
cellent. Although there are several
more transistors in this amplifier
than vacuum tubes in the amplifier
previously used for vibration meas-
urements, the need for an expensive
input transformer has been elimi-
nated and the frequeney response
has been extended.

ap-
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Design Technique

A 50-ohm hybrid ring with design
center frequency of 6 Mc
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tfor Lumped-Circuit Hybrid Rings

At low power levels and below 100 Me, lumped-circuit hybrid

rings have advantages over their distributed-circwit counterparts

By RICHARD M. KURZROK

Surface Communications Systems Laboratory, Radio Corp

LUMPED-CIRCUIT hybrids can be used
in parametric amplifiers. balanced
mixers, phase comparators, auto-
matic frequency control circuits and
null detectors. Lumped-circuit con-
struction is generally applicable to
frequencies below 100 Mc and aver-
age power levels below 10 watts. In
the 100-Mc to 250-Mec band. it is a
toss-up between lumped and dis-
tributed circuit hybrids. Above 250
Mec. the distributed-circuit hybrids
are preferable. At average power
levels substantially above 10 watts,
particular attention should be di-
rected towards minimizing dissipa-
tion losses and heat sinking, though
high-power lumped-circuit hybrids
are generally feasible.

The lumped-circuit hybrid is
preferable to its distributed-circuit
equivalent at frequencies below
100 Mc because the quarter-wave
line lengths in transmission-line hy-
brids become intolerably large—
29.5 in. in air or 20.9 in. in Teflon
at 100 Me.

A hybrid ring using lumped-cir-
cuit elements can be synthesized
from a 3/2\ transmission line hy-
brid ring using distributed-circuit
elements by replacing I 1 and 3
transmission lines by their = equiva-
lents, Fig. 1. This equivalency is
exact only at the design center fre-
Jquency at which the transmission
lines are of resonant lengths.

The lumped-circuit elements can
be computed from the equations
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where Z, = impedance level at all
ports of external loads, and f, = de-
sign center frequency of the hybrid
ring.

The isolation of the lumped-cir-
cuit hybrid is frequency sensitive.
For a lossless lumped-circuit hybrid
ring, the isolation between con-
jugate ports (that is, 1 and 3; 2
and 4) is

4
I >~20log T 5
Lo f
where I = isolation in db, and f =
frequency.

A lossy hybrid does not have in-
finite isolation at the design center
frequency. Assuming ideal capaci-
tors (negligible leakage) and a
small resistive loss in series with
each coil
I, =20log (4Q:.) (where Q.. = 10)
where I, = design center frequency
isolation in db
Q.. = unloaded @ of the coils (all
coils assured to be identical)

The previous equations for isola-
tion assume that the hybrid is ter-
minated in Z, at all ports. For
terminations not equal to Z,, maxi-
mum isolation will not occur at the
theoretical design center frequency
and the theoretical maximum isola-

. of America, New York, N, Y.

tion then will not be achieved.

A 50-ohm hybrid ring with de-
sign center frequency of 6 Mc was
designed and fabricated using the
equations. Circuit elements were:
L = 1.875 uh, Q.. = 100, C, = 750
pf, C. = 375 pf, both mica capaci-
tors.

The terminating resistors were
within 2 percent of 50 ohms. Each
coil was adjusted to resonate with
375 pf at 6 Mc. Measured isolation
between ports 1 and 3 against nor-
malized frequency is plotted in Fig.
2 and can be compared to the theo-
retical performance predicted for
lossless and lossy hybrids. Satis-
factory correlation was obtained be-
tween theory and experiment.

In design of a 6-Mc hybrid, the
coils should be laid out physically
at right angles, to prevent undesir-
able electromagnetic  coupling.
Shielding between coils is not
recommended for such low fre-
quencies. With coils at right angles,
shielding is unnecessary. Slug-
tuned coils must be trimmed using
a Q-meter to compensate for their
stray capacitance; the additional
stray capacitance to ground due to
shields can appreciably alter the
electrical performance of the coils
after they have been trimmed.

This technique of realizing a
lumped-circuit element equivalent
of a distributed-circuit element hy-
brid ring can be extended to other
transmission line hybrid circuits.
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Analog-To-Digital Converter Uses

Magnitude of analog current sets from one to 31 transfluxors,

which in turn set a six-bit shift register in binary code

THIS ANALOG-TO-DIGITAL converter
changes each of three analog signal
inputs to a six-bit binary Gray code.
Each analog is sampled at 5 Ke¢ by
a multiplexer, so that multiplexing
is performed at a 15-Kc rate. The
encoder uses magnetic elements to
perform the conversion. Although
the magnetic element may be a
tape-wound core or a ferrite trans-
fluxor, transfluxors are used since
isolation of input from output is
then less of a problem.

A block diagram of the input cir-
cuits to the analog-to-digital con-
verter is shown in Fig. 1A. Each
analog signal input channel in-
cludes input amplifier 1, a d-c to
2-Kc low-pass filter and a sampling
switch multiplexer. The input sig-
nal at a maximum level of 5 volts
peak-to-peak or =25 volts is fed
into the input of buffer amplifier 1
whose input impedance is greater
than 300,000 ohms. Input imped-
ance of this order is required so
that a transducer source impedance
less than 1,000 ohms will not intro-
duce signal variations greater than
0.3 percent. The amplifier has a
stable gain of two, so that its maxi-
mum output voltage for the maxi-
mum signal input of 5 volts p-p is
10 volts p-p.

The output impedance of the am-
plifier is less than one ohm. Its
output signal feeds the d-c to 2-Kc
low-pass sampling filter, which re-
moves frequencies greater than 2
Kc from the input signal to reduce
quantizing errors due to sampling.
The maximum signal level to the
filter is 5 volts p-p and it is termi-
nated at both ends in its character-
istic impedance of 1,000 ohms. The
filter attenuation is about 0.8 db.
After filtering, the signal is sam-
pled by the multiplexer at 5 Kec.
The sampling pulse of —6 volts to
ground and three-microsecond
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duration driving the multiplexer is
controlled by the timing matrix and
the three 50-usec monostable multi-
vibrators (MMV). The sampled
analog output of the multiplexer is
a 3-usec pulse of either polarity
with a maximum amplitude of 2.5
volts. This is fed to input amplifier
2 of the analog-to-digital converter.

The analog-to-digital converter
block diagram is illustrated in Fig.
1B. The multiplexer output is am-
plified and phase-split in amplifier
2 before going through the diode
folder that inverts any positive sig-
nals. Sufficient gain is needed
ahead of the folder diodes to avoid
low-level signal distortion caused
by the characteristic response of
the diode at low levels. Amplifier 2
thus provides a gain of four to the
sampled signal of the multiplexer.
The folder is a full-wave rectifier
using germanium diodes. These
characteristically distort or block
signals less than 200 mv. Since the
3-usec signal of the folder is inade-
quate to set the transfluxor, it is
stretched approximately 22 usec by
a capacitor which charges through
a small time constant and holds the
charge with a long time constant.
This capacitor is cleared by the
clear pulse from the timing matrix.
The stretched voltage from the volt-
age amplifier at a gain of 1.4 is con-
verted to a current pulse by the
current amplifier to set the trans-
fluxor.

The set winding is wound
through the large hole of the trans-
fluxor and is driven by the stretched
sampled analog signal current from
the current amplifier. The pulse is
made of sufficient width to set the
transfluxor. The particular trans-
fluxor set by a sampled analog sig-
nal current of specific magnitude
is determined by the relation be-
tween the bias on the transfluxor

as fixed by the bias winding cur-
rent, and the magnitude of the sig-
nal current in the set winding, both
of which pass through the large
hole but in opposite directions.
Thus a magnitude of signal current
adequate to set the sixteenth trans-
fluxor oversets transfluxors one
through fifteen. As transfluxors
one through fifteen pass through
the set into the overset position, all
fifteen present a back emf to the
set-current driver. The 16th trans-
fluxor is read out after this back
emf reduces to zero. Thus the 3-usec
read pulse, and the worst case the
switching time of thirty trans-
fluxors, determine the width of the
set current required.

Once a transfluxor is set, the
read pulse that follows the sam-
pling pulse in the conversion timing
scheme produces an output on the
sense winding to the sense ampli-
fiers. Both the read and the sense
windings are wound through the
small hole. Until a transfluxor is
set, however, no coupling occurs be-
tween these windings for readout
to the sense amplifiers, since all
unset transfluxors are magnetically
saturated. The set transfluxor,
when read out, produces outputs on
all set or readout windings through
its small hole. The number of read-
out windings is determined by the
selected readout scheme which is
the required winding scheme to
produce a Gray code output.

The sense amplifiers amplify the
sense winding outputs to a level
sufficient to set the output register
and also permit strobing of the out-
put to prevent the setting of the
register by unwanted or noise sig-
nals. The desired signal appears
between two large noise voltages
produced by the setting of the
transfluxors. There are five sense
amplifiers, one for each of the five
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Transfluxors

By N. ARON and C. GRANGER

Defense Electronic Products.
Radio Corporation of America,
Burlington, Mass.

sense windings wound through the
small holes of the transfluxors, in
accordance with a winding scheme
to produce a five-bit Gray-code bi-
nary output. The windings do not
necessarily pass through all the
transfluxors but only those indi-
cated in the selected readout
scheme. The shift register is set to
digital value by sense amplifiers.

A sixth bit is obtained by polar-
ity detection. The polarity detector
circuit is set to respond only to
negative signals above a 100-mv
threshold. When a negative sample
occurs, the detector output triggers
the 22-usec MMYV. The polarity bit
is set into the shift register by co-
incidence at the gated amplifier of
the clear pulse and the MMV out-
put.

Each a-c¢ analog input channel
has an input amplifier, a d-c ampli-
fier with high input impedance.
Figure 2A is a circuit diagram of
the input amplifier 1 (Fig. 1A). Its
input impedance is greater than
300,000 ohms and its output imped-
ance is about one ohm. The ampli-
fier dynamic range is such as to ac-
cept an input signal level to +=2.5
volts. It has a gain of approxi-
mately two and has operated satis-
factorily to a temperature of +75 C
with a drift of only 35 mv.

The input signal is fed to the
base of transistor @, which with
transistor Q. forms a differential
amplifier. The output of the differ-
ential amplifier is fed to transistors
Q. and Q, to provide gain and phase
inversion for feedback through
complementary emitter follower
transistors Q. and Q. to the base of
Q. of the differential amplifier.
Networks R,-C, and R.-C. provide
phase adjustment to reduce oscilla-
tions due to feedback. The d-c drift
is adjusted with the 200-ohm poten-
tiometer in the emitters of Q, and
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Q. and gain adjustment is provided
by the 5,000-ohm potentiometer in
the output feedback loop. The am-
plifier has a frequency response
from d-c¢ to more than 50 Ke. This
is more than adequate for the sig-
nal input requirements, which are
from d-c to 2 Ke.

Each analog channel has a 2-Kc
low-pass sampling filter following
the input amplifier. The filter has a
characteristic impedance of 1,000
ohms and is therefore matched to
1,000 ohms on its input and ter-
minated in 1,000 ohms on its out-
put.

The analog signals are sampled
and multiplexed in a fioating tran-
sistor switeh circuit shown in Fig.
2B. The switch is turncd on and a
sample of the signal input voltage
is fed to the output when the sam-
pling pulse from the digital timing
matrix is applied to the primary of
the pulse transformer. During the
on time, the capacitor in the emit-
ter leads charges to the polarity in-
dicated. At the conclusion of the
sampling pulse (about 3 psec) the
switch is turned off by the voltage
on the capacitor. The discharge
time constant is such that the

switch will stay off until the next
sampling pulse appears. Since the
transistor switech suffers from
minority carrier storage and is not
suitable for high-speed operation
into a high impedance load of 100,-
000 ohms, amplifier 2 following the
multiplexer switch has an input
impedance of 5,000 ohms. This re-
duces the long decay time when the
switch is cut off. The drop across
the switch and the zero offset volt-
age is a few millivolts and is negli-
gible.

The circuit diagram of amplifier
2 and inverter is shown in Fig. 3,
which includes the input circuit
to the transfluxors. The buffer am-
plifier whose main stage consists of
transistors Q, and Q, in a differen-
tial circuit presents a constant
5,000-ohm input to the multiplexer.
The input signal to the differential
stage is fed from the multiplexer to
a complementary emitter follower
including transistors @, and Q..
The differential stage must be bal-
anced to maintain accuracy. Ad-
justment is made with potentiom-
eters R, R. and R, Potentiometer
R, equalizes the gain in the col-
lector output of @, and Q.. Poten-

tiometer R, sets the voltage level
and potentiometer R, balances the
collector voltages of @, and Q.
through the complementary emit-
ter follower consisting of tran-
sistors Q; and Q..

Each side of the differential am-
plifier output is applied to a recti-
fying diode, D, and D. of the folder.
These are forward biased at about
100 pa by the current through the
50,000-ohm resistor and the base
of transistor Q.. Sampled signals
of either polarity appear at the in-
put to Q. as negative-going pulses
at a d-c level of —15.75 volts. These
three-microsecond pulses charge
capacitor C, to increase or stretch
the sample pulse time for setting
the transfluxor cores.

Grounded-collector stages Q; and
Q. prevent the stretcher capacitor
C, from loading the differential am-
plifier input stage. A sampled in-
put pulse turns on transistor Q.
and charges C, to the pulse peak
Curing the three-microsecond in-
terval. When the input is over, C,
discharges through the back imped-
ance of diode D, and the input
impedance of transistor Q,.. The dis-
charge time constant is approxi-
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FIG. 8—Left portion of Fig. 1B: amplifier and inverter; folder and stretcher; voltage amplifier and current driver
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mately 1,000 psec and produces a
nearly constant amplitude pulse out
of the stretcher. The stretching is
terminated by the clear pulse from
the timing matrix which saturates
transistor @, to discharge C,. When
Q, saturates, the base of Q, is
brought to ground. As soon as @,
cuts off, the base of Q,, returns to
the low negative voltage determined
by that of test point TP, If TP,
and TP. are more positive than
—15.75 volts, D, may be biased off
during the last half of the decay
of the base of Q. to the negative
d-c level. As a result, the base may
continue to discharge with a long
time constant so as not to recover
in time for the next conversion.
The stretched sample voltage is
amplified by the voltage amplifier
transistors @, and @,.., which pro-
vide an additional gain of about
1.4, The voltage output of this am-
plifier feeds the current amplifier
which sets the transfluxors. The
current amplifier includes tran-
sistors Q., Q., Q.. and Q... The in-
put at Q,, feeds successive emitter
follower stages to produce sufficient
current gain for driving the trans-
fluxors, The inductance and stray

D-C BIAS

READ DRIVER

capacity of the transfluxor set
winding in the collector of @,, ap-
pears as a tank circuit, the output
of which feeds back to the base
source impedance through the col-
lector to base capacity. A tran-
sistor with too high an alpha cut-
off frequency for Q,,, such as the
2N1046 originally tried, produced
sustained oscillations, The lower
frequency 2N301A limits the oscil-
latory condition to a slight over-
shoot.

It was found desirable to make
the emitter resistors of @Q,; and Q..
large enough to prevent overheat-
ing of the transistors should the
+25 volt or the =6 volt power sup-
plies fail. This results in an in-
crease in the base source resistance
of Q,, which is corrected by the ad-
dition of stage Q.. The 850-pf ca-
pacitor in the base of Q,, slows the
rise time and also reduces oscilla-
tions in Q...

The transfluxors each have five
windings, three through the large
hole and two through the small
hole. The large hole windings are
the bias winding, the auxiliary
block winding and the set or analog
signal output winding. The bias

-30
-12

winding provides the reference cur-
rent that spaces the setting charac-
teristics of adjacent transfluxors.
The spacing is achieved by pro-
portionately increasing the num-
ber of turns on succeeding trans-
fluxors and passing the same d-c
bias current through all of them.
Thus a uniformly increasing am-
pere-turns of bias is provided for
each succeeding transfluxor. With
the set and bias windings both
around the large hole of the trans-
fluxor, coupling between these wind-
ings produces an increase in bias
current since the induced voltage in
the bias winding is in such a direec-
tion as to break down the transistor
in the d-c¢ bias circuit. This cou-
pling becomes negligible if the bias
source has a hizh impedance.

The auxiliary block winding is
needed on the first eight transflux-
ors only, since these are disturbed
by the set pulse and must be re-
blocked by 1.5 ampere-turns before
the next set cycle begins. If these
transfluxors are not reblocked, the
setting characteristic will be un-
predictable. In transfluxors 9
through 31, the block function is
performed by the d-c reference
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FIG. 5—Circuit of polarity detector

bias. However, in transfluxors one
through eight, the mmf of the d-c
bias windings is less than 1.5 am-
pere-turns and must be supple-
mented by the auxiliary bias pulse.
The auxiliary block winding is
driven by a driver that receives a
timing pulse from the timing
matrix in the digital circuits.

The windings through the small
hole of the transfluxor include the
read-drive winding and the read-
output or sense winding. The read-
drive winding is driven by the read
driver, a circuit similar to that
of the auxiliary block driver. It
also receives a timing pulse, the
read-timing pulse, from the timing
matrix and produces a read-output
voltage of 35 to 80 mv per turn on
the read-output or sense winding.
This voltage is selected to be of
the same polarity from all sense
windings and is fed to the sense
amplifiers. The selection is made
possible by wiring the five sense
windings so that all produce out-
puts of the same polarity.

Since the read-current winding
passes through the small hole along
with the sense winding, during rise
of the read current a small noise
(undesired signal output) voltage
is induced in the sense winding.
This undesired signal is a cumula-
tive voltage induced in the sense
winding by the read driver coupling
through the transfluxors that are
not set for read-out. The noise
from 16 transfluxors on each sense
winding adds up, and could become
large enough to be mistaken for a
signal. A method of noise compen-
sation applied successfully to im-
prove the signal-to-noise ratio adds
one additional transfluxor on each
sense winding. It is driven by 6
turns of the read driver and con-
tains a second winding through the
small hole with 20 turns in series
opposition to the sense turns in the
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16 conversion transfluxors. The in-
tentionally added noise cancels the
noise normally present. A small re-
duction in a peak signal out results.
but the improvement in signal-to-
noise is several orders of magni-
tude.

Figure 4 illustrates the encoder
output circuits from the trans-
fluxor to the digital shift register.
The d-c bias circuits and the auxil-
iary block and read drivers are also
shown. The bias circuit provides a
biasing current of 100 ma. The
high impedance is obtained by plac-
ing the transfluxor bias winding
in the collector of the transistor
and biasing the base with a zener
reference diode.

The circuits for providing the
auxiliary block driving current and
the read-drive current are similar
except for the collector resistance
in series with the associated trans-
fluxor winding. The auxiliary block
circuit is driven by the auxiliary
block pulse from the timing matrix.

Normally, both stages of the
drive circuit are off. They are
turned on by the positive going in-
put pulse. The second stage tran-
sistor (Q, for the auxiliary block
and Q. for the read) is driven into
saturation and the collector load re-
sistor acts as a current source to
switch the transfluxor.

There are five sense amplifiers
one for each of the readout or sense
windings. All the sense windings
are wired to produce outputs of the
same polarity to the sense ampli-
fier. The first stage, Q. is biased
class B. The second stage provides
for both gain and strobing to select
the signal between the two large
noise voltages due to the rise and
fall of set current. The third and
fourth stages, transistors Q. and
Q.. are for pulse shaping, and Q.
together with @, constitutes a
monostable multivibrator. The use

of the monostable circuit improves
the threshold response and stabil-
izes the width of the sense ampli-
fier output. Stabilization of output
is required to reduce the indeter-
minate output level that may set
the shift register. Signals below a
certain level will not set the reg-
ister at all while those above this
value set it all the time. Noise rid-
ing on the signal, variations in the
threshold value of @, and in the
triggering threshold of the flip-
flop register contribute to the in-
determinate response region. This
is materially improved by the mono-
stable multivibrator. The 200-
pf capacitor across the 6,200-ohm
resistor in the strobe output speeds
the rise time of the leading edge of
the strobe pulse. The potentiometer
in the first stage transistor permits
adjustment of the rejection level on
each sense amplifier. The 1,000-
ohm resistor reduces the transfluxor
loading, which is caused by the in-
put impedance of the sense ampli-
fiers. Because of the sense-winding
arrangement, the number of sense
windings on a transfluxor may vary
from one to five. Thus, one trans-
fluxor may be loaded with one sense
amplifier while another may be
loaded with five. The 1,000-ohm
resistor is a compromise between
a value which produces a damping
effect and one that produces load-
ing.

Figure 5 is a circuit diagram of
the polarity detector. Negative
analog samples from amplifier 2
(Fig. 1B) greater than 100 mv are
amplified in transistor Q, to drive
transistor Q.. The amplification of
the two stages provides a sharp
pulse output to drive the 22-usec
monostable multivibrator MMV,
The input signal threshold is ad-
justed by the 5,000-ohm potentiom-
eter in the emitter of Q.. Coinci-
dence of the 3-usec clear pulse from
the timing matrix and the trailing
portion of the 22-usec output of the
MMYV at the gated amplifier input
produces a pulse simultaneously
with the conversion readout time
to set the sign bit in the shift reg-
ister.

The total encoder dissipation at
maximum signal level is about 16
watts. It has a conversion accuracy
of two percent.

This work was performed for
the US Army Ordnance Corps,
Picatinny Arsenal.




STANDARDIZED COMMERCIAL COINCIDENT CURRENT
MEMORY SYSTEMS

Daystrom Military Electronics Division is now making available a series of new standard-
ized coincident current memory “packages’. Designed for commercial data

processing systems, the CCM memories present features as: highly reliable all-solid-
state circuitry; high component density which results in sizes up to 3076 smaller than
presently available units; and cycle times as fast as 3.5 psec. These commercially-
priced CCM’s provide the data systems engineer with a variety of packaged,

modular core storage memories flexible enough to fit a vast number of design needs.
Daystrom’s CCM's are available as random access, sequential/interlaced. or
sequential/non-intertaced. Word lengths of 8,16, and on up to 64 bits, and capacities up te
4096 words are offered. The construction of these memories is modular, and many
special features may be incorporated without major design change. Daystrom

CCM systems reflect our extensive experience in the

design of military digital machines such as the Navy's NORC 4 _

memory and memories for the 465L global command and control 4 DAYSTROM INCORPORATED
network for SAC, in addition to our commercial one psec i[- I

memory series. They represent a considerable advance in the MILITARY ELECTRONICS DIVISION
field of commercial memories. Send for technical data. ARCHBALD, PENNSYLVANIA
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This means you can design mi-
crowave circuits with freedom
.+ « breadboard and test quickly
and accurately . . . reduce pack-
age weight and volume . . . get
MIL-Spec reliability ... at lower
cost. What the concept of strip
transmission line promised,
TRI-PLATE techniques deliver —
they’ve made the concept a
practical reality! [ ] To Bread-

|3
strip transmission

a practical reality!

®Sonders Associates, Inc.

Line. [ ] Microwave Packages
that heretofore have been
thought impractical or impossi-
ble to build because of their
bulk and complexity, are suc-
cessfully produced in TRI-PLATE
Line. For they match the per-
formance of coaxial and wave-
guide circuits yet have a volume
less than one-half, weigh less
than one-fourth, and cost sub-
stantially less. What’s more,
TRI-PLATE Strip Transmission
Line circuits have a packaging
versatility to solve the most
difficult problems. [ ] Reliability
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board and Test new circuit
ideas quickly and easily — no
matter how advanced or daring
— a complete line of over 600
TRI-PLATE Modules is available.
To help you create new direc-
tions in electronics more than
150 TRI-PLATE Mounts for stand-
ard and advanced semiconductor
devices are offered. In just min-
utes, you can have complex

Stacked
Circuit with
internally
mounted
Semi-
Conductors

at Low Cost in TRI-PLATE Strip
Transmission Line is a reality.
Simplicity in construction,
sound engineering techniques
and automated production
methods let you go from design
to prototype to production with
known characteristics. The ad-
vanced photo-etching process

used in TRI-PLATE Strip
Transmission Line provides n’
asimple, fast and econom- .d_

working circuits ready for test
and evaluation. [ ] Your Proto-
type circuit, custom-designed
by Sanders engineering special-
ists, speeds the time from design
to production — makes your
circuit ideas pay off sooner.
Microwave, semiconductor or
fast switching circuits with high
density packaging are effec-
tively produced in TRI-PLATE

Tri-Plate
&Y = products
. make

ical method of exact reproduc-
tion. [ ] For more information
about strip transmission line
andhowTRI-PLATEProducts have
made it a practical reality, for
the latest literature — including
specifications and prices — or
for consultation regarding your
specific requirements, write to

Sanders Associates, Inc.,
Microwave Products Dept.,
Nashua, New Hampshire.

CREATING NEW DIREGTIONS IN ELECTRONICS
SANDERS T[R///E[PLL/A\]TE(ESTR:P TRANSMISSION LINE

electronics
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The many and varied programs at
General Dynamics Astronautics de-
mand the talents of all kinds of
electronic specialists.

From Atlas follow-on work to
extremely advanced research, every-
thing at Astronautics is concerned
with space —unlocking its secrets,
guiding and tracking vehicles within
it, designing systems to survive in its
unfriendly environment.

This is long-range work, in planning
and in performance. At Astronautics,
we're already mapping the decade of
the 70's—and beyond. To the elec-
tronic engineer, this can mean both
excitement and stability. And it can
bring the kind of rewards that come
only to the pioneer.

If you are the man with the talent and drive
and technical proficiency demanded by
programs like ours, we urge your inquiry.
1t will be treated in strictest confidence,
of course, and will incur no obligation. Read
the details on the next page./f they command
your interest, mail the attached Professional
Placement Inquiry. We'll do the rest, in-
cluding arranging an interview in your area.
If you prefer to submit a detailed resume,
please address it to Mr. R. M. Smith,
Manager of Industrial Relations Adminis-
tration- Engineering, Dept. 130-90, General
Dynamics | Astronautics, 5739 Kearny Villa
Road, San Diego 12, California.

GAFIED

ASTRONAUTICS



ELECTRONIC ENGINEERS

Listed below are just a few of the many important openings now available to elec-
tronic specialists. If your field of interest is not included, we still urge your inquiry...
by letter, resume, or the attached Professional Placement Inquiry form.

RESEARCH AND DEVELOPMENT

These positions are for senior scientists
to participate in company-sponsored
research in thin films and solid state for
applications to microminiaturization, sotar
energy conversion, and magnetic com-
puter components. Training should be in
the area of solid state physics, physical
chemistry, electronics, metallurgy or
ceramics. Advanced degree preferred.

ELECTRICAL ENGINEERING

A number of assignments are available in
the design of launch control systems, pack-
aging, test equipment, missile electrical
power systems, and component and sys-
tems test. Openings also exist in vendor
qualification selection, and test of ground
and airborne missile electrical equipment,
as well as design. A BSEE or MSEE and
appropriate experience are required.

ELECTRONIC PACKAGING

e _________|

Electronic engineers required for board

design of electronic equipment. Must be

familiar with circuitry, standard parts and

tubes, and printed circuit boards. Must

also be able to deal with the shock, heat

and vibration environments the equipment

may encounter. BSME or EE required.
OPENINGS ALSO EXIST IN THESE OTHER
SPECIALTIES:

Circuit Design, Data Transmission, Design Liaison,
Dynamics, Engineering Administration, Field Service,
Flight Test, Guidance Systems Analysis, Human
Factors, Logical Design, Metallurgy, Microwave
Design, Quality Control, RF Circuitry, Structural
Design, T.V. Engineering, Telemetry and Thin Films.

for assignments in telemetry, radiation
systems, trajectory measurements, track-
ing, guidance, automatic controls, pack-
aging, instrumentation, digital dewces
printed circuitry, logic de5|gn component
and systems testing or measurement
systems. Openings exist in design, devel-

opment, reliability, vendor qualification
selection, and test on ground and airborne
electronic components, subsystems and
systems.

ELECTRONIC ENGINEERING
i Experiencedelectronic engineersrequired
B S AT TR S T e A s

ELECTROMAGNETIC INTERFERENCE
CONTROL
Positions entail electromagnetic interfer-
ence control on missile and space
systems, involving individual subsystems
as well as complex composites of
electrical and electronic equipment. A BS
or MSEE and experience in communi-
cations equipment design, preferably on
airborne or ground equipment, is required.

ment of electrical/electronic reliability
requirements, conducting tests and test
analyses, and maintenance of reliability
program surveillance. A background in
systems test or analysis and a BSEE are
required.

RELIABILITY ENGINEERING
These assignments involve the establish-

If the inquiry card has been removed, or if you
wish to furnish or request more detailed information,
please write to Mr. R. M. Smith, Manager of Industrial
Relations Administration-Engineering, Mail Zone
130-90, General Dynamics | Astronautics, 5739 Kearny
Villa Road, San Diego 12, California.

GHID

GENERAL DYNAMICS | ASTRONAUTICS

AN EQUAL OPPORTUNITY EMPLOYER
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your @ngineered Specials service

Gamewell made a special rotary switch for over 10 million
revolutions. The customer's special application called for a guar-
anteed useful life of 10 million revolutions . . . tests proved the unit
easily exceeded it. Other requirements met by this precision 3 inch
unit include make-before-break operation on 80 segments, and criti-
cal 5° dwell length.sHere's another example of how Gamewell's YES
service — Your €ngineered Specials service — is continually meet-
ing special "pot’ and rotary switch needs. We can

help with your requirements, too. Write for details. Emt;amewe

THE GAMEWELL COMPANY, ELECTRONICS DIVISION 1616 CHESTNUT STREET, NEWTON UPPER FALLS.64. MASSACHUSETTS. A SUBSIDIARY OF E. W. BLISS COMPANY,
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Two outstanding
developments by the
makers of Buss Fuses

ACTUAL
SIZES
SHOWN

DESIGNED FORSPACE-TIGHT APPLICATIONS

Prong type GMW TRON fuses
Diameter: .270 inch; Length of Body: Y inch

Fully insulated ceramic body isolates fusible ele-
ment from cftect of dust, corrosion, and moisture.

Transparent window permits visual
inspection of fusible clement.

Prong type contacts mount directly
into printed circuit boards.

Available in ratings from 1/200 to
5 amps. for use on circuits of 125 volts
or less where available fault current
would not exceed 300 amps.

The holder for BUSS GMW fuses
can be mounted on panel—or, terminals
can be inserted thru holes in printed
Exploded view of | ¢ircuit board and soldered into circuit.
swaih luse 81 A knob for holder is available. It
with AF knob. makes holder waterproof from front
of panel.

Pigtai! type GLN & GLX TRON fuses
Body size only .140 x .300 inches

Fusc clement is hermetically scaled. Fuses may be
potted or encapsulated without danger of scaling
material aflecting operation.

Fuscs are sclf-protecting and operate without ex-
terior flash or venting. They may be tcamed in one
capsule or replacement unit with such components
as resistors or condensers.

Madec with axial pigtails, or with right angle pigtails.

Available in ratings from 1,20 to 5 amps. for

TRON
AUSES

by BUS

Give Design Engineers
New Possibilities
in Sub-Miniaturization

Tron fuses arc so ‘tiny they can casily be used—to
protect miniaturized devices—or gigantic multi-circuit
clectronic devices—without sacrifice of space.

Tron fuses arc cxtremely rehable urder high shock
and vibration conditions. They are not allected by atmos-
pheric conditions.

Tell us your design problera and let our engincers help
you sclect the right type Tron fuse for your application,
Bussmann Mfg. Division e McGraw-Edison Co. ¢ St. Louis 7, Mo.

use on circuits of 125 volts or less where available 188 - — ETE LIN —
fault current is not over 50 amps, RS <R SONET LINE @ FUSRS

AND FUSE MOUNTINGS OF UNQUES-
TIONED HIGH QUALITY.

71 CIRCLF 74 ON READFR SERVICE CARD

alectronics



Exploring the
possibilities in
Coherent Light

Is it feasible to take advantage of the enormous
bandwidth available at optical frequencies? Could
coherent light, for example, be sent through pro-
tecting pipes to provide high-capacity communica-
tion channels between cities?

To study such possibilities it is, first of all,
necessary to have a source of continuous coherent
radiation at optical frequencies. Such a source
was first produced when Bell Laboratories scien-
tists developed the gaseous optical maser.

Recently, our scientists demonstrated the gen-
eration of continuous coherent light by solid
materials. Using a crystal of neodymium-doped

AR
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At Bell Laboratories, Donald F. Nelson studies a
beam of coherent red light produced by a continuously
operating ruby optical maser. The heart of

the device is a uniquely shaped ruby crystal
immersed in liquid nitrogen in the tubular glass
dewar extending from upper left to center.

Light from the mercury arc lamp (lower center)

is reflected by round mirror at left to mirror

at right and then is focused on the ruby crystal

to produce maser action. Coherent light emerging
from end of dewar is picked up by a detector.

calcium tungstate, a material developed at Bell
Laboratories, continuous optical maser action was
obtained in the near infrared. It has also been
attained with visible light, using a new optical
“pumping'’ arrangement to excite a ruby crystal.
(See illustration above.)

Multichannel light highways for communica-
tions are still far from realization. But with con-
tinuous sources of coherent light available, it
becomes possible to explore the problems of
modulating, transmitting, detecting, amplifying
and, in general, controlling light for possible com-
munications applications.

i i ) BELL TELEPHONE LABORATORIES

A7 World center of communications research and development



RESEARCH AND DEVELOPMENT

Artificial Hand Responds to Touch

By RAJKO TOMOVIC
Professor Illectrical Fngineerin
Faculty Nuclear Instituie,
Vincha, Yugoslavia

DESIGN APPROACH used in develop-
ment of an experimental artificial
hand could result in significant im-
provements in prosthetic devices.
Principles used might also be ap-
plied in other fields, such as remote
manipulation or remote operation
of vehicles.

The artificial hand adapts to the
shape of the object held and auto-
matically adjusts pressure to the
weight of the object. This charac-
teristic is shown in the photographs
provided by Gianni Boni, Biotech-
nology Laboratory, UCLA, where
it was built during a 7-month pe-
riod spent at this cooperative center
for artificial limb research by the
author. A model is presently being
designed under the direction ot the
author at the Institute for Auto-
matization and Telecommunications
at Belgrade for amputees with both
hands removed.

One fundamental requirement in
any prosthesis design is a compact
source of power for prosthesis ac-
tion. Muscular effort of the am-
putee should be limited, particularly
in hand prosthesis, where constant
effort could be inconvenient. Ex-

Avrtificial hand made at DBiotechnology Laboratory of UCLA adapts to
shape of object and exverts pressure proportional to weight of object

ternally powered hand prosthesises
have been proposed using electrical,
pneumatic and hydraulie units, but
this problem has not been satisfac-
torily solved.

The second basic prosthesis de-
sign problem is providing adequate
control signals to provide normal
hand movements as far as possible.
In some devices, controls signals
have been reduced to a minimum,
possibly to just one on-off sig-
nal. DMovement of the amputee’s

Tv Displays Radar Image of Harbor
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THE FRONT COVER. Coast Guard cutters and other vessels equipped
with whf television receivers can sce PPI of New York harbor on channel
47. Called RATAN (Radar And Television Aid to Navigation) by Coast
Guard, effectivencss of system as « navigation aid is heing evaluated
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shoulder or body initiates the sig-
nals. However, this approach se-
verely limits performance of the
artificial hand.

Another solution used for the
signal control problem is so-called
bioelectrical control. Use is made
of the remaining muscles or nerves
of the amputee, which when acti-
vated can produce the normal bio-
logical control signals in the form
of electrical pulses. It has been
demonstrated on an amputee that
these pulses properly amplified can
control a hand.,! Despite its sig-
nificance as an achievement in elec-
tronics, only an on-ofl bioelectrical
control pulse was used. Because of
the difficulty of amplifying bioelec-
trical currents and the variations
among individuals in the level and
location of pulses to be detected, a
new approach was used.”*®

Two factors taken into considera-
tion are that reflexes account for
a major part of normal activities
and the sense of touch can be an
important source of control signals.
In fact, many reflexive hand move-
ments depend partly or completely
on the sensing of touch or pressure
and heat.

Two tvpes of control signals are
used in the new hand. Actions like

electranics



CHECK KEPCO

before you buy...

regulated power supplies

over 200 standard models
off-the-shelf delivery

from this wide choice, you’ll find
the right power source for
your particular job,

at the right price,

SEND FOR
CATALOG
8621 4 The NEW Kepco Catalog
makes the
proper selection easy!

e Indexed by Design Group

o Indexed by Output Voltage/Current

¢ Comprehensive mechanical and
electrical specifications.

e Design Notes and Glossary of Power
Supply Terms

e Programmable Voltage/Current Regulated
models listed and described

e Nomograph of Voltage drop across Load
Sunply Leads

————————
-,

: Pl .’ GROUPS
REGULATED % OC SUPPLY REGUUTED% OC SUPPLY
offer wide choice of output voltages and current ratings (45 models)
WIDE RANGE: 0-14 to 0-325 vdc.
HIGH CURRENT: 0-30 to 0-2 a.
COMPACT: Bench or Rack Mounting.
SOLID STATE DESIGN: Proven reliability.

OVERCURRENT PROTECTION: Output may be shorted
without damage.

NO VOLTAGE OVERSHOOT: From turn-on, turn-off or
power failure.

FLUX-O-TRAN: Efficient Voltage Regulator delivers
square-wave regulated voltage to the rectifier and filter.

LATERAL FORCED AIR COOLING: Assures long trouble-
free operation without de-rating.

TR S Se.C 0.1% or 0.01% LINE/LOAD STt 1 19% LINE
voLTS 0-14 0-36 0-75 | 0-160 0-325 0-15 | 038 | 080 | 0-155 | 0-310
AMPS 7|15]30 5|1o|15 2[5!8 1]2]4 o.5l1|2 1o|30 5]15 258 |1 |4a|06]2
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FAST o]
DELIVERY FROM \ fyu
AEROVOX s
INDUSTRIAL &

DISTRIBUTORS...

aspasssal

i

Aerovox Ceramic
Capacitors

.« proven reliable in a wide
range of demanding
applications

Aerovox offers you a complete line of
proven top-quality ceramic disk and
tubular ceramic capacitors for your every
by-pass coupling, general purpose, hi-
voltage, and temperature compensating
application. You can fill all of your most
demanding needs with transistor disks,
feed-thru, eyelet feed-thru, stand-off,
disk stand-off, hi-voltage cartwheels,
plate assemblies and other dependable
types.

You can save valuable time and cost by
ordering your prototype, production and
maintenance quantities from your local
Aerovox Industrial Distributor. He can
provide fast, off-the.shelf delivery at |
factory prices. Write for the name and
address of the Aerovox Distributor serv-
ing your area.

Technical Data

Ask your distributor
for a free copy of the
complete Aerovox
Industrial Catalog
IDC-561.

ﬂskovox\

AEROVOX CORPORATION

DISTRIBUTOR DIVISION NEW BEDFORD, MASS,
Technical Leadership = Manufacturing Excellence
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RUBBER SHEET
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CONDUCTING SURFACE
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FOLLOW-UP ZONEI!ZONE]I
i

POTENTIOMETER

Carbon-filled holes in rubber sheet covered by conductive material func-
tion as pressure transducer. Servo permits variety of hand movements

opening the hand are controlled by
an on-off signal initiated at will by
the amputee. Activities like closing
the hand or moving the fingers are
initiated automatically by touching
an object.

Pressure Sensitive

Basic design objectives for the
hand included obtaining a pros-
thetic device similar anatomically
to the human hand. All fingers and
finger joints move except for lat-
eral finger movements. The hand
automatically adapts to the shape
of the object to be held, and it auto-
matically determines whether pinch-
ing or grasping actions are needed.
Hand pressure adjusts automati-
cally to the weight of an object.

The inner surface of the hand is
made pressure sensitive. A 2-3 mm
rubber sheet is perforated and the
holes are filled with carbon dust
like that used in microphones. A
metallized layer on both sides
covers the holes, as shown at the
top of the figure. Output current
of the elastic pressure-sensitive
surface is proportional to applied
pressure and activated surface
area.

The surface serves as an on-off
signal source, detecting that an ob-
ject has touched the hand and trig-
gering a closing reaction. For this
function, elasticity of the rubber
must be low for adequate sensi-
tivity. The surface also produces
a signal proportional to pressure,
although strict linearity is not re-
quired.

The pressure-sensitive surface is
distributed on finger and corre-

sponding palm locations, and the
hand is covered by a glove. This
source of control signals substan-
tially increases capabilities of the
hand by initiating many reactions
locally, and the amputee is relieved
of the burden of triggering them
by an act of will. Although strain
gages or other devices could be
used, this pressure transducer is a
simple, reliable current generator
that presents no noise problems.

Feedback Loop

The thumb in the figure is con-
trolled by one cable and all other
fingers by a second cable. The servo
amplifier has four inputs. With
the hand open, the negative feed-
back loop from the follow-up po-
tentiometer is completed and the
closed-loop transfer function is C,
(s) = G(s)/l + G(8), where G(s)
is the open-loop characteristic. In-
itial conditions are set by P,, which
is placed on the lower arm so the
amputee can control hand position
by pressing it against his body.
Although this control is not nor-
mally used, it provides an added
central control channel.

When the hand is pressed against
an object, the pressure-sensitive
surface produces control signals.
If they exceed a threshold level, the
hand is closed through a positive
feedback loop. If the hand is ap-
proximated by transfer function
H (s), the closed-loop transfer func-
tion is C.(s) = C,(8)/1 = C.(s)
H(s) = G(s)/1 4+ G(s) — G(s)
H(3), where H(s) is greater than 1.
These expressions indicate the dif-
ference in system behavior with

CIRCLE 79 ON READER SERVICE CARD—>
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The new ITT Model LS 421 is a sampling oscilloscope
with a low frequency display capability. It has the advan-
tages of a large screen with exceptionally high resolu-
tion, plus a small, compact, modular control console. It
has application as a general purpose lab scope for
research and development activities, as a high speed
readout for computers and display systems and
wherever detailed observation of pulses and complex
waveforms with high resolution and linearity is required.

LS 421 FEATURES:

VERSATILITY

X and Y plug-ins are completely symmetrical, thus
allowing interchangeability of plug-ins normally asso-
ciated with X and Y functions.

EASY MAINTENANCE

There is easy accessibility for servicing. Side panels are
removable at the push of a button. There are no screws
to remove. The deflection amplifiers are on swing-out
chassis for easy access.

LARGE SCREEN

A 14" rectangular Cathode Ray Tube provides a full
screen of 9" x 12

For further information about the LS 421 Large Screen

Oscilloscope, write for Data File No. E-1654-2, or call your
local representative for a demonstration.

XY PLOTS

A unique random sampling method which allows the unit to be
used as an XY plotter for phenomena varying at a DC rate or
as high as 5 mec.

The system takes 50,000 samples per second, independent of the
frequency of the waveform being displayed.

MODULAR CONTROLS
A modular Control Unit contains sampling circuitry, the control
panel for indicator functions, and spaces for X and Y plug-ins.

CONVENIENCE

The Indicator and Control Unit are separate to allow the
Indicator to be placed in the most convenient viewing position.
The scope is packaged for rack, bench or mobile cart mounting.

Industrial Products Division
INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION

15191 Eledsoe Street « San Fernando, Calif. « EMpire 7-6161

power conversion =« instrumemnts « closed circuit TV « avionics « mobile radlo/!elephone
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" TELEMETRY PREDETECTION

RECORDING/PLAYBACK SYSTEM

LINEAR SYSTEM WIDE BANDWIDTHS
Handles Any permit use of the system to record high
Type Modulation bit-rate PCM signals or standard IRIG

signals at reduced recorder speeds.

The TPRS-1 system translates the receiver IF to a portion of the spectrum
compatible with the frequency response of commercially available wide-
band magnetic tape recorders. In the record mode of operation the
widest predetection bandwidth that the system is capable of accepting
is used. Optimum bandwidth selection is then accomplished during the
reproduction process. Thus, no changes in field setup are required to
accommodate various types of data transmission. The recording system is
linear throughout making use of no limiting process hence maintaining
the original relationship of signal and noise in its most virgin state. The
system, therefore, is also capable of handling AM as well as FM data.

DEl QUALITY CONTROLLED—FROM CONCEPTION THROUGH COMPLETION

To Learn More About System TPRS-1, Write, Wire or Phone

Visit us at Booths:
73-4 at NTC Show S-148-9 at AFCEA Show
87-8 at MIL-E-CON Show

TELEMETRY EQUIPMENTS AND SYSTEMS

Defense Electronics, Inc.

Serving
Government
and Industry

WASHINGTON-ROCKVILLE INDUSTRIAL PARK
5455 RANDOLPH RD,, ROCKVILLE, MARYLAND
TWX KENS 793 WHITEHALL 6-2600
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and without external stimuli.

Dividing the hand into two zones
enables determination of whether
pinching or grasping action is re-
quired. Pressing the finger tips
produces positive current while
pressing the palm produces nega-
tive current, each causing servo
motor rotation in the opposite di-
rection. This arrangement permits
introduction of a time delay in
thumb action. The two cables (see
p 79) are not attached at the same
position relative to the motor axis
so that either the fingers or the
thumb start moving first, depend-
ing on the direction of rotation of
the servo motor. This duplicates
movement of the human hand,
where thumb movement must be
delayed to form a fist. The pinch-
ing reaction is always evoked by
touching the finger tips, while hold-
ing is obtained by stimulating the
palm.® The two zones are supplied
with voltages of opposite polarity.

Because of the positive feedback
loops, the hand would develop full
power in all cases, which would
crush many objects and also waste
power. Provisions were therefore
made to regulate hand pressure in
accordance with the weight of the
object held. Although this criterion
is not satisfactory for all situa-
tions, it is in many cases. The hand
is attached to the amputee’s lower
arm by a pressure-sensitive cou-
pling of suitable elasticity. It is
wrapped completely around the
wrist so that the amount of stress
when lifting an object or pressing
the hand against a fixed surface
controls servo motor power,

Finally, switch S is provided so
that the amputee can use the hand
as a conventional positioning servo
at his option.

Standard Components Used

It is planned to attach the servo-
mechanisms and circuits at the
lower end of the arm with the
power supply outside., Advances in
miniaturization indicate that this
arrangement is feasible. Since
precision is not a problem, standard
inexpensive components can be
used.

Although the discussion was lim-
ited to the hand, the principle of
localized stimulation could be valu-
able in other fields, such as remote
manipulation and remote vehicle

electronics
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1/10 WATT RESISTORS

metal film precision resistors

For space age electronic use, these newly engineered 1/1G watt metal film
precision resistors fulfill the most exacting circuit requirements. More com-
pact than the 1/8, 1/4 and 1/2 watt METOHMS, the 1/10 watt units meel
present and future needs for miniaturized precision resistors. [

Only .260” long by .120” diameter, with 1-1/2” axial leads, the 1/10 watt
METOHMS (Type WL 55) offer the same high reliability, high stability, close
accuracy and low TC's as the larger METOHMS. Designed to meet MIL-R-
10509D for Characteristics B, C and E, the new WL 55 METOHMS are avail-
able in resistance values to 100,000 ohms, TC’s as low as =25PPM and toler-
ances of =1%, *=.5%, *.25%, and *.1%.

Applications assistance, evaluation samples and catalog data are now
available. Write today to Ward Leonard Electric Co., Metal Film Division,
30 South Street, Mount Vernon, N. Y. 2.10

RESULT-ENGINEERED CONTROLS

w WARD LEONARD
Tmf% ELECTRIC CO .~

RS i RESISTORS ¢+ RHEOSTATS ¢ RELAYS ¢ CONTROLS » DIMMERS
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control and operation.
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Ruby Laser Makes
Holes in Diamonds

COHERENT LIGHT beam has been
used in recent experiments to cut
holes in diamond. The narrow-beam
light provided by a laser cut the
holes in 200 microseconds, gener-
ating temperatures of 10.000 deg. F.

The experiments were conducted
at the General Engineering Labora-
tory of General Electric using in-
dustrial diamonds. Results indicate
the possibility of high-speed inex-
pensive techniques for machining a
wide variety of very hard materials.

The diamond surface is vaporized
almost instantly when it is exposed
to the high-energy light. The light
beam striking the diamond causes
an explosive sound. and a blue-
white jet similar to the flame of in-
tensely hot gas is produced.

Diameter of the diamonds used is
about one-quarter inch, and the
laser-cut holes are about 0.002 inch
in diameter. No structural defects
resulting from the experiments
appeared in diamond analyses.

Electron-beam techniques have
also been used to cut diamonds.
However, the laser method promises
a number of advantages. including
lower cost and higher speed. Alxo,
an electron beam must be operated
in a vacuum, which is not required
for the laser.

The laser has also been used to
make holes in stainless steel, tung-
sten and other hard metals that are
difficult to machine using conven-
tional methods.

The ruby crystal used in the laser
is a rod 8 inches long and slightly
more than ! inch in diameter. The
laser was operated at room tem-
perature, although higher energies
could be achieved by cooling the
ruby with liquid nitrogen.

electronics



Dunco
AIR FRANME RELAYS

in 4- and 6-Pole Balanced Armature Types
to MIL-R-6106C
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FC.4001 28V DC
TYPEPFD%AOO APRT-MARE Here’s an entire series of Dunco relays built to standards
10 ampere contacts STRUTHERS-DUNN INC

for 28v DC or 115/200v PITMAN, N.J which pace those of the missiles and aircraft for which they
’

400 cycles AC. are designed. Their dual coil, balanced armature design

combines low operating power with high resistance to

shock and vibration.

Each unit is hermetically sealed under rigidly controlled
atmospheres to assure long, fully dependable operation

under minimum current, rated load, and severe overload

TYPE FC-404 conditions in either Class B8, A5 or A8 service.
5 ampgré?:l-ntacts T apor-8 AP Non-gassing materials and bifurcated contacts further
for4%gv DCI or AéSV. l s"w"“ﬁ‘”n‘“,’."," e enhance the reliability of a fully proved basic design.
cycles AC., il 2o

Options available on all types include many terminal and
mounting styles as well as self-contained rectifiers for AC
operation of coils. Modifications for electronic applications
complying with MIL-R-5757D also can be furnished.

Specifications on all three types are available by writing
for Bulletin FC-400 to: Struthers-Dunn, Inc., Pitman, N. .,

TYPE FC-406
6P-DT
$ ampere contacts
for 28v DC or 115v,
400 cycles AC,

STRUTHERS-DUNN

PIONEERS IN SPACE AGE RELAY RELIABILITY
ﬂu Member, National Association of Relay Manufacturers

Sales Engineering Offices in: Atlanta o Boston ¢ Buffalo e Charlotte o Chicago ¢ Cincinnati o Cleveland
Dallas e Dayton e Denver o Detroit o High Point o Kansas City o Los Angeles o New York e Orlando e Pittsburgh
St. Louis o San Diego ¢ San Francisco e Seattle, Canadian Licensee: Renfrew Electric Co., Toronto, Ontario, Canada.

Export Department: 1505 Race St., Philadelphia 2, Pa., U.S.A.
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NEW BR-5 RELAY COMPLEMENTS

OTHER BABCOCK SERIES

The new BR-5 is smallest of the precision relays that
Babcock manufactures. Despite its small size, it fea~
tures the same rugged dependability and operating
versatility that distinguish all Babcock products,

Most airborne, undersea or ground support requires
ments can be satisfied by Babcock’s standard line of
relays, while other requirements are met by special
variations. The following relay series show typical
performance characteristics of Babcock’s standard

product line.

BR-5 MICRO/MICROMINIATURE DRY CIRCUIT

TO 1 AMP SERIES

Contact Rating: 1 amp res. @ 32V DC,
.050 @ max. + Contact Arrangement:
SPDT « Vibration: 30g, 40 to 3000 cps;
0.4” DA, 10-40 cps * Shock: 125g, 11
millisec. * Life: 100,000 operations
min. @ 1 amp, 125°C. « Military Speck
fication: meets MIL-R-5757D.

/

BR-7 SUBMINIATURE DRY CIRCUIT TO

POWER SWITCHING SERIES

Contact Rating: 2, 5 and 10 amp res.
@ 28V DC or 110V AC, 400 cps * Con-
tact Arrangement: SPDT, DPDT ¢+ Min.
Pull-in Power: 80 mw/pole, derated to
50 mw * Header Styles: plug-in ter-
minals, solder hooks, 3” printed circuit
leads.

P :
22 % (//

BR-7 SERIES

BR-8 MICROMINIATURE CRYSTAL CAN SERIES

Contact Rating: 2 amp res. @ 32V DC
or 115V AC, 400 cps; | amp inductive
@ 32V DC < Contact Arrangement:
SPDT or DPDT ¢ Dry Circuit: 1za @ 1
mv, 100 @ max. contact resistance »
Size: .360” x .79G” x .870” high (cur-
rent sensitive, 1.190” high).

. O

BR.8 SERIE

BR-9 SUBMINIATURE MAGNETIC LATCHING SERIES

Contact Rating: 5 and 10 amp res. @
28V DC or 110V AC, 400 cps * Contact
Arrangement DPDT ¢ Header Styles:
10 pin or 8 pin polarized *+ Holding
Coils: separate or series operation.

20

BR-12 MICROMINIATURE ULTRASENSITIVE SERIES

Relay Types: standard, high sensitivity,
max. sensitivity and centepede “lie
down'' printed circuit versions ¢« Con-
tact Rating: 2 and 3 amp res. @ 32V
DC or 115V AC, 400 cps; 1 amp induc-
tive @ 32V DC (max. sensitivity unit 2
amp res. @ 28V DC) « Contact Arrange-
ment: SPDT or DPDT + Coil Power
(max. sensitivity unit): 25 mw SPDT,
40 mw DPDT.

BR-14 SUBMINIATURE FOUR POLE,

DOUBLE THROW SERIES

Contact Rating: (@ 28V DC or 115V,
400 cps): 10 amp res., 3.5 amp induc-
tive; 7.5 amp res., 2.5 amp inductive;
5 amp res., 2 amp inductive ¢ Contact
Arrangement: 4PDT (4 form C) ¢ Size:
1.000” x 1.075” x 1.300” » Weight: 3.0
0z, max,

e},; :
g;;,&

BR-14 SERIES

big enough

R

kil

e

Dry circuit to 1 amp switching in a rugged
1/10th oz. hermetically sealed relay

Babcock’s dependable new BR-5 SPDT relay easily handles ahy
load to 1 full amp at 32V DC. The transistor can-sized package is
only as large as it needs to be, measuring 0.2” x 0.4” x 0.6". A
special magnetic circuit is responsible for its high sensitivity,
generally a limiting factor in relay miniaturization. Exceptionally
rugged, the BR-5 is built to withstand 125g shock and 30g vibration
at 3000 cps. Selective utilization of materiais enables —65°C to
+125°C operation, ideal for missile and space probe environ-
ments. Available in various mounting styles with printed circuit
leads. Interested designers should contact their Babcock repres
sentative or write direct for Bulletin BR 617,

oratio
1645 Babcock Avenue Costa Mesa, Calif,
CIRCLE 84 ON READER SERVICE CARD



HOW MYI.®GUT STEP-SWITCH COSTS FOR WESTERN ELECTRIC

This step-by-step switch handles 300 trunk calls a day.
A hundred thousand times a year the central contact
wiper flashes between thz tough spacers of Du Pont
“Mylar' polyester film.

Western Electric Cc. picked *“*Mylar’’ to replace stiff
phenolic fiber. It reduced manufacturing costs, since
separate insulators could be punched out automatically
at high speeds from rolls of “Mylar’’. Phenolic fiber
was available only in sheets, not adaptable to full auto-
mation. ‘‘Mylar’" was tougher and more durable: re-
sisted cracking when flexed or bent. it had a higher
dielectric rating, allowing valuable space reductions.

“Mylar" today is the standard insulation in a wide
variety of electrical /electronic applications. In motors,
capacitors, switches and wiring, its superb dielectric,

Moy 18, 1962

chemical and thermal properties guarantee years of
trouble-free performance. The high performance of
**Mylar’’ in thinner gauges frequently gives substantial
savings—since you use less ‘‘Mylar’’ than conventional
materials.

Additional cost reductions can come from design
mod fications and manufacturing economizs. Why not
investigate its unique properties in your application?
Save time and money now by writing to: Du Pont Com-
pany, Film Dept., Wilmington 98, Delaware.

aPID

BETTER THINGS FOR BETTER LIVING
o+« THROUGH CHEMISTRY

only DU PONT makes

POLYESTER FILM
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NEED A
FREQUENCY?

FREQUENCY SOURCES
RANGE: 10 cps to 10 kcs

WHY LET SOMEONE ELSE DISCOVER
ALLEN TYPE C OSCILLATORS?
(and someone does discover these
unique transistorized frequency gen-
erators for another new application

almost every day.)
Allen Type C Oscillators provide THREE
IMPORTANT ADVANTAGES:

e Surprisingly LOW COST

e Uniform pre-tested QUALITY

e ‘‘Same-week’’ delivery for your

specified frequency

The efficient mass-production of high
quality frequency sources, indispensable
to the success of Allen electronic organs,
now contributes to the great flexibility
of Type C Oscillator production.
You are invited to investigate this un-
usual component. Write Dept.2305 for
illustrated technical data.

COMPONENTS DIVISION
Al lplm ORGAN COMPANY, INC.

CIRCLE 86 ON READER SERVICE CARD

1t’s read
move

Hectronics ,‘

electronics is specially edited to keer you informed
about the entire industry. With special issues on Elec-
tronic Markets, Modern Microwaves, Search and Probe
Systems, and other reports you’ll want to file and keep

subscribe today to electronics

Every Friday, electronics gives you the latest engineer-
ing developments and technically interpreted market
trends. So don’t wait till everyone on the routing slip
has read it. Subscribe now and read electronics first. Mail
the reader service card (postpaid) to electronics, the
magazine that helps you to know and to grow! Rates:
three years for $12, one year for $6; Canadian, one
year for $10; foreign, one year for $20. Annual
electronics BUYERS’ GUIDE (single issue price $3.00)
included with every subscription.

electronics



NEW FROM BENDIX

42 RECTIFIERS
| 3612 AMPSERIES

& New Bendix® silicon rectifiers offer lower current leak-
age for greater circuit stability—as low as 10 micro-
amps at 600 volts. They're ‘Dynamically Tested', an
exclusive Bendix quality control process that indi-
vidually tests each unit to assure uniform reliability.
The result: dependable, versatile units that offer a
wide range of voltage capabilities (50 to 600 volts
PRV). Designs conform to JEDEC DO-4 outlines—with
welded case and glass-to-metal hermetic seal between case and
anode lead. ldeally suited for applications including magnetic
amplifiers, DC blocking units, and power rectification. Write Bendix
Semiconductor Division for information.

MAXIMUM RATINGS

Peak Reverse Forward
Type Forward Reverse Current Drop at
Number Current Voltage at PRV 25°C
Adc vdc @150°C @25°C vdc
1N1124-1N1128] 3 @ 50°C| 200-600 — 10 uAdqd 1.1 @ 6 Adc
1N1199-1N120§ 12 @ 150°C| 50-600| 10.0 mAdc - 1.25 @ 12 Adc
1N1341-1N1348 6 @ 150°C| 50-600( 10.0 - 1.15 @ 6 Adc
1N1581-1N1587] 3 @ 150°C| 50-600( 0.5 -— 1.5 @ 6 Adc
1N1612-1N16164 5 @ 150°C| 50-600( 1.0 - 1.5 @ 10Adc
1N2491-1N2497| 6 @ 150°C| 50-600| 2.0 — 1.1 @ 6Adc
B8-443.8-449 12 @ 150°C| 50-600( 2.0 — 1.2 @12Adc

Bendix Semiconductor Division

coRPORATION

Main Office: South St., Holmdel, N, J.—Ph: SH 7-5400 « New England Office: 114 Waltham, Lexington, Mass.—
Ph: VO 2-7650 « Detroit Office: 12950 W. 8 Mile Rd., Detroit 37, Mich.— Ph: JO 6-1420 « Midwest Office:
1915 N. Harlem Ave., Chicago, 1l.—Ph: 637-6929 « West Coast Office: 117 E. Providencia Ave., Burbank, Calif.
—Ph: Vi1 9-3961 « Canadian Affiliate: Computing Devices of Canada, P.0. Box 508, Ottawa 4, Ont.  Export
Office: Bendix International, 205 €. 42nd Street, New York 17, N.Y. Stocking Distributor: Contact nearest
sales office for name of local distributor,
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E FOURTH DIMENSION IN PROPULSION DEVELOPMENT

Whether the universe has a ‘’saddle shape,’” or any shape at all, is a matter of interesting conjecture. The
matter of space travel, however, is the subject of intense experimentation. A nuclear/thermiomic/ionic
propulsion system, carrently being studied at Lockheed Missiles & Space Company, might well

become the power source for space vehicles.

lis design incorporates a nuclear reactor only one foot in diametar, generating heat at a temperature of
1850°K. This is transmitted to banks of thermionic generators, converting the heat direc:ly into
electricat energy for the ion beam motor which uses cesium vapor as a fuel. The entire system is designed
without any moving parts, minimizing the possibility of failure.

Lockheed's investigation of propuision covers a number of potential systems. They include: plasma,
ionic, nuclear, unique concepts in chemical systems involving high-energy solid and liquid propellents,
combined solid-liquid chemical systems. The fundamentals of magnetohydrodynamics, as they might
eventually apply to propulsion systems, are also being examined. Just as thoroughly, Lockheed proktes
all missile and space disciplines in depth. The extensive facilities of the research and development
laboratories —together with the apportunity of working with men who are acknowledged leaders in

their fields — make association with Lockheed truly rewarding and satisfy ng.

Lockheed Missiles and Space Company in Sunnyvale and Palo Alto, on the beautiful San Francisce
Peninsula, is an exciting and challenging place to work. For further information, write Research
and Develapment Staff, Department M-24D 599 North Mathilda Avenue, Sunnyvale, California.

An Equal Opportunity Employer.

LOCKHMHEED missiLES & SPACE COMPANY

A GROUP DIVISION OF LOCKMHEED AIRCRAFT CGRPORATION

Systems.Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS
programs. Other currentprograms include SAINT, ADVENT and such NASA projects as 0GO, GAQ, ECHO, and NIMBUS.

SUNNYVALE PALO ALTO, ¥AN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA ¢ CTAPE CANAVERAL, FLORIDA o HAWAIL




COMPONENTS AND MATERIALS

Process Variables for Fired-On Resistors

100,000
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RESISTANCE IN OHMS / SQUARE

e
s S 79324
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1,000 |- -
= 7827 =
B 79301
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100 1 1 1 1 1
1200 1250 1300 1,350 1400 1450

FIRING TEMPERATURE IN DEG F

Effect of peak firing temperature
of resistance, 3 in/min. belt travel
for 45-min. cycles

IN 1960, Du Pont introduced a
series of new resistor compositions
for application of thin resistor
films on various types of ceramic
substrates by firing (ELECTRONICS,
Oct. 28, 1960 p. 88). Many proc-
ess variables must be considered
when these thin film resistors are
being prepared. A number of these
variables are emphasized and help-
ful suggestions and precautions,
based on Du Pont’s experimental
work, are given.

Of particular interest is a recent
advance made by Du Pont in the
firing technique. Simultaneous fir-
ing of the resistor film and ter-
minal causes the two to form an al-
loy. The alloyed terminals give
low temperature coefficient of re-
sistance and low drift.

The base material has a marked
effect on the properties of the re-
sistor. The substrate must be flat,
smooth, and free from camber to
give the best possible reproducibil-
ity. The thermal expansion coeffi-
cient (TCR) affects the tempera-
ture coefficient of resistance by
causing changes in particle-to-par-
ticle pressure when the resistor is
heated. Although common ceramic

90

substrates have given no evidence
of chemical interaction with re-
sistor compositions, this problem
may arise with some unusual base
materials. Excessive reduction, for
example, has been encountered in
the firing of resistors printed on
graphite. Studies show that 95 per
cent aluminum oxide has the best
all-around properties for a resistor
subtrate, according to Du Pont.

Equalizing Fzxpansion

It is particularly important that
the expansion of the terminals
match that of the resistor film to
obtain optimum TCR and low drift.
In a new Du Pont-developed tech-
nique, the terminal print and re-
sistor are co-fired so that they form
an alloy. This eliminates the prob-
lems caused by unequal expansion
or contraction. The Du Pont com-
positions found to give the best
terminals are Silver 6320, Silver
6730, and Platinum-Gold 7553.

In the co-firing procedure, the
terminal material is printed on the
substrate and dried approximately
15 mins. 110-150 deg C. The re-
sistor composition is then printed
over the terminals so that the de-
sired resistor path is between the
terminals. When the two prints are
fired simultaneously to 760 deg C
they diffuse, and the line of con-
tact between them becomes indefi-
nite.

The metal in silver 6320 and
silver 6730 reacts with the resistor
composition during firing, and
blisters or craters may form in the
area of contact. While this results
in a defective appearance, it has
no effect on the electrical proper-
ties, Platinum-Gold 7553 produces
smooth, defect-free terminals and,
for this reason, is sometimes pre-
ferred. The platinum-gold composi-
tion requires a longer time in the
solder bath than do the silvers, 10-
20 seconds compared with 2-5 sec-
onds, and does not accept solder
quite so well as the silvers.

Silvers which fire at lower tem-
peratures, such as Du Pont’s silver
7095 and silver 7713, can also be

used for terminals. When these are
used, two firing cycles are required.
First, the resistor is printed and
fired at 760 C, then the terminal is
printed and fired for 10 min at 540
C. The two-step application pro-
duces smooth prints which show a
definite line of contact between the
resistor and terminal. The chief
disadvantage is that the resistors
have higher TCR and drift than
those with alloyed terminals.

The terminal composition is ap-
plied following the procedure given
in Du Pont Bulletins CP 2 and CP
4. Procedures for preparing stencil
screens are given in Bulletin V 8.

It is extremely important that
the thickness of the resistor print
be controlled since resistance varies
with the volume of resistor com-
position applied. Differences in ap-
plication thickness also lead to vari-
ations in texture of fired resistors
which cause wide differences in re-
sistance. In screen stenciling, the
best control of print thickness
which can be expected is *=10 per
cent.

Viscosity Control

One important factor in obtain-
ing constant print thickness is con-
trolling the viscosity of the resistor
composition. Best results are ob-
tained by measuring the viscosity
of the resistor composition period-
ically and making up solvent losses
by adding butyl Carbitol acetate.

To minimize variation on print
thickness, the screen should be set
as far from the substrate as pos-
sible while still obtaining prints
with a taut 4 X 4-in. screen—~0.040
inch is optimum clearance. As the
screen is moved closer to the sub-
strate, the prints become thicker
and the variation in thickness in-
creases. The first one or two prints
made from a stencil after it is

charged with composition differ
considerably in thickness from
those which follow. These first

prints should be discarded to main-
tain high standards of reproducibil-
ity. After printing, the resistors
should be allowed to air dry for a

electronics




VINEW FROM

VINEMOTRON! ™

We are silent about the “M” in Mnemotron but not about our new 700 Series Data
Recorder. With good reason. For one, it brings the size and cost of data recording
systems down to sensible proportions if your data is analog voltage from DC to
5000 cycles per second. And its features would not embarrass even the costliest

instrumentation recorder. Here are a few:

COMPACTNESS. A complete 7 channel record/reproduce
system uses less than two feet of rack space. A 14 channel
system adds less than seven inches more.

ACCURACY. Input-output characteristic is linear within 0.2
per cent with Mnemotron unique Pulse Frequency Modulation
(PFM) data conversion technique.

FLEXIBILITY. As many data channels as you need with a
choice of channel format. For greatest operating economy,
choose up to 7 channels on 14 inch magnetic tape, 14 chan-
nels on 14 inch tape, standard IRIG spacing and track width
of 7 channels on Y, inch tape.

INTEGRATED RECORD/REPRODUCE MODULES. A single
solid-state PFM Data Converter has all the record/reproduce
electronics for each channel. Simple rotary switching lets you
select data conversion for 3 tape speeds. No additional plug-
ins needed.

ISOLATED INPUT CIRCUITS. Input terminals of each chan-
nel are isolated from all the others to readily accept data from
floating, unbalanced or differential sources.

VERSATILITY. 700 Series plug-in accessories expand instru-
mentation capability. Typical: Electrocardiogram and electro-
encephalograph preamplifiers for recording these variables
directly from electrodes. Sync-pulse plug-in moduie for re-
cording trigger pulses, time markers, or stimulus pulses in
medical research . ..

PRICE. 7 Channel System from $6,495
COMPLETE SPECIFICATIONS. Send for your copy today.

“To answer the many inquiries, Mnemotron
comes from Mnemosyne, Greek Goddess of Memory.

MNEMOTRON CORPORATION

45 South Main St., Pearl River, New York, 914 PEarl River 5-4015, Cables: Mnemotron, TWX: H99
Subsidiary of Technical Measurement Corporation, North Haven, Conn.

May 18, 19¢2
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Whal you

Gl

gelin a
plentiomelric
Vollmete

Time passes. Nowadays you can get

a

potentiometric voltmeter that has

all the features you want instead of
some of them. Specify the Smith-
Florence Model 851,* and you'll have
a voltmeter with more useful features
than any other in the medium voltage
range:

*
*
*

*
*
*

*

Solid State Reliability
Absolute Accuracy better than +0.05%

0 to 10 vdc Precision Source in
10 uv Steps

Unique 5-Dial Inline Readout
Wide Range (1 mv to 1 kv full scale)

Working Zener Reference Backed up by
Built-in Standard Cell (only with S-F
instruments)

Polarity Reversal (only with S-F instru-
ments)—you can read negative voltages
with same accuracy as positive voltages
Recorder Qutput (1 v gives f.s. deflection)

Input Impedance Above 10 v, 10 Meg-
ohms (best available)

Automatically Positioned Decimal Point
Lightweight, Rugged, Portable —15 Ibs.

Price $550 cabinet or rack

For additional data and/or a demon-
stration, please cali our nearest rep
or drop us a line at the factory.

‘Watch for early release of Model 852

(0.01% O0-1 kv) lab standard potentio-
metric voltmeter

S5F

SMITH-FLORENCE

P. 0. Box 717 -«

92

INC.
Overlake Industrial Park
Redmond, Washington
Phone: TUcker 5-4389
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controlled length of time before
forced drying. Leveling of the print
begins right after printing and has
the effect of raising the resistance
value. A 15-minute air-dryving
period, therefore, greatly improves
the reproducibility. The forced
drying which follows is not critical,
providing the prints are thoroughly
dry. It is suggested that the re-
sistors be forced-dried for about
10-min. at 220 deg F.

Monitoring Thickness

Application thickness can be
monitored by measuring the dried
prints with a ten-thousandths mi-
crometer. Thicknesses of 0.0009
in. to 0.0011 in. provide the best
reproducibility, although thick-
nesses of 0.0007-in. to 0.0013 in. are
commonly encountered. Weighing
may also be used to measure thick-
ness, but this requires a balance
sensitive to the fourth decimal
place. A 1/8 in. X 3/8 in. print, for
example, weighs only 2.5 mg.

The terminal and resistor prints
are co-fired to 1,400 deg F =+ 25 deg
F. The relationship between peak
temperature for each firing cycle
is shown in the graph, p 90.

Both series of resistors tend to
reach a constant resistance value
when the peak is sufficiently high.
The 7,800 series approaches from
low to high resistance, the 7,900
series from high to low resistance.
Close control of firing temperatures
must be maintained.

Control of firing time is not
critical. Fast firing gives a slightly
lower resistance with all of the
compositions. A 10 per cent varia-

tion in resistance value was found
when the firing rate varied from 2
inches to 4 in. min/belt speed.

The dried terminal and resistor
prints are fired in a continuous belt
furnace which has a preheat zone
of 300-400 F at the entrance end.
Deviation in firing temperature has
deleterious effects on properties
other than resistance. For best re-
sults, the firing temperature should
be kept with 25 deg F of the spe-
cified 1,400 deg F.

The best method for attaching
leads to resistor terminals is by
soldering with a eutectic solder con-
taining 62 per cent tin, 36 per cent
lead, and 2 per cent silver at 210
deg C to 215 deg C. The resistor
film is not affected by soldering,
and either iron- or dip-soldering
may be used.

Contacts to Terminals

Pressure contacts can be made to
the resistor terminals if sufficient
pressure is used and is spread out
over a considerable area. The
heterogeneous surface of the ter-
minal makes sharp point contacts
unreliable. When evaluating elec-
trical properties, other than simple
measurements of resistance, it is
recommended that leads be soldered
to the terminals.

Resistor composition specified
for stencil screen applications have
corresponding formulations suit-
able for the dip method of applica-
tion as is used in making rod re-
sistors. Rod vresistors may be
spiraled to obtain higher vresist-
ance values by using a diamond
cutting wheel,

Thinner and Smaller Hall Devices

THE GROWING DEMAND for thinner
and smaller devices prompted F. W.
Bell to add two new Hall-Paks to
their line of Hall-effect devices.
Their Model BH-200 Transverse
and Model BH-203 Axial Hall-Paks,
released in July of 1961, now have
received wide acceptance. The BH-
200 is less than 0.019-in. thick and
the BH-203 is 3/16-in. in diameter.
Characteristics include low noise
and high thermal stability. It is
reported that the resistive and in-
ductive null voltages are so low that
no compensation is required for

Transverse field Hall device (top),
and axial field sensor (bottom)
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CAPTURING SOLAR STORMS WITH RADAR...

new data for man’s exploration of space

Using the world’s most powerful VHF radar system, MIT
Lincoln Laboratory Solar Radar Site near El Campo, Texas
is gathering new data on the sun’s corona; measuring the
origin and intensity of violent coronal activity which ejects
high energy particles into the solar system . . . a serious hazard
to space travel.

Heart of the radar is a 500,000 watt VHFE transmitter designed
and built by Continental Electronics, specialists in super power
transmitters. Operating at frequencies near 38 megacycles per
second with a continuous output power of 500,000 watts, this
transmitter is ten times more powerful than the largest com-
mercial broadcast transmitter in the United States.

Increasing our scientific knowledge of the factors affecting

space travel, the El Campo project is jointly sponsored by the Partial vi th . N | l
f artial view o e transmitter, console and control pane
U. S. Army, Navy, and Air Force, for the radar system, 5

MANUFACTURING COMPANY « MAILING ADDRESS: BOX 17040 ¢ DALLAS 17, TEXAS

4212 S. BUCKNER BLVD. ¢« EV 1-7161 ¢ 57w SUBSIDIARY OF LING-TEMCO-VOUGHT, INC.
Designers and Builders of the World’s Most Powerful Radio Transmitters ®




HOW CHEAP
IS “CHEAP™?

“Why should we buy from you when
we can get the ‘same thing’ from
other suppliers at a lower price?”

In selecting a supplier of lacing tape (or any component), price and compli-
ance with specifications are not the only criteria. But too often, manufacturers
ignore the other factors involved and consequently lose money.

For example, in a $15,000 piece of equipment there may be only 15 cents
worth of Gudebrod lacing tape. It costs $75 to work this tape. It may be possi-
ble to buy the same amount of tape from other suppliers for 2 or 3 cents
less . . . it “will meet the specs’ according to these suppliers. But one of our
customers recently pointed out why he still specifies only Gudebrod lacing
tape in such cases.

“We tried buying some cheaper tape that ‘met the specs.” Within a few
months our production was off by 50% . . . boy, did the production people
really scream about that tape. And our labor costs doubled... our
costing people really flipped!

“Another thing, why should we risk the possible loss of thousands of
dollars when the original material cost difference is only a few cents.
Once you put cheaper tape on and something goes wrong after the equip-
ment is finished . . . you’ve had it. No, thank you! We learned our lesson!
We buy Gudebrod lacing tape!”

Whether your firm uses one spool of lacing tape or thousands, there are four
advantages in specifying Gudebrod for all your lacing requirements:

1. Gudebrod lacing tape guarantees increased production!
2. Gudebrod lacing tape guarantees reduced labor costs!

3. Gudebrod lacing tape guarantees minimal maintenance after
installation!

4. Gudebrod guarantees quality! On every spool is a lot number
and seal which guarantees that all Gudebrod lacing tape is pro-
duced under strict quality control. Our standards are more
exacting than those required for compliance with Mil-T.

Our Technical Products Data Book explains in detail the complete line of
Gudebrod lacing tapes for both civilian and military use. For your copy
write to Mr. F. W. Krupp, Vice President, Electronics Division

GUDEBROD BROS. SILK CO,, INC.

Electronics Division Executive Offices
225 West 34th Street 12 South 12th Street
New York 1, New York Philadelphia 7, Pa.
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many applications. Several unique
manufacturing techniques have re-
sulted from these developments.
Bell has now developed a Trans-
verse probe only 0.006-in. thick and
an axial probe only 0.100-in. in di-
ameter, designated Models BH-201
and BH-203. The semiconductor
elements are wafers of indium
arsenide approximately 0.030-in. by
0.060-in. by 0.0025-in. These units
are available in small quantities.
The Hall effect was discovered in
1879 by E. D. Hall at Johns Hop-
kins University. Until recently it
found little use except as a labora-
tory tool for evaluating material
properties. The availability of high
carrier mobility semiconductor ma-

|1l 7
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CURRENT LEAOS/

Principle of operation of Hall effect

terials, notably indium antimonide
and indium arsenide, has made
commercial devices practical.

The principal of operation of the
Hall effect is illustrated in the
drawing. The control current, I,
passes through the long dimension
of the semiconductor element.
When a magnetic field is applied,
some of the charge carriers are
deflected to one side of the element
and produce an output voltage, E,.
This voltage is directly propor-
tional to the product of the control
current and the magnetic flux den-
sity which is at right angles to the
face of the crystal. Thus an output
voltage is provided which is pro-
portional to the product of the two
inputs and to the sine of cosine
function of an angular displace-
ment. A few of the numerous ap-
plications for these devices are:
gaussmeters, wattmeters, multi-
pliers, modulators, linear and rota-
tional transducers.

In addition to the Hall-device
riodels, F. W. Bell, Inc offers a com-
plete line of gaussmeters, including
an instrument that has a 100 milli-
gauss full scale and also an incre-
metal feature making it possible to
resolve one part in 10,000 when
measuring gradients or changes in
fields of 10 gauss up to 10,000
gauss,
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Different potting and eacapsulat ng problems, require diffeeent solutions. That's way
General Electric offers a family of eight RTV and LTV silicones. LTV-602, for instance,
is transparent, resilient and very easy © repar, curing in two hours. PTV liquid
silicone rubber compounds offer good physical strength, resiliency and a selectien
of viscosities for impregnation, Jotting, oconformal coatings or sealing.

-

8 fast cures for potting and encapsulating problems

{

i

Why are G-E silicones used? o protect

un~t
temperature extremes from =65 F oo 600 F
. - . to provide a resilient. <hock-ab-orbing
cushion for delicate parts ... for oatstanding
clectrical properties . . . for their very low
(0.297) shrinkage for their resistance to
moisture, ozone and thermal shock,

ey

How are G-E silicones used? Bv dipping.
ng spraving or buttering, Cune
varied from minutes to hours

potur-
times can he
depending on
atilyst u-ed and the heat appl ed (from room
ten perature to 125 €, They
raperly primed
from unprimed surfaces,

bond ecasily to
nrfaces, are casily removed

VISCOSITY

COLOR POISES CONSISTENCY
LTV-602 Clear 15 E
RTV-11 White 120
RTV-20 Pink 300
RTV-40 White 450 Pourable
RTV-60 Red 550
RTV-77 White 8,000 Spreadable
RTV-88 Red 10,000
RTV-90 Red 12,000

Which is best for you? G-E encapsulants vary in
viscosity Trom a readily pourable liquid to a
thick paste to it special requirements, Appli-
cations ranze from deep impregnation of trans.
former coils to caulking of large equipment
... from printed circuit encapsulation to mak-
ing flexible molds.

GENERAL @D ELECTRIC



for maximum N e w

reliability

SJag: iyt 8 TELEMETRY
HEAT _ RECEIVER

RADIATORS

o Plug-In Tuning Heads from
30 MC to 2400 MC

o Plug-In True Phase Demodulator

e Complete Predetection Record
and Playback Capabilities

Designed to meet the highest possible performance needs of general telemetry
applications throughout the complete frequency spectrum. Affords the user the
ultimate in modular construction techniques in anticipation of present and
future system requirements. Unsurpassed in performance, versatility and reliability.

For full information on the Model TMR-5A Telemetry Receiver and
other Telemetry Equipments and Systems, phone, wire, or write.

Visit us at Booths:
73-4 at NTC Show S-148-9 at AFCEA Show
87-8 at MIL-E-CON Show

BOOST Q4 =
TRANS'STOR Bl Defense Electronics, Inc.
POWER OUTPUT
UP To 25% o | (CIRCLE 201 ON READER SERVICE CARD

With a 50% safety factor m WIDE BAND CHAIN AMPLIFIERS
...for pennies

Sertving
Goternment
and Industry

WASHINGTON-ROCKVILLE INDUSTRIAL PARK
5455 RANDOLPH RD., ROCKVILLE, MARYLAND
TWX KENS 793 WHITEHALL 6-2600

Designed to achieve stable gain and faithful reproduction over great
bandwidths, SKL amplifier models are available for a broad range of

Certified tests prove that you can applications in laboratory and systems work. o7
Wmlmw.m dis ”’” ]

increase transistor output by up
to 259% with a 509% safety factor
when you use Birtcher 3AL series
aluminum heat radiators. Sizes
IN STOCK for almost every TO ' R

package ... USN Equipment | = mopEL 202D MODEL 222 MODEL 206
Approved Number AN/AAA-5, s e = = : I - i 1 = == e o e A
Air Corps 6172. For maximum i/ e ‘ = :
transistor output with maximum
reliability and lowest cost specify Eh N e ]
Birtcher Heat Radiators. S : e

. . RACTERISTICS | MODEL 202D MODEL 206 MODEL 211C MODEL 222
Available from authorized CHA !

distributors coast-to-coast Bandwidth 1ke - 210 mc | 600 cps - 320 me |15 mc - 100 mc | 40 me - 216 mc
‘yé Write for catalog and Voltage Gain 20 db 18 db 33 db 28 db
é test reports on

\ world’s largest line of | Maximum Output 4 volts rms 6 volts rms *4.2 volts peak| *4.2 volts peak

l semiconductor cooling

and retention devices | | impedance 200 ohms 200 ohms 75 ohms 750hms
TH E B I RTC H E R # 0.1 volt, with less than 1%, intermodylation distortion,
for multi-channel operation.

C OR PO RATI ON | Write for further information to:
INDUSTRIAL DIVISION ‘
SPENCER-KENNEDY LABORATORIES, INC.

745 S. Monterey Pass Road, Monterey Park, Calif.
1320 SOLDIERS FIELD ROAD, BOSTON 35, MASS.

TUBE/TRANSISTOR/COMPONENT
RETENTION AND COOLING DEVICES

CIRCLE 205 ON READER SERVICE CARD
96 CIRCLE 96 ON READER SERVICE CARD CIRCLE 97 ON READFR SERVICE CARD—>



NEW 10-AMP

P&B RELAY IS DESIGNED
FOR COST-SAVING
INSTALLATION METHODS

Fast, labor-saving power screwdrivers can be used to hook up lead
wires to the extra stout screw terminals of our new AK Series relays.
Thus you save time and money on your production lines.

This new relay is sturdy throughout: its expected mechanical life is
3 million operations and the }4" diameter contacts are rated at 10 amps
at 115V AC non-inductive. Available for either AC or DC power.

Get all the facts today from your P&B representatives or call us direct.

SIMILAR RELAYS HAVE U/L & CSA LISTING
W The AB and the ABC have }4”
quick-connect terminals which
can be used for printed circuits.
Screw terminal adapters avail-
able. U/L and CSA listed for
10 amps at 115V 50/60 cycles.

ABC SERIES

AB SERIES

ENGINEERING DATA, AK SERIES

GENERAL:

Insulotion Resistance: 100
megohms min.

Breakdown Voltoge: 1500 V.
rms between all elements.

Temperature Ronge: AC and DC,
-55°C. 10 +45°C.

Weight: Approx. 5 ozs.

Pull-In:
AC 78% of nominal voltage.
OC 75% of nominal voltage.

Terminals: Heavy-duty screw type.

P&B STANDARD RELAYS ARE

CONTACTS:

Arrangements: Up 1o DPDT.

Material: '4” dia. silver.

Roting : 10 amps & 115 volts or
5 amps (+ 230 volts, AC non-induc.

CoILs:

Resistonce : 35,000 ohms max.

Power: 6.4 volt amps (AC}, 2.0
watts (DC).
Duty: Continuous AC or DC (DC
coils will withstand 6 watts at
o

+25°C

AVAILABLE AT

YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR

POTTER ¢ BRUMFIELD

DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY o
IN CANADA: POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO
] 8

FRINCETON, INDIANA



SILICON
TRANSISTORS

- N

t
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PEP (PLANAR EPITAXIAL PASSIVATED) TRANSISTORS

Type No. Description Notable Advantage
2N2192 Similar to 2N1711 Ve (sat) =0.35V max.
(see chart below) Veeo =40 V min.
2N2192A Similar to 2N1711 Vee (sat) =0.16V Typ.; 0.25V max,
{see chart below) Veeo=40 V min,
2N2193 Similar to 2N1613 Vee (sat) =0.35V max.
(see chart below) Veio=50 V min.
2N2193A Similar 1o 2N1613 Vet (sat)=0.16V Typ.; 0.25V max.
(see chart below) Veeo=150 V min.
2N2194 Similar to 2N696 Vee (sat)=0.35V max.
(see chart below) Vero =40 V min,
2N2194A Similar to 2N696 Ver (sa) =0.16V Typ.; 0.25V max.
(see chart below) Vero=40 V min,
2N2195 General Purpose Vet (sat) =0.35V max.
Industrial Type Veto =25 V min.
2N2195A General Purpose Vee (sat)=0.16V Typ.; 0.25V max.
Industrial Type Veto=25 V min,

(Ve (sat) ratings @ le=150 ma, ly=15 ma)

PLANAR PASSIVATED TRANSISTORS

Type Nos. hee Ver (sat) (max.)  Vee (min.)

TO-18 TO5 @ Ic=150ma @ lc=150ma @ lc=100 ma
Package Package | Vee=10V h=15ma Rie=10 lcso (max.)
2N717 2N696 20-60 1.5V 40V Tya @30V
2N718 2N697 40-120 1.5V 40V lTya @30V
2N718A 2N1613 40-120% 1.5V 50V 10mpa @60V
2N719 2N698 20-60 5V 80v 2mua @60V
2N719A 2N698 20-60 5V 8ov *
2N720 2N699 40-120 5V 8ov 2ua @60V

—_— 2N171 100-300% 1.5V 40V 10mpua @60V
2N720A 2N1893 40-1204 5V 100V 10 mpa @90V

+ plus guaranteed minimum hse's at several other currents
* 2N719A and 2N698 are electrically equivalent except that on
2N719A, lao @ 75V = 10 mua max., on 2N698, lao @ 75V = 5 mpua max.

98

& HIGH SPEED WITH LOWEST V;;(sat) RATINGS

The silicon oxide is thermally grown during the planar diffusion
process. It forms a passivated surface over the junction that pro-
vides maximum protection against contamination and degradation
of characteristics during the entire life of the transistor., The thin
epitaxial layer on low resistivity substrate gives negligible body
drop resulting in extremely low saturation resistance and in-
creased uniformity from unit to unit.

The G-E 2192-2195 and “A” series combines three of
the most advanced processes in semiconductor tech-
nology to bring you new standards of silicon transistor
performance, reliability and stability. This series of
PEP transistors can replace standard units without
basic circuit changes.

Planar Passivated silicon transistors are also avail-
able. They feature superior hyy; holdup at low currents,
lower Icso and Igno, and remarkable reliability of per-
formance and stability of parameters due to planar
passivation,

For complete technical information on PEP and Planar Passivated
silicon transistors, call your G-E Semiconductor Products District Sales
Manager. Or write Semiconductor Products Department, Section16E116
General Electric Company, Electronics Park, Syracuse, New York. In
Canada: Canadian General Electric, 189 Dufferin St., Toronto, Ont.
Export: International General Electric, 159 Madison Ave., N.Y. 16, N.Y.

STOCKED BY YOUR G-E SEMICONDUCTOR DISTRIBUTOR

GENERAL @3 ELECTRIC

CIRCLE 98 ON READER SERVICE CARD

electronics



OTHER FUSE POSTS
MAY LOOK LIKE THESE. ..
BUT ONLY LITTELFUSE HAS PPDQ"

EMINWAY
& [JARTLETT

A Fuse Pos! to me2t every application—every requirement.

TEFLON-COATED

FIBERGLAS TAPES

withstand temperatures up to 600°
in ¥4” and »” widths

NYLON o DACRON

FLAT BRAID
LACING TAPES AND CORDS

1so specially proct ssed for Stalt):l‘ehsyf;:tdee;,
A‘s? lpeats. Tungus-proo. .. i Rt
Py 1tighle:u..knots vion shp.E e
s;l::ae-:;batecl wax-free or with G. .

Write for full information and free samples!

THE HEMINWAY < BARTLETT MFG. CO.

Electronics Division: 500 Fiftk Avanue, New York 36

EXTRACTING FUSE POST! Fuse is held in end of
removable knob for quick, safe and easy replace-
ment of blown fuse. Safe ‘“dead front’ fus=
mountings assured. U/L Approved.

A—3AG Fuse Post (finger operated knob)—

CIRCLE 206 ON READER SERVICE CARD

No. 342001

A—8AG Fuse Post (finger operated hnob)—
No. 372001

B—3AG Fuse Fost (Screwdriver Slot)—
No. 341001

B—8AG Fuse Post (Screwdriver Slot)—
No. 371001

C—4AG Fuse Post (Finger Operated Krob)—
No. 442001

D—3AG Miniature Fuse Post (Finger Operated)
—No. 342012

E—NEW INDICATING 3AG FUSE POSTS!
(344,000 series) It Glows When The Fuse Blows.
Long life incandescent bulb for low voltage ranges
—214-7V; 7-16V; 16-32V. New high degree vacuum
neon lamp for high voltage ranges for greater
brilliance and visibility —90-125V; 200-250V.
WATERTIGHT FUSE POSTS Specizlly designed for
use where excessive moisture is a problem.
F—5AG Watertight Fuse Post. Has flange mount-
ing.—No. 571004.
G —3AG Watertight Fuse Post—No. 342006
G —4AG Watertight Fuse Post— No. 442006

1
| For complete details on these items and quotations
| on specic! application requirements, write to:

How to grow a beard...
Sit back and wait for your copy on that routing list. .PDrec.iSioﬁ E"gi:eeri"g L I T T E L F U S E
Okay if you like beards. Otherwise, look in this issue Q:Zlﬁ:‘y Ci:x;r:;mhi
for the Reader Service Card. Fill in the "for sub- | =B DES PLAINES, ILLINOIS

scriptions’’ section. Mail. Only 714 cents a week.

electronics CIRCLE 99 ON READER SERVICE CARD 99

A McGraw-Hill Publication, 33C West 42nd St., N. Y. 36



SCIENTISTS AND ENGINEERS:

Today the men of Motorola’s aerospace team
are applying creative mindpower to the analy-
sis, design, construction and test of advanced
space communicetions command and control
systems. Vital contributions are being made
to such important current NASA programs
as the Goddard cis-lunar Range and Range
Rate Tracking System...the JPL Mariner
and Ranger unmanned planetary and lunar
probes...and updating of the Deep Space
Instrumentation Facilities to “S-band” for
JPL.If you are in-erested in shaping the future
with a dynamic aerospace contractor on these
and other programs, we can offer immediate
opportunities to both System and Equipment
Design Engineers. Write us today describing
in detail your experience in the following areas
of aerospace technology:

System Design e communications, telemetry,

command and control, radio tracking, data han-
dling, and detection and correlation.

Equipment Design e deep space satellite and
missile transmitters and receivers,high-sensitivity
ground receivers, Cata processing equipment, data
storage and display equipment, telemetry systems.

Familiarity with State-of-the-Art e multiple
sensor data correlation, coding techniques, high-
frequency solid state designs, integrated circuitry
applications, ultra-reliability design techniques,
and phase-lock and correlation techniques.

‘We are particularly interested in th= programs on
which your experience was obtained, and the ex-
tent of your technical responsibility. Address this
information to our Manager of Engineering for
immediate and coafidential attention.

An equal
opportunity MOTOROLA
employer

Millitary Electronics Division Headquarters
8201 East McDowell Road ¢« Scottsdale, Arizona

MILITARY PLANTS LOCATED IN CHICAGO, ILLINOIS;
SCOTTSDALE, ARIZONA; RIVERSIDE, CA_IFORNIA,

Mindpower and Manpower. ..
shaping the future in

AEROSPACE SYSTEMS
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You have to, don’t you. John Doe? If you don’t, you
have problems with high temperature magnet wire,
high temperature lead wire, and radiation resistance.

John, the best solution is Hitemp’s “Ceramatemp.”
It’s a nickel-clad copper conductor insulated with a
ceramic-like material, firmly adhered to the conduc-
tor. Rated for continuous operation at 1000°F, or
even 1500°F for short periods of time, Ceramatemp
is inert to solvents, oils, organic materials, thinners,
and hydraulic fluids. Available in sizes 20-40 AWG,
its abrasion resistance is very high, too. Useful, eh?

Hitemp’s Engineering Department will help us meet,

<—CIRCLE 100 ON READER SERVICE CARD

special requirements using modified Ceramatemp
constructions. They’ve also got a new product—
Ceramaglass—for potting and ercapsulating. We
oughta ask about that—I'm sending for their
“Condensed Catalog” at the same time.

HITEMP WIRES CO.

a Division of Simplex Wire & Cable Co.

1200 SHAMES DRIVE, WESTBURY, NEW YORK

1532 S.CALIFORNIA AVE., MONROVIA, CALIF.
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PRODUCTION TECHNIQUES

Tungsten Needles for Semiconductor Tests

By FRANK G. PANY
Semiconductor Products Div.,
Motorola Inc., Phoenix, Ariz.

THE CENTER of the star planar tran-
sistor shown in the photographs has
an area of approximately one-mil-
lionth of a square inch. To make
electrical probes of semiconductor
areas as small as this, tungsten
needles with points having a radius
on the order of 50-millionths of an
inch are useful; a circle with a
radius of 50-millionths of an inch,
for example, has an area of about
7.8 X 107 square inch.

An electrolytic method for pro-
ducing such fine probes has been
developed by Semiconductor Prod-

ucts Div., Motorola, Phoenix, Ari-
zona. The simple apparatus re-
quired is shown in Fig. 1.

A tungsten ground steel rod, 7.6
X 107 c¢cm in diameter and 1.9 cm
long, was adjusted to give a dis-
tance between cathode and rod of
72 X 10" em. The solution (4 per-
cent KOH, 96 percent water) level
was set at 42 X 107 ¢m above the
cathode. A current of 400 ma at 10 v
was applied to the circuit and after
4 minutes and 30 seconds the im-
mersed part of the rod fell off, leav-
ing a point with a taper of about 30
degrees included angle.

The probe, still not fine enough
for the application, is shown in Fig.

Fine tungsten probes can make electrical tests on semiconductor areas

as small as one-millionth square inch

Center area of star planar transistor (left) has an area of about onme-

millionth square inch.

Ordinary probes (right) with tip radii of 150 to

300 millionths of an inch are not satisfactory for such small dimensions
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Fig. 1—Needle holderisstainless steel
screw, drilled at its lower end to hold
tungsten rod. Cathode is insulated
stainless steel wire, stripped at both
ends. The immersed end stands 1.6
cm high in the center of the tank
and is ground to a truncated conical
tip, 24 degress included angle,
63.5x10cm tip diameter

2. The addition of a detergent to
the solution was indicated and even-
tually the following composition
was selected: 4 gm KOH (solid pel-
lets), 94 gm distilled water and 2
gm JOY liquid detergent. The de-
tergent is added after the KOH has
dissolved.

Enough fresh solution is pre-
pared each morning to bring the
level of the solution 42 x 107 cm
above the conical end of the cath-
ode. The level is checked after etch-
ing each needle and electrolyte
losses are compensated for by add-
ing distilled water. Temperature is
kept between 23 and 27 C.

The tungsten ground steel rod.
(supplied by Sylvania Electric
Products Division, Towanda, Pa.)
7.6 X 107 cm diameter, 1.9 ¢cm long,
with flat ends, is first aligned with
the cathode and the holder is then
turned clockwise until the lower end
of the rod touches the cathode. A
half-turn counterclockwise will then
set the rod at 72 x 10 em from
the cathode (when the holder has
18 threads to the inch); a separa-
tion distance less than 51 X 10~ c¢m
will cause sparking.

After about 4 minutes and 20
seconds of etching at 400 ma and
28 v, the current suddenly drops to
30 ma and should then be switched

electronics



How Bendix cleans critical subassemblies
containing 13 different plastics and metals

‘& PROBLEM: Eclipse-Pioneer Div., The Bendix
? Corp. needed reliable production-cleaning of
vital subassemblies for aviation instruments.
The subassembly had to be immersed whole in
the cleaning agent, with no harm to 13 different
materials of construction, paint and color cod-
ing—yet with thorough removal of contami-
nants.

SOLUTION: Du Pont Freon* solvent, a selective
fluorocarbon cleaning agent. **Freon” pene-
trates the tiniest openings to remove contami-
nants, yet its inercess makes it compatible
with all sorts of delicate plastic and metal sur-
faces. The photos also show how quick and
easy the new process is—using a sonic-energy
cleaner.,

Here’s how Bendix describes it: *“Our objec-
tive is to remove any microscopic contaminants
generated during production of these subassem-
blies for aircraft and missile gyros, instru-
ments, flight control systems, etc. Contami-
nants could include air-borne dust, grease, oil
filmsand particulatematter—and ‘Freon’cleans
‘em all out. Yet it doesn’t harm any of 13 dif-
ferent materials we commonly use in our units
—including diallyl phthalate, phenolic, epoxy,
nylon, vinyl, melamine, alkyd, Teflon* and
Mylar* plastics; aluminum, steel, brass and
gold, and various types of paints, varnish and
color coding. So now we get fast, thorough
cleaning of subassemblies by immersing them

[IEEY

whole in ‘Freon’.

**Another point is that ‘Freon’ fits fine into
our Clean Room operation. It’s nonflammable,
almost completely nontoxic, fast-drying with-
out residue, and works well in our Bendix sonic-
energy degreaser.” (see photos) “This closed-
cycle degreaser gives us sonic energy cleaning,
a vapor rinse, and continuous solvent purifica-
tion, all in one cabinet.”

For cleaning and degreasing all kinds of
delicate instruments, bearings, printed circuits
and assemblies, it’s hard to beat “Freon” sol-
vents. Write us for complete technical data
and/or the services of one of our technical
men. Du Pont, N-2420E, Wilmington 98, Del.

*Du Pont trademarks.

FREON

solvents RE 0.3 PAT.ON.
BETTER THINGS FORBETTER LIVING...THROUGH CHEMISTRY
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ELECTRONIC
MEASUREMENTS
high-precision
POWER
SUPPLIES

the
power supplies
demanded
hy the
lahoratory

There are a lot of reasons why
E/M’s high-precision power
supplies are in such demand
by R & D laboratories. Ten-
turn main DC control and
vernier provide high resolu-
tion of output voltage from
just a few millivolts to 1000
V DC, depending on model.
Regulation is at least 0.02%.
And full current output is
available at any voltage. ..
even at less than one volt.
Various models cover current
ratings up to 1.5 A. Some
models feature a —150 V
bias output. Others include a
modulation input. All models
have a 6.3 V AC CT out-
put. And there are still more
features. .. fully described in
Catalog VR 1962.

ELECTRONIC

MEASUREMENTS
COMPANY INCORPORATED
EaTONTOWN - New vtmsey

(o)
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FIG. 2—Probe (left) after etching
in 4 percent KOH, 96 percent water;
dimensions are in em. Probe (right)
after etching in solution of 2 per-
cent liquid detergent, 4 percent
KOH, 94 percent water

off. The sudden drop in current is
due to the end of the rod etching
through and dropping off. Delay in
switching the current off at this
time will result in a blunt point.

Typically, the tip of the needle
will have a taper of 10 to 20 degrees
included angle and a point with
radius less than 13 X 10~ cm. The
needle will be 23 x 107 cm shorter
than the original rod. In a few cases
the bottom piece does not separate
from the needle, and occasionally a
whisker is left at the end of the
needle.

In these cases a few additional
seconds of etching with a current in

Tip of tungsten needle (left), and
tip of fine sewing meedle (right),
both magnified 128 times. Tung-
sten needle has 50-millionths inch
tip radius and tem degree taper;

sewing mneedle has 150-millionths
tip radius and 45 degree taper

the range of 50 to 200 ma will
usually suffice. To increase the
taper’s included angle for additional
mechanical strength, while keeping
the sharp point, a final etching is
required. This is done by re-setting
the gap between cathode and needle
at 72 x 10~ em and etching for 5
seconds at 400 ma. The final etching
can be repeated to further increase
the taper’s included angle.

The technique has given consis-
tently good results with expert op-
erators.

The author wishes to thank Dr.
H. daCosta and William Barlow for
assistance.

Clean Room for Transistor Production
\_

-
1 »

Transistor manufacturing line has stations for washing, rinsing, vacuum
bakeout, filling, sealing, welding. Arm rests and built-in lighting are

aids to production

WHITE ROOMS or clean rooms have
been found to be of definite value
in many areas of electronic produc-
tion, particularly when reliability is
of the kind demanded by our space

and missile programs. Raytheon’s
transistor plant at Lewiston, Maine
is itself essentially a huge clean
room, but in addition, a system of
dry boxes has been installed. Rela-

electronics



TUNG-SOL
GOLD WELDS
OFHC

GASES

TO PRODUCE POWER TRANSISTORS
THAT DELIVER FULL POWER

*Oxygen Free, High Conductivity

To be Cold-Welded, the flanges of the transistor can must
be free of contaminants. The two surfaces are united under
evenly distributed high pressure, causing copper molecules
to flow together, producing an unbreakable. hermetic seal,
Photomicrograph (45X) reveals absence of seam or interface.
In addition to photomicrographs, Tung-Sol non-destructively
tests weld quality with 100-psi water bomb immersion, mass
spectrometer and radioactive tracer tests.

“Xo
- § Tums - soL \

o

Na_ -f
| I &S
' 4

Cold-Welded germanium power transistors originated with Tung-Sol. The
Cold-Weld process provides Tung-Sol transistors jir all case styles) with
several significant advantages over transistors sealad by other techniques:

A seamless molecular bond between can and header improves thermal
properties. Hot spots are eliminated, preventing recuction in power output
or degradation of the semiconductor. The oxygen-free, high-conductivity
copper provides superior heat conduction and is compatible with other
device parts.

Cold-Welding prevents heat-caused damage during production, con-
tributing to longer life and optimum performance. There are no “splash”-
produced fragments, which, if undetected during factory tests, could short
the transistor in operation.

Temperature fluctuations due to environmental changes, or on-of oper-
ations, cannot cause “breathing”. The seam-free molecular bond excludes
moisture and cannot be torn apart by mechanical s:ress.

Cold-Welding typifies the advanced design and production techniques
employed by Tung-Sol in the manufacture of power transistors. Charac-
teristics such as thermal resistance (K factor) arz based upon the most
meaningful combination of environmental and electrical tests. Design
center ratings are given for junction temperatures of 110°C, 10 degrees
above usual requirements. Saturation voltages are lower and brezckdown
voltages higher than in ordinary transistors. Mounting surfaces are flat-
ground to provide full contact with heat sinks.

These features are present in all Tung-Sol TO-3 and TO-36 configura-
tions. Write for design information. Tung-Sol Electric Inc., Newark 4, New
Jersey. TWX:NK193.

-t TUNG-SOL......

#) POWER TRANSISTORS

"

May 18, 1962
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slash production costs with

new automated coil winder
... fewer operators

... more coils per operator

Leesona No. 116 will wind 400 to
1,000 bobbin coils per hour...
with one operator.

All the operator does, as the
rotary table brings the winding
heads to her, is load bobbin on
arbor, clip start wire.
Automatically the No. 116 closes
tailstock, tapes start lead, resets
counter, starts winding, stops at
=+ 2 turns, waxes or tapes
finish lead, indexes arbor,
cuts wire, ejects and sorts.

LEESONA CORPORATION

It winds two or more different
coils up to 3” diameter by 23/”
long . .. simultaneously. Supports
and winds from 100 Ib. wire con-
tainer, and stops when spool or
container is empty. Six to twelve
two-speed heads wind wire AWG
16 to 50 and finer.

No. 116 is designed by Robert
Bachi. We build it to the cus-

'] tomer’s specifications.

For details call your nearest
A Leesona representative.

B.2.2

Warwick, Rhode Island

Offices: 5700 West Diversey Ave., Chicago, Ill. 1500 Walnut St., Phila, 2, Pa.
. Sales Representative: A. R. Campman, Los Angeles, Calif.
Offices and demonstration rooms in Heywood, England; Paris, France; Frankfurt, Germany
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tive humidity within the dry boxes
can be controlled down to less than
one percent, which is too severe for
the production people who assemble
the transistors, even if there were
no problems of contamination from
dust, oil, rust and other particles
found even in the air of a clean
room.

Dust Kept Out

The dry boxes themselves, custom
engineered and manufactured by
S. Blickman, Weehawken, N. J.,,
have hard smooth surfaces of stain-
less steel, glass rather than plastic
windows, die formed glove open-
ings, and are designed to eliminate
as many dust catching corners and
mating surfaces as possible. Posi-
tive pressure, usually with an inert
gas such as nitrogen, is maintained
within the boxes to keep foreign
particles from entering. Molecular
seives or refrigeration is used to re-
move moisture and the dew point
within the boxes is approximately
—80 F.

The dry boxes are built into a
continuous line, with internal con-
veyors to transport the transistors
between some stations, with air or
vacuum locks for other transfer
points, and with bakeout ovens, in-
spection stations, and other opera-
tions. Bakeout ovens are bottom
mounted and operate from 100 to
250 C; vacuum chambers have low
leak rates and can maintain a vac-
uum of 5x 10~ mm of Hg.

Battery-Powered
Wire-Wrap Tool

RECHARGEABLE nickel-cadmium bat-
tery is used in a completely portable
Wire-Wrap tool.

A permanent magnet electric mo-
tor drives the tool, which can make
an estimated 4,000 connections with
24 gauge solid conductor wire be-
fore battery recharge is necessary.
The battery recharges with 110
volt, 60 cps in approximately 14 to
16 hours, using a built in trans-
former and rectifier. The tool, man-
ufactured by  Gardner-Denver,
Quincy, Ill., can be equipped for
wrapping all wire sizes from 22 to
32 gauge. The low cost of parts re-
placement and the ease of replacing
batteries should make the device
particularly suitable for field re-
pair work.
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MORE OPERATING

1

MEDIU FREQUE

Here is the instrument that combines all the fea-
tures found in other medium frequency recorders
plus some TI exclusives. The oscillo/riter offers
highest sensitivity, widest selection of ranges and
chart speeds, rectilinear recording in either heat
or ink, transistorized electronics, interchangeable
plug-in amplifiers, and the convenience of Z-fold
chart paper.

Broad Frequency Response. Flat to 200 cps within
1 db, 10 mm peak to peak with ink writing system.

High Sensitivity. Sensitivity range with high-gain
amplifier is 0.5 mv/mm to 200 V/cm in 10 steps.

Push-Button Chart Speeds. Eight push buttons se-
lect 1, 2, 5, 10, 25, 50, 125, and 250 mm/sec.

0]

=
3609 BUFFALO SPEEDWAY =
HOUSTON 6. TEXAS

P. 0. BOX 66027

7 TEXAS INSTRUMENTS

INCORPORATED :

FEATURES

1 J: | I B

‘ B ) I B

‘ I B

8B | 4
i 1 B 1

%

(Y RECORDER

e/ riten

MEDIUM FREQUENCY RECORDER

e

Plug-In Amplifiers. Interchangeable amplifiers
offer complete flexibility to economically handle
more recording jobs. All electronics are fully tran-
sistorized for long-term reliability and conven-
ience of nc warm-up time.

TS R,
Z-Fold Chart Paper. Provides random access to min-
utes, hours or days of recorded data by simply
flipping pages of the chart as yot-would pages of
a book. Roll chart paper optional. e

Compare feature for feature, and you’ll m
the oscillo/riter from industry’s most complete
line of strip chart recorders . . . made by Texas
Instruments.

WRITE FOR COMPLEFEINFCRMATION

*A trademark of Texas Instrumémie. Incorporated

=




NOW = TOOOMC MEASUREMENT
WITH FREQUENCY COUNTERS

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

Technical specifications:

¢ Frequency range ....200 MC to 1 KMC

e Input voltage

(min.) ..o 100 millivolts RMS
¢ Input impedance ....50 ohms, approx.
® Accuracy ......ceceeeeeee #+1 count, == accuracy

of counter

o Power require-

ments ..o furnished by counter
o Weight ...................... 5 pounds

$550.00

WESCON Booth #3245

NORTHEASTER

EMPLOYMENT OPPORTUNITIES OPEN AT ALL LEVELS

ENGINEERING INCORPORATED

DEPT. 1A, MANCHESTER, NEW HAMPSHIRE
AFFILIATE OF ATLANTIC RESEARCH CORP,

In Canada: Conway Electronic Enterprises Ltd., Toronto, Ontario, Canada
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RELIANCE DEVELOPS ADVANCED COMMERCIAL
FREQUENCY-CONVERTED D-C POWER SUPPLY

Facts book now ready covering data
processing and communications equipment

- u¢~> I"
i I -.., .&,J,‘;A ;p'\' r-\--5-4 .’]J\»\J‘

Converting from 60 to 3000 cycles
before rectifying to d-c. this new Xt
Reliance D-C Power Supply brings  $8¢
you these major advantages: g

1. High frequency A-c. distribution
— multiple rectifiers at point :
of use.

2. low cost, compact, high freq- 38
vency components. i

3. Maximum protection against T_‘
line voltage and frequency dis- (%
turbance.

4. Simplicity in maintaining high 38
quulity D-c. voltages.

s 4 iz, ¥ LRUTR
r. Cg .
t G . Zags oYY 3 2.

'l'alk toour people nbout
this new Reliance devel-
opment . .. and be sure to
get the booklet with all technical
facts. Write today. Reliance
Electric and Engineering Co., Dept.
83-5, Cleveland 17, Ohio. Cana-
dian Division: Toronto, Ontario.

REL'ANCE ELECTRIC AND

ENGINEERING CO. ©
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K-1711

New! MINIATURE

AXIAL FANS

with ,
up to 4 times*
greater cooling efficiency!

The PAMOTOR

" PAMOTOR Conventional
VLEICHEE Model 1000 Model 1000 Minia-
induction (capacitor- ’ ture Fan is com-
Type of Motor type squirrel cage) shaded-pole pletely interchange-
) die cast warp-free ) able with conven-
H lastic . . .
ousing Zymec PaS  tional units now in
Output @ 60 cps use (44" center-to-
(0 back pressure) 125 ¢fm 100 cfm center mountin
(.25” back pressure) 75 cfm 20 cfm g he si 9
(.3” back pressure) 50 cfm 0 holes). But the simi-
Output @ 50 cps larity ends there.
© bgck pressure) 100 cfm 75 cfm
(.25” back pressure) 62.5 cfm 5 cfm check this
Poerating e —55%C to +85°C |~18°Cto-+aarc \ COMParison chart!

The Model 1000 Fan meets MIL-T-5422E, Class 2 Environmental
specifications. Inside-outside rotating motor design gives flywheel
effect, resulting in constant, quiet fan speed. Large surface sleeve
bearings mean minimum maintenance, maximum reliability.

PAMOTOR,

312 Seventh Street

For complete specificotions
and name of nearest stock-

Inc.

Son Froncisco 3, Calif

ing disttibutor, write to:

CIRCLE 209 ON READER SERVICE CARD
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&P ELEcTRONICS

NEW G-E CERAMIC
TUBES REDUCGE
MICROWAVE
COMPONENT SIZE*
UP TO 40 TIMES

Detailed valve-analysis chart shows how size, cost and perform-
ance advantages can be yours. Clip coupon, or circle reader
service number, for free copy.

L

In many UHF applications, up to 10 Ge (KMC), microminia-
ture G-E ceramic tubes can replace bulky TWT’s, magnetrons,
klystrons, and parametric amplifiers with no sacrifice in per-
formance. G-E ceramic tubes are up to 40 times smaller and
20 times lighter than most UHF devices. Often, ceramic tubes
can effect component cost reductions as high as $1,400.

To determine the specific reductions G-E ceramic tubes can
make in your equipment, check these 6 size- and weight-saving
features:
1. Microminiature size and weight range:
Length: 0.315” to 2.75"
Diameter: 0.325" to 1.25"
Weight: 0.972 gram to 66.6 grams
2. High-gain, low-noise ceramic tubes eliminate components,
require less complex circuitry. Useful to “C’’ and “X”
band frequencies.
3. Ceramic tubes withstand strong spurious signals and
switching transients; minimum protective circuits required.
4. Lower power requirements mean smaller, less elaborate
power supplies.
5. High-temperature tolerance (400°C., max.) can eliminate
cooling equipment.
6. Ceramic tubes are highly resistant to nuclear radiation;
heavy shielding is eliminated. Ceramic planar structures
tolerate high shock and vibration.

*APPROXIMATE SIZE RANGE Most G-E ceramic tubes are on approved MIL-spec lists and
OF COMPETITIVE DEVICES are available “off-the-shelf”” from your local General Electric
Receiving Tube Sales Representative. Send today for your
free value-analysis chart which lists all the size, cost and per-
formance advantages that can be yours with G-E ceramic tubes.

Progress /s Ouvr Most Important Prodvef

GENERAL @3 ELECTRIC

lr o ——

| G-E TIPS (Technical Information and cfﬁlmc 7
ACTUAL SIZE = | Product Service) ' VTUB

| General Electric Receiving Tube Dept. ”:LLyUE

| Room 1730 D‘T‘Sls /

| Owensboro, Kentucky /

I ‘

: Name. Title

= Company_____

: Address._

|

| City Zone State

|

]



NEW PRODUCTS

DESIGN AND APPLICATION

. 1 MC FREQ DIV
AMPi CRYSTAL 0SC AND
AND AMPL 100 KC AMPL
1 MC 100 KC
r————=- B 1 r—————- 7 it 7 | [~=———- B
| COUNTER |-4- counter | } COUNTER |—+- COUNTER
Lo __ J L __ | o — [

High Stability Oscillator

SUPPLIES 20 RELATED COUNTERS

ANNOUNCED by Hewlett-Packard
Co., 1501 Page Mill Rd., Palo Alto.
California, is the model 101A high
stability oscillator that can provide
up to 20 1 Mc and 100 Kc timing
signals to related time interval
counters thereby eliminating errors
due to using different timing sig-
nals from different oscillators.
Long-term stability is 5 x 10" per
week while short-term stability is
better than 8 x 10°. Ambient tem-
peratures between —5 and +55 C
do not degrade performance. To
prevent transients from affecting
the oscillator each time the oven

o | VU N T S S S D SR A |
LA B L I B DL B A M U

3 6 9
| 3 6 9
————————1,200 FT

Cable Fault Finder
UP TO 10,000 FT

MANUFACTURED by Smith-Florence
Inc.,, 4228 Twenty-third Avenue
West, Seattle 99, Washington, the

110

thermostat cycles, oven heating re-
sistors are bifilar wound so that
winding inductance is cancelled
out. The crystal operates at a very
low and constant level and is fol-
lowed by a high gain amplifier with
a sensitive oscillator gain control
system. The 100 Kec signal is pro-
vided from a free-running oscil-
lator synchronized from the pre-
cision 1 Mc source. If the 1 Mec
source fails, protective circuits cuts
off the 100 Kc oscillator. All out-
puts are at least 1 v rms and iso-
lated from each other.

CIRCLE 301 ON READER SERVICE CARD

models 751 and 754 are designed to
locate and determine faults in
coaxial cables. The unit measures
the elapsed time between a trans-
mitted pulse and any resulting re-
flections due a change in cable con-
struction. It can be used to deter-
mine the impedance of an unknown
cable, for determining proper
matching of attenuators and junc-
tions of a cable system, for inven-
torying spools of cables without un-
reeling them, for checking cable
connectors for intermittents and to
determine relative attenuation of
several cables by amplitude com-
parison. Basic difference between
the two models is cable length test-
ing. The model 751 measures be-
tween 75 and 1,200 ft of cable
while the model 754 measures be-

tween 250 and 10,000 ft of cable.
Time markers are provided on the
trace to indicate distance. Pulse
rate is up to 2 Ke, 300 v and ap-
proximately 0.075 usec duration.
Accuracy is better than 3 percent.
The sketch shows a cable shorted at
725 ft (top) and an open cable at
725 ft (bottom).
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Tracking System

SCIENTIFIC-ATLANTA, INC., 2162
Piedmont Road, N. E., Atlanta, Ga.
An augmented manual tracking sys-
tem, which permits the use of in-
expensive motors for most antenna
tracking applications, is now avail-
able.
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SERIES

RESISTORS VOLTAGE
DROPPER
UNREG REG
coiL
Voltage Regulator
SEMIMECHANICAL

MANUFACTURED by Electiic Regu-
lator Corp., Norwalk, Connecticut,
the Regohm voltage regulator can
maintain its output level despite
input frequency fluetuations. Two
output levels are available, 90 v
with input between 95 and 135 v
and 100 v with inputs between 105
and 125 v. Regulation accuracy is
within 2-percent for combined
effects of line, load and frequency
between 50 and 450 cps. One-per-
cent units and units between 25 and
1,000 cps are also available. Re-
sponse time is less than 3 cycles
with 60 cps input and regulation ac-
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RAYTHEON DELIVERSﬂ@' STANDARD DIODE QUADS

Raytheon now offers designers of ring and bridge modulators, discriminators, phase
detectors, diode choppers and other balanced circuits the industry’s most complete line

of germanium and silicon diode quads.

Three PIV’s and three forward match percentages
in six package styles for both germanium and silicon
provide maximum flexibility to meet a wide range of
electrical and mechanical requirements.

Raytheon’s long experience in circuit packaging
techniques and quality diode manufacturing and

ELECTRICAL DATA GERMANIUM QUADS

T=25°C Each diode

lo— Average Rectified Current 65 mA
Peak Rectified Current 150 mA
Surge Current for 1 Second 500 mA
Ambient Temperature Range —60 to +90 °C
Power Dissipation

Maximum Forward Voltage @ 100 mA

Maximum
Inverse

Electrical Degree
Rating of PIV
Code Forward each Current

(ordering) Match @ 4 mA Diode @ —10V

1% 3HV 20 .a

1% 75V 10 «a

1% 100V 10 na

2.5% 3BV 20 »a

2.5% 5V 10 pa

2.5% 100V 10 na

5% 3BV 20 na

5% 5V 10 pa

wW|oo|~|o | |e|w|ro|—

5% 100 v 10 pa

HOW TO ORDER: C707
paK STYLE] L RATING CODE

matching assures you of proven reliability, extremely
uniform electrical characteristics, and dependable
mechanical stability. For details on the industry’s
most complete selection of high quality diode quads,
plus off-the-shelf price and delivery information, please
contact your Raytheon Distributor or Field Office.

ELECTRICAL DATA SII.IQON QUADS

T=25°C Each diode

lo— Average Rectified Current 200 mA
Surge Current for 1 Second 1.5 A
Ambient Temperature Range —60 to-+150 °C
Power Dissipation 250 mwW
Maximum Forward Voltage @ 100 mA 1v
Maximum Reverse Current @ PIV 025 .a
Maximum Reverse Current @ PIV (150°C) 5.0 ua

Electrical Degree
Rating of PIV
Code Forward each

(ordering) Match @ 4 mA Diode

5% 25V
5% 125V
5% 180V
1.0% 25V
1.0% 125V
1.0% 180V
2.5% 2BV
2.5% 125V
2.5% 180V

W0 N [N | | N |—

ORDER: €708
PAK STYLE ] L_ RATING CODE

OUTLINE DIAGRAMS

PAK STYLE 2 PAK STYLE 3

1
-

} .
62
| 2 B

PAK STYLE 4 PAK STYLE 5 PAK STYLE 6
(]

r- 3/.-1

a3 i

Lz -

7 pin in-line basing
Non polarized
connected

All welded
connections

Epoxy encapsulated
with metal case
Mates with socket
— Elco type

790 BC or Cinch
type 2H7 or equal

o Type MT-8 shell

o Soldered
connections

@ Plugs into standard
8 pin octal socket

All welded
construction

Epoxy resin
encapsulant

Basing shown
bottom view

Plugs into standard
7 pin miniature
socket

Pigtail leads
Epoxy resin
encapsulant
Welded
construction
Leads 1.0
minimum length,
.019” - .021"
diam.

Printed circuit
pins

Pin spacing on
.100" grid
Epoxy resin
encapsulant
Universal
connections
Welded
connections

Epoxy resin
encapsulant

® All welded

construction

Each diode
individually
terminated

Plugs into standard'
9 pin miniature
socket




WESTINGHOUSE
ULTRASONICS

A reliable production
tool . . . cleans almost
anything better. ooyou

need absolute cleaning of metal, glass,
ceramic or plastic parts or assemblies?
Westinghouse ultrasonic cleaning can do
it. It's fast. Production-line dependable,
too: generators are solid-state, trans-
ducers are long-life Magnapak and—for
insurance—Westinghouse supplies local
maintenance and service. Write: Westing-
house Electronic Equipment Department,
2519 Wilkens Ave., Baltimore 3, Md. You

can be sure...if it's Wesnnghouse

334630

R B :
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curacy is not affected by power fac-
tors loads from unity to 0.7 lagging.
It can also be used as a current
regulator. Current capabilities are
between 10 ma and 100 amperes
but units are available down to 50
mw, The device occupies 30.5 cubic
inches and weighs § 1b.
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Metal Film Resistors
ULTRARELIABLE

PYROFILM RESISTOR CO., INC., U. S.
Highway 46, Parsippany, N. J. Use
of special formulated metal alloys
on a high purity alumina substrate,
through controlled vacuum evapora-
tion produces a stable, firmly
bonded film with low temperature
coefficient. Units exceed require-
ments of MIL-R-10509D and are
available in &, | and ) w sizes with
standard temperature coefficient of
=25 ppm and 50 ppm at 1 percent
and 0.5 percent tolerance. Price is
$1.50 to $3.00 each.
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Terminal Board
HIGH TEMPERATURE

ELECTRALAB PRINTED ELECTRONICS
CORP., Needham Heights, Mass., an-
nounces an aluminum terminal
board for high-temperature (up to
600 F) application. It is insulated
by a dielectric ceramic hardcoat us-
ing the Dielox process. Tests show
that the average breakdown voltage
of the boards between terminals is
5,100 v, and between a terminal and
a ground, 3,800 v. Insulation re-
sistance is 28,700 megohms; aver-

age surface resistivity, 343,000
megohms; volume resistivity, 4,440
megohms. Dielectric constant at 1
Mc is 2,51,
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Oscilloscopes

LAVOIE LABORATORIES, INC., Mor-
ganville, N, J. Model LA-275 stand-
ardized general purpose oscillo-
scopes feature a vertical frequency
response of dc to better than 60
Me, using the LA-275-S plug-in pre-
amplifier head.
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Recorder Integrator
COMPACT, INEXPENSIVE

TEXAS RESEARCH AND FLECTRONIC
CORP., 6612 Denton Drive, Dallas 35,
Texas. The RI1220, for the integra-
tion of chart recorder signals, uti-
lizes a solion tetrode as the inte-
grating element and is designed for
use with the widest selection of
recorders. It can be used with any
servo recorder having a 500 to 5,000
ohm retransmitting potentiometer
and an event marker. List price is
$440.
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T-W Tube
200-WATT

MICROWAVE ELECTRONICS CORP., 4061
Transport St., Palo Alto, Calif., has
introduced a small and lightweight
ppm focused twt which delivers 200
w pulsed power at 1 percent duty
at the 30 db gain level. Operating

electronics



in X-band from 7.5 to 11.0 Ge, it
weighs 8 1b and is 16 in. long. It
features high-mu grid, oxide coated
cathode and a conservatively rated
4 w heater.
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Solid State Switch
PHASE-CONTROLLED

SOLAR ELECTRONICS 0., 5909 Mel-
rose Ave., Hollywood 38, Calif.
Type 6122-1 functions as a 3-posi-
tion polar relay that responds to
0.1 pw excitation, at 60 cps. Oper-
ating as an spdt switch, with an
adjustable dead-zone, it provides 50
v d-c at 3 amp to inductive or resis-
tive loads. Input impedance is
greater than 50,000 ohms; phase of
input signal determines which load
is energized.
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Terminal

AMP INC.,, Harrisburg, Pa. The
Termi-Foil terminal is designed to
reduce costs and improve perform-
ance for manufacturers of electri-
cal equipment using aluminum foil
and strips.
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L-F Crystals
SUBMINIATURE

MONITOR PRODUCTS CO.,
Fremont Ave.,

815

INC.,
South Pasadena,
Calif., announces its MC-18 crystals
with frequencies from 250 Kc to

800 Kc. Frequency tolerance is

May 18, 1962

Fred

Roberts*
can
show

¢Director of Marketing, North Atlantic Industries

how to measure ac ratios
to 1.0 ppm ...at a sensible price

In fact, any of North Atlantic's field representatives can quickly demonstrate fow
NAI's Ratio Boxes will economically meet critical requirements for AC ratio
measurements—in the laboratory, or in field and producticn testing.

These high-precision inductive voltage dividers are available \n a complete range
of models for particular applications. Standard types includ2 Model RB-503 for
bench or rack use, the miniaturized RB-521 for panel mountirg in military specifi-
cation equipment and PRB-506, a versatile system module programmable from
punched cards or tape for automatic testing. Abridged specifications of these
models are given below.

RB-503 RB-504 RB-521 PRB-506
MODEL RACK OR RACK OR MINIATURE MINIATURE
BENCH BENCH PANEL MTD. PROGRAMMED
: 0.000000 —0.111110 0.0000 0.0000
| Ratio Range to +1.111110 to +1.111110 to +1.1110 to +1.111110°
_?‘ToeTx:lTll'Achj? 10 ppm 1ppm 10 ppm 10 ppm
Freq. Range (Useful) 50 cps-10 Kc 50 ¢ps - 3 Ke 50 cps-10 Ke 50 cps -3 Ke
Input Impedance
| at400 cps > 60K > 200K > 50K > 50K
Nominal Input
d 0.5f volts 1.0f voits .35f volts .35 volts
Voltage Ratings 350v max. 350v max. 300v max. 300v max.
| (fin cps)
Maximum Output i "
Series Resistance 3.2Q ﬁOQ 3.5Q 3._4 3.90
: 5 decades 5 decades 3 decades 3,4,50r6
_Resoluhon plus pot. plus pot. plus pot. | coded decades |
Size 19" x3%" x 8"d 19" x 3%2" x 8°d 2%" x 3% x 6% L. | 9%"x3%"x13"d
Price $295.00 $450.00 $275.00 $900 to $1500°

Abridged specification —send for full details

*Dep2nds on number of decades

Also from North Atlantic: Model RB-510 for 2.5ppm precision at 10kc, RB-503T
and -504T with ratio ranges from —1.111110 to +1.111110, and PRS-531 Resolver

Ratio Simulator.
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For complete technical and application data, write for Data File RB,
or contact the Nortk Atlantic man in your area.

NORTH ATLANTIC industries,inec.
TERMINAL DRIVE, PLAINVIEW, L. 1., NEW YORK e OVerbrook 1-8600

113



CEC ELECTROMANOMETERS are the most stable, precise

instruments of their kind available. Versatile, they can be used as

calibrating standards for working transducers...or can be employed
as transducers where application is compatible with instrument.
Either way, they hardly ever require calibration. CEC 4-331—
range 1.5 through 500 p.s.i., can use reference medium other than
clean, dry, non-corrosive gas. CEC 4-332 and 4-333 Miniature
Precision Pressure Heads range 1.5 through 100 p.s.1i. CEC 1-126
—Servo Amplifier used with 4-331 and 4-332. CEC 3-130—Power
Supply for 4-331 and 4-332. 15] CEC 1-156 —Miniature Servo Amplifier
used with 4-333. CEC 37-003—small Multi-Channel Adapter used
with 4-333. Write for Bulletin CEC 1156-X6.
CEC
Transducer Division

CONSOLIDATED ELECTRODYNAMICS

PASADENA, CALIFORNIA ¢ A SUBSIDIARY OF BELL & HOWELL
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+0.01 percent over temperature
range —40 C to 70 C. Standard
leads are 11! in., ! in. and flattened
and pierced pins. Dimensions are
0.515 in. by 0.171 in. by 0.421 in.
Prices from $22 to $33 each in
small quantities.
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Square Law Detector
IN TWO PACKAGES

MSI ELECTRONICS INC., 116-06 Myr-
tle Ave., Richmond Hill 18, N. Y.
The Bolomistor square law detector
is available in 1IN26 and 1N53 pack-
ages for use in the K, and K, band
regions. These types are available
in 40 db dynamic square law range
versions with sensitivities in excess
of —40 dbm. The C-120 and E-120
detectors go from 0.01 mw up to
100 m,

CIRCLE 313 ON READER SERVICE CARD

Coaxial Connectors

TRU-CONNECTOR CORP., 245 Lynnfield
St., Peabody, Mass., has developed
crimp-type coaxial connectors to re-
place standard clamping tyvpe, and
permits mass production of cable
assemblies.
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Glass Reed Relay
FOR P-C APPLICATION

WHEELOCK SIGNALS, INC., Long
Branch, N. J. Series 260 is a 1 mil-

electronics



lisec switching device capable of
billions of operations. Designed for
p-c application, the precisely pre-
sized, pre-positioned leads mean
fast, easy mounting. Costly reed
breakage is practically eliminated
through the use of a patented pro-
tective resilient molded frame that
absorbs shipping and mounting
shocks.
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Polyurethane Coating

COLUMBIA TECHNICAL CORP., Wood-
side, N. Y. An insulating and pro-
tective coating on a polvurethane
base, HumiSeal 2A56 was designed
for electronic components and as-
semblies used in aircraft applica-
tions. It features excellent solder-
ability.
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Counter-Timer
35 MC. SOLID STATE

COMPUTER MEASUREMENTS €O,
12970 Bradley Ave., San Fernando,
Calif. Model 729B is an all transis-
tor 20 cps to 35 Me universal
counter-timer. Power consumption
ix 130 w and weight is 30 Ib. Di-
mensions are 5} in. high by 17 in.
wide by 12 in. deep. Unit combines
the functions of a counter, time in-
terval meter, and frequency/period
meter.
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Pulse Generator
PHOTOELECTRIC

CLIFTON PRECISION PRODUCTS Co,,
INC., 5050 State Road, Drexel Hill,
Pa. Size 8 pulse generator affords
a means for accurate rpm measure-
ments of rotating shafts at speeds
from less than 1 to greater than

May 18, 1962

CEC'S NEW 4-334 ELECTROMANOMETER is the most
stable instrument ever developed for production line cali-
bration of pressure transducers. It covers the ranges
from 500 through 10,000 p.s.i., eliminates all cumber-
some operations required by oil dead-weight testers, and
can give digital readout calibration of both transducers
and manometers. Like all CEC Electromanometers,
it hardly ever requires calibration. The new 4-334 is one
more reason to say, ‘‘When you think of transducers...
think of CEC’’. For further information and specifica-
tions on the 4-334 or any CEC Electromanometer, call your
nearest CEC office or write for Bulletin CEC 4334-X1.

CEC

Transducer Division
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DCS
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Select your circuits-plug’em in
...that’s UNIDAP flexibility!

Now you can create your own research data systems at will. With
DCS’s new UNIDAP modules, you actually convert from block dia-
gram to hardware as fast as you can plug in the modules. And, pro-
vision exists for interconnecting an endless variety of component
modules for maximum versatility and variety of applications.

Maximum Versatility

This means you can change —adapt—or augment your system any
time you wish. When the system must be changed or enlarged, simplv
substitute or add any other UNIDAP components you select.

All Solid State!

What'’s more, you sacrifice nothing to get this advantage. UNIDAP
modules are all solid state for low heat dissipation and high reliabil-
ity. And, UNIDAP gives you a built-in power supply, complete with
self-contained blower for necessary cooling.

VCO’s...Frequency Translators...Reference Oscillators...Summing
Amplifiers ... Discriminators. .. these are just some of the UNIDAP
off-the-shelf modules now available for assembling FM, PDM, PAM
and digital data systems. If you're concerned with magnetically
recorded data for any purpose, you’ll want to know more about
UNIDAP’s unique capabilities.

For more information, address:

Dept, E-2-4.

T AT DC S

DATA-CONTROL SYSTEMS, INC. f\& .
Tnstramentation for Research e

Los Angeles ¢« Santa Clara « Wash., D. C. « Cape Canaveral
Home Office: E. Liberty St., Danbury, Conn. « Ploneer 3-9241,
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15,000 rpm. It is designed to oper-
ate with an electronic counter em-
ploying a 1 sec time base or a fre-
quency meter calibrated for cps.
The output from either instrument,
when so connected, will then be an
accurate representation in rpm of
the shaft speed.
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D-C Motor

GLOBE INDUSTRIES, INC., 1784 Stan-
ley Ave., Dayton 4, O. Type SD % in.
permanent magnet type motor op-
erates on 3 to 50 v d-¢, and develops
0.3 oz-in. of torque at 10,000 rpm
continuous duty.
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DPDT Choppers
MINIATURIZED

CAMBRIDGE SCIENTIFIC INDUSTRIES,
INC., 18 Poplar St., Cambridge, Md,,
announces two miniature dpdt
choppers, 255D for 60 cps opera-
tion, and 454D for 400 cps usage.
Both are hermetically sealed in %
in. by 1& in. cans, and feature 9
pin headers.
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D-C Power Supply
ALL-SOLID-STATE

{

HYPERION INDUSTRIES, INC., Water-
town, Mass. Model HY-Z1-32-2.5
has a variable output voltage of
0-32 v d-c at a load of 0-2.5 amp.
Unit features remote sensing, re-

electronics



mote programming, vernier volt-
age adjustment, current and volt-
age metering, floating output
adjustable current limiting and is
short circuit proof, Ripple is less
than 1 mv rms. Response time iz
50 millisec.
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Pressure Transducer
PIEZOELECTRIC

COLUMBIA RESEARCII LABORATORIES,
MacDade Blvd., & Bullens Lane.
Woodlyn, PPa. Model 100-P has a
senxitivity of 200 mv/psi, permit-
ting pressure measurements as low
as 0.005 psi and as high asx 4,000
psi. The transducer has a natural
frequency of 60 Kc¢ which makes
possible a fast rise time of 5 usec
and a high frequency response of
up to 12 Ke. Pressure overload tol-
erance without damage to the de-
vice is 50 percent.
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Subminiature Relay

BOURNS, INC., 1200 Columbia Ave.,
[liverside, Calif. Model 3100 =ub-
miniature spdt relay meets environ-
mental requirements of MIL-R-
5737 with a predicted operating
life of well over 100,000 cycles.
CIRCLE 323 ON READER SERVICE CARD

Tape Recorder Monitor
MULTICHANNEL

DYNAMICS INSTRUMENTATION (O,
533 Monterev Paxs Road, Monterey
Park. Calif. Model 4995 permits
simultaneous voltage metering of
13 data channels. The meters are
peak reading rms indicating 1 v full
scale, Signals above 1414 v peak
cause & neon lamp to glow on each
channel, indicating an overscale
condition.  Operating frequency
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FOR SUPERFINE
CUTTING OF HARD,
BRITTLE MATERIALS

THE S.S. WHITE
AIRBRASIVE® UNIT

We don’t know why anyone would want to slice a light bulb up like
an onion. But we do think it is an awfully good demonstration of the
Airbrasive’s ability to cut hard britile materials. Imagine. for example,
cutting precision slivers like these with a mechanical tocl!

This unique industrial tool is doing jobs that were up to now con-
sidered impossible. Its secrat lies in its superfine jet of gas-propelled
abrasive particles that are capable of precision cutting without shock,
heat or vibration. Thus the most fragile materials can be shaped,
drilled, abraded, or cleaned with complete safety.

Use it to make cuts as fine as 0.008”. .. remove surface coatings
...debur tiny parts. .. wire-strip potentiometers . .. adjust microminia-
ture circuits. .. cut germanium, silicon, ferrites, glass, ceramics...in
the laboratory or on the production line.

The cost is low, too. For under $1000 you can set up an Airbrasive

cutting unit in your own shop.
]
f
WRITE FOR
BULLETIN 6006. =
Complete informaticn.
". .

S. S. WHITE INDUSTRIAL DIVISION
Dept. EU, 10 East 40th St., New York 16, N. Y. « Telephone MU 3-3015 collect.

é,/é é : INDUSTRIAL
AIRBRASIVE

Send us samples of your
“impossible” jobs and let s
test them for you at no cost.
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pedance to each voltmeter is 900,-

== 000 ohms. Price is $2,170.
I N G ' S CIRCLE 324 ON READER SERVICE CARD

th Impedance Bridge
OR 9 GENERAL RADIO 0., West Concord,
Mass. Type 1608-A is a universal

IND“STRIAL impedance bridge with in-line read-

out and a nominal accuracy of 0.1

percent.
SPACE AGE CIRCLE 325 ON READER SERVICE CARD

, range is 1.7 cps to 30 Ke. Input im-

Frequency Extender
SMALL SIZE

>
DeKALB &

COUNTY

COMMUNICATION ELECTRONICS, INC.,
4900 Hampden Lane, Bethesda 14,
Md. Designed for use with any re-
ceiver tuning to 60 LIc, the type
FE-25-1 provides additional cover-
age of the complete uhf spectrum
- ] from 235 Mc to 1 Ge. Featured are
[m heateh (At amta g very low oscillator radiation, lower

power consumption, small size (33}
in. panel height), and light weight

DE KALB COUNTY .
CIRCLE 326 ON READER SERVICE CARD

Some of the country’s best known growth companies are now choosing sites
in these ten ideal industrial districts only 15 minutes from downtown Atlanta.

ntalum Capacitors
Many impressive new plants and warehouses are already established here | Tant Capacit

where communications, transportation and merchandising opportunities are ELECTRA MFG. CO., 4051 Broadway,
tops. Kansas City 11, Mo. A line of

l hermetically sealed solid slug tan-
talum capacitors are designed to
meet or exceed MIL-C-26655A/2B
specifications.

PRIVATE FINANCING AVAILABLE CIRCLE 327 ON READER SERVICE CARD
LEASE OR BUY

LEASE 45¢—65¢ SQUARE FOOT PER YEAR

(20,000 square feet or more) ’Iu\
vlil!m
.=

Plentiful skilled and unskilled labor with work stoppages among nation’s
lowest. Ample housing, fine schools and colleges contribute to employee
satisfaction. |

SEND FOR NEW FULL-COLOR BROCHURE ; : e
Write, W h ek e 28
ON DeKALB-ATLANTA’S IDEAL . Wi B: ; OME"T :’ 'P, ‘I";j . A =
. . . INGUSITiaQ anager
INDUSTRIAL CLIMATE DeKalb Industrial Committee of 100

o P. O. Drawer 759, Atlanta 22, Ga. LOg I_F Amp]iﬁer
) Telephone 378.3691
Title 100 MBGACYCLE
, , OR
Addr'm C. O. EMMERICH, Chairman RHG ELECTRONICS LABORATORY, INC.,
it DeKalb County Commission 94 Milbar Blvd., Farmingdale, L. 1.,

Decatur, Ga., Telephone 373.5731 N. Y. Providing state-of-the-art

performance at off-the-shelf prices,
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model L10020 features 20 Mc band-
width at 100 Mc center frequency,
greater than 70 db dynamic range,
accuracies to =1 db and capabil-
ity of handling pulses of 50 nsec
risetimes.
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Urethane Foam Tape
SELF-ADHESIVE

UNITED MINERAL & CHEMICAL CORP.,
16 Hudson St., New York 13, N. Y.,
announces Tesa Foam Stik Tape. a
self-adhesive urethane foam which
cushions electronic products or com-
ponents against shock and vibra-
tion. A poly-vinyl chloride film
0.0015-0.0016 in. thick, with a ten-
sile strength of 22-30 Ib/in. of
width, is permanently laminated to
the foam and forms the carrier for
the pressure-sensitive or adhesive
mass.
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Test Chamber
SOLID-STATE CONTROL

STATHAM INSTRUMENTS, INC., 12401
W. Olympic Blvd., Los Angeles 64,
Calif. Model 3D-6 temperature test
chamber features 24 lineal inches
of calibrated set-point scale, true
proportional control of heater
power by all solid-state control cir-
cuitry, and temperature readout by
means of a deviation meter cali-
brated in 1-deg increments refer-
enced against set-point.
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Coaxial Mismatches
FOR D-C TO 3 GC

COAX DEVICES, Box V, Chelsea 50,
Mass. These coaxial mismatches
consist of film resistors contained

May 18, 1962

Confidence
in a
quality product

The fast response, wide dynamic
range, high gain and light weight
of an Airpax MAG AMP provide
the systems engineer with that
extra degree of versatility which
permits a successful design rather
than a marginal system.

AIRPAX
\ ELECTRONIS

[ <
oRTT R

SEMINOLE DIVISION « FT. LAUDERDALE, FLA.
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EICO SCOPES

give you:

professional performance
reliability

e ruggedness

versatility

... at moderate cost

EICO’s high quality standards and low initial cost add up to true economy:
EICO units outperform scopes selling for two or three times EICO’s prices.

With kit§, the initial cost is even lower. And the experience each operator gains §
in building his own, increases his efficiency, and enables him to keep his & |
scope in better condition, with less ‘“down’’ time. R*
=
prices 1 freq. resp. (sinusoidal) sensitivity (rms) =
kit wired vert, horiz, vert, horiz. ;
5” Push-Pull $44.95 $79.95 5 cps to 5 cps to 75 mv/in 0.1v/in '_«Z;
Scope #425 400 kc 400 ke |
5” DC.4.5 MC 79.95 129.95 DC-4.5 1cps to 25 mv/in  0.6V/in
Scope 460 mc/flat 400 ke flat

See the 41 additional EICO test instruments helpful for your lab and pro- |
duction work, Write for free Catalog & name of neighborhood Distributor.

3300 NORTHERN BOULEVARD, Dept. E-5B, L. 1. C., 1, N. Y. |
CIRCLE 210 ON READER SERVICE CARD

gs/con

PROTECTS YOUR
TUBES, COMPONENTS

—eliminates the old bugaboo of
cable entanglement which damages
tubes and components in lower chassis |
each time the one above is withdrawn
for service and returned to position.

GEAR & PINION GUIDE BOOK

Gives tall specs for humlreds of
stock combinations of small 1-pe,
die east zine alloy gears integral

Our new Cable Retractor’s double action
maintains constant tension and correct sus-
pension of cable at all times—permits ample
cable length for full extension and tilting of
chassis without hazard of snagging.

For use with all types of chassis or drawer
slides, adjustable to fit varying chassis
lengths, simple to install, inexpensive, proven
thoroughly reliable in operation.

Mounts on rear support rails on standard
1%’ hole increments. Cadmium plated CRS.

Write for Bulletin CR-100F
ORegon 8-7827

WesTerN Devices, Inc.

600 W. FLORENCE AVE., INGLEWOOD 1, CALIF.

120

Coi! Bobbins
Gears & Pinions

GRIES REPRODUCER CORP.

World's Foremost Producer of Smuall Die Castings

151 Beechwood Ave.
phone: (941) NEw Rochelle 3-8600

with pinions, “hatts, spacers, ete.,
. . . also combinations to specs.
GRC's  exelusive technigues  give
you high aquality in <mall parts
of diecast zine alloy, and engi-
feering  thermo-plastics  at  low
cost! Write, for samples and
literature. Send prinis for quata-
tian,

No Minimum Size! Max: Zinc
Alloy-27 Jong, 14 oz, PMlastic-1%*

long, 05 oz
@0

New Rochelle, N. Y.
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in a matched housing. Present
models are conservatively rated at
3 w. Standard mismatch values are
1.3; 1.6; 2.0; 2.5; 3.0; 5.0. Over
the d-c to 3 Ge range, the deviation
is less than =6 percent. They can
be used at higher frequencies if
some greater deviation is tolerable.
They are available in N type con-
nectors. Price is $20.
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Bridge Rectifiers
HIGH VOLTAGE

TEXAS INSTRUMENTS INC., 13500
North Central Expressway, Dallas,
Texas. The 1N3183 series bridge
modules, all rated at 0.5 amp aver-
age rectified current and up to 2,000
v reverse voltage, offer a compact
and versatile full wave bridge that
can save hours of assembly time in
the lab or on the production line.
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Flip-Flops
PACKAGE OF FOUR

DIGITAL DESIGN CORP., Box 21, Clay,
N. Y. Model FF-151-DC is a pack-
age of four independent flip-flops.
All are of the set-reset and trigger
type, and feature a gated input
trigger. They may be used in count-
ers, shift registers, for storage, and
for logic operations in computing
systems. Switching rates to 1 Me
are accommodated. Price is $99.
CIRCLE 333 ON READER SERVICE CARD

SHE
I N
065 125

085 x 150
065 1 200

0851 225

Boteo

2930 758

Tantalum Capacitors
MICROMINIATURE

GLP DIVISION, Burnell & Co., White
Plains, N. Y., announces micro-

electronics



miniature solid tantalum capac-
itors. Specifications: temperature
range from —55 C to 85 C: toler-
ance is —20 percent 450 percent:
d-¢ voltage ratings are max operat-
ing voltages at any point over the
temperature range; capable of
withztanding a 1,000 hr life test at
nax temperature with rated volt-
age applied.
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Microwave Amplifiers
LOW-XOISE

INTERNATIONAL MICROWAVE CORP,, 1
Seneca Place, Greenwich, Conn,,
offers a line of microwave tunnel
diode amplifiers that operate in the
2 to 12 Ge range. They provide be-
tween 4.5 and 5.5 db noise figure,
depending on frequency, with band-
widths to 1,000 Mc. They range in
size from 20 to 50 cu. in., and gains
from 10 to 20 db are available.
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Time Delay Relay

AUTOMATIC TIMING & CONTROLS,
INC., King of DPrussia, Pa., has
available a transistorized, hermeti-
cally sealed time delay relay with
30 sec range for operation from ex-
ternal power supply of nominal 27 v
d-¢ for military, industrial, elec-
tronic and production needs.
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Octave Amplifiers
PACKAGED UNITS

LEL, INC., 75 Akron St., Copiague,
N. Y. Low noise, broadband r-f

...in Solids?

CEC’s Solids Moisture Analyzer,
(26-320) costs only $1575. It’s
specific to water ... measures total
water in solids in five to fifteen
minutes. Water is measured by
electrolysis — linear response, sensi-
tivity of 0.1 4g, accuracy +5 ,g or
296 of full scale reading. Get the
complete details. Write for Bulletin
CEC 26320-X6, or call your nearest
CLC sales and service oflice.

- CEC

...in Gases?

CEC’s Portable Moisture Monitor,

26-303) costs only $435 —much less
than the model it replaces. The
specs are the same: continuous
0-1000 ppm measurement of water
in gas streams, laboratory accuracy
5% full scale, fastest response to
concentration changes, rugged, por-
table, operates on battery or a-c
power. Want one? Write for
Bulletin CEC 26303-X7.

Analytical & Control Division

CONSOLIDATED ELECTRODYNAMICS

PASADENA, CALIFORNIA e A SUBSIDIARY OF BELL & WQOWELL

amplifiers cover from 40 Mc to 640
Mec. Model OMP-5-160 has a gain
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of 30 db minimum, *0.5 db ripple
and a linear output of greater than
1 v over the range of 160 to 320
Mc. It is available as a self-con-
tained rack mounted unit as shown
or as an amplifier only, model OMX-
5-160. Rack mounted units employ
a solid state power supply.
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Sampling Scope
COMPACT UNIT

LUMATRON ELECTRONICS, INC., 116
County Courthouse Road, New
Hyde Park, L. I, N. Y. A 1,000 Mc
bandpass (approximately 0.35 nsec
risetime), dual channel display,

Permanent, solderless connections i i o i e

sensitive internal triggering to 1
. Gc and compact size are features
In ONLY THREE SECONDS of the model 120 sampling oscil-
loscope.
T e e CIRCLE 338 ON READER SERVICE CARD

wrapping methed—proved . l
superior by leaders in com-
munications and electronics.
What’s the proof? Over a
billion connections without
reported failure.

And the best way to make wire insertion terminal ’
these connections is with and wthering o
Gardner-Denver ““Wire- |
Wrap”® tools. Every bit is
individually tested and in-
spected—every bit_ is indi- Ferrite Isolators
vidually packaged in a plas- ' ]
tic tube. And only Gardner- : | HIGH POWER

Denver makes a complete wrapping finished CONSOLIDATED MICROWAVE CORP.,

lingv of t(tahfls t});pelaleguiirlnint. connection | 850 Shepherd Ave, Brooklyn 8,
r or pulletin =1,

N. Y, offers two high power

’ X-band ferrite isolators. Model
EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW  X210-1 covers 8.4 to 10.0 Ge and

GARDNER - DE NYER X210-2 covers 10.0 to 12.4 Ge. The

isolation over the band is greater
Gardner-Denver Company, Gardner Expressway, Quincy, Illinois | than 20 db and the insertion loss is
In Canada: Gardner-Denver Company (Canada), Lid., 14 Curity Ave., Toionto 16, Ontario less than 0.5 db. Units can handle
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250 w average power and peak
power of 250 Kw. Input wvswr is
less than 1.15. Price is $130. de-
livery 4 weeks.

CIRCLE 339 ON READER SERVICE CARD

Universal Photometer

ELDORADO ELECTRONICS, 2821 Tenth
St., Berkeley 10, Calif. Model 201,
designed to overate with any photo-
multiplier tube or phototube, will
indicate directly, percent transmit-
tance from 0.001 to 100, and density
from 0 to 6.
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Tunable Oscillator
0CTO + 80 C

SOLID STATE ELECTRONICS CO., 15321
Raven St., Sepulveda, Calif. Model
S-300 tunable silicon transistor
sinusoidal oscillator is an epoxy en-
capsulated unit designed to create
a stable sine wave signal source.
Stability as a function of supply
voltage and temperature have been
emphasized together with reli-
ability.
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Power Amplifier
MODULAR CONSTRUCTION

COMMUNICATION MEASUREMENTS
LABORATORY, INC., 350 Leland Ave,,

May 18, 1962

- BALLANTINE AC-DC CALIBRATOR

model
420

Calibrate
your

VIVM's
and
Scopes
with
"% ACCURACY

Keeping vtvm’s and oscilloscopes in calibration is @ major problem for every engineering
laboratory and production line. An economical and time-saving solution to this problem is
the Model 420. This instrument provides an accurate output for any desired setting from
0 to 10 volts whether rms of the pure 1600 cps signal, peak to peak of the same signal,
or dc. The instrument's particular appeal is its stability of output regardless of power
line voltage changes over wide limits and for long periods of use of the instrument. Its
output is direct reading and can be connected to a vtvm or scope in seconds. This instru-
ment will pay for itself many times over in reducing the number of times a vtvm or
scope must be sent to the standardizing laboratory. Just providing a check of these prior
to every important series of measurements can relieve the engineer of the possibility
of having to repeat a costly set of readings.

MILLIVOLTS omoen

29-

SPECIFICATIONS
Voltage Range ....cvevenriernenncrnnrrnnionaennns 0-10 ¥ rms; Peak-to-Peak, or de
FrEQUENCY . .uvverrovvrvasaanoasateetesastastassasantsasanessonsannsses 1 ke
Accuracy {with cal. chart) ...eeeeeenrarieenererereonrerenvniiraesonses *=0.25%
Setting Resolution ......coveeiivocnneconnnannsni Approaches 0.01% above 10 mV
AC Output Impedance .....ce.eeieevvenancans 2-20 ohms depending on range setting
DC Qutput Impedance .....coovenvuvannen.tn 0-4000 ohms cepending on dial setting

Werite for brochure giving many more details

- Since 1932 =

PY BALLANTINE LABORATORIES e

~ Boonton, New Jersey

CHECK WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS, RESARDLESS OF YOUR REQUIREMENTS FOR
AMPLITUDE, FREQUENCY, OR WAVEFORM. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR, ALSO AC DC ANO DC AC
INVERTERS, CALIBRATORS, CALIBRATED WIOE BAND AF AMPLIFIER, DIRECT-READING CAPAZITANCE METER, OTHER ACCESSORIES.

ASK ABOUT QUR LABORATORY VOLTAGE STANDARDS TQ 1.000 MC.
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LOW-NOISE

open the way for new advances in
low-level instrumentation

MINIATURE BRISTOL SYNCROVERTER CHOPPERS

Low-Noise Syncroverter* choppers are used in the fin-
est and most accurate d-c amplifiers, microvolt-am-
meters and null-balance systems where only the best
is required. Write for complete specifications: ACCO
The Bristol Company, Aircraft Equipment Di-

vision, 150 Bristol Road, Waterbury 20, Conn. (&7
A Subsidiary of American Chain & Cable Company, Inc. o 2=

BRISTOL

... engineers for precision, builds for reliability

*T.M, Reg. U.S. Pat. Off. 1.3
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Plainfield, N. J., has developed a
power amplifier rated at 10 Kw out-
put. Model A10K is equipped with
output taps to match selected vibra-
tion exciters, sonar and acoustic
test transducers, and industrial
ultrasonic devices. Standard fre-
quency ranges between 10 cps and
150 Ke are available .
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I-F Balanced Mixer
VSWR = 1.30 MAX

MICROWAVE DEVELOPMENT LABORA-
TORIES, INC., 15 Strathmore Rd,,
Natick, Mass. Sidewall balanced
mixer has a microwave i-f output of
2.9 Ge with input frequencies of
14.0-36.0 Ge. The i-f output utilizes
a type N connector and has a vswr
of 1.20. Unit measures less than
4.00 in length and utilizes 1N53
eryvstals, Vswr is 1.30 max and iso-
lation, 12 db min.
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Signal Converter

ROCIIESTER INSTRUMENT SYSTEMS,
INC., 275 North Union St., Roches-
ter 5, N. Y.. has available the SC-
300 signal converter for making
most standard process control in-
struments compatible with each
other.
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Harmonic Generator-

FOR X-BAND

TRAK MICROWAVE CORP., Tampa,
Fla. Type 2969X3 is a self-con-
tained energy source and requires

electronics



only 150 to 175 v d-c at less than 12
ma and 6.3 v at 240 ma. Unit is
suited to X-band l-o applications
where klystrons were previously
used, and provides the convenience
of a single adjustment to cover the
range of 8,800 to 9,000 Mc with a
minimum of 5 mw output power.
Frequency drift over 0 € to +100C
is nominally less than +5 Mc at
8,900 Mc; characteristics of as
little as =1.5 Mc can be provided
on request.
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Strip Line Duplexer
COVERS 200-230 MC

METCOM, INC., 76 Lafayette St.,
Salem, Mass., offers complete strip
line duplexing using gaseous-solid
state techniques in the same pack-
age. The MPD-10 covers the fre-
quency range of 200-230 Mc han-
dling 10 Kw peak, 200 w average.
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Photoelectric Cells
GERMANIUM JUNCTION

INTERNATIONAL TELEPHONE AND
TELEGRAPH CORP., Clifton, N. J.
Type PG40B features excellent
sensitivity and small size (0.08-in.
diameter), permitting close pack-
ing of the cells for punched-tape
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NEW THERMOSTAT
combines four design advantages
Only the KLIXON® M2 Thermostat brings you all four of these
desirable features:

1. the dependability of a snap-acting bimetzllic disc;

2. a differential range as narrow as 2° to 5°F;
3. a welded hermetic seal;
4.

a switch-action option of opening or closing on
temperature rise or drop.

The KLIXON M2 Narrow Differential enables ycu to control heat
sink and enclosure temperatures within ==1°F for precise perform-
ance of temperature sensitive electronic components.

The KLIXON M2 Welded Hermetic Seal prevents contamination of
the contacts due to trapped solder or flux. Moreover, you’re sure
that the seal is free of voids or undetected weak spots that might lead
to corrosion. So, you get extra assurance of long-lived performance.

The KLIXON M2 Optional Switch Action allows you to use the
same basic thermostat to control temperature anc to turn on warn-
ing lights when temperatures exceed established limits.

Write Today for complete specifications, prices, delivery schedules
or packaging design assistance.

2 METALS & CONTRDLS INC,

5005 FOREST ST, ATTLEBORO, MASS.
A CORPORATE DIVISEION OF

TEXAS INSTRUMENTS

INCORPORATED
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sennines | OVER

VACUUM
CAPACITORS

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 b

= N
L 17 T S VMMHHC 1
Capacitance Range....................... 25 to 200 mmfd }
Peak Voltage .........coouevrinniiiiiin, 120 kv
RFCurrent .....cooevii 125 amps RMS
Length. ... 20% inches
HIGH CURRENT poe
Type ............................................. VMMHCW s - 3
Capacitance Range........................ 50 to 400 mmfd \ j
Peak Voltage ..............oooiiiiiiienii 55 kv i
RF Current.........ooooiiiininiiiiinens 500 amps RMS CT
Length... «cooiii 17 inches

A7) 5a060a00560568 088 B0ACH0ABARN AGAHARAABOABEAEEAR003 ucsL pa_—
Capacitance Range ....................... 7 to 1000 mmfd I
Peak Voltage ... 5 kv
RFCurrent......ooeiiiiii 42 amps RMS

Length. oo 7-9/16 inches
SMALL SIZE

7] a08000 8508080008008 6080000600800A0ABARABAANAOEIAEARGE tCS bd
Capacitance Range ........................eee 3 to 30 mmfd 4
Peak Voltage ........cooovvieiiiiiiiii 15 kv \
RF Current ..o 20 amps RMS

Length. ..o 4% inches

Our radio frequency taboratory 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.

Werite for our special brochure describing our
complete line of vacuum capacitors.

JENNINGS RADIO MFG. CORP., 870 McLAUGHLIN AVE., SAN JOSE 8, CALIF., PHONE CYpress 2-4025

CIRCLE 126 ON READER SERVICE CARD

and punched-card readers. Average
sensitivity is 30 ma per lumen.
Spectral response peaks at 1.7 mi-
crons and cuts off at 2.0 microns.
Minimum and maximum bias volt-
ages are 1 and 50 v, respectively,
dark current is 200 xa max, and
dissipation is 15 mw. Type PG50A
is larger (4 in. diameter), has 100
v max bias rating and 50 mw dis-
sipation rating.

CIRCLE 347 ON READER SERVICE CARD

Indicator
12-POSITION

THE PATENT BUTTON CO., Waterbury
20, Conn. Series 10300 Magneline
indicator has p-c contacts for quick
mounting in panel displays. Other
features include large numerical
size (15/32 in.) and rapid position-
ing (! sec for full rotation). The
12-position indicator meets MIL-E-
5272-C and MIL-E-5400D, Class 2
requirements, and operates at 125
ma, 24 v.

CIRCLE 348 ON READER SERVICE CARD

Coaxial Switch
SMALL, LIGHT

TRANSCO PRODUCTS, INC., 12210 Ne-
braska Ave., Los Angeles 25, Calif.,
announces a 50 ohm coaxial switch
capable of 5 million life cycles. The
2 independent solenoid design can
be fail-safe on one position and the
wiping contacts are self cleaning
and make possible the long life.
Solenoid voltage is 28 v d-c; con-
nector types are N, BNC and TNC.
R-F characteristics are excellent to
2 Ge.

CIRCLE 349 ON READER SERVICE CARD
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PRODUCT BRIEFS

FIXED VACUUM CAPACITORS 10 ppuf
through 100 uuf. Resitron Labora-
tories, Inc., 2908 Nebraska Ave.,
Santa Monica, Calif. (350)

PRECISION RATIO TRANSFORMER di-
rect digital readout. Arnold Mag-
netics Corp., 6050 W. Jefferson
Blvd., Los Angeles, Calif. (351)

STATIC PROPORTIONAL TEMPERATURE
CONTROLLER highly sensitive. Metals
& Controls Inc., 34 Forest St.,
Attleboro, Mass. (352)

PERMALLOY POWDER CORE with 200
permeability. Magnetics, Inc., But-
ler, Pa. (353)

BIDIRECTIONAL POWER MONITOR com-
pact, versatile. Douglas Microwave
Co., Inc., 252 E. Third St., Mt. Ver-
non, N. Y. (351)

TRANSFER STANDARD precision re-
sistance. General Resistance, Inc.,
430 Southern Blvd., New York 55,
N. Y. (355)

ULTRASONIC DEGREASER uses high
purity Freon. Harris ASW Div., of
General Instrument Corp., Wood-
bury, Conn. (356)

TAPE TRANSPORT in kit and wired
form. Electronic Instrument Co.,
Inc., 3300 Northern Blvd., Long Is-
land City 1, N. Y. (357)

OSCILLOSCOPE CAMERA for high writ-
ing speeds. Cossor Instruments
Ltd., Highbury Grove, London, N.5,
England. (3538)

R-F CHOKES range from 150 ph to
15 mh. Cambridge Thermionic
Corp., 445 Concord Ave.,, Cam-
bridge 38, Mass. (359)

INDUSTRIAL LOGIC MODULE Or-Gates.
Digital Design Corp., Box 21, Clay,
N. Y. (360)

PORTABLE TV CONSOLE for closed-cir-
cuit systems. Blonder-Tongue Lab-
oratories, Inc., 9 Alling St., Newark
2, N. J. (361)

SELF-LOCKING COUPLING NUTS vibra-
tion proof. General RF Fittings,
Inc., 702 Beacon St., Boston 15,
Mass. (362)

FLANGELESS SILICON RECTIFIERS low-
current. Electronic Devices, Inc.,
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MASSA METERITE

THE ONLY TRULY PORTABLE

2 CHANNE

RECTILINEAR INKELECTRIC

RECORDER

WITH

INTERCHANGEABLE

PLUG-IN

PREAMPLIFIERS

Massa Meterite Mode! BSA-250 With Preampliiers

Measures and records virtually everything. . . anywhere. . .
strain, temperature, displacement, force, flow, proximity,
depth, pressure, electrical, chemical, radiation, etc.

Write for BSA.250 Series Bulletins

m SALES REPRESENTATIVES IN ALL PRINCIPAL AREAS

A DIVISION OF
- - - -

Exclusive Export Representative
MILANO EROTHERS
250 W. 57th St., New York

. - - —
ELECTROMNCS, INC.
275 LINCOLN STREET

HINGHAM, MASSACHUSETTS
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GOT
A
COIL
WINDING
PROBLEM?

CAMBION® Custom Winding Service can be the answer
to your coil winding problems. We’re completely equipped to
wind your coils precisely, to meet your exact electrical and
mechanical specifications. Coils are unconditionally guaran-
teed in any quantity — as are the more than 10,000 different
items in the CAMBION line of electronic components. Your
coils can be thoroughly tested in our environmental labora-
tory whenever necessary, if your problems are unusual.
CAMBION is prepared to help you design your coils.

Actually, the CAMBION line of regular and shielded coil
forms is so broad and so versatile that you rarely have to re-
sort to special designs. There are models and sizes to meet
practically every requirement for both conventional and
printed circuits. This means you get faster service, greater
dependability and easier procurement over the years. Mate-
rials are selected and finishes are applied with the greatest
care — and all parts are non-ferrous and electro-plated to
withstand severe service conditions.

If you’re all wound up in coil winding problems,
call on CAMBION. Discover how we can save you
both time and money. For estimate, send prints and
quantity requirements to Cambridge Thermionic
Corporation, 437 Concord Avenue, Cambridge 38,
Massachusetts. Phone: TRowbridge 6-2800.

CAMBRIDGE THERMIONIC CORPORATION ~J
AM BIOINES,

45
The guaranteed electronic components }
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50 Webster Ave., New Rocheile,
N. Y. (363)

TEST FACILITY high altitude. High
Vacuum Equipment Corp., Hing-
ham, Mass. (364)

DIFFERENTIAL PRESSURE SYSTEM mv
output. H. E. Sostman & Co., P. O.
Box 60, Cranford, N. J. (365)

MAGNETIC CIRCUIT BREAKER trips in
millisec. Wood Electric Corp., 244
Broad St., Lynn, Mass. (366)

FLEXIBLE COAXIAL CABLE air dielec-
tric. Andrew Corp., P. O. Box 807,
Chicago 42, 111. (367)

SILICON CONTROLLED RECTIFIER all-
diffused version. Texas Instru-
ments Inc., P. O. Box 5012, Dallas
22, Texas. (368)

INERTIA SWITCHES with controlled
reset point. Inertia Switch Inc.,
311 W, 43rd St., New York 36,
N. Y. (369)

PATCHCORD features double-detent
retaining action. AMP Inec.,, Har-
risburg, Pa. (370)

DIGITAL COMPUTER with input/out-
put equipment. Computer Control
Co., Inc., 2251 Barry Ave., Los An-
geles 64, Calif. (371)

MESA TRANSISTORS high quality
switching. Motorola Semiconductor
Products Inc.,, 5005 E. McDowell
Road, Phoenix, Ariz. (372)

BUFFER STORAGE random/sequential
access type. Di/An Controls, Inc.,
944 Dorchester Ave., Boston 25,
Mass. (373)

VOLTAGE CONVERTER frequency to
analog. Pioneer Magnetics Inc., 850
Pico Boulevard, Santa Monica,
Calif. (374)

PRESSURE TRANSDUCER operates at
50 g. Giannini Controls Corp., 1600
South Mountain Ave., Duarte,
Calif. (375)

COAXIAL CONNECTOR closed entry
contacts are featured. The Deutsch
Co., Municipal Airport, Banning,
Calif. (376)

READER/REELER bidirectional, high-
speed instrument. Omnitronics,
Inc., 511 N. Broad St., Philadelphia
23, Pa. (377)

electronics



Literature
of the Week

POWER TRANSISTOR TESTER  RD In-
struments Division Hickok Elec-
trical Instrument Co., 10514 Dupont
Ave., Cleveland 8. O. An 8-page
technical brochure covers the model
1885 dynamic beta power transistor

tester. (378)
INSTRUMENTS Lavoie Labora-
tories, Ine., Morganville, N. 7,

offers an engineers’ product hand-
book on counters, oscilloscopes, fre-
quency meters and spectrum ana-
lyzers and other instruments. (379)

FERRITE FILTER INDUCTORS Indiana
General Corp., Electronics Div,,
Keasby, N. J. A 10-page bulletin
covers Ferramic TC core assem-
blies for filter networks. (380)

CAPACITOR TESTING Sprague Elec-
tric Co.. Marshall St, North
Adams. Mass. Technical paper 62-4,
entitled “Accelerated Tests and
Predicted Capacitor Life”, is avail-
able upon letterhead request.

coMPUTER  Computer Control Co.,
Inc., 2251 Barry Ave., Los Angeles
64, Calif. Six-page brochure de-

scribes the DDP-19 digital data
processor. (381)
DUST-FREE CABINETS Torit Mfg.

Co., 1133 Rankin St., St. Paul 16,
Minn.,, has published a 6-page
folder on the Specialaire dust-free
cabinet. (382)

ULTRA HIGH BETA TRANSISTOR Solid
State Electronics Co., 15321 Rayen
St., Sepulveda, Calif., offers litera-
ture on model SST610 ultra high
beta transistor in a TO-5 package
electrostatically shielded. (383)

SYNCHROS  Kearfott Div., General
Precision, Inc., 1150 McBride Ave.,
Little Falls, N. J., has available a
condensed catalog describing more
than 65 synchros used in a variety
of applications. (381)

ELECTRONIC PYROMETER Metronix
Div. of Assembly Products, Inc., 75
Wilson Mills Road, Chesterland, O.
Data sheet covers model 600 d-¢
electronic pyrometer for remote
measurement. (385)
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HICKORY BRAND

I TEFLON

| Long, Continuous Lengths!

Immediate Delivery!

TYPE E-600V
TYPE EE-1000V

&f meeting alll requirements
of MIL-W-16878D

26 AWG
through
16 AWG

HOOK-UP WIRE

Extruded Teflon* Insulated
Stranded Silver Coated Copper

! (260° C with Nickel-Coated Copper Conductor)
{

[ EVERY REEL 100% TANK TESTED |

Basic color-coded insulated wire available
with braided shield or shielded and
jacketed with Nylon, PVC,

wrapped TFE, *Reg. DuPont Trodemork

Multi-conductor Cable Constructions
Designed to Meet

Your Specific ® “_
- r .‘¢ p—— - ]
Requirements ;j_"—g

———— ey
For prompt quotations, call or write

E HICKORY BRAND
it "7/ ' Electronic Wires and Cables

Vi‘%?;‘;)' SUPERIOR CABLE CORPORATION
e P. O. Box 480-A ¢ Hickory, N. C. 6092

CIRCLE 129 ON READER SERVICE CARD 129



PEOPLE AND PLANTS

Blonder & Tongue: Complementaries

A DOZEN YEARS AGO, lights burning
in a ramshackle Yonkers, N. Y.
building excited the curiosity of
police who once kept the spot under
surveillance as a center for illegal
off-track betting. Upon entering.
the officers found two engineers,
Isaac Blonder and Ben Tongue, (L).

Tongue still grins when he recalls
that early start in May of 1950. He
and Blonder had pooled $5,000 to
rent a 20 by 60-ft area and founded
what is now a thriving electronics
company, Blonder-Tongue Labora-
tories, Inc., Newark, N. J.

Now president of the company,
Tongue has been interested in radio
since he was eight years old. He
worked his way through Northeast-
ern University and in 1945 earned
a BEE degree with honors after 27
vears. Next came a master’s degree
from Polytechnic Institute of
Brooklyn in 1948. During those
yvears he worked at Panoramic
Radio, starting as an engineer in
1945 and becoming chief engineer

130

by 1947. He personally designed
many of Panoramic’s products,
among them a miniature airborne
transmitter and a variety of an-
alyzers.

Still playing a major role in prod-
uct development—in his own com-
pany, now-—his present interests
center about community and closed-
circuit tv systems, and new develop-
ments in uhf equipment.

Blonder. who iz chairman of the
board, describes himself as being
raised in a garage: his father was a
blacksmith and later a general re-
pair man. Blonder says he fixed his
first radio at the age of ten and re-
mained interested in the field ever
since. He won a BS in physics with
honors from the University of Con-
necticut in 1938 and received a
master’s degree from Cornell two
vears later.

Teaching physics at City College
gave him some firm ideas on educat-
ing engineers. He feels that the
main job of an educator is to instill

and develop creativity, not teach
only facts and formulas.

Following an active career in
electronics during the war, Blonder
met Tongue at Panoramic Radio. In
1948, he joined the TeleKing Tele-
vision Corp. and two years later
formed the partunership.

Tongue’s nature is deliberate,
while Blonder is more exuberant.
Blonder approaches problems with
a quick dynamism that often covers
the broad general aspects which are
then tended to in detail by Tongue.

Despite the apparent differences
between the two men, they often
seem to think with the same mind.
Both emphasize high-quality engi-
neering and are impatient with any-
thing less. By mutual accord, they
have avoided any pursuit of mili-
tary contracts and have confined
their efforts over the past twelve
vears to commercial developments.
One friend, asked if they share any
recreational activities, said ‘“Yes,
they work together as a matter of
business and do the same for re-
laxation.”

Phileco Names Herzog
Laboratory Director

APPOINTMENT of Bernard Herzog
as director of the Space Sciences
Laboratory of the Western De-
velopment Laboratories of Philco
Corp. in Palo Alto, Calif., has been
announced. He will direct studies
in physical phenomena and tech-
niques relating to space technology.

Prior to joining Philco in 1958,
Herzog was a research associate in
the Physics Department of Stan-
ford University.

Sealomatic Forms
Ultrasonic Division

SEALOMATIC ELECTRONICS CORP.,
Brooklyn, N. Y., manufacturer of
heat sealing, blister packaging ma-
chinery and high frequency gen-
erators, announces the formation of

electronics



RELIABLE products from RAYTHEON
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QUALITY ACCEPTANCE REPORT

reliability. . . backed up in writing

RAYTHEON Reports Give Customers Accurate
Performance Data Before Tubes Are Used

Dectailed life data on a typical group of industrial and
military tube types is now available to you through
Raytheon’s  Reliability Report. Total production
failure rates in % per 1000 hours arc published in
this semi-annual report which provides accurate
before-purchase performance data.

TFurther evidence of quality is prescnted by
Raytheon’s Quality Acceprance Report which is com-
prehensive data from actual 1ot acceptance records.
Quuality Acceptance Reports on a large number of
tube types arc available on lots of 100 or more tubes
to assure compliance with customer and military
specifications.

Usc the coupon at right. or tle reader service num-
ber, to obtain a copy of the latest Reliability Report.
A sample of the Quality Acceptance Report may be

INDUSTRIAL COMPONENTS DIVISION

obtained by checking the coupon. Raytheon Indus-
trial Components Division, 55 Clapel St.,, Newton
58, Massachusetts.

Raythecon Industrial Components Division
55 Chapel St., Newton 58, Mass.
Dept. 2610-2
Please send a copy of:

Reliability Report
—Quality Acceptance Report

10.000 Hour Life Program
Name S
Title —
Company _
Address — -
City — _ Stae

NEWTON 58, MASSACHUSETTS

LRAVTHEOK
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Good ’ its new Aquasonic division. This
division at present will use the par-

’ ent company facilities. A complete

p(l ”S line of ultrasonic cleaning systems
including its new ‘ransistorized

work | units will be among its first prod-

ucts.
best!

Intermediate

” Frequency
4 Transformer
A\ il
The high standards of MITSUMI electronic POLYVARICON
components are insured by a fully-auto- Variable
Capacitor

mated assembly system, and double-checked

by rigid quality controls. Mitsumi Electric

Company is Japan's largest manufacturer
of components for radio, television and Ly1€ Taylor Joins
‘ Hopkins Engineering

LYLE G. TAYLOR has been named di-
‘ rector of quality control for Hop-
kins Engineering Co., San Fer-
nando, Calif.,, manufacturer of ca-
pacitors and filters.
CIRCLE 212 ON READER SERVICE Cap ~ _ Li¢ ‘vas formerly assistant qual-
S SR ity control manager for Acoustica
Associates.

communications equipment.

MITSUMI PARTS

MITSUM!I ELECTRIC CO., LTD.

Komae, Kitatama, Tokyo

Microwave Electronics
| Names Buchmiller

LYLE D. BUCHMILLER has been
named senior research engineer at
Microwave Electronics Corp., Palo
Alto. Calif.

He was previously affiliated with
the Stanford Electronics Labora-
tory, Stanford U., Calif.

How to grow a beard...

Sit back and wait for your copy on that routing list. Okay if you like
beards. Otherwise, look in this issue for the Reader Service Card. Fill in Ebert a V-P
the “for subscriptions’’ section. Mail. Only 71, cents a week.

Weinschel Appoints

JOHN E. EBERT has been appointed
electronlcs A McGraw-Hill Publication, 330 West 42nd St. N.Y. 36 vice president in charge of re-
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search, development and engineer-
ing of Weinschel Engineering Co.,
Inc., Kensington, Md.

Ebert comes to Weinschel with
twenty years’ experience in the mi-
crowave field. I'or the last nine
years he was with FXR, Inc., where
he was vice president and chief
microwave engineer.

Magnin Accepts
New Post at EMR

J. P. MAGNIN has been appointed
director of research and engineer-
ing for the Sarasota Products divi-
sion of Electro-Mechanical Re-
search, Inc. In his new position he
will direct R&D engineering on
new telemetry products.

Magnin joined EMR as a section
head from the research laboratory
of the Schlumberger Well Survey-
ing Corp.

Carrol Lund Joins
Mesa Scientific

CARROL E. LUND, formerly a senior
research engineer with North
American Aviation, has joined
Mesa Scientific Corp., computer
consultants in Hawthorne, Calif.
At Mesa Scientific, Lund will be
responsible for consulting assign-
ments on the application and in-
stallation of analog computers,
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SEE THE
SITES/

WLSHINGTON STATE DEPAL T\ INT OF
CCNMERCE & ECCNOMIC DEVE_OPMENT

It's a wanderfcl C eneral Administration Building
plocz o play in (1/mwoia, Washington
. -a g-eat stake ¢ « §will be in Seattle on _, = . Please
te)

-ay in! . .
ta seay in! arrange an aplointment wit1me.
( ) At this time 1 am interestec =aly in informet or

THESLRPRISING STATEOF AL
COVPANY:

 WASHINGTON T

>,

\\
%>
Ly -\'& o

Did you swipe N_ ~ this magazine?

Only 71, cents a week is the easy way! ($6 one year, $9 for two
years, §12 three years.) Just fill in the handy *‘For subscriptions"’
section of the Reader Service Card in this issue . . . and you'll get
instant subscription.

electronics: 330 West 42nd St., N. Y. 36.
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METAILS for ELECTRONIC APPLICATION
rolled ULTRA THIN

by OUR SPECIAL ROLLING
TECHNIQUE

RIBBONS----

TOLERANCES CLOSER THAN COMMERCIAL STANDARDS

Note: for highly engineered applications—strips of TUNGSTEN
and some other metals can be supplied

ro/ﬂn[ t[own fo .0003 Micénedé

® Finish: Roll Finish or cleaned
e Ribbons may be supplied in Mg. weights
Developed and Manufactured by
WEEHAWKEN, NEW JERSEY

H.CROSS CO. oo
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363 PARK AVE,

actual size

| electronics

| Editorial
Opportunity

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

Ideally, the man we are look-
ing for and to whom a post on
our New York staff could be a
long-term challenge, would have
an electrical engineering degree
or technical equivalent, practical
experience in our field and a

Accurate time
totalizing meter

Hermetically sealed 21 jewel watch
movement and spring coupled D.C.
(20-35 v) torque motor gives accuracy demonstrated aptitude for edit-
within 1% even under most critical ing, writing, reporting. He prob-
operating conditions. Determine relia- ably lives somewhere in the
bility, prevent failures, and facilitate metropolitan area and therefore
maintenance procedures of aircraft or | wovuld have no relocation prob-
missile electronic equipment and sys- lem.

tems. 1,000 and 10,000 hour readings.
Parabam’s sub-miniature meter meets
all requirements of MIL-M-26550.

PARABAM

DIVISION OF FF HOUSTON FEARLESS CORPORATION
12822 Yukon Avenue, Hawthorne, Calif./ OSborne 9-3393
|

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

Burroughs Building
Experimental Center

BURROUGHS CORP., Detroit, Mich.,
has started construction on a $500,-
000 two-story experimental center
at Colorado Springs, Colo.

The new facility, operated for the
USAF 425 L system program office
of the Electronic System division,
will include 50,000 sq ft of floor
space. The building, designed to ac-
commodate approximately 170 per-
sons, is expected to be completed by
mid-summer.

PEOPLE IN BRIEF

Warren D. Paley promoted to v-p
and elected a director of Vector
Associates, Inc. Edgar R. Brastow
advances to asst. chief engineer of
Giannini Controls’ Gyro div. Rich-
ard K. Mosher moves up to presi-
dent of LFE Electronics. Mitre
Corp. ups Alan J. Roberts to head
of the Strategic Systems dept., and
James J. Croke to head of the
SAGE System Design and Test
dept. Jay Tol Thomas, formerly
with M-H Regulator Co., appointed
director of Siegler Research Labo-
ratories. J. R. Ballinger, from
Aeronutronic div. of Ford Motor
Co. to Packard Bell Computer as
mgr. of the Industrial Systems
dept. Consolidated Electrodynam-
ics elevates Henry S. Black to v-p
and g-m of its Data Recorders div.
Richard Berman, g-m of Tele-
medics Inc., appointed v-p in addi-
tion. Joseph Oppenheim of Ray-
theon Co. named to new post of
director of international and inter-
divisional services. Edward Gray
leaves AVCO-Everett to join
Magnion, Inc., as mgr. of engineer-
ing and manufacturing. Philip
Diamond, ex-Perkin Electronics,
has started his own firm, Philip
Diamond Enterprises. E. R.
Wagner, previously with Datronics
Engineers, Inc., now v-p and asst.
to the president of Emertron, Inc,
Babcock Electronics promotes
Moody Besancon to v-p, adminis-
tration, eastern region, and Lester
R. Russ to asst. v-p.

electronics



EMPLOYMENT

OPPORTUNITIES

electronics

WEEKLY QUALIFICATION FORM
FOR POSITIONS AVAILABLE

ATTENTION:
ENGINEERS, SCIENTISTS, PHYSICISTS

This Qualification Form is designed to help you advance in the elec-

| t. Designed with the assistance

tronics i ry. It is unique and p

of professional personnel g t, it isolates specific experience

in electronics and deals only in essential background information.

The advertisers listed here are seeking professional experience. Fill in

COMPANY

ATOMIC PERSONNEL INC.
Philadelphia, Pennsylvania

DOUGLAS AIRCRAFT €O,
Missile and Space Systems Division
Santa Monica, California

ESQUIRE PERSONNEL SERVICE INC.
Chicago, !linois

GENERAL DYNAMICS /ASTRONAUTICS
San Diego, California

GENERAL DYNAMICS /ELECTRONICS

SEE PAGE

180*
119*

180*
69-72
178*

A Div. of General Dynamics Corp.
Rochester, New York
GENERAL ELECTRIC €O.
Defense Sys'ems Dept.
Syracuse, New York
INTERNATIONAL BUSINESS MACHINES CORP, 180*
go, New York
I.OCKHEED CALIFORNIA €O, 22*
A Div. of Lockheed Aircraft Corp.
Burbank, California
LOCKHEED-GEORGIA CO.
Div. of Lockheed Aircraft Corp.
Atlanta, Georgia
LOCKHEED MISSILES & SPACE CO.
Div. of Lockheed Aircraft Corp.
Sunnyvale, California
MARTDIN Ol:l'elND'O " .
iv. of Martin Marietta
WHAT TO DO Orlando, Florida
McDONNELL AIRCRAFT

. Review the positions in the advertisements. St. Louis, Missouri
. o McGRAW-HILL 800K CO 137

. Select those for which you qualify. Dayton,Ohio

Notice the key numbers MICROWAVE SERVICES INTERNATIONAL, INC. 136
> - Denville, New Jersey
. Circle the corresponding key number below the Qualification Form. NATIONAL AERONAUTICS AND SPACE

. o ADMINISTRATION
. Fill out the form completely. Please print clearly.
. Mail to: D, Hawksby, Classified Advertising Div., ELECTRONICS,
Box 12, New York 36, N. Y. (No charge, of course).

Washington, D. C.
T R R R R R B B BN B B BN B N N N N |

the Qualification Form below.
179*

STRICTLY CONFIDENTIAL

Your Qualification form will be handled as “Strictly Confidential” by
ELECTRONICS. Our processing system is such that your form will be
forwarded within 24 hours to the proper executives in the companies
you select. You will be contacted at your home by the interested

companies.
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CONTINUED ON PAGE 137

(cut here) (cut here)
electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE
Personal Background Education

NAME .. ... ... ... ittt it iiiiioesiaanisonananns PROFESSIONAL DEGREE(S) ............ csesssesccccssssecens

HOME ADDRESS ........... ... iiiiinitiniirinennnnnnns MAJOR(S) ..........ccvviivennen elslo/s alalsis sislsls slsiolelolels olole .

ATY ... ZONE...... STATE............. UNIVERSITY ... ... it iiiitiveroocesosocorscnacanaan

HOME TELEPHONE . ... ........ ... .. i iiiiiiiiiiiainnnen DATE(S) ...ttt ittt ittt eeeetaecesoosacaacannses

FIELDS OF EXPERIENCE (Please Check) oL CATEGORY OF SPECIALZATION
Please indicate number of months
D Aerospace D Fire Control D Radar experience on proper lines.
Experience  Experionce

D Antennas D Humon Factors D Radio—TV (Months) (Wonthe)
RESEARCH (pure, .

D ASW D Infrared D Simulators fundamental, basic) ...... ......
RESEARCH

[ circus [ instrumentation [ solid state (Applied) R TTETE
SYSTEMS

D Communications D Medicine D Telemetry (New Concepts) elelslelale 0000
DEVELOPMENT

D Components D Microwave D Transformers (Model) coeass esasee
DESIGN

[ computers [ Nevigation Olother.............. (Product) 00000 coaren
MANUFACTURING

DECM DOperaﬁons Research D (Product)

D Electron Tubes D Optics D .......... cossnee {slzl;eice) woeseo cenees

. s a2t . SALES
D Engineering Writing D Packaging D ................... (Proposals & Products) ......  ......
CIRCLE KEY NUMBERS OF ABOVE COMPANIES’ POSITIONS THAT INTEREST YOU
1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
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TO R&D MEN
WHO SEEK A

as advanced missile systems
guidance

range programs.

Radar Digital Data Processing

Bandwidth Compression for
Digital TV

Digital Techniques
Test Equipment Design
Heat Transfer
Aerophysics Engineering
Space Technology
Control Systems
Structures Engineering

novaters — whose successes

CRestview 4-7100, Ext. 2138,

missile and space applications . .
and inertial and re-entry guidance systems.

Pattern Recognition and Advanced

CHALLENGE...
RAYTHEON
OFFERS THIS!

Right now, Raytheon’s Bedford R&D Lab has openings for experi-
enced personnel who relish the opportunity to imaginate, create,
innovate in the many varied fields of clectronics. You’ll be working
— exploring — in such challenging and virtually uncharted arcas

for aircraft . space rendezvous

advanced command and control techniques for

. penetration systems . . . stellar

Positions offering unlimited professional development are available
now at the Bedford R&D Lab as a result of expansion in long-

Product Design Engineering
(Senior Level Openings)

Aerodynamics

Circuit Design Engineering
Radar Transmitter
Microwave Engineering

Operations Research
(Weapons Systems Requirements)

Reliability Engineering
Communications Engineering

If you would enjoy working with experienced pioneers and in-

already include the HAWK and

SPARROW Missile Systems, breakthroughs in decoy sorting radar
techniques and AICBM and tactical ballistic missile defenses, please
send your resume or phone collect to Mr. William O’Melia,

Raytheon Company, Missile & Space

Division, Bedford, Massachusetts (suburban Boston).

MISSILE & SPACE DIVISION

EMPLOYMENT OPPORTUNITIES

NATIONAL
COVERAGE

The advertisements in this scction include all em-
ployment opportunities—executive, management,
technical, selling, office, skilled, manual, etec.
Look in the forward section of thc magazine for
additional Employment Opportunities advertising.
— RATES —
DISPLAYED: The advertising rate is $40.17 per
inch for all advertising appearing on other than
a contract basis. Contract rates quoted on request,
An advertising inch is measured %” vertically on
a column—3 coluins—30 inches to a page.
Subiecet to Agency Commission.

UNDISPLAYED: $2.70 per line, minimum 3 lines.
To ﬂqlqre advance payment count 5 average words
as a line.

Box numbers—count as 1 line.

Discount of 10% if full payment fs made in ad-
vance for 4 consecutive insertions.

Not subject 10 Agency Commission.

ELECTRONIC
ENGINEERS

Opportunities for graduate Electri-
cal Engineers desiring careers with
a highly respected, prosperous man-
ufacturer of industrial process in-
struments.

Development Engineers. Requires ex-
tensive background in development
of electronic instruments.

Process and Methods Engineers.
Broad experience required in proc-
essing methods in manufacture of
electronic instruments or components,

Application Engineer—with experi-
ence in electronic circuits in process
industry; knowledge of wvacuum
tube and transistor circuitry. Loca-
tion, Rochester, N. Y. Travel 15-30%
of the time.

Field Sales Engineers. Previous
sales experience and knowledge of
process control instrumentation
needed. Training course in Roches.
ter prior to territorial assignment.

Qualified applicants should send res-
ume* to Personnel Manager. All quali-
fied applicants will receive considera-
tion for employment without regard to
race, creed, color, or national origin.

Wr Tnsteument Gmpamed
95 Ames Street Rochester 1, N. Y.

*All applications will be treated confidentially,

BEDFORD, MASSACHUSETTS

An Equal Opportunity Employer

COMMUNICATIONS APPLICATION ENGINEER
Analysis of advanced electronic communication sys-
tems includinp radio. carrier, telephone, microwave:

Must have design and marketing ex-
perience with commercial and mill-
W tary uscrs.
- EE degree, 5 yrs. exp. min.

N \g/ Send Resume to:

\f\i .~ ‘Microwave Services International Inc.
Ry N
\\'\ i

2 Consulting Engineers
;3

Route 4! Denville, N. J.
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i SR. DEVELOPMENT
ENGINEER

ELECTROMAGNETICS

Electromagnetics specialist sought by Mid-
west electronic instrument firm with record
of profitability, quality products, profes-
sional and monagerial competence, em- l
ployment stobility. Will be responsible
for development of new electronic instru-
ment recording techniques. Considerable
autonomy and responsibility involved
Degree in physical sciences required. Ex-
perience in servo motors, oscillograph
penmotors, galvanometers, torque motors,
magnetic recording heads, synchros, in
strument transducers and pick offs
desirable. Working atmosphere pleasant;
plant well equipped; basic research sup
port readily available. All inquiries
handled in confidence by established pro-
fessional New York executive recruiting
firm.

P.8934, Flectronies

Class. Adv, Di 1" 0, ox 12, N. Y. 26, N. ¥

WANTED: ‘
RUSSIAN-ENGLISH
TECHNICAL TRANSLATORS l

To fill out an elite staff of specialists in

the following fields: Electronics, Physical

Chemistry, Astrophysics, Space Medicine,

Math.

Salary Commensurate With Experience

Location: Dayton, Ohio (Fuil-Time Only)

Relocation Expenses Paid
Requirements

o B.S. Degree or Equivalent Experience
in one of the Above Fields

® Native Command of English

o Reading Knowledge of Russian
Send Resume To:

Translation Director

McGraw-Hill Book Co.
P. O. Box 3057
Overlook Branch Dayton 31, Ohio

An Equal Opportunity Employer

electronics

WEEKLY QUALIFICATIONS FORM
FOR POSITIONS AVAILABLE

(Continued from page 135)

NATIONAL CASH REGISTER CO.
Dayton, Ohio

178°

RAYTHEON CO. 136 17 |
Missile & Space Div. |
Bedford, Mass.

SCOPE PROFESSIONAL PLACEMENT
CENTER 137
Waltham, Mass.

SPACE TECHNOLOGY LABORATORIES, 1
INC. 13* 19
Sub. of Thompson Ramo Wooldridge |
Inc.
Redondo Beach, California

TAYLOR INSTRUMENTS COMPANIES 136 20
Rochester, N. Y.

P 8934 137 2]

*These advertisements appeared in the 5/11/62 issue.
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4 SCIENTISTS/ENGINEERS A

Career opportunities in:

e DESIGN e SALES

¢ RESEARCH e MARKETING
e DEVELOPMENT e APPLICATION

Submit resume in confidence to:

e Alan Glou ...... Technical/Scientific

e Sid Hopner ... .. Sales/Marketing
Specialists in the personalized placement of
Electronic Engineers and Scientists, on a na-
tional basis. who have a BS or advanced de-
gree. Client companies assume fee and reloca-
tion costs.

%C OFPE

PROFESSIONAL PLACEMENT  CENTER

| K 1277 MAIN ST.

WALTHAM, MASS. /

MANUFACTURERS’
REPRESENTATIVES

IN THE ELECTRONIC INDUSTRY

Years of Sales Success

in Electronics Products
NEW YORK e NEW JERSEY

PENNSYLVANIA

KENNETH E. HUGHES Co., Inc.

4808 Bergenline Ave., Union City, N._J)

SEARCHLIGHT
SECTION

(Clossitied Advertising)
BUSINESS OPPORTUNITIES

EQUIPMENT - USED or RESALE

DISPLAYED RATE

The advertising rate is $27.25 per inch
for all advertisxing appearing on other
than a contraet basix. Contract rates
quoted on  request, AN ADVERTIS-
ING INCH is measured % ineh verti-
cally on one  colimn, 3 columns—30
inches—to a page. EQUIPMENT
WANTED or FOR SALE ADVERTISE-
MENTS acceptable only in  Displayed
Ntyle.

UNDISPLAYED RATE

82,70 a line, winimum
advanee payment count
s line.
PROPOSALS, $2.70 a4 line an insertion.
BOX NUMBERS c¢ount ax one line ad-
ditional in undisplayed ads.

DISCOUNT O 10¢, if full payment is
made in advanee for four conseccutive
insertions of wmdisplayed ads (not in-
cliding proposals).

3 lines. To figure

J average words

FOR MORE
INFORMATION

about
Classified Advertising

contact the
McGraw-Hill

office nearest you.

ATLANTA, 9 D. Hicks
1375 Peachtree St., N.E,  TRinity 5.0523
BOSTON, 16 M. Shouvlin
Copley Square COngress 2-1160
CHICAGO, 11 W_J_ Higgins, D. Beran
645 No. Michigan Ave. MOhawk 4-5800
CLEVELAND, 13 1. C. Hill
1164 llluminating Bldg. SUperior 1.7000
DALLAS, 7 F. LeBeau
1712 Commerce St., Vaughn Bldg.
Rlverside 7-9721
DENVER, 2 J. Patten
1700 Broadway—Tower Bldg.
Alpine 5.2981
DETROIT, 26 Wm. H. Ginder, Jr.
856 Penobscot Bldg. WOodward 2-1793
HOUSTON, 25 J. Page
Prudential Bldg., Holcombe Blvd.
JAckson 6-1281
LOS ANGELES, 17 Wm. C. Gries
1125 W. 6th Street HUntley 2-5450
NEW YORK, 36 H. T. Buchanan-
T. W. Bender
500 Fifth Avenve LOngacre 4-3000
PHILADELPHIA, 3 Wm. B. Sullivan-
F. W. McCarthy
Six Penn Center Plaza LOcust 8-4330
PITTSBURGH, 22 J. Williams
4 Gateway Center EXpress 1-1314
ST. LOUIS, 8
7751 Carondelet Ave. PArkview 5-7285
SAN FRANCISCO, 11 J. A, Hartley

255 California Street  DOuglas 2-4600

FOR RESEARCH—
DEVELOPMENT &
EXPERIMENTAL WORK

Over 10,000 different electronic parts:
waveguide, radar components and parts,
test sets, pulsers, antennas, pulse xmirs,
magnetrons, IF and pulse amplifiers,
dynamotors, 400 cycle xmirs, 584 ant.
pedestals, etc.

PRICES AT A FRACTION OF ORIGINAL COST!

Visit or Phone—

COMMUNICATIONS EQUIP CoO.

343 CANAL ST, N. Y. 13, N. Y.
(Formerly at 13t Liberty St.)
CHAS. ROSEN, WOrth 6-4045

CIRCLE 460 ON READER SERVICE CARD

OUR BUSINESS
IS CUTTING

T
~EXIFLE

Manufacturers of small electrical
or mechanical units, however intri-
cate, with high labor content will
find our cost-cutting services in-
teresting.

Our complete overseas facilities
in Japan, Hong Kong, etc., provide
unlimited services by skilled work-
ers, under trained supervision, for
the manufacture of complete units
or sub-assemblies to your most
rigid specifications. All transac-
tions held in strictest confidence.

Submit sample or blueprint for
firm quotation. Get the facts about
our cost-cutting services — save
dollars and build profits!

OVER 25 YEARS EXPERIENCE IN ELECTRONICS

INTERCONTINENTAL INDUSTRIES, INC.
555 W. Adams Street Chicago 6, !llinois

Established 1938

CIRCLE 461 ON READER SERVICE CARD

LOOKING FOR
USED /SURPLUS ELECTRONIC
EQUIPMENT/COMPONENTS?

For an up-to-date listing of such equipment
see Searchlight Section of May 11th.
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When your circuit demands
steep-skirted selectivity . ..

SPECIFY

Collins Mechanical Filters

A Only Collins mechanical filters provide
steep-skirled selectivity approaching the theoret-
ically-perfect. This selectivity comes from a series
of resonating dime-size nickel-alloy discs with Qs
of 8,000 to 12,000. . . up to 150 times more than
conventional filter elements. Collins mechanical
filters are packaged in cases as small as 14 cubic
inch. They're electrically and mechanically stable
and don’t age, hreak down, or drift as a result of
extreme temperature or long, continuous service.
Frequency shift, for example, can be held between
1.5and 2 ppm/°C overa -25°C to -+-85°C range.

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

More than 100 standard types of
mechanical filters are already cata-
Jlogued, and the on/y mechanical filter
design group in the industry is ready
to help you with special filtering
requirements. Write today for Darta
File 202 — Collins Radio Company,
Components Division, 19700 San
Joaquin Road, Newport Beach,
California,

‘ CONTACY '
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responsibilities for errors or omissions,

them accurate, but

assumes

Every precaution is taken to make
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W CELCOFOP

PRECISION

OASPLAYS

SMALLEST
OEFLECTED
SPOTS

Deflocthons

for critical applications
where ordinary YOKES fail

REPEATABILITY to 0.1

SPOT GROWTH 1:1.3 max!
RECOVERY to 0.1%!

Just off the press “Linearity Notes”
by John M. Constantine — Rz2quest
your copy today.

Main Plant: MAHWAH, N. J. DAvis 7-1123

PACIFIC DIV.— UPLAND, CALIF. YUkon 2-0215
CENTRAL DIV.— LANESBORO, PA. ULYsses 3-3500

CiRCLE 139 ON READER SERVICE CARD
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SUPERCONDUCTIVE DEVICES

Out. Covers the history and
theory of snpercondnetivity. as well
as recent advances and new applica
tionx., Treats devicos nsed in ¢compat
ers, and thiose using superconduetivity
for high power, high frequency, elee
tro-mechanical, and other applications
By J. Bremer, General Electric Co.,
184 pp.. 19 illus,, $8.00

Just

RELIABILITY PRINCIPLES
AND PRACTICES

Just Out, Uresents fundiamentals of
reliability theory and xolutions of
practical reliability problems luneludes

reliability  formulations and  mathe
matieal models, solutions of typical
examples, and applications Intro

dices coneepts developed by the an
thor. By §. Calabro, International
Electrie Corp., 335 pp., 50 iltus., S10.50

electronics
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Audit Bureau
of Circulations

Associated Business
Publications

Audited Paid Circulation

JAMES T. HAUPTLI

Advertising Sales Manager

R. S. QUINT:
Assistant Publisher Buyers’
Guide and Business Manager
FRED STEWART:
Promotion Manager
B. ANELLO:

RICHARD J. TOMLINSON:
Production Manager
GEORGE E. POMEROY:
Classified Manager
HUGH J. QUINN:

| NETWORK ANALYSIS
3 % AND SYNTHESIS
|

of the central
bhoth

presentation
network

| theory,
| synthesis.
1
|

analysix

ysis arce deseribed

Just Out. An integrated and complete
core of
anid
Essentials of network anal
tirst, followed by

linear techniques for eoping with
linear system problems. By Lo Wein
berg, Conductron Corp. 638 pp. HO
illus., $19.50
SIGNALS AND SYSTEMS IN
ELECTRICAL ENGINEERING
Just Out. Combining principles and

practices, this book presents the fund
amentals  of eleetrieal engineering

from basic system analysis and design

to the technigues of eleetronic instru
mentation. By W. Lyuch,

Bklyn. 831 pp., 664 illus., $12.50

REPAIRING
HOME AUDIO SYSTEMS

Just OQut.

troubleshoot, repair, and test ampli

fiers, preamplifiers, a-m and fn tun
and turntables,
tape decks, speakers and speakoer sys

ers, record changers

and J.
Truxal, both of Polytechnice Instit, of

Shows step by step how to

tems—both sterco and mono, By 3
Ecklund, ITT Fed. Imbs., Iutl, Tele-
| phone and Telegraph Corp. 320 pp.,

| 247 illus,, $6.95

McGRAW-HILL BOOK CO.. INC., Dept. L-5-18
327 W. 4ist.. N, Y. C. 36

Send me book(s) checked helow for 10 days' e
amination on approval, In 10 dawvs T will remit tor
hook{s) T Keep, plus few cents for delivery eosts,
and return unwanted bhook(s) postpaid.  (We pay
delivery eosts if you remit with this coupon -same
return privilege.)

-] Bremer—Superconductive Devices, $8.00
O Calahro—Reliahility Prin. & Prac., $10.5
—1 Weinberg—Network Analy, & Syn., $14

T Iynch & Truxal—Signals and Sys. Elec
Eng., $12.50

3 Ecklund—Repairing Home Audio Sys.. $4.93

(PRINT)

NANE oviviiiireeerecssssaosssosescscannscanns

AQAIeSS  eoveeiirseisirssenssnsasasasssansenns

Gl ceiaieneennnaneasns Zone.. State...........

(COMPANY tivieeiiaeseosanaasossiaasnnrnsinrannns

Pasition . .. eesiiienisriniiiiasiiniiiiia

For price and terms outside U. S.

write McGraw-Hill Int'l.. N, Y. C. L-5-18

Market Services Manager Circulation Manager

ADVERTISING REPRESENTATIVES

DENVER (2):
J. W. Patten
Tower Bldg., 1700 Broadway,
Alpine 5-29B1 (area code 303)
ATLANTA (9):
Michael H. Miller, Robert C. Johnson

1375 Peachtree St. N.E., Trinity 5-0523
(area code 404)

NEW YORK (36):
Donald H. Miller, Henry M. Shaw,
George F. Werner
500 Fifth Avenue, LO-4-3000

{area code 212)
BOSTON (16):
William S. Hodgkinson, Donald R. Furth
McGraw-Hill Building, Copley Square,
Congress 2-1160 {area code 617)

PHILADELPHIA (3):
Warren H, Gardner, William J. Boyle
6 Penn Center Plaza, LOcust B-4330

(area code 215)
CHICAGO (11):
Harvey W. Wernecke, Robert M. Denmead
645 North Michigan Avenue, Mohawk 4-5800
(area code 312)

HOUSTON (25):
Joseph C. Page, Jr.
Prudential Bldg., Holcomb Blvd.,
Jackson 6-12B1 (area code 713)
DALLAS (1):
Frank Le Beau
The Vaughn Bldg., 1712 Commerce St.

CLEVELAND (13): Riverside 7-9721 (area code 214)

Paul T. Fegley LONDON W1:
55 Public Square, Superior 1-7000 Dennis McDonald
(area code 216) 34 Dover St.

SAN FRANCISCO (11):

R. C. Alcorn
255 California Street, Douglas 2-4600
(area code 415)

FRANKFURT/Main:
Matthee Herfurth
B5 Westendstrasse

GENEVA:

Michael R, Zeynel
2 Place du Port

LOS ANGELES (17):
Peter S. Carberry, Ashley P. Hartman
1125 W, 6th St., Huntley 2-5450
(area code 213)

“Headquarters for Business Information’’

McGraw-Hill Technical and Business Publications

American Machinist/Metal-
working Manufacturing

Aviation Week and Space
Technology

Business Week

Chemical Engineering

Electrical Wholesaling

Electrical World

Electronics

Engineering Digest

Engineering and Mining Journal
E & MJ Metal and Mineral

Product Engineering
Purchasing Week
Science Week
Textite World

Chemical Week Markets

Coal Age Engineering News-Record Overseas only:

Construction Methods and Factory Automobile International
Equipment Fleet Owner (English, Spanish)

Ingenieria Internacional
Construccion (Spanish}

International Management
(English, Spanish
Portuguese editions)

Metclworking Production
{Great Britain)

Industrial Distribution
National Petroleum News
Nucleonics

Nucleonics Week

Platt’s Oilgram News

Platt’s Oilgram Price Service
Power

Construction Daily
Contro! Engineering
Electrical Construction

and Maintenance
Electrical Merchandising Week
Electrical Newsletter
Electrical West

Available by subscription only — to qualified persons actively engaged in the n=ld of the publi-
cation. For subscription rates and information describing the editorial coverage of any of the
above publications, write to: Subscription Manager, Circulation Department, McGraw-Hill Pub-
lishing Company, 330 West 42nd Street, New York 36, N. Y.

electronics



ACTUAL
SIZE

________ - o -y

SF[HHY microwave memo]

Now . . . SPERRY packs
10 W output, 60 db gain
into a 10 cu. in. TWT

Because of the space age demand for
smaller, more rugged components with
outstanding performance characteristics,
the new STX-186 is now available on 60-
day delivery from Sperry Electronic Tube
Division.

This new X band traveling wave tube
is ideally suited to the rigors of aerospace
application. It delivers a minimum 10
watts of CW output across X band, at
gain levels up to 60 db. Yet it is only
10% inches long, weighs only 12 ounces,
and occupies only 10 cubic inches of pay-
load space. Rugged metal-ceramic con-
struction enables the PPM focused STX-
186 to withstand the shock, vibration, and
altitude extremes of the most demanding
aerospace environments.

Designers can realize maximum bene-
fit from the tube’s small sizc by adapting
mounting and cooling arrangements to
meet specific environmental demands.
Cooling may be air, heat sink, or liquid.

BROAD APPLICATION POSSIBILITIES
In addition to its small size and phy-
sical ruggedness, the STX-186 boasts per-
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Typical drive curve STX-186 at 9 G¢

formance characteristics that open a
broad range of application possibilities.

Across the entirc band of 7 to 11
Gec, this new TWT delivers a minimum
10 watts CW at up to 60 db gain. The
dynamic range of broadband signal
amplification extends 25 db below satura-
tion. These characteristics make the STX-
186 eminently suitable for rocket, drone,
and aircraft application in radar aug-
menter, ECM, or comunications systems.

IMMEDIATE AVAILABILITY
Sperry is now producing the STX-
186 in quantity, and limited numbers
are available within 60 days of receipt
of order.

A NEW TECHNICAL BROCHURE,
WHICH DESCRIBES THE CHARAC-
TERISTICS OF THE STX-186 IN DE-
TAIL, IS NOW AVAILABLE. FOR
YOUR FREE COPY, WRITE TO
SPERRY ELECTRONIC TUBE DI-
VISION, SEC. 120, GAINESVILLE,
FLORIDA.

To avail yourself of the outstanding
performance of this new tube, placc your
order now. Your Cain & Co. salesman,
who represents Sperry Electronic Tube
Division, will be happy to provide ap-
plication assistance and quotation. Or
you may communicate directly with us
at Great Neck, N. Y.

SPERY

GAINESVILLE, FLA. / GREAT NECK, N. Y.
SPERRY RAND CORPORATION

ELECTRONIC
TUBE
DIVISION

CIRCLE 200 ON READER SERVICE CARD
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choose the one that is exactly right for you

The Industry’s broadest line of Vidicons—
from RCA—offers high resolution capability
for broadcast-quality pictures in any televi-
sion pickup function: live, closed-circuit, or
film. In each RCA type the unmatched tube-
after-tube uniformity and quality is built-in
by RCA'’s unique photosurface processes.

Tested to assure long-life reliability, these
RCA Vidicon Camera Tubes are strength-
ened with all-glass beaded mounts. They are
the Industry’s leaders, offering highest sen-
sitivity—lowest lag. And with these benefits
each RCA type provides for its intended
application an outstanding balance in per-
formance characteristics.

INDUSTRIAL TUBE PRODUCTS FIELD DFFICES

RCA Vidicons are a superior answer to
designer specifications in new compact
camera designs. For special applications,
RCA Vidicons can be adapted to your needs
in other portions of the spectrum. They can
also be custom-designed with fiber optic or
radiation resistant faceplates. In addition to
its wide choice of Vidicons, of course, RCA
offers a complete line of Image Orthicons
and Display Tubes.

For information on RCA Vidicons and
other camera tubes, write: Section E-19-Q-3.
Commercial Engineering, RCA Electron
Tube Division, Harrison, N. J.

RCA Vidicons—for any Television Function

T T
.| A 5 :
Type | Photosurface ﬁzg:r:mended | Lrna;tnlbigpm':{er, Focus | Deflection
T
8051 Good Sensitivity Il'ilm Pickup | 8" 114" Magnetic | Magnetic
High Resolution | Data Trans.
Low Lag mission
7038 Ultra-Uniform Fum Pickup | 612" 1" Magnetic | Magnetic
Photoconductor
77354 | High Sensitivity | Industrial 612" | Y\ Magnetic | Magnetic
Low Lag
72624 | High Sensitivity | Industrial 518" 1" Magnetic | Magnetic
Low Heater Power ' |
Low Lag
72634 | High Sensitivity | (Rupgedized) 518" | ) 1 Magnetic  Magnetic
Low Heater Power | Military
Low Lag
427 High Sensitivity  Industrial 3" 1R Magnetic | Magnetic
| Low Lag
| N
C74015 | High Sensitivity  Industrial 642" 1" Electro- | Magnetic
{ Low Lag | | static
C74016 High Sensitivity  Industrial ¥ | 1 | Electro- | Electro-
Low Lag | | static | static

... OEM SALES: Newark 2, N. )., 744 Broad St., HU 5-3900 - Chicago 54, VI, Suite 1154, Merchandise Mart Plaza, WH 4-2900 - Los Angeles

22, Calif., 6801 E, Washington Blvd., RA 3-8161 » Burlingame, Calif., 1838 EI Camino Real, 0X 7-1620. GOVERNMENT LIAISON: Harrison, N. )., 415 South Fifth Street, HU 5-3900 .
Dayton 2, Ohio, 224 N. Wilkinson Street, BA 6-2366 - Washington 7, D, C., 1725 “K' Street, N.W., FE 7-8500
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