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ENGINEER stands atop a 24-in. Dalmo-Victor Rotodrome
antenna for the new and highly classified Grumman WZ2F-1
all-weather early-warning and intercept-control aircraft. The
140,000-cu ft airhouse surrounding the antenna is shown in
the inset. It's made of 22-oz vinyl-coated plastic inflated and

maintained under pressure. Entrance is through an airlock COVER

EXTRASENSORY PERCEPTION: Is Biological Radio Com-
munication Possible? Interest in ESP has been aroused by re-
ports of Soviet work. Soviets claim that ESP is a form of elec-
tromagnetic radiation

DISPLAYS: $200 Million a Year. That’s one estimate of the
present contracting in this fast-growing field. Among new sys-
tems is one that stmulates a 3-D view of overflown terrain

LASERS NOW INDUSTRIAL TOOLS. Manufacturers demon-
strate uses in cutting and welding many kinds of materials.
Micromachining looks especially promising

IEEE SHOW. The parade of new products continues. Micro-
circuit transmitter and digital voice system are among them

COMPUTERS Push Toward Nanosecond Speed. Parallel proc-
essing, associative memories and laser techniques are explored
at conference. Lasers are expected to find applications in storage

LOWER TARIFF BARRIERS Depend on Solution of Agricul-
tural Trade Impasse. This problem may hamper electronics
trade with Europe. But Europe is still a good market, say EIA
symposium speakers

BEACON for Brushfire War. Air Force has developed a new
Tacan. It weighs only 6,000 1b, is air-transportable

ELECTRONIC ANTENNA SCANNING Uses No Phase Shifters.
Instead a line of microwave receiving antennas is switched on
and off at a kilocycle or megacycle rate. Predominant frequency
term in resulting modulation spectrum will depend on angle of
arrival of the signal. Angular resolution is equivalent to that of
other multiple-beam antennas.

By W. H. Kummer, A. T. Villeneuve and F. G. Terrio,
Hughes Aircraft

LATEST THING IN THIN FILMS: Automatic Deposition Con-
trol. Here’s how to shut off the vacuum coater when you get
just the right thickness of film deposited on the substrate. Put
a known-frequency crystal in the vacuum chamber. The thin
film will alter its frequency and produce the desired control
signal.

By S. J. Lins and P. E. Oberg, Univac Div., Sperry Rand

OVERLOAD PROTECTION Without High Power Dissipation.
Fuses afford little protection for transistor regulated power sup-
plies and even sampling circuits are not effective working into
large capacitive loads. In this modification of the current-
limiting protection method, load current actually decreases as

overload increases.
By K. L. Burfeindt, Norden Div., United Aircraft
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‘CROSSTALK

Believe It Or Not

MILITARY MARKET specialists now possess a guideline for military product planning as specific
as any they have ever had. No longer need industry be taken unawares by sudden, unexplained can-
cellations of weapon system contracts, or be in doubt about the future military role in space. The
uncertainties that have troubled the defense contractor for the past two years have been removed,

and the way ahead is clear.

Secretary of Defense Robert Me-
Namara has spelled out in his 161-
page budget presentation to the House
and Senate Armed Services Commit-
tees the new military strategy of the
United States, the kind of equipment
needed to make the new strategy op-
erable, and the rate at which the effort
must proceed.

McNamara’s detailed prediction of
the course of future events, while
rarely substantiated, is crystal clear
as dogma. He has subjected all possi-
ble actions human beings might take
to a cost/effectiveness analysis. Every
weapon system, existing or planned,
and every aspect of military strategy
learned from past experience was put
to the test. Any element that did not
matech the already-programmed theory
was thrown out.

Based on this formula—which we
are tacitly asked to assume the Soviets
are also using—the United States and
the Soviets are throwing all their ef-
forts into stockpiling the weapon that
scored highest in the cost/effectiveness
studies: the ballistic missile.

The next step, according to Me-
Namara’s logic, will be a nuclear stale-
mate. Both sides will possess a supply
of land- and submarine-based ballistic
missiles adequate to deliver “a devas-
tating retaliatory blow” even after
suffering a first strike. Since neither
side wants mutual destruction, nuclear
war will be out of the question.

While some studies will continue on
improved ICBM’s and Polaris missiles,
all other means of nuclear delivery are
out. Cost/effectiveness studies have
shown that new bombers and offensive
weapons in space are impractical.

On the thin chance that the Soviets
might stray from the cost/effective-
ness formula and build an “impracti-
cal” weapon in space, McNamara will
not cancel development of our Satel-
lite Inspector project, although this
work was recently slowed down
(ELECTRONICS, p 18, Dec. 21, 1962).
As for the probability of such a Soviet
move, McNamara said: “There does
not appear to be any logical reason
for (the Soviets to place bomb-carry-
ing satellites in orbit), since there are
much more efficient ways of delivering
nuclear warheads.”

electronics o March 29, 1963

With the threat of nuclear war vir-
tually eliminated by the nuclear stale-
mate, the emphasis—and therefore the
big market—is for non-nuclear weap-
ons. Every element of every military
service offers a market for non-
nuclear weapons and support equip-
ment.

“Although we are still a long way
from achieving the non-nuclear capa-
bilities we hope to create in Europe
we are much better off in this regard
than we were two years ago,” Mec-
Namara said. The ultimate goal is to
build conventional, non-nuclear forces
mighty enough to defend Europe
against an all-out Soviet attack.

A big new market exists in equip-
ping new general purpose forces
scheduled to get $19.1 billion in 1964
as opposed to the Strategic Retalia-
tory Forces’ $7.3 billion.

Much of the new market results
from the findings of a study group
established by Gen. L. L. Lemnitzer
for defining new requirements for
meeting non-nuclear combat situa-
tions. For example, a whole new
Army is being created that is literally
taking to the air. Varied electronic
equipment, including mobile air traffic
control systems, will be needed to sup-
port the 1,600 aircraft—helicopters
and fixed-wing—Army will buy in
1964. There will be new “air assault
divisions, air-cavalry combat brigades,
and corps aviation brigades.”

The air-cavalry brigade, like the air-
assault division, would be equipped
“with large numbers of helicopters
and would perform a role much like
the horse cavalry of earlier years. It
would have large numbers of anti-
tank weapons including missiles
mounted on helicopters.”

“Cost of attaining the new objective
will be high—a total of $3.3 billion for
Army procurement in 1964.”

Opportunities to sell new kinds of
equipment to create the new military
force are big and varied. The budget
is the largest in peacetime history—
$55.2 billion, not counting the cost of
nuclear warheads.

But industry’s planning, based on
the digital-like clarity of McNamara’s
new strategy, should not be long-
range. Industry should be prepared to

shift its efforts swiftly at any given
moment.

Any evidence that the Soviets do
not think precisely the way the De-
fense Department does would upset
the entire military market structure.

The Soviets will undoubtedly play
out the improbable role McNamara
has created for them as long as they
can. They will pretend to be as anxi-
ous for nuclear stalemate as we are,
and deplore the thought of weapons
in space. Back in October they tried
to fool us with our own cost/effective-
ness logic. Why should we accuse them
of setting up missile bases in Cuba,
when they could destroy the U.S.
more economically with longrange
missiles at home?

Secretly, the Soviets must be ap-
palled by McNamara’s logie, and his
assumption that they share it. The
Soviets have other reasons for putting
bombs in satellites capable of reentry.
The reasons are “human”—in an ex-
ploitive sense of the word—and Mec-
Namara missed them.

Although more expensive than
shooting a missile straight from silo
to target, the cost of weapons in space
might well be worthwhile.

There is a psychological value in
announcing to a nation that a fleet of
nuclear warheads is passing over
their cities; that at certain hours the
orbiting bombs can be seen with the
naked eye. The sight would be more
moving than the spectacular glow of
the Echo communications satellite so
many Americans watched move across
the sky two summers ago. It is doubt-
ful that we would be comforted by
deriding the enemy for his folly with
cost/effectiveness studies hastily cal-
culated in basements,

Such a surprise by the Soviets
would be all the more impressive if
at the same time they provided proof
of their claim that they have a means
of knocking down our ICBM’s.

We are building a lop-sided defense.
It is based on a limited band in the
spectrum of factors that motivate the
rise and fall of civilizations. By 1970
it will be too late, .

But America has shaken loose from
rigid theories before, and hopefully it
will again,
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COMMENT

Civilian Electronics

I just read the editorial, Let’s
Look at the Civilian Sector (p 3,
Feb. 22). I'm not usually whole-
heartedly enthusiastic about edi-
torials in general, but by golly, I
sure am about this one. Can’t you
find 52 different ways to say the
same things, and keep saying it
over and over again for at least a
year?

When electronics slipped over the
50-percent-military mark a few
years ago, I felt that something bad
had happened, for the industry,
through sloth and carlessness, had
allowed itself to become a munitions
industry, with all that implies. In
the ensuing years, it seemed as if
no one wanted to do anything about
it except to gripe every time a
budget cut (which we need badly)
threatened one sacred buck in elec-
tronics procurement.

Obviously, the attack on the prob-
lem is to get away from reliance on
the federal bucks—and it’s a real
treat to see ELECTRONICS live up to
its responsibility to lead in that di-
rection.

Please say it over and over
again. It’s mighty sweet music.

FRANK LEARY
New York, New York

Nuclear Blast Detection

Your article, Black Box Blast
Detection—Hope or Hoax?, in the
Jan, 4 issue (p 62) was extremely
interesting and well done.

The information contained
therein does not seem to be widely
propagated. I would be most in-
terested in any sources you can
refer me to for further informa-
tion, as I would like to do a paper
on the topic for my Y-R club.

BERNARD P. TRACEY
Inglewood, California

Feature articles in ELEC-
TRONICS include Nuclear Bomb
Alarm Systems (p 53, May 8,
1959); Station Detects Under-
ground Nuclear Blasts (p 34, Dec.
2, 1960); A-Bomb Detection Pro-
gram Spurs Seismology and In-
strumentation (p 28, Feb. 23,
1962); and Navy Prepares For
VLF Detection of Nuclear Blasts

(p 28, Oct. 19, 1962).

A good source of information is
Congressional records, such as
“Technical Aspects of Detection
and Inspection Controls of a Nu-
clear Weapons Test Ban, April 19,
20, 21 and 22, 1960,” Parts 1 and
2. There is also a list of reading
references cited by Dr. Edward
Teller in an article he wrote for
the Headline Series booklet, The
Future of Nuclear Tests (No. 145,
1961). Another source is the
IEEE professional technical group
on Nuclear Science.

Puzzle Prodigy

I solved your puzzle, nose + cone
+ upon 4+ ocean = rescue (p 4,
March 1), but it took me more than
30 minutes. My answer is

5720
9750
8475
79035

102980

The hardest part was deciding
whether 0 was equal to 7 or 8 or 9.
I liked this puzzle especially since
I just learned how to add.
DAvID PENFIELD
(Age 5)

Weston, Mass.

If Davey worked it out all by
himself without any help from
Daddy, then he’s wasting his time
with puzzles and should be start-
ing in on Freshman Calculus 101.

Sideband Coherent Radar

Regarding my article, More Tar-
get Data With Sideband Coherent
Radar (p 40, Jan. 18):

The caption of Fig. 6 (p 43)
should include a reference signal of
—70 dbm, rather than —112 dbm.

My original manuscript acknowl-
edged the sponsorship of this proj-
ect by National Science Foundation
Grant No. G-14087, which was
omitted from the article.

With these two exceptions, I
thought the article was edited ex-
tremely well.

JOHN B. THEISS
Applied Research Laboratory
College of Engineering
University of Arizona
Tucson, Arizona
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Ultra-Stable
COMPENSATED
ZENERS

l I STABILITY BETTER THAN 20 PARTS PER MILLION

| M 10 TIMES GREATER STABILITY THAN STANDARD CELLS
‘ M 1000-HOUR DATA FURNISHED WITH EACH UNIT

New PS-1200 series Ultra-Stable Compensated Zeners provide accurate reference under a wide
range of environmental conditions. Each unit is backed by more than 1,000 hours of certified
test data. These units provide long term stability from 20 to 200 parts per million. This is subs.
stantially better than any competitive zener reference device available.
; PS-1200-1205's are ideal replacements for standard cells in precision instrument applica-
| tions. Not only do these extremely small units offer long term stabilities ten times greater than
standard cells, but they also give you the added advantage of extreme ruggedness. These devices
’ easily withstand a wide range of temperature variations, temperature cycling, and vibration, and are
completely insensitive to ‘'positioning’’
{ problems usually associated with stand-
420 : TYPICAL STABILITY 'CURVE ard cells. They are particularly adapt-
- ] [ | [ I able to portable equipment. TRW Elec-
& k10— - I | tronics compensated zeners can even
z 0 . e } ] ' — be shorted and operated under load
u N — without damage.
< —10 r ‘ 1 | I ] Apply the new PS-1200 series to
— i 1 1 1 N P . :
high precision instrument designs and
100 200 300 400 500 600 700 800 %00 1000 other applications requiring ultra-stable
HOURS [N QPERATION reference.

{1) Long Term Stability
Prior to the stability test each unit has been power aged and sub-

Dynamic Impedance mitted to various stabilizing processes. Each unit is identified and
Type (2) | Long-Term Stability Reference Voltage | @ 10 mAde and 1 mA rms senalized and a complete production and test history is kept.
Number (n (i 10 mAde @z 25°C Max, @ 25°C The stability test consists of 1000 hours of operation during which
the zener voltage is recorded at periodic_intervals. Each unit is
PS-1200 | «0,02% (200 ppm) 8.0-88V 15 ohms shipped with a stability vs. time graph giving a complete certified
PS-1201 | «0.01% (100 ppm) 80 - 88V 15 ochms record of the actual readings.
PS-1202 | +0.0075% ( 75 ppm) 80-88Y 15 ahms {2) Temperature Coefficient
2\ “B" type units:  =0.007 V max. change in E: from 25°C over range
PS1203 | =0.005%  ('50.ppm) 8098V 15 ohms of —55°C to 100 C (average TC of 0.001%°C)
R 1208 *0'0035:% KESpRy SAB By LRI “p" type units:  =0.014 V max. change in E: from 25°C over range
PS-1205 | «0.002% ( 20 ppm) 8.0 - 88V 15 ochms of —55 C to 4100 C (average TC of 0.002%/C)
Regular units: *0.028 V max. change in E: from 25 C over range
(no suffix) of —55 C to +100C (average TC of 0.004%/°C)

NEW TECHNICAL INFORMATION or o -
Write today on your company letterhead for Palelc SemlcondUCtors' Inc’

new application no,t’e entitled “UItra-Stque ®
TRW Electronics
- THOMPSON RAMO WOOLDRIDGE INC.
14520 AVIATION BLVD., LAWNDALE, CALIF. « OS 9-4561, OR 8-0561 *« TWX: 213 647-5113 « Cable Address: PSISOCAL
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Tests
Transistor Beta
In-the-circuit

TRANSISTOR TESTER — Portable, Battery Operated

Bl Reads Beta directly in-the-circuit (1-4, 3-12,
10-40, 30-120); no need to unsolder leads

B Measures lco, (0-50, 0-500 ;.a) & Beta out-of-
circuit

M Packaged for portability in %5 of a cubic foot;
weighs 12% lbs.

M Carries its own battery power supply

M Price: $335; delivery immediately from stock

For a free demonstration, more : :
information about the 219B Tran- SIERRA ELECTRONIC DIV.

sistor Tester, or the complete o

Sierra Quick Reference Catalog, pH I LCO
contact your Sierra representa- e = i
tive, or write to address below: s s o Sorel Nelor Gomparny,

Sierra Electronic Division / 38¢5 Bohannon Drive / Menlo Park 1, California
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electronics NEWSLETTER

Buried Antenna Transmits 1,200 Miles

BURIED RADIO antenna op-
erating at reduced power has
transmitted data over 1,200
miles and offers promise for
military underground communi-
cations systems invulnerable to
nuclear attack, according to
Aerojet-General. System was
developed under the direction of
the Air Force Systems Command.
It includes an omni-directional an-
tenna.

Sylvania said hardened, under-
ground radio antennas it has de-
veloped have transmitted signals 30
to 1,000 miles. The up-over-down
mode was used to achieve this
range, said Rolf M. Wundt of Syl-
vania. Waves travel from the an-
tenna up to the ground, along the
surface of the earth and down to
the buried receiving antenna.

Wundt also says that it is pos-
sible to propagate radio waves “con-
siderable distances” through the
ground “in certain formations hav-
ing low electrical conductivity, such
as granite or rocksalt. A rock
formation which initially appears
capable of supporting underground
communication links longer than
about 40 miles. possibly up to hun-
dreds of miles, is the deep granite
basement rock which underlies all
continents.” Optimum frequency
for such links is usually in the 10
Kc to 10 Mc range. Antennas are
either vertical dipoles or monopoles
or loops fitting into the drill hole,
with subsurface ground nets above
the antenna, preferably in contact
with the water table.

Information Nets Make
“Real-World” Associations

DAYTON, OHIO — Unusual analog
electrical networks for automatic
recognition of statistical word as-
sociations were described by Vin-
cent E. Guiliano of Arthur D.
Little, Inc. at the 2nd Bionics Sym-
posium March 21. The networks,
called Acorns (Associative Content
Retrieval Network), associate lin-
guistic units by linear transforma-
tions achieved with passive resis-
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tive and capacitive components.

Real-world linguistic relation-
ships are plugged into Acorns with
resistors, so that in the final net-
work, associations can be deduced
instantly without sequential digital
scanning. Four experimental de-
vices have been built. Acorn 2 as-
sociated 100 technical libraries and
41 subjects the libraries dealt with.
Acorn 4 relates 240 nouns to 240
sentences containing them.

In five years, Guiliano says, small
digital computers might profitably
be equipped with microminia-
turized, high-capacity Acorn type
memories. The computer might
handle all input-output tasks while
the Acorn carried out association
retrieval functions.

New Transistor Fabrication
Technique Is Unveiled

MOTOROLA’S new transistor fabrica-
tion technique, the annular process,
was introduced this week as the
answer to high-voltage problems as-
sociated with planar silicon devices.

According to Jack Haenichen, in-

ventor of the process, present
planar devices have low breakdown
voltage as a result of a phenomenon
known as channeling, particularly
prevalent in pnp devices. In effect,
channeling is an induced polarity
reversal near the surface of the
transistor, resulting in high leak-
age current and severe instability.

The annular process overcomes
this by fabricating the device with
a deliberately induced channel with
controlled characteristics. @ The
channel is constrained to the vi-
cinity of the base by diffused an-
nular ring. Motorola is now market-
ing pnp silicon transistors with
breakdown ratings as high as 70 v,
compared to typical rating of 20 v
for planar devices. Company claims
these units are radiation resistant.

U. S. Firm Gets Rights
To 1,000-Mc Transistors

FRENCH-DEVELOPED series of field
effect transistors ranging from
ultrasensitive units operating in
the 1,000-Mc range to high power
tvpes will be manufactured in U.S.

First Action Photo of Shillelagh

TANK-MOUNTED surface-to-surface weapon system, the Shillelagh, has
passed a series of test firings against stationary and moving targets,
reports Ford’s Aeronutronic division, prime contractor to Army. Arrow
points to missile leaving gun-launcher



by Atlantic Instruments and Elec-
tronics, Inc. They will be marketed
under the tradename, Fieldtron.

They are rod-shaped like minia-
ture bobbins, the ends forming the
anode and cathode, with the center
sections acting as the grid, as op-
posed to the usual planar approach.
High grid impedance and low ca-
pacitance are the result. Stanislas
Teszner of Paris invented the de-
vices. French Government Tele-
communications Laboratory helped
with their development.

3 Firms Will Study
RADA System for Army

THREE ONE-YEAR study contracts
were signed last Thursday for the
Random Access Discrete Address
(Rada) communications system.
Contracts went to RCA ($1,947,-
600), Motorola ($1,986,350), and
Martin-Marietta ($1,967,120).
Using a broadband technique, a
number of users would operate si-
multaneously with privacy and
without mutual interference. The
signals, sent out at random on the
broad band of frequencies, will be

received by all receivers, but re-
jected by all except the addressee
whose code was dialed.

Army acceptance of one of the
three competing designs would
eliminate the need for communica-
tions centers, switchboards, tele-
phones, wire and cable, and a large
part of the radio equipment from
the division down to company level.

Red Chinese Report
Transistor Progress

HONGKONG—New developments in
the study of transistors were re-
ported at the 2nd Chinese National
Conference on semi-conductors in
Peking recently, according to the
official New China News Agency.

Success in varying degrees was
claimed in the preparation of ultra-
pure silicon, the extraction, syn-
thesis and analysis of the element
bv chemiecal processes, its extrac-
tion and purification by physical
processes, and in the preparation of
different kinds of single crystals.
Some of the 86 conference papers
reported headway in growing single
crystals.

U.S. Leads in Laser Research, Experts Say

NEW YORK—U. S. laser technology
is way ahead of Europe’s. That’s
the impression reported last week
by B. J. McMurtry, of Sylvania.
Just back from visiting several Eu-
ropean laser research facilities he
said he observed many experiments
that U. S. researchers have already
performed and cast aside. But the
British, he added, tend to do a
thorough job investigating an area
that U. S. scientists leave after do-
ing some good initial work.
McMurtry was impressed with
the caliber of Soviet scientists at
the Paris quantum electronics con-
ference and the scope of the work
they seemed to be engaged in, in-
cluding some work ‘“very interest-
ing but so obscure I personally
couldn’t tell if they were talking
about experiments they had per-
formed or would perform.”
Scientists from the Lebedev In-
stitute in Moscow reported on
traveling-wave generation in lasers,

heating plasmas with lasers, an am-
monia maser with disk resonator,
and other topics.

Lax in Boston . ..

BOSTON—British workers at the
Services Electronic Research Lab
have achieved the highest average-
power junction diode laser reported
to date, according to another scien-
tist just returned from Europe,
Benjamin Lax, of MIT Lincoln Lab.

The British, he said last Thurs-
day, put a gallium-arsenide laser
between molybdenum tabs for bet-
ter head transfer. They report get-
ting an average power of 1 watt.

In answer to a query after a lec-
ture before the Boston IEEE, Lax
said his discussions with Russians
at the Paris conference indicated
that semiconductor laser workers at
the Lebedev Institute are essen-
tially reproducing results obtained
earlier in the U. S.

In Brief . . .

SOVIET SCIENTISTS have agreed to
share data obtained from the
Russian Mars probe.

BAD-WEATHER landing system for
helicopters and VTOL aircraft
has been developed by Raytheon.

CLOSED-CIRCUIT tv camera developed
by Sylvania has a miniature
cable-connected vidicon unit that
can be used separately to view
small areas.

EUROPEAN COMPUTER market is the
fastest growing industrial mar-
ket in the world, according to
William C. Norris, president of
Control Data Corp. Now $400
million, it should reach $3 billion
to $5 billion annually in about 10
years, he said.

ELECTRON-BEAM welder has been set
up for high-volume production of
latching switches by Filtors, Inc.

DATA PROCESSOR designed to im-
prove government’s radio fre-
quency assignment methods will
be developed by HRB-Singer.
Contract was awarded by U.S.
Office of Emergency Planning.

AIR FORCE gave Laboratory For
Electronics, Inc. $8.7-million con-
tract for doppler navigation svs-
tems for F-105D Thunderchief.

HONEYWELL received $4-million con-
tract for production of acceler-
ometers for Minuteman missile.

$50 MILLION follow-on order has
been placed with Melpar for high
reliability circuit boards for the
Minuteman missile.

STANFORD UNIVERSITY is buying
over $1 million worth of 24-mega-
watt Kklystron amplifier tubes
from RCA and Sperry Gyroscope.
Tubes will power 2-mile-long
atom smasher now being built at
Stanford.

SIMPSON INSTRUMENTS bought the
electric meter operations of Beck-
man Instruments’ Helipot divi-
sion.

JAPAN MAY WAIVE 20 percent com-
modity tax on transistor tv sets.
Increased domestic sales would
probably result, leading to even-
tual cuts in export prices.
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ONE-WATT

BLUE JACKET
RESISTOR

P. P. S. For complete technical data write for Engineering Bulletin 7410D

SPRAGUE ELECTRIC COMPANY - 35 MARSHALL STREET, NORTH ADAMS, MASS.
For application engineering assistance write :
Marketing Dept., Resistor Division, Sprague Electric Co., Nashua, New Hampshire,

SPRAGUE COMPONENTS

®
RESISTORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE s p n n u E
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‘Sprague’ and ‘@)’ are registered trademarks of the Sprague Electric Co,
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Print 1500 hard-to-hold

complete uniformity —

e e it like these

Save purchase, inventory and
obsolescence costs by making your
own labels exactly as needed

Print top and side
together at
3200/hour
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j Color-band and/or
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Get sharp, durable imprints on
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or rough surfaces
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. . a practical way to mark prototype or sample lots ? Would
direct printing or making your own labels cut costs, give
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New 12-page Catalog describes Electrical/Electronic
Identification Methods and Equipment. Copy on request.
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tion needs now — without obligation — and show you how
and where you can save money. Frequently, a Markem in-plant
identification system pays for itself in a few months. Contact
the Markem Technical Representative near you, or write
Markem Machine Co., Keene 5, New Hampshire.

MARKEM

TECHNICAL ASSISTANCE AND INDUSTRY-PROVEN EQUIPMENT
WORLDWIDE ... TO HELP YOUR PRODUCT SPEAK FOR ITSELF
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Fusion. Electronics and magnetics are teamed capabilities at Sperry’s Electro Devices Laboratory. From
20 years’ research, development and production in the two disciplines have come major advances in power
supplies, high-power pulse components, focus coils and similar devices. Typical units—customized to meet
the toughest specifications and reliability requirements —include pulse transformers,

modulators, networks, charging reactors, power controllers and regulators, and radia-

tion resistant components. Programs include work for Minuteman, Polaris, Nike-Zeus,

Sergeant, Terrier, Talos and others, plus assignmen!s from leading industrial firms. Back-

up facilities include the entire Sperry group. For details write Marketing Manager, DIVISIONS OF

SPERRY RAND
SPERRY ELECTRO DEVICES LABORATORY, Sperry Gyroscope Co., Great Neck, N.Y. CoORrRPORATION
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LOOKS LIKE
GOVERNMENT
WILL RELAX
PATENT RULES

CONGRESS TO
REVIEW DOD
COST-CUTTING

SCIENCE AGENCY
GETS NEW BOSS

IT’S ANTITRUST
TIME IN EUROPE

AMENDMENT
TO TRADE ACT
IS OPPOSED

12

WASHINGTON THIS WEEK

TRAIL THAT the White House is hacking through the government
patent-policy jungle is marked now in a message to Congress by Jerome
Wiesner, presidential science advisor. He cut a swath half-way between
NASA’s government ownership and the Defense Department’s con-
tractor control policies (Erecrroxics, p 12, Nov. 9, and p 12, April 27,
1962). Government-wide policy would emphasize relaxation of restric-
tions where possible. This also parallels NASA’s recent efforts to give
some contractors a freer hand with government-financed patentable
developments.

Wiesner cites the importance of patent protection to electronics in-
dustry growth as an example of the need for relaxed regulations.
Whether a contractor would get exclusive rights, he indicated, would
depend on government needs, the nature of the work, the contractor’s
commercial background and the extent that he would work the inven-
tion in the public interest. This could entail almost a case-by-case
review,

PROCUREMENT POLICIES and cost reduction programs which
Defense Secretary McNamara sayvs will save $3.4 billion of the $50-
billion defense budget gets a full-dress review this week. The Joint
Economic Committee is holding three days of hearings on ways of
eliminating government waste. Stress will be on reducing defense in-
ventories (now $41 billion), more competitive procurement, more
standardization. The committee also will hear from General Services
Administration, buyer for defense and civilian agencies, and the comp-
troller-general.

AEC COMMISSIONER Leland J. Haworth will succeed Alan T.
Waterman, retiring National Science Foundation director. Haworth
will oversee the expansion of NSF’s role in government support of
basic research and science education. The Foundation’s budget has
jumped from $263 million in 1962 to a requested $589 million for fiscal
1964 and is expected to go higher as more responsibility for basic re-
search is shifted to it from the old-line government agencies.

SENATE ANTITRUST and Monopoly Subcommittee members
plan a European trip during Easter recess to study Common Market
antitrust rules and how they may affect American business operations
there. Some changes in U. S. law may be in the wind. Joint ventures
between U. S. and foreign firms will be examined. So will the 45-vear-
old Webb-Pomerene law allowing U. S. firms to set up associations for
foreign trading.

HUNDRED-PERCENT tariff cuts under Trade Expansion Act
provisions (U. S.-European Economic Community control of 80 percent
of world trade in certain products) are now “practically a dead letter,”
says one top oflicial. A proposed amendment to the trade act would
let the President cut tariff's as though Britain were in EEC. but ad-
ministration officials hope it dies aborning. With the touchy de Gaulle-
Britain situation, they don’t want Congress working the bill over again.
Trade negotiations are already complicated by agricultural trade
questions (see p 20).
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What kind of spectrum analysis do you do?

Rayspan Spectrum Analyzers do just about every kind. No helix recorders. Multiple stylus recorders are also available.

doubt you can think of others not illustrated here that may re- Perhaps Rayspan can help serve you in your particular

quire the unique features of Rayspan. The multiple-filter Ray-  analysis area. Raytheon has prepared a complete brochure

span analyzer is capable of scan rates up to 200 times asecond describing the various technical specifications and operational

and gives extremely high resolution. A variety of displays, details of the Rayspan Spectrum Analyzers. For your copy,

from “A” scope presentation to an intensity modulation of write: Raytheon Company, Industri-

frequency-time raster, is possible. Permanent records in real al Components Division, 55 Chapel

time can be made on continuous paper charts using high-speed Street, Newton 58, Massachusetts. R AYT H EO N
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Soviets reportedly find
extrasensory perception
is high-frequency r-f

By NILO LINDGREN

Assistant Editor

BEDFORD, MASS.—At first sight,
probably one of the unlikeliest sub-
jects for the U. S. Air Force to take
seriously is extrasensory percep-
tion (ESP).

But the past year and a half,
Air Force Cambridge Research
Laboratories has been quietly con-
ducting scientific experiments into
ESP at its Communications Sci-
ences Laboratory at Hanscom
Field. The work at lHanscom has
thus far neither proved nor dis-
proved the existence of ESP. The
investigation was started by a few
individuals who felt that a pilot
project would form a sound base of
Air Force knowledge in this contro-
versial area.

So far in this country no solid
results—or at least nothing solidly
acceptable to all parties—have been
produced. But research has gone on
for yvears at such places as Duke
University and, in general, scien-
tific interest in ESP is on the rise
here and in other countries.

SOVIET WORK — The Russians.
for instance, have worked for years

on ESP (they call it biological ra-
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CONTROL CONSOLE and subject
console «are separated by walls.
Mathematician Margaret D. Hill
sits at control console

ESP: Is Biological Radio
Communication Possible?

dio communication). They now
have large laboratories in Moscow,
Leningrad and Omsk. The extent
of the work is a closely-guarded
secret.

What has been reported by our
government about the Russian work
reads like science fiction. Russian
scientists have evidently found that
ESP is a form of electromagnetic
radiation on a series of wavelengths
in the centimeter, millimeter and
micron bands. No single wavelength
carries all the information of any
one message; somehow it is sepa-
rated and carried on the different
wavelengths.

An evident aim of the Soviet
work is to devise methods of syn-
thesizing and amplifying ESP
messages. If this is done, ESP mes-
sages could be broadcast to entire
populations as a psychological war-
fare weapon.

AIR FORCE STUDY—Objective
of the AFCRL study—carried out
by an electronics engineer, a physi-
cist, a mathematician, psychologist
and 37 unpaid subjects—is de-
veloping scientifically based meth-
ods of testing for ESP, and under-
standing what ESP might involve.
The objective was not to prove
whether ESP exists, but the results
may influence AF attitudes on
whether to continue ESP research.

Used in the AFCRL experiments
was an electronic setup specially

designed by electronics engineer
Everett F. Dagle, who along with
psvchologist Dr. William R. Smith
initiated the project. The phy-
sicist is John Mott-Smith.

The equipment, called Verituc,
incorporates a random number gen-
erator, control and subject consoles
that are completely separated, and
an automatic score-keeping mecha-
nism that prevents both conscious
and unconscious cheating.

The random number generator,
consisting of a 10-cathode gas tube
with associated driver and output-
pulse switching circuits, generates
numbers from 0 to 9 at a 2.5-Ke¢
rate. One of these numbers appear
on the control console when the sub-
ject presses a button on his console.

THREE FORMS OF ESP—Three
tvpes of tests were given, for clair-
voyance (ESP of objects or objec-
tive events), for precognition (per-
ception of a future event by ESP)
and for general ESP (knowing or
experiencing events by other than
the usual sensory means).

In the clairvoyance test, the sub-
ject pushes the generator button,
then lets it go and registers his
guess on the number that has come
up on the control console. Data for
a statistical study of the results
are automatically recorded.

In the precognition test, the sub-
ject tries to guess a number that
will come up on the machine when

March 29, 1963 o electronics
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ORGANIZATION of equipment used in Air Force experiments

he lets the button go.

In the test for general ESP ca-
pabilities, a human “sender” who
sits at the control console, looks
at a number and tries to send it to
the subject, who presumably by
telepathy or clairvoyance or both,
attempts to receive.

RESULTS—Each subject took 15
tests consisting of 100 trials. In all,
55,500 responses are being analyzed
for the possibility of ESP. The sub-
jects chosen were girls from Endi-
cott Junior College.

Although the analysis is not yet
complete, it indicates that the

group gave results that might be
expected by chance from a normal
group—a few showed above aver-
age, a few showed below average,
and the bulk were gathered in the
middle.

The ESP equipment has turned
out to be useful for other experi-
ments than ESP. It has produced
some indices of decision-making
times. Robert Fitzpatrick of Sys-
tems Development Corp., who has
worked on human engineering
problems for Project Dyna Soar,
says Veritac is the best equipment
he has seen for carrying out certain
decision-making experiments.

Displays: $200 Million

SANTA MONICA—Attendance of
450—triple the anticipated number
—at the Society for Information
Display’s first conference two weeks
ago points up the interest in this
rapidly growing field.

One estimate is that the field is
now generating more than $200 mil-
lion a year in hardware and devel-
opment contracts.

HIGH-CONTRAST SCREEN—
Among the new devices discussed
was a screen designed by Inter-
technical Corp. of Los Angeles to
suppress the image-contrast de-
grading effect of high ambient light
levels on front and rear-projection
devices. Using a grouping of small,
plastic paraboloids (40,000 per sq
ft) to trap light, the screen absorbs
and diffuses roughly 98 percent of
undesired light and presents a high-
contrast image.

NEW DISPLAYS—White Sands
missile range has developed a digi-
tal-input, pseudo 3-D display that
gives an oblique look at terrain
overflown by missiles and aircraft.
Visual tracking is provided by two
intersecting green lines that estab-
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lish the X and Y coordinates of the
object’s position. A variable-length
red line that appears to be perpen-
dicular to the map’s surface pre-
sents altitude.

Litton Industries gave details of
a multicolor projector using a
70-mm perforated film continuously
moving across the face of an elec-
trostatic image-induction Printapix
crt. Horizontal picture elements are
handled by a sweeping electron
beam and film motion takes care
of the vertical elements.

MILITARY NEEDS—Air Force
Col. Anthony Debons, of Hanscom
Field, gave his views on display
needs. While color, 3-D perspective
and larger size are desirable in mili-
tary displays, he said, the prime
need is for translation of data into
information that won’t be misinter-
preted. Often, a relatively simple
bar-graph display coupled with map
and pictorial news depiction can ac-
complish this.

Debons emphasized the impor-
tance of including display designers
in advanced planning and initial
concept stages of any complex in-
formation systems.
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THE POTTER MT-36

digital magnetic tape transport

MT-36: THE MOST

RELIABLE TRANSPORT
in its price range

The Potter MT-36 Digital Magnetic
Tape Transport offers maximum
reliability for computer systems
requiring an economical transport.
The Potter MT-36 features:

B NO PROGRAM RESTRICTIONS..
up to 200 commands per second
at 36 ips.

M SOLID STATE CIRCUITRY.
photo electric sensing m|n|m|zes
the need for switches and relays.

m VACUUM TROUGH GUIDES.
provide smooth tape stops.

N IMPROVED PINCH-ROLLER CIR-
CUITS ... offer fast tape starts
and stops

B EASE OF MAINTENANCE...drive
electronics and fully regulated
power supply are mounted on
individual plug-in boards.

W RAPID TAPE THREADING...Just
15 seconds for complete
threading.

B BUILT IN TAPE CLEANER...
vacuum on trough guide removes
all loose oxide and dust.

For full information and specifi-
cations on the MT-36 Digital Mag-
netic Tape Transport, write today.

=

POTTER INSTRUMENT CcOo,, INC,

TAPE TRANSPORT DIVISION
151 Sunnyside Boulevard ® Plainview, New York
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FINE CONTROL possible with lasers
is demonstrated by welding of tran-
sistor lead wires to header. Hughes
laser makes weld in less than 1 msec

2,800 C

Manufacturers demonstrate

coherent-light cutting,

welding, micromachining

PRACTICAL industrial tasks for
pulsed ruby lasers are rapidly
emerging. Cutting, drilling and
welding have been demonstrated.

The fine control possible with
lasers make them desirable for
precision machining and, since the
cutting and welding can be done
in air, vacuum equipment associ-
ated with electron-beam machining
is not necessary. Lasers can pro-
duce up to 10" watts/ecm® energy
density.

Hard materials like diamond
have been machined at GE and
Hughes. RCA has developed a tech-
nique for burning off tiny amounts
of various materials for spectro-

HOLE IS PUNCHED in -in.
steel by Raytheon’s 350-joule . _
laser scopic analysis.

MIRRORS MAKE DUAL

GAS LASERS that can operate at nounced a classroom and experi-

vigsible as well as infrared beam mental model. In Japan., Hitachi
wavelengths (0.6328 and 1.153 mi- showed a lab setup. Frequency is
crons) are commereiallv available. changed by changing mirrors.

In Palo Alto, Calif., Admiral an- Feasibility of changing a helium-

CONCAVE BREWSTER /CONCAVE
MIRROR - /WINDOW ( MIRROR
A
¢l \— = N
<:] (/ // HELIUM - NEON >
| B 7
EMITTED S EMITTED
LIGHT BREWSTER WINDOW LIGHT

BASIC POSITION of mirrars in Hitachi laser

REFLECTOR at end of Admiral’s laser kit can be ex-
tended to allow uccess to laser beam between mirrors.
Laser is in housing

SAPPHIRE CRYSTAL {-in. thick is
pierced in 1 msec «t RCA Labora-
tories. Surface temperature is over

Now Lasers Are Industrial

Hughes Aircraft predicts a
bright future for lasers in the
welding of incompatible materials,
machining extremely hard sub-
stances and in microminiaturiza-
tion applications. Hughes has put
out a line of instruments for such
uses. Any known material can be
cut with a laser beam, Hughes
says.

Pulsed ruby lasers able to punch
through -in. steel are now off-the
shelf items from such firms as
Hughes Aircraft and Raytheon.
Raytheon hus measured the out-
put energy of one of its lasers at
350 joules, with an efficiency of
1 percent. Radiation at Stanford
estimates the output of its latest
model at 500 joules.

Q SPOILING—One Hughes Laser
Products model puts out « beam
energy of over 4 joules. Q-spoiling,
raises peak power from 50 Kw to
10 Mw.

LASER

neon laser beam from ir to visible
by changing mirror reflectivity was
demonstrated last year by Bell
Telephone Laboratories (ELEC-
TRONICS, p 28, Aug. 17, 1962).




LASER WELD of 0.004-in.-di-
ameter copper-constantan thermo-
couple. Hughes says wires need
not be stripped

Tools

Q-spoiling refers to methods of
concentrating laser energy in time
to achieve peak powers. An in-
crease in peak power is obtained
by the storing of the energy in the
crystal.

The need for high energy, high
peak power, or high average power
(approaching c-w operation) is de-
termined by the nature of the in-
dustrial machining or welding job.
Additionally, a means of focusing
the laser beam is required to ob-
tain a high power density on the
surface of the material, plus time
control for controlled cutting and
welding.

RAISING POWER — Raytheon’s
350-joule laser employs a liquid-
nitrogen-cooled ruby 6 in. long and
£ in. in diameter. Pumping energy
is 32,500 joules in a four barreled
head. Xenon flash-lamp firing rate
is once every 5 minutes. Beam
spread is one degree.

Output energy was determined
by directing the laser beam into
a copper block with a cone shaped
opening and measuring the tem-
perature rise of the block.

Employing Q-spoiling techniques,
Raytheon has achieved a peak
power of the order of 2 Mw. Two
methods have been used. In one,
a spinning mirror at one end of
the ruby rod permits the crvstal
to store energy until the mirror is
in alignment briefly during the
flash tube discharge, allowing a
burst of coherent output. The sec-
ond uses a prism at one end of the
ruby with an extra piece of glass
on one surface. The glass is pulled
away by a piezoelectric transducer
to increase the reflectivity of the
prism and the Q in the cavity.
Hughes uses a Kerr shutter.
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Radar Switch Tubes

10 1256V 20mW
1000usec Pulse

ML-8038

Oil insulated
Anode dissipation:

oil (convection) to 5 kW*
Max. dc Plate Volts 125 kV
Pulse Cathode Current 175 amp ) . ‘
Pulse Power Qutput, to 20 Mw AL |

ML-8040
Air Insulated 4
Anode dissipation:
forced air cooled to 10 kW :
Max. dc Plate Volts 60 kV |
Pulse Cathode Current 175 amp
Pulse Power Qutput, to 10 Mw K ‘

ML-804l

Air Insulated* *
Anode dissipation:

water cooled to 60 kW
Max. dc Plate Volts 60 kV
Pulse Cathode Current 175 amp
Pulse Power Output, to 10 Mw

* Forced-Qil-Cooling considerably increases this figure
**May be Operated oil insulated (and not water-cooled) to 125 kV,

Three coaxial switch tubes of 'same family.
Mu:120...Thoriated-tungsten cathode....3
cooling/insulation options. ...Tubes shielded
for high voltage stability, low x-radiation
yield. ... All tubes aged, tested, in Machlett
equipment.

Write today for complete information on ML-8038, ML-8040 and ML-8041 contained
in Machlett Laboratories’ 74 page Hard Puise Modulator Tube Brochure.

An Attiliate ot Raytheon Company

THE MACHLETT LABORATORIES, INC.

SPRINGOALE, CONNECTICUT
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.. Silicon
Chopper

Transistors

NOW IN lré'{f
VOLUME PRODUCTION

Specifically designed for use as low-
level choppers, Sprague Silicon Pre-
cision Alloy Transistors are inherently
stable. Every Sprague chopper tran-
sistor undergoes a rigid production
conditioning of 40 temperature cycles
from — 55 C to + 140 C, a 200-hour
bake at + 140 C, and a 2-hour 125mW
operational burn-in!

Guaranteed 30 volt rating. Typical fy of
2N2162 20 Mc and low offset voltage make these
2N2165 transistors ideal where high voltage is

required

Have 15 volt rating and same high frequency
2N2163

performance and low offset voltage as
2nN2166 | BRSOl 4
2N2164 Highest frequency P-N-P Siticon Choppers
2N2167 available as standard types

Extremely low leakage current of 1 nano-
2N2185 ampere at 10 volts. Has 30 volt rating
IN2274 Similar to 2N2185 but has lower inverted

dynamic saturation resistance
2N2276 Low-cost version of 2N2274
2N2278 \llelrnyAlow offset voltage of 1.75 mV at I1p=
2N2187 Matched pair of 2N2185 with AVOFF=

50uV max. from -4-25 C to -85 C
2N2275 Matched pair of 2N2274 with AVOfFF=

1004V max. from 425 C to 465 C

Matched pair of 2N2276 with AVOFF=
2N2277 | 100,V max. from +25 C to 65 C

Matched pair of 2N2278 with AVoFF-
ZN2219 | 50,V max. from 425 C to +85 C

)I

write Technical Literature Ser-
vice, Sprague Electric Co.,
35 Marshall Street, North
Adams, Mass., indicating the

types in which you are interested.

SPRAGUE

THE MARK OF RELIABILITY

48Te102:63
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Now from Sprague! | n\l

For additional information,
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DIGITAL
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MEMORY of digital-to-voice converter/multiplexer is scanned in synchro-
nigm with the lines. Output data from memory closes switches so proper

audio word is sampled and fed to line

Products Parade Goes On

Microcircuit transmitter,
digital voice among
IEEE show-stoppers

NEW YORK—A 100-Mc trans-
mitter with a self-contained an-
tenna, on a wafer 3-in. square and
3-in. thick, was one of the con-
tinuing parade of new products at
the IEEE Show this week (for
reports on previously announced
new products, see our March 15
special issue).

The transmitter, shown by Syl-
vania, required a Dbattery and
microphone to make it operational.

A true rms converter that re-
portedly improves the accuracy of
existing a-c digital and potentio-
metric voltmeters by a factor of
10 or more was shown by Rotek
Instruments.

High-stability three-terminal ca-
pacitors for use as laboratory
standards or long time-constant
measuring devices were exhibited
by Electronic Associates, Inc.
Ranges are 1 to 1,000 pf and 25
to 400 v d-c.

Fitel-McCullough said that in
addition to its previously reported
500-Kw pentode, it will be produc-
ing models with 1-Mw and more
output at frequencies to 200 Mec.

North Electric demonstrated
how its new digital-to-voice con-

verter/multiplexer gives spoken
replies to digital queries.
As devised for Teleregister’s

Televox stock quotation system,
the converter uses computer data
on stocks (see diagram) to select
recorded words. The subscriber
makes his query over a dial phone.

A time-sharing multiplex tech-
nique enables different replies to go
out simultaneously over 1,000 lines.
Present vocabulary is 64 words and
numbers.

Lamme Medal Winner

-

E. L. HARDER, manager of Wes-
tinghouse Electric’s Advanced Sys-
tems Engineering and Analytical
department, was named winner of
the Lamme Gold Medal at the
IEEE banquet last night. He was
cited for his many achievements in
machinery, controls and computers

March 29, 1963 e electronics



DOUBLED PERFORMANCE Bandwidth and speed have

both been doubled in Mincom’s Series G-100 Recorder/Reproducer. This superb all-purpose
system now has a Direct response of 300 cycles to 600 kc at 120 ips. At 60 ips FM response is dc
to 20 kc (extended), dc to 10 kc (standard). With fourteen interchangeable analog or FM tracks in
one standard rack, the G-100 is now even better equipped for its job of static or dynamic testing —
with Mincom's reliable simplicity. Plug-in card system record/reproduce modules and Mincom's
exclusive DC tape transport reduce maintenance down time to a minimum. Write today for details
and complete specifications.

Mincom Division Bm

2049 South Barrington Avenue, Los Angeles 25
425 13th Street N. W., Washington 4, D. C,
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Computers Push Toward Nanosecond

Parallel processing,
associative memories,
lasers are explored

PASADENA, CALIF. — Emphasis
at the IEEE Pacific Computer Con-
ference March 15 and 16 was very
noticeably on speed. Typical com-
ment was that “the nation to win
the aerospace race will be the na-
tion which will first develop the
nanosecond computer.”

Technical program chairman
Samuel Nissim said the confer-
ence’s prime goal was bringing into
sharper focus avenues leading most
quickly to nanosecond speeds. A

device that switches in 1 nsec or
less does not guarantee nanosecond
computing speeds, he stated, but
such a device coupled with proper
organizations can do it.

Areas discussed as promising
were parallel processing and as-
sociative memories. General feel-
ing was that fiber optics and lasers
are at least a generation beyond
the hardware that will produce
nanosecond computing. For ex-
ample, the problem of actually mak-
ing contact with fiber optics trans-
mission-line material remains a
knotty one. The type of laser hard-
ware necessary to make large com-
puter systems does not yet exist.
Consensus was that the laser’s first
real impact on computers will be

in storage applications rather than
logic.

FAST MEMORIES — Compatible
with the “speed” theme was an
Aeronutronic paper describing a
new thin-film memory that utilizes
a self-biasing operating motor to
achieve multi-megacycle nonde-
structive readout. Speeds up to 22
Mc were reported by A. M. Renard
for a prototype having 256 words
and 16-bit readout. Drive current
level is typically 150 ma. Antici-
pated for follow-on units are read-
out speeds to 35 Mc and write rates
to 5 Mec.

Developed in association with
the system is a new address de-
coder using majority logic and hav-

First Bread, Then Electronics

French farmers are key
to European tariff cuts
for U. S. electronics

WASHINGTON—Lowering of Eu-
ropean tariff barriers against prod-
ucts of the U.S. electronics and

other industries appears to depend
on prior settlement of agricultural
trade relations within Europe and
between Europe and the U.S.

The big question is how far de
Gaulle will go in his efforts to as-
sure the French a rapidly expand-
ing market protected by Common
Market tariff walls.

Speakers at the Electronic In-

Machine Learns to Run Maze

MAZE PROBLEM ig run on Lannet (Large Artificial Nerve Network)

developed by Melpar for Air Force and shown last week at the bionics
symposium in Dayton, Ohio (p 8, March 22)

20

dustries Association’s European
Markets Symposium last week
showed concern that prenegotiation
rules fights and an agricultural
trade impasse might block final
trade talks between the U.S. and
the Common Market next year.

The U.S. administration hopes to
use its new Trade Expansion Act
powers to lower tariff (ELECTRON-
Ics, p 28, March 8, 1963, and p 12,
Sept. 21, 1962). But if the agri-
cultural questions are not solved,
it was pointed out, some of the
predictions made for U.S. electron-
ics trade with Europe may not
come true.

Another problem stressed by
one company official is danger of a
subtle European blockade against
imports from the U.S. and opposi-
tion to the setting up of American
manufacturing plants within the
EEC walls.

Both de Gaulle and the adminis-
tration aim to cut down U.S. plant
investment in Europe—President
Kennedy wants to cut down on
balance of payments outflow.

TRADE PREDICTIONS—Jack N.
Behrman, assistant secretary of
commerce, said U.S. electronic com-

March 29, 1963 o electronics



Speed

ing a propagation time of less than
10 nsec. Another Aeronutronic
project is a 1,024-word, 48-bit, 109-
nsec read-cycle biax memory.

TUNNEL-DIODE LOGIC — M.
Cooperman, of RCA, described a 300-
Mec tunnel-diode logic system using
only tunnelling and passive devices
for the 40 high-speed logic gates
used. The gates, consisting of OR,
AND and bistable units, reportedly
are logically complete and suitable
for construction of large digital
computers. Asynchronous operation
is achieved through d-c-powered
circuits and the average delay per
logic level is roughly 0.5 usec. Aver-
age d-c power dissipation per gate
is 100 mw,

panies still can make more sales in
Europe but competition is stiffen-
ing fast. He said U.S. exporting
companies had to be “more sophisti-
cated.”

Richard H. Randall of Stanford
Research Institute, said the profu-
sion of new products can give
American electronics an advantage
in Europe. Most European com-
panies are smaller and cannot sup-
port comparable R&D programs.

William M. Adams, president of
Sprague International Ltd. and
overseas director of Sprague Elec-
tric, said the European parts mar-
ket is still open. Although Europe
is catching up to the U.S. on “run-
of-the-mill types of components,”
the field is wide open to components
requiring a high level of R&D, tool-
ing and engineering cost.

William P. Bundy, deputy assist-
ant secretary of defense, said U.S.
sales of defense products abroad in
the next 10 years will be double
that of the last 10 years. Harold
M. Landau, of Sperry Gyroscope,
projected the electronics content of
defense expenditures by NATO
countries alone at $2.7 billion by
1972, compared with $1.4 billion
last year.

electronics o March 29, 1963

An important announcement

)

During the past year and a half, Midland Manufacturing Company has de-
veloped a radically new design concept which obsoletes substantially all
conventional image parameter crystal filters.

Strong words, but true nevertheless.

These new filters are designed by so-called insertion loss methods, and bear
the Midland trademark ILo.

ILo crystal filters, at most narrow fractional bandwidths, have nominal in-
sertion losses of 0.5 db, compared with 3 or 4 db losses in image parameter
filters. ILo filter techniques permit exact prediction of the 0-6 db passband
characteristics, and extremely close approximations of square corner
Chebbychev, or round nose Butterworth functions. ILo crystal filters have
near perfect symmetry about center frequency.

More. ILo filter design permits tight control over amplitude and phase
characteristics. High selectivity begins at the bottom of the passband.
Shape factors of 1.5:1 measured from 60 to )4 db, and ultimate attenuations
of 100 db, are realizable. Improved control of spurs is a by-product of the
design

Any center frequency, and almost any fractional bandwidth, suitable for
conventional crystal filters, are also suitable for an ILo filter. And prices are
comparable, too.

Experimental? Not any more. Midland has built, tested, and delivered more
than 35,000 ILo crystal filters before making this announcement — your
guarantee of reproducibility.

Write the world's largest producer of crystals and crystal filters.

MIDLAND MANUFACTURING COMPANY

3155 FIBERGLAS ROAD ‘ KANSAS CITY 15, KANSAS
An electronics division of Pacific Industries, Inc.
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ADJUSTABLE

PRECISION POLYSTYRENE

CAPACITORS

.01% ACCURACY

HERMETICALLY
SEALED

1st choice for
Critical Applications

SOUTHERN ELECTRONICS hermeti-
cally sealed precision adjustable
capacitors are being used for many
applications in analog computers,
network tuning circuits, differential
analyzers, and similar circuitry re-
quiring the utmost in accuracy and
reliability.

SEC has pioneered in the design and
manufacture of hermetically sealed
adjustable capacitors, and this ex-
perience has resulted in a .01%
accuracy standard, and a degree of [
in-circuit reliability not previously
available. SEC adjustable capacitors
incorporate features proven to be
years ahead of any comparable
product now available.

GENERAL SPECIFICATIONS

Adjustment Range: = 1Y%%

Dielectric Absorption: 0.02%

Available from .01 mfd. to 10 mid.
Accuracy: .001%

Long Term Stability: 0.03%

Temperature Coefficient: —100 PPM per °C
Temperature Range: —40°F to -+140°F

Write today for complete
specifications and
general catalog.

-l I

POLYCON

> |

MYCON

-
SOUTHERN
ELECTRONICS

%(Yl/t ocraleor

150 West Cypress Ave., Burbank, California
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SHELTER-HOUSED Tacan beacon
is part of equipment developed for
Emergency Mission Support (432L)
System. All-band antenna (inset) and
seven-gection mast are shown in re-
tracted position before erection

BEACON
For

Brushfire

War

New Tacan is rugged,
modular and can be
transported by air

BEDFORD, MASS.—Ruggedized,
transportable ground beacon-
transponder developed here by Air
Force adds new flexibility to Ta-
can and updates it for today’s em-
phasis on nonnuclear confronta-
tions: joint Air Force-Army op-
erations in counter-insurgency,
guerilla warfare, and other close-
support missions.

Suited for fixed installations as
well as Strikecom-type operations,
the modular system weighs 6,000
pounds and can be assembled ‘in
2 hours. It is housed in an airlift-
able shelter for manual or remote
operation anywhere. An all-band
antenna and 7-section, 35-ft mast
are also stored in the 9 x 7-ft
shelter during shipment. Range is
200 miles.

The revised model of the tacti-
cal air navigation system features
major innovations conceived by
George Haroules, of Air Force
Electronic Systems Division. The
system was developed and fabri-
cated by ITT Federal Laboratories.

NEW FEATURES—Modular de-
sign permits built-in test features
and quick-repair techniques, plus
easy tuning to any one of 126 fre-
quencies in a matter of minutes.

"

;

The new design also permits
self-monitoring and is fail-safe. If
the transmitter and switching fail,

automatic transfer to standby
equipment is effected. If this can-
not be done, the equipment will
turn itself off rather than give
erroneous information.

The AN/TRN-17 beacon-trans-
ponder is equipped with crystals
for all 126 Tacan channels and has
an all-band fmo (frequency multi-
plier-oscillator). Operation fre-
quency is derived by multiplying a
crystal frequency by 24 in the fmo.
Output of this stage is fed to a
broadbased 126-Mc driver which
amplifies the 2-mw signal to about
2 watts.

Driver and output stage are en-
ergized only when high voltage
pulses from the modulator are
present. Thus the system radiates
at a constant frequency, pulse
coded by the modulator. Driver
output is fed to the final amplifier,
a single RCA 7651 tetrode. Peak
power output measured at the
spectrum filter is 1.2 Kw.

The all-band antenna operates
from 962 Mc to 1,213 Mec. It is a
stationary vertical dipole about
which two sets of parasitic ele-
ments rotate synchronously at
900 rpm. This rotation mechani-
cally modulates the beam with 15
and 135-cycle sinewaves.

The Air Force has in R&D a
solid - state beacon - transponder
that will be lighter and still more
reliable than this all-tube model.

March 29, 1963 o electronics
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1000 INCH-LBS.
‘TORQUE

THAT SMALL

You can use these new Globe planetary gearmotors to
replace units 5 to 10 times as large and heavy. They
slash pounds of dead weight from your design—give
you up to 500 inch-pounds continuous duty or 1000
inch-pounds intermittent duty torque. Here's enough
brawn to handle aircraft, missile and other high-quality,
high-reliability jobs. Smaller gearbox shown above gives
200 in.-Ibs. intermittent, 100 in.-lbs. continuous duty.

Globe's brand new planetary gearing system provides
22 ratios from 1.87:1 to 5211:1. Stage efficiency of
909%, or better has been achieved by using heavy duty
precision ball bearings on every gear and on the output

GLOBE INDUSTRIES, INC.

PRECISION MINIATURE A.C. & 0.C. MOTORS. ACTUAYORS
TIMERS, CLUYCHES. BLOWERS, FANS, MOTORIZED, DEVICES

electronics © March 29, 1963

shaft. Heat treated gears and hardened output shaft
withstand enormous turning and bending moments.
Type BD and BL gearmotors fit your application exactly,
using 21 standard armature windings for 4 to 115 v.d.c,
power—custom design for your application can include
speed governors, brakes, and clutches, 134" flange
gearmotor typically weighs 11, Ib.; 3” flange high-
torque gearmotor weighs 43/ Ib. typ.

Let Globe engineers review your application early
in the design stage. Prototypes furnished promptly.
Write for Bulletin BPG. Globe Industries, Inc., 1784
Stanley Ave., Dayton 4, Ohio. Phone BAldwin 2-3741,
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HOW WE

JHR{NK

TEFLON

Why Gudebrod’s Common Sense
Approach to Lacing Problems
Pays Dividends for Customers!

Some years ago motor manufacturers had a problem! They required a high
temperature lacing tape that would not deteriorate during the baking
process of motor manufacture and would be practical in its application.

Teflon offered the most practical solution to the problem since it provides
a temperature range from —100°F to 500°F. We took teflon and flat braided
it—we originated the process—but what about shrinkage? When teflon is
baked it shrinks . . . it would cut thru fine motor wires!

To meet this problem, we developed an exclusive pre-shrunk process for
teflon. This patented process pre-shrinks teflon so that the maximum shrink-
age is less than 3% after 16 hours at 425°F. We call this lacing tape Pre-
Shrunk TEMP-LACE. Motor manufacturers use it in great quantities,

Pre-shrinking teflon is but one of the many processes we have developed to
meet the needs of customers. Whatever your lacing needs—nylon, glass,
dacront, fungus proofing, color coding—Gudebrod’s common sense ap-
proach to the problem will pay dividends for you because

1. Gudebrod lacing tape increases production!

2. Gudebrod lacing tape reduces labor costs!

3. Gudebrod lacing tape means minimal maintenance after installation!

4. Gudebrod is quality—our standards for lacing tape are more exacting than
those required for compliance with MIL-T!

Write today for our Technical Products Data Book which explains the many
advantages of Gudebrod lacing tape for both civilian and military use.

*Du Pont registered trademark for its TFE-fluorocarbon fiber, 1Du Pont trade name for its polyester fiber.
1

|

| ‘7

' - 'UDEBROD BROS. SILK CO,INC.

{
- FOUNDEO IN 1870
G elisnice Disizion

12th STREET, PHILADELPHIA 7,

SOUTH
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PENNA.

MEETINGS AHEAD

BROADCAST ENGINEERING CONFERENCE,
National Association of Broadcast-
ers; Conrad Hilton Hotel, Chicago,
March 31-April 3.

RADIOISOTOPE CONFERENCE, Oak Ridge
National Laboratory, et al; Gatlin-
burg, Tenn., April 1-3.

PROTECTIVE RELAY ENGINEERS CONFER-
ENCE, A & M College of Texas; at
Texas A & M, College Station,
Texas, April 8-10.

ENGINEERING ASPECTS OF MAGNETO-
HYDRODYNAMICS SYMPOSIUM, IEEE,
1As, University of California;
Berkeley, Calif., April 10-11,

OHIO VALLEY INSTRUMENT-AUTOMA-
TION SYMPOSIUM, 1SA, et al; Cin-
cinnati Gardens, Cincinnati, Ohio,
April 16-17.

CLEVELAND ELECTRONICS CONFERENCE,
IEEE, Case Institute, Western Re-
serve University, 1sa; Hotel Shera-
ton, Cleveland, O., April 16-18.

OPTICAL MASERS SYMPOSIUM, IEEE,
American Optical Society, Armed
Services, et al; Waldorf Astoria Ho-
tel, New York City, April 16-18.

INTERNATIONAL NONLINEAR MAGNETICS
CONFERENCE, 1EEE; Shoreham Hotel,
Washington, D. C., April 17-19.

SOUTHWESTERN IEEE CONFERENCE &
ELECTRONICS SHOW, IEEE (Region 5);
Dallas Memorial Auditorium, Dal-
las, Texas, April 17-19.

BIO-MEDICAL ENGINEERING SYMPOSIUM,
IEEE, et al; Del Webb’s Ocean
House, San Diego, Calif., April 22-24.,

NATIONAL FLECTROMAGNETIC RELAY
CONFERENCE; Oklahoma State Uni-
versity; OSU, Stillwater, Okla.,
April 23-25.

POWER INDUSTRY COMPUTER CONFER-
ENCE, IEEE; West\_vard-Ho Hotel,
Phoenix, Ariz., April 24-26.

WESTERN ELECTRONIC SHOW AND CON-
FERENCE, WEMA, 1EEE; Cow Palace,
San Francisco, Calif., Aug. 20-23.

ADVANCE REPORT

IMPACT OF MICROELECTRONICS CONFER-
ENCE, Armour Rcsearch Foundation and
ELECTRONICS Magazine; [Illinois Insti-
tute of Technology. Chicago, Junc 26-
27, April 19 is deadline for submitting
duplicate copies of abstracts to! Georye
T. Jacobi, Co-Chairman, Elcctronics Re-
search Division., Armour Research Foun-
dation, 10 W. 35th Strcet, Chicago 16,
Illinois. In addition to papcrs, brief re-
ports on recent advanccs can also be
given in following areas: changing tech-
nical and financial structurc in electronic
component industry; product status and
forccasts; changing technical and finan-
cial aspects of vendor-uscr relationship ;
education and changing role of engi-
neers,; future trends; recent technical
advances.
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NEWS FROM
BELL TELEPHONE LABORATORIES

New high-purity
alloys make hetter
electron tubes

Ingot of high-purity nickel alloy is removed from controlled atmosphere melting furnace.
Alloy is virtually free of impurities which inhibit electron emission. The new alloying technique
and the methods for making cathodes and evaluating their electron-emitting properties were
developed by K. M. Olsen and H. E. Kern.

Scientists at Bell Telephone Laboratories have developed
new high-purity nickel alloys which are proving highly
effective in lengthening the life of advanced-design elec-
tron tubes used in the Bell System. This development
meets the demand of new electronic technology for long
life and high reliability in electron tubes.

One of the new alloys is now providing the outstand-
ing performance required in the electron-emitting cathode
of the traveling wave tube in the Telstar satellite.

The first step was to devise new means for the fabri-
cation of ultra-pure nickel to eliminate those impurities
harmful to cathode performance. It was then possible
to add to the ultra-pure nickel the alloy constituents and
activating agents desired for optimum cathode perform-
ance, and at the same time to hold the undesirable
impurities at levels below 50 parts per million. These
techniques involved purifying the nickel raw materials
and melting, alloying and casting in controlled atmos-
pheres of hydrogen and helium.

This development is an example of how metallurgical
scientists work to improve communications. The new
nickel alloys are now being produced by the Western
Electric Company, manufacturing unit of the Bell System.

Bell Telephone Laboratories

World center of communications research and development
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Time after time
- engineers specify
Johnson sockets!

e

Whatever the choice . . . a miniature 7-pin steatite wafer or a
low-loss Kel-F socket for high power transmitting tubes . . .
time and time again design and development engineers specify
Johnson tube sockets! All sockets have been categorized under
a socket standardization program, reducing the number of
variations in._each socket type. Standardization and immedi-
ately available stock shortens delivery cycles—permits fast
selection of a Johnson socket for almost any application!

Standard: Commercial grade for general requ.iremenls. Bases
are glazed porcelain or steatite. Etched aluminum shields or
bayonet shells.

Industrial: Superior in quality to “‘Standard” Grade. Glazed
steatite bases, DC-200 treated. Phosphor bronze or beryllium
copper contacts .0005 silver-plated. Aluminum shells and
shields are iridite No. 14 treated. Fungus resistant cushion
washers under contacts.

Military: Top quality to meet military requirements. Glazed
L-4 steatite bases, DC-200 treated. Phosphor bronze or beryl-
lium copper contacts heavily silver-plated. Hot tin dipped
solder terminals. Brass bayonet sheils .0003 nickel-plated.
Aluminum shells and shields are iridite No. 14 treated.
Fungus resistant cushion washers under contacts. Wafer
sockets protected for 200 hour salt spray test.

| E. F. JOHNSON COMPANY

2821 TENTH AVENUE S.W. « WASECA, MINNESOTA
®

STANOARD:

KEL-F SERIES—Molded of low dielectric loss-factor Kel-F
plastic—designed for use with a wide selection of high power
transmitting tubes such as: 4X150A; 4X150D; 4X2508B;
4CX2508B; 4X250F, 7034; 7035. Basic sockets are available
in several designs—with or without screen grid by-pass
capacitors, mounting saddles, or steatite chimney to direct
air flow through tube cooling fins. Control grid contact *’guide’’
is machined for greater alignment accuracy, and tapped for
6-32 machine screw. All contacts are low resistance silver-
plated beryllium copper. Tube pin contacts are heat treated
to provide positive contact pressure as well as extended life.
Annealed soldering tabs may be easily bent or formed.

BAYONET TYPES—Includes Medium and Heavy Duty Me-
dium, Jumbo and Super Jumbo 4-pin types. For use with
tubes such as: 866A or 811A, E.I.A, Base No. A4-10; 872A,
211, and others with E,ILA, Base No, A4-29; and tubes such
as: ?&08,85022, FG104, GL146 and others with E.I.A. Base
No. -18.

STEATITE WAFER TYPES—Available in 4, 5, 6, 7, and 8-pin
standard socket types, as well as Super Jumbo 4-pin for
tubes with E.I.A. Base Nos. A4-15, A4-16, and A4-18. Giant
5 and 7-pin modeils for tubes with E.I.A. Base Nos. A5-19
and A7-17. Septar Sockets for tubes such as the 7094 with
E.l.A. Base No. E7-2; and VHF Septar Sockets for tubes such
as: 5894, 6524, 6252 with E.I.A, Base No. E7-20; and 826,
832, 4D32 with E.I.A. Base No. E7-2.

MINIATURE TYPES—AII steatite, available in Standard
Wafer Type or Shield Base Type for 7-pin miniatures such as
the: 1RS, 1S5, 6CBS6, etc., with E.I.A. Base No. E7-1.

SPECIAL PURPOSE TYPES—Includes sockets for special
purpose tubes such as the: 204A and 849; the 833 and
833A; 152TL; 304TL; 750TL; 1500T; 2-2000A; 5D21, 705A
and others.

NOTE: Detailed specifications on all Johnson tube sockets
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~please make your request on company letterhead.
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ADJUSTMENT of receiver for
simultaneous scan operation

NEW ANTENNA IDEA

Scanning Without
Phase Shifters

Simultaneously-scanned multiple-beam antenna

arrays use only on-off switching of the array elements

plus filtering of the r-f signal from a single output

channel. Angular resolution compares with that of

other multiple-beam antennas of equivalent aperture

By W. H. KUMMER, A. T. VILLENEUVE, F. G. TERRIO
Antenna Dept.. Radar and Missile Electronics Laboratory
Hughes Aircraft Co., Culver City, California

IN CONVENTIONAL antenna de-
sign, the major characteristics of
the antenna are determined once
the antenna is designed and built.
Beamwidth, gain, and sidelobe lev-
els are interrelated.

Now antenna engineers have in-
creased antenna performance and
capabilities with the addition of
time as a significant parameter in
design."? In the past, such func-
tions as mechanical and electric
scanning used this parameter also,

but the modulation products were
of such a low frequency that they
were not used in a significant way.
The time-varying antennas to be
described use the modulation prod-
ucts from the output of the array
in a significant way. The modula-
tion frequencies are in the kilo-
cycle or megacycle range.

A time-modulated array may be
represented as in Fig. 1A. The
boxes represent the operation to be
performed. In the usual array, the

electronics
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box may be a feed-through device
only, or a phase shifter if the array
is scanned. In a time-modulated ar-
ray, the box might be an on-off
switch or other nonlinear device
such as a multiplier.

THEORY OF OPERATION—The
technique of simultaneous scan as
applied to a receiving array is out-
lined in the following discussion,
the approach to which was sug-
gested by S. N. Vodopia of the An-
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linear array orientation (B); output phase variation for broad-

side wave (C); phase-modulated received signal (D); output phase variation for wave incident at angle 0 (E); sche-

matic of five-element array (F), to which the 20-element array is similar—Fig. 1

tenna Dept. Consider a linear array
of N elements equally spaced with
separation d as shown in Fig. 1B.

Each element is connected to a
common transmission line through
an on-off switch. The elements are
switched on and off sequentially so
that, as one goes off, the next goes
on. This process is repeated peri-
odically.

Now suppose that a c-w wave of
frequency f is incident from broad-
side. The wave will strike each ele-
ment of the array with the same
phase. Now look at the energy pass-
ing at the output of the array at
point B in Fig. 1A.

The array is a standing wave-
array and the design is such that
as the first switch goes on, a wave
train at zero phase goes into the
common transmission line. As
switch 1 goes off at time r later
and switch 2 goes on, another train
goes down the line. This is essen-
tially a continuation of the first
train.

During the time r that the first
switch is on, the phase ® will have
increased by wr where w is the angu-
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lar frequency; that is, the change of
phase is given by

(N
Finally, as the array is switched
through one sequence (N7) the
train at B will be a continuous wave
similar to that striking the aper-
ture. The phase of this wave will in-
crease linearly as a function of time
as shown in Fig. 1C.

Next suppose that the arrival of
the energy is from the direction 6.
Now there will be a phase delay be-
tween the various portions of the
wave hitting the array. As this en-
ergy is channelled through the same
line, the phase between the end and
beginning of successive trains will
no longer be continuous but will
look like that of Fig. 1D. If the
phase is shown as a function of
time, it will jump between wave
trains as indicated in Fig. 1E. The
phase jump A® will be proportional
to the time the wave requires to tra-
verse the distance !

b =wr=2rf1

Ar =

l
= (@)

where ¢ velocity of the wave;

since ¢
free space

O

wavelength) in

l d sin 8
ATE AN T @)
Finally, using Eq. 1 and 3
sv=2sfar=2""sine @)

In the time required to switch the
entire array (Nr) the total phase
change is

@7 = 2nfNt + (V — | <2’;" sin o) )

As the array is switched through
its next sequence and the first ele-
ment is switched on again, the
phase jumps to 2#fNr and the jump
is equal to

=0)
Ady = “)\" N~ 1)sino (6)
If the incident signal arrives

from an angle 4, so that the phase
jump, Ad,, plus the phase jump per
element, A®, equal a multiple of 2,
that is,

21rll(\ 1) 2rd
N sin 0, + N sin 0,
=2nm, (7
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then the curve can be redrawn to
continue on as shown by the broken
staircase in Fig. 1E. This curve has
an average slope given by

2
2rf+n T’; (8)
and from Eq. 7 the value of 4, is
. nA
sin 8, = ~Nd )

Therefore, corresponding to the an-
gle of arrival given by Eq. 9, the
output signal of the array has a
predominant frequency term which
(Eq. 8) is given by (since rate of
change of phase is angular fre-
quency)

fo=1+ z\;lf (10)

n/Nr corresponds to multiples of
the fundamental frequency at which
the array is switched. (The small
phase jumps of (2#d/A) sin 6, intro-
duce additional frequency terms be-
yond the frequency range of inter-
est and will not be considered fur-
ther.) For angles of arrival between
the values given by Eq. 9, a number
of additional frequencies exist in
the output. These correspond to the
sidelobes of the patterns at the
various frequencies, f,. Thus the
angle of arrival corresponds to fre-
quency in the antenna output.

NEW SCANNING TECHNIQUE
Take a line of microwave receiving antennas spaced equal
distances apart, switch them on and off at a kilocycle or mega-
cycle rate and the input to the receiver will be modulated by the

switching frequency and its harmonics.

The predominant fre-

quency term will depend upon the angle of arrival of the signal.
Thus a series of narrow-band filters can derive angle-of-arrival
information without mechanical scanning or use of phase shifters.

To realize the capabilities of this
antenna, the output frequencies
must be separated and detected.
This need not be done at r-f, how-
ever; any convenient frequency
range can be chosen.

CHARACTERISTICS—The char-
acteristics of this antenna (as ex-
emplified by an array above a
ground plane) are:

(1) With A/2 spacing, the whole
half-plane is covered with overlap-
ping beams; the numbers of beams
approximately equals the number of
elements. The theoretical pattern of
a 20-element array is shown in Fig.
4A. In general, the peaks oc-
cur at sin 6, = nA/Nd, where n =
number of sideband, N = the num-

BEAM SWITCHING TUBE

CURRENT
AMPL |

CURRENT
AMPL 2

CURRENT
AMPL 4

CURRENT
AMPL 5

CURRENT
AMPL 3

DRIVER | DRIVER | DRIVER | DRIVER

ber of elements, A is the free space
wavelength and d is the spacing of
the elements.

(2) For uniform element excita-
tion, the peak of every main beam
(each at a different frequency) cor-
responds to a null for all other pat-
terns.

(3) The pattern for every fre-
quency is the same as that for the
static pattern of the same antenna
electronically scanned with all the
switches ON.

(4) The crossover is at 4 db be-
tween main beams.

(5) Sidelobe control is identical
to that for the equivalent static ar-
ray. Thus, with uniform illumina-
tion, 13-db sidelobes result.

(6) The gain of these arrays is

NIXIE TUBE

DRIVER
5

SWITCH
| 4

SWITCH

SWITCH SWITCH SWITCH
3 4 5

SWITCHES and driving circuits for five-element array—Fig. 2
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essentially that of one element since
only one radiator is ON at any one
time.

EXPERIMENTAL ARRAY—For
vertification of the above theory,
five-element and twenty-element ex-

6 IN DEGREES

-10 [0]

perimental simultaneously scanned
receiving arrays were built. The
arrays consist of X-band end-plate
slots, each fed through an individ-
ual branch guide containing an
on-off r-f switch. The branch guides
are shunt-coupled at half guide-

wavelength intervals to a main feed
guide that is effectively open-cir-
cuited at one end. The output is
taken from the opposite end.

The coupling slots are unity-cou-
pled to provide a matched input
with only one element on at a time.
Figure 1F is a schematic drawing
of the five-element array. The photo
on page 32 shows the 20-element
array.

R-F SWITCHES—For the imple-
mentation of the simultaneous scan
techniques, fast-acting microwave
switches are required. They must
provide reasonably small insertion
losses when on, and must have good
switching ratios. When used in re-
ceiving antennas they need handle
only low r-f powers. Semiconductor
diode switches can be designed with
these characteristics.

Accordingly, a switch was devel-
oped with two germanium diodes,
each mounted directly across a sec-
tion of X-band waveguide, and sep-
arated along the guide axis by
three-fourths of a guide wavelength
at 9.375 Ge. The switching times
of the switches themselves have not
been measured, but based on the lit-
erature, they are expected to be of
the order of nanoseconds. In this
application, the switching times are

10°4

m
o
E
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40°
ANTENNA PATTERNS for 20-element simultaneously scanned array: ealcu- 5001
lated array factors (A), with element spacing one-half of free space wave- /;
length, beams numbered according to sideband number, and sidelobes omitted 70°4
for clarity; measured patterns at various frequencies (B through F), with 90° it
switches programmed—Fig. 4
(CARRIER FREQUENCY)
(B)
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limited by the external control cir-
cuit.

SWITCHING CIRCUITS—The ac-
tual switching between adjacent mi-
crowave diode switches is accom-
plished with a Burroughs BX 1000
beam-switching tube (see Fig. 2).
This is a vacuum tube with ten tar-
gets (plates) arranged in a circle
around the cathode. The tube also
contains magnets, locking grids and
common switching grids. Initially,
an electron beam is formed to one
target. A square-wave voltage ap-
plied to the common switching grids
distorts the field within the tube,
causing the beam to shift to the
leading adjacent target; switching
occurs once for each half ecycle of
the control waveform. Even with a
distorted control waveform, this
tube produces clean square pulses
since it is a device with only dis-
crete stable states and has short
switching times.

Since this tube has only a 3-ma
output current and the microwave
switches require up to 100 ma in
the ON state, a 2N1300 transistor
is used with each switch as a cur-
rent amplifier. In the OFF state
the diodes are reverse-biased and
draw only a few microamperes.
This current is readily supplied by
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700 AN 20°
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{SECOND UPPER SIDEBAND}

biasing the switch with a high-im-
pedance reverse current supply at
all times. Each supply is adjusted
with its own switch for optimum
OFF isolation. In the ON state the
low forward impedance of the di-
odes shunts this supply and removes
it from the circuit.

A 100-Kc¢ timing unit drives a
high-voltage flip-flop circuit whose
output, in turn, switches the beam
switching tube. A Nixie (Bur-
roughs No. 6844-A) numerical dis-
play tube is included to indicate
which switches are on. This is
driven from the output of each
current amplifier by a 2N1310 tran-
sistor. With the present equip-
ment the switches can be operated
individually or in sequence, and
when in sequence they are con-
trolled with the timing unit.

TRANSMITTER AND RECEIVER
—A microwave oscillator operating
at X-band was used as a local oscil-
lator. A portion of the output was
shifted in frequency with a erystal-
controlled 30-Mc oscillator and a
balanced up-converter to generate
the transmitter power. As shown in
Fig. 3 (top), a transmission cavity
was used to filter unwanted fre-
quencies from the transmitted
power. The local oscillator signal

POWER ONE WAY IN DB

90 LI

f —I0KC
(FIRST LOWER SIDEBAND}

was also mixed in a balanced mixer
with the signal from the receiving
array. The resulting 30-Mc signal
was fed to the i-f amplifiers of the
receiver.

The array was switched with a
repetition rate of 10 Kc; thus the
bandwidth of the receiver must be
less than 10 Ke, so that the various
frequencies introduced by the an-
tenna modulation may be separated.
A receiver that meets this require-
ment is described below with the aid
of Fig. 3 (bottom).

The r-f signal out of the receiv-
ing antenna is fed into a balanced
mixer. The local-oscillator signal is
at X-band. The output of the mixer
is then at a frequency of 30 Mc. The
30-Mc signal and sidebands are am-
plified in a 30-Mc¢ radar amplifier
that incorporates an age circuit con-
trolled by the d-c from the last de-
tector. The signal is then mixed
with a crystal-controlled local oscil-
lator. The output of the mixer is
amplified with a 3-Mc i-f strip with
a bandwidth of 150 Kc¢ at the 3-db
points. This signal is mixed with
the signal from a local oscillator.
The output of the mixer is amplified
by a 250-Kc i-f amplifier. The band-
width and channel separation are
obtained by Collins mechanical fil-
ters whose bandwidth at the 60-db

o
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points is 14 Ke. With the local oscil-
lator set at 2.75 Mc, the carrier fre-
quency and the first four sidebands
may be detected with a filter. The
photo on p 27 shows the receiver
and filter banks.

PATTERN MEASUREMENTS—
The technique for pattern measure-
ment will be described in detail for
the 20-element array. In making the
pattern measurements, individual
patterns of each of the 20 elements
were recorded to check that all 20
elements were the same. Next, all
20 elements were turned on and a
conventional or static pattern was
recorded. Ideally, the antenna
should have an 8.2-degree beam-
width between nulls and first side-
lobes 13.2 db down. The theoretical
half-power beamwidth of the exper-
imental array was calculated to be
3.64 degrees. The measurements
agree well with the theoretical val-
ues, having about the correct beam-
widths and 13-db sidelobes, After
completing the static measure-
ments, the antenna was operated in
the switching mode. Figure 4B
shows the pattern obtained at the
carrier frequency; theory predicts
this pattern to be the same as the
static pattern; a compurison of the
two measured patterns shows them
to be the same. The patterns exist-

BRANCH LINES

RADIATORS

[N

R-F SWITCHES

ing at 10 K¢ and 20 K¢ above and
below the carrier frequency are
shown in detail in Fig. 4C through
4F. The beam pointing directions
are predicted by theory to lie at 0
degree, =4.1 degrees, =8.3 degrees.
The measured angles are identical
with these. The two beams to the
left of the broadside beam appear
higher in power level than the other
three beams. This slight change in
peak amplitude occurs because the
gain of the receiver varies by one
db as the incoming signal varies
from f — 20 Kec to f 4+ 20 Ke. This
antenna has many more beams in
the spectral lines not under study;
to observe these, the receiver must
be operated outside its design fre-
quency band.

APPLICATION—The simultane-
ous scan antenna may be thought of
as a multiple-beam antenna array
whose beams cover the same space
as that of an element in the array.
The angle of arrival information
contained in the processed signal
from the antenna is depicted in the
frequency domain where different
angles of arrival correspond to dif-
ferent frequencies. The switching
frequency of the antenna elements
determines the separation of the
spectral frequencies. The switching
of the elements of the antenna is

TWENTY-ELEMENT array

32

such that only one element is on at
one time; thus, the energy received
per unit time is that of one element;
this is in contrast to a usual array
where all the elements are on at
once. Hence the gain of the antenna
is that of one element. However,
the directivity is the same as that
of a conventional array of equal
aperture. Thus, in comparison to a
multiple beam antenna with N
beams and N outputs, the gain of
the simultaneously scanned antenna
is that of one element only. How-
ever only one r-f output is required.

If a comparison is made between
a scanning antenna and the simul-
taneous scan antenna with equal in-
cident signals, the effective gains
are about equal since the scanning
antenna spends only a fraction of
its time on target, while the simul-
taneous scan antenna integrates the
incoming signal continuously.

This study was sponsored by
AFCRL on contract No. AF19-
(604)-8006 and by RADC on con-
tract No. AF30(602)-2410.
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THIN-FILM thickness monitor deposition control equipment. Monitor oscillator is mounted
below the vacuum-coater unit and thickness crystal is mounted within the vacuum system
near the substrate

LATEST THING IN THIN FILMS
Automatic Deposition Control

A known-frequency crystal is mounted in the same vacuum chamber as

the substrate. Its frequency is mixed with a known standard. As deposition

increases substrate thickmess, the crystal also changes frequency. It then

becomes an easy matter to relate beat frequency to deposited thickness

By STANLEY J. LINS and PAUL E OBERG

Univac Division of Sperry Rand Corp.., St. Paul, Minnesota

DURING FABRICATION of electronic equipment,
economies could be realized if a single process were
able to produce and interconnect all active and passive
components. Several techniques promise to satisfy
these conditions. Of particular interest is the vac-
uum-deposited, thin-film process that presently can
produce a wide variety of active and passive thin-film
components,

The control of film thickness is essential to such a
process. This article describes a compatible thickness
monitoring instrument for the vacuum vapor-deposi-
tion process that can be included in a closed-loop con-
trol system. Since it has a nearly linear film thick-
ness-signal output functional relationship, it is con-
sistently accurate over its complete range. Further-
more, because of this linear behavior, it can be time-
differentiated to allow film formation rate control.

OPERATION—The principal components of the
film thickness monitor are a crystal-controlled mon-

electronics e March 29, 1963

itor oscillator, an adjustable frequency standard, a
mixer and a frequency counter. The monitor oscil-
lator is mounted below the vacuum-coater unit and
the quartz crystal that controls oscillator frequency
is inside the vacuum system near the substrate.

One face of the thin rectangular crystal is exposed
to the evaporant source, During operation of the
vacuum coater, the substrate and the monitor crystal
simultaneously receive a similar coating of material

MEASURING THIN FILMS

As there are 254,000,000 angstroms to the inch and
some thin films are measured in hundreds of ang-
stroms, determining their thickness can be a problem.
The authors of this article use an approach based
on superheterodyne theory in which an oscillator
crystal whose frequency is changed by deposition
thickness beats against a known standard frequency.
The resultant beat note can be calibrated in deposi-
tion thickness
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MONITOR crystal, mounted in same vacunm system as components being made, changes frequency with deposition
thickness. Difference frequency output of mixer changes as crystal thickness increases—Fig. 1

gradually increasing in thickness. The increase in
thickness results in a decrease of monitor-crystal
resonant frequency. Monitor oscillator output is am-
plified and mixed with the output of a frequency
standard. Before the evaporation process begins, the
standard is adjusted to a frequency f, equal to that of
the monitor erystal f,. Thus, the output of the mixer
is a frequency equal to the difference of the two fre-
quencies, and is initially zero. During evaporation,
as the monitor crystal frequency decreases, audio
difference frequency f will indicate the thin film
thickness. This difference is converted to an analog
signal and recorded on a moving-chart potentiometer
to give a graphical record of thickness Ad « Af and the
time rate of film growth (dd/dt).

CIRCUIT—The monitor oscillator is a transistor
Colpitts oscillator (Fig. 1) operating as a parallel-
resonant circuit. Oscillator output is amplified and
matched to a coaxial cable through emitter followers.
This enables one control chassis to operate any one
of several monitor installations from a convenient
remote location.

The signal is fed through tuned amplifiers thus
blocking extraneous signals from entering the mixer.
The audio output of the mixer (af) is amplified,
clipped and converted to an analog signal by a passive
counter operating on the nearly linear initial portion
of the R-C charging curve. The output operates a
linear-scale meter and a recording potentiometer,
both calibrated directly in units of thickness. An
audio monitor enables the operator to establish an
accurate zero-beat,

PIEZOELECTRIC SENSOR—An ideal thickness-
sensing element for this type of monitor must pro-
vide a continuous linear relationship between change
of resonant frequency and increase of thickness of
the condensed parasitic film and be insensitive to the
elastic moduli of the parasitic film. Thus a thickness
shear mode of vibration of a quartz crystal is used.

Crystals of this type are flat with the planar di-
mensions large with respect to thickness. An alternat-
ing electric field applied in the direction of the thick-
ness, usually by spuattered or evaporated integral
electrodes, causes the faces of the crystal to slide to
and fro at the frequency of the electric field but in a
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direction normal to the potential gradient. Because
the faces slide in opposite directions, a nodal plane
exists midway between the faces. The parasitic film
condensing on one face decreases crystal resonant
frequency. Such a situation under static conditions
is shown in Fig. 2A.

A model (Fig. 2B) suggested in 1893 by Lord
Kelvin, shows qualitatively why the direction of dis-
placement can be normal to the direction of the
applied field. The quartz (Si0.,) molecule comprises
silicon atoms, which in the model are thought of as

NODAL

PLANE -

S,
o |

2
(OPTICAL AXIS)
A

—® (MECHANICAL
AX1S)

N X
(ELECTRICAL
AXicy

STRESS-STRAIN condition of a crystal with a deposited
layer (A) and a model of the stress-strain condition (B).
The preferred cuts of a raw crystal are shown in (C)—
Fig. 2
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being positively charged bodies, and double oxyvgen
atoms, which are considered as having a net negative
charge. They are arranged hexagonally, one axis
being codirectional with the nodal plane of the
crystal. When an electric field is applied across the
crystal (normal to the nodal plane), the atoms are
displaced because of the net charge so that on either
side of the nodal plane there is a resultant strain S,
and —Sy. The collective result of this behavior of all
the molecules is a thickness shear.

For crystals of this type there is a possibility of
mechanically or electrically coupling to other modes
of oscillation. For the AT cut and BT cut there is
almost zero coupling to other oscillation modes. Lack
of care in mounting and beveling can cause cross-
coupling to other modes. For AT and BT crystals
(Fig. 20), if the ratio of planar dimensions to thick-
ness is greater than 20:1, the cryvstal can be mounted
by the corners with a negligible stress-strain rela-
tionship. The AT cut is preferred over the BT cut
for this monitor system because of higher activity.

Once calibrated, it seems theoretically possible,
using a knowledge of bulk density of any evaporant,
to use the same calibration for a new evaporant.
However, the same problem that makes x-ray fluores-
cence and colorimetric thickness determinations of
evaporated thin films unreliable under certain condi-
tions, also makes the vibrating ecrvstal method inac-
curate under the same conditions. The problem is
that evaporated thin films do not always have densi-
ties equal to bulk densities. Since this instrument is
calibrated with a multiple-beam interferometer, Ad
ie a metric thickness, not an effective or equivalent
thickness.

The manner in which a thin film approaches bulk
density will usuallv depend on the controlled condi-
tions under which the deposition has taken place.
Evaporated copper for example.? apnroaches to within
95 percent of bulk density at a thickness of 3.000 A
while silver achieves this value at about 1,000 A.
Unless density is considered to be variable—not con-
stant and equal to bulk densitv, but a function of
thickness—a significant error will be introduced for
some evaporants.

As shown in the table, within error the empirical
ratio of pr/po, (density of the film to the density of
the quartz crystal) is always equal to or less than
the bulk ratio of these materials.

Special consideration must be given to instrument
calibration when interface effects are prominent.

Choice of f will depend on the characteristics of
the installation. The resonant frequency of a cryvstal
is inversely proportional to thickness and if a high-
sensitivity S is required (large frequency shift per
unit thickness), it will be desirable to use a high-
frequency crystal, since sensitivity increases as the
square of the frequency. However, a slight deviation
from linearity occurs between the deposited mass and
the frequency shift as crystal frequency increases.

To keep error from this cause low, the resonant
frequency of a high-frequency crystal must be taken
into account, more so than for a 1-f crystal.

CRYSTAL COOLING—AIl quartz erystals are tem-
perature sensitive in at least one temperature range.

electronics ® March 29, 1963
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TABLE=DETERMINATION OF ng/pe WITIL
CRYSTAL MONITOR

EVAPORANT
Gold Cobalt Permalloy  Aluminum
Frequency Shift 1,550 1,320 1,650 1.640
Af(cps) 20 1.900
Thickness 515 750 980 2.300
(interferometric)
Ad(\) £25 1,190
Sensitivity 5.0+03 30403 28+03 1.240.2
S = af/ad 2.7+0.3
(eps/A)
Bulk Ratio 7.50 3.36 3.25 1.02
of pr/pq
Empirical Ratio 6.3 0.4 3.7+0.¢ 35+0% 0.8+03
of pr/pe 3.4 404
DIFFERENCE

between standard
and monitor fre-
quencies for evap-
oration with eruc-
ihle (A) ring (B)
and ring with
water - cooled
holder (C). Arrow
defines  evapora-
tion period. Move-
ment to right in-
dicates drop in
monitor frequ-
encyafterevapor-
ation while move-
ment to left gives
magnitude of
thermal error— 0
Fig. 8

TIME {I5 SEC PER DIVISION)

1,000 1,500
FREQUENCY, IN CPS

2,000 2,500

Although a properly-mounted, high-quality AT-cut
crystal has a nearly zero temperature coefficient of
frequency in the 0 to 20 C range, an unprotected
crystal is usually driven beyond this range by radia-
tion and energy of vaporization emitted by the evap-
orant source.

The behavior of an unprotected monitor crystal in
a ring source system or an electron-bombardment
source system is not so neat. The effect of heating on
the resonant frequency of the crystal is apparent in
curve B of Fig. 3 and the heating effect from a cru-
cible source is shown in curve A. For the perfect
crucible source, the ratio of evaporant area to ther-
mally-radiating area is unity. For a ring source this
can vary from unity to 10, therefore, a system using
a ring source for high melting point evaporants or
bakeout heaters may require crystal cooling. The suc-
cess of a water-cooled crystal holder in remedying
such situations is apparent in curve C of Fig. 3. This
thickness determination was made under exactly the
same conditions as curve B, except for cooling.

Work deseribed in this article was performed under
contract with the U. S. Navy, Bureau of Ships.

REFERENCE

(1) M. S. Blois, Jr., and L. M. Rieser, Jr.,, Jour Applied
Physics, 25, p 338, March 1954,
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TRANSISTOR overload circuit is simple and occupies a
mintmum of space

THE OVERLOAD DILEMMA

Short circuit and overload protection can be a serious
problem in regulated transistor power supplies. As
the value of the load resistor is decreased, the control
amplifier causes the series power transistors to con-
duct more current into the load. As the load resistor
value is reduced even further, a point is reached
where the dissipation of the series power transistors
reaches a maximum safe level. Any further increase
in load current can result in destruction of the regu-
lator. Here is a method that prevents load current
from exceeding a maximum safe value
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PROTECTIVE device has no effect during normal oper-
ation up to full loud current. For any overload, the load-
current reduces until only a fraction of the maximum cur-
rent flows through the series transistor in a short-circuit
condition—Fig. 1

OVERLOAD
PROTECTION

SERIES REGULATED power supplies may be dam-
aged by short circuits or overloads unless protection
is used. In vacuum-tube regulators, fuses are most
generally used; however, with transistor regulators,
fuses are not fast enough to provide the protection,
nor are they desirable in military applications.

There are many popular methods of overload pro-
tection today, including sampling circuits that mon-
itor load current. During overload conditions, the
regulator tries to recover by momentarily disabling
the overload circuit. This method keeps the series
power transistor dissipation at a safe level during
overload, but is less effective when operating into
large capacitive loads. Another popular method of
protection depends upon limiting the current to some
constant value above full-load value. This method
converts a voltage source into a constant-current
source. It’'s major disadvantage is that for short
circuits or heavy overloads, the series transistor
power dissipation becomes excessive, requiring large
heat sinks or additional series power transistors.

This circuit has the advantages of the current-
limiting technique without the drawback of exces-
sive power dissipation. When the load is increased
beyond ratings, the overload circuit starts to limit
the voltage as does the constant-current method ex-
cept that as the overload is increased even further,
the load current, instead of remaining constant, be-
gins to decrease. At short circuit, the load current
i« only a fraction of the maximum current. Power
dissipation in the series pass transistors is less than
their dissipation at full load. As the overload is
removed, the output voltage returns to normal with
little or no hysteresis.
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TYPICAL regulated power supply with overload protection has high efficiency—Fig. 2

Short circuits and overloads can destroy transistor regulators. Here is a method

of protection that reduces load current to a safe value during short circuits

Without High Power Dissipation

By KARL L. BURFEINDT, Norden Div., United Aircraft Corp., Norwalk, Conn.

Some of the features of the circuit include: low
power dissipation during overload; circuit applica-
bility to large capacitive loads; automatic recovery
and return to normal operation after overload; addi-
tion of only one transistor; circuit can be used for
high or low-voltage and high or low-current supplies;
use of all npn transistors (or all pnp germanium
transistors) ; successful meeting of military specifi-
cations and stable performance over a wide range of
ambient temperature, and high reliability, If the
overload protection transistor fails, limited protec-
tion is still provided by the current limiting resistor.

OPERATION—The circuit is shown in Fig. 1. Dur-
ing normal operation up to full load current, the over-
load-protection circuit has no effect, since the voltage
at the base of the series power transistor is not high
enough to cause D, to conduct. As the load current
increases, the drop in R, follows, causing the voltage
at the base of Q. to increase until diode D, conducts.
Then, the collector voltage of Q, acts as a clamp to
prevent any further increase in load current. If the
load resistor is decreased still further, the output
voltage drops due to clamping action. However, as
the output voltage starts to drop, the bias on Q,
changes, causing a decrease in its collector voltage;
this reduces the clamping voltage, which in turn re-
duces the load current. Thus, for any further over-
load, the load current reduces until a fraction of full
load current continues to flow through the series
power transistor only in a short circuit.

A 2N657 is suited for Q, due to its constant beta
from transistor to transistor. To further reduce the
effects of beta variations, considerable feedback is
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used around Q,. Resistors R., R, and R, are chosen
to bias the collector of Q, at six volts when a 12-volt
zener diode is used for D.. These resistors also pro-
vide the feedback to stabilize Q,. Resistor R, is chosen
so that @, will be biased near saturation during a
short circuit. Resistor R; is then chosen according to
R, = R, x V,/12.

The only remaining resistors are R, and R.; R,
aetermines the current at which the regulator goes
into overload; it is found with the loop equation
Ioo R1 + Viyee — Vo =6, .. R1 =6 + Vo, — Vir/los,
where the collector-emitter voltage of @, = 6 v.

Resistor R, determines the short-circuit current.
Its value can be found from Iy R1 + Ve, — Vo, =
0.7+ 7 x 10°R,,.".R. = 130 (Iso R1 + Vg, — Vyp, —
0.7), where 0.7 is the nominal bottoming value for
Q1, which is about 0.5 volt above saturation for Q1.
The voltage drop across the emitter resistor of @, is
(7 x 10®* R,) while the transistor is bottomed. The
seven milliamperes causing this voltage drop comes
from both R, and R,.

In this equation, Iy is only the short circuit cur-
rent flowing in Q. and does not include the current
flowing from the voltage doubler, which also flows
through the short-circuited load. In practice, since
V.. is not known accurately, especially if several
transistors are used in a Darlington connection, it is
best to experiment with R, until an optimum value
is found. If this resistor is too low, the regulator will
remain at cut off even after the short circuit has
been removed.

Figure 2 is a complete circuit for a typical regu-
lator showing how the overload circuit is connected
to the regulator.
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MORE RELIABILITY WITH

Controlled Avalanche

High reverse dissipation capabilities of these new silicon semiconductor devices

make them hundreds of times more immune to voltage transients. Application

n a variety of circuits significantly reduces required voltage safety factors

VOLTAGE safety factors can be significantly re-
duced and even eliminated in some applications using
controlled avalanche silicon rectifiers. These semi-
conductor devices can dissipate typical circuit tran-
sients without being damaged. Their high surface
stability at high voltages ensures the reliability of
controlled avalanche rectifiers at normal operating
voltages below avalanche. Since clipping takes place
at well defined voltage levels, other circuit components
are protected.

Long series strings of controlled avalanche recti-
fiers can be operated at high voltages without equal-
izing resistors, and shunting capacitors can also be
eliminated in some applications. Because these diodes
are unharmed by insulation high-potential and meg-
ger tests, they need not be disconnected or short
circuited during such tests,

POWER DISSIPATION—The conventional silicon
rectifier has made substantial contributions to elec-
tronics by its long life, small size, efficiency and low
cost. However, the silicon rectifier is sensitive to
overvoltage transients, in addition to some other
shortcomings. One of the primary advantages of the
silicon controlled avalanche rectifier is that it over-
comes this fundamental limitation. Thus, controlled
avalanche rectifiers permit a fuller realization of the
potential of silicon in broader areas of application.

Three typical controlled avalanche rectifier diodes
are shown in the photograph. Their current ratings
range from 3 to 250 amperes, and their working peak
reverse voltage (prv) ratings from 150 to 1,200 volts.

A conventional silicon rectifier may be permanently
damaged by only a few watts of reverse power dissi-
pation, although the same device can momentarily
dissipate thousands of watts in its forward direction.
This disparity exists because the reverse dissipation
in a conventional silicon rectifier may occur at a local-
ized spot at the junction surface. Conversely, losses
resulting from forward current flow are uniformly
distributed over the entire junction area.

A silicon controlled avalanche rectifier can dissipate
about as much heat in the reverse direction as in the
forward direction whether it is steady state or tran-
sient. High reverse energy dissipation in this type
semiconductor occurs in the avalanche breakdown
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region of the diode characterisic. This inherent non-
destructive characteristic of the silicon rectifier
diode is widely used at relatively low power and volt-
age levels in the zener diode.

No damage from true avalanche action results to
a diode with a uniform junction if current is limited
by the external circuit to the thermal capability of
the diode. Hence, a rectifier diode, with uniform
avalanche breakdown occurring at a voltage below
that at which local dielectric surface breakdowns
occur, can dissipate hundreds of times more reverse
energy during transient overvoltage conditions.

By ensuring that true avalanche action occurs at
voltages below the level of surface instability, there
is no way that voltage across a controlled avalanche
rectifier can reach levels where surface damage might
occur. Such a semiconductor might be regarded as
having a built-in transient voltage suppressor.

CHARACTERISTICS—In addition to conventional
silicon rectifier characteristics, for a controlled av-
alanche rectifier to be generally useful, it should have
rigidly specified maximum and minimum avalanche
characterisitics. 1t should also be capable of steady-
state operation in its avalanche region without dam-
age and be able to dissipate momentary current
surges in the avalanche region without damage (with
ratings defining this capability).

An oscilloscope display of the reverse current-
voltage characteristic of a typical A27 rectifier with
800 volts peak reverse voltage rating at room tem-
perature is shown in Fig. 1A. The horizontal scale
is 200 volts/cm and the vertical scale is 10 ma/cm.
While it has the same sharp transition characteristic
as a conventional zener diode, avalanche occurs at a
much higher voltage (1,280 volts). The slope of the
characteristic in the avalanche region, generally des-
ignated dynamic resistance, is typically 200 ohms for
this 12-ampere diode. The avalanche breakdown volt-
age has a positive temperature coefficient, increasing
about 0.1 percent per deg C of increasing junction
temperature relative to the voltage at 25 deg C.

The outstanding feature of the controlled avalanche
rectifier, its ability to dissipate high levels of tran-
sient energy, is defined in Fig. 2, which shows the
reverse current surge curve of the A27. This graph
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Rectifiers

By F. W. GUTZWILLER

Rectifier Components Department
General Electric Company
Auburn, N. Y.

illustrates the peak reverse current capability for
various pulse durations under nonrecurrent condi-
tions.

In the forward direction, the controlled avalanche
rectifier behaves similarly to any high-quality con-
ventional silicon rectifier. Load current is distributed
uniformly across the entire junction at both normal
and surge levels, and load current ratings are similar
to conventional silicon rectifiers of identical size.

SERIES OPERATION — Operation of controlled
avalanche rectifiers in series strings can have favor-
able effects on efficiency, reliability, space utilization
and cost. Because of their ability to operate reliably
in the avalanche region, series strings of controlled
avalanche rectifiers require no shunting resistors to
equalize reverse voltage. If total applied voltage re-
mains less than total avalanche voltage of all diodes
in series, reverse current is limited to a value well
within the continuous dissipation ratings of the con-
trolled avalanche rectifiers. Since each diode operates
well within its tested voltage and power dissipation
capabilities, reliable operation is assured.

With series strings of conventional silicon recti-
fiers, shunting capacitors are used to equalize voltage
between diodes during transient conditions, such as
steep rises in applied voltage or during diode com-
mutation. However, since series strings of controlled
avalanche rectifiers can dissipate substantial reverse
transient power, the need for shunting capacitors as
well as resistors is eliminated in some cases, depend-
ing on the commutating cycle.

These characteristics of controlled avalanche rec-
tifiers operated in series can also be used to force
peak voltage sharing among series-connected con-
ventional rectifiers and silicon controlled rectifiers.
For example, small selected controlled avalanche rec-
tifiers can be used in parallel with series-connected
silicon controlled rectifiers to balance forward and
reverse blocking voltage across each silicon controlled
rectifier. This approach is more efficient than using
voltage-equalizing resistors.

Small controlled avalanche rectifiers can also be
used in the anode-gate circuits of silicon controlled
rectifiers to protect them from excessive anode volt-
age. A back-to-back pair of silicon controlled recti-
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CONTROLLED avalanche rectifier diodes have current
ratings of 3, 12 and 250 amperes

(C)

REVERSE wooltage-current trace
(A) is for diode wdth 800-volt prv
rating at room temperature. Peak
7,500-volt transient (B) produced
when transformer primary is
switched is reduced to 2.500 volts;
(C) two controlled avalanche recti-
fiers—F'ig. 1

AVALANCHE SIMPLIFIES RECTIFIER DESIGN

Silicon rectifier circuit design is complicated by the
limited ability of these devices to dissipate power in
the reverse direction without being permanently dam-
aged. However, the familiar mechanism of the zener
diode, avalanche breakdown, causes no permanent
damage. This phenomenon occurs in the reverse di-
rection in contrelled avalanche diodes, which other-
wise behave like conventional silicon diodes. These
semiconductor devices can simplify rectifier circuit
design
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fiers for phase control of alternating current is pro-
tected by the pair of controlled avalanche diodes in
Fig. 3A. The AT diodes are selected so that avalanche
occurs below the forward and reverse voltage ratings
of the silicon controlled rectifiers. Hence, any voltage
exceeding the avalanche level triggers the silicon con-
trolled rectifiers into conduction, protecting them
from the effects of high-voltage line surges.

PARALLEL OPERATION—Like conventional sili-
con diodes, controlled avalanche rectifiers can be
operated in parallel if precautions are taken to assure
that forward load current is equalized. Factory
matching of the forward current characteristics of
the diodes or forced current sharing techniques could
be used to equalize current,

Since a controlled avalanche rectifier must conduct
in the reverse direction to dissipate transient circuit
energy, parallel sharing of reverse current during
pulse operation is necessary if the diode array is to
dissipate more than the reverse pulse rating of a
single diode. In controlled avalanche diodes having
the same prv ratings, the avalanche characteristics
are automatically matched to a considerable degree
by the minimum and maximum avalanche limits of the
diodes. The dynamic resistances of individual diodes
in the avalanche region provide an additional mech-
anism of transient reverse current sharing, as does
the positive temperature coefficient of the avalanche
voltage.

In a single-phase bridge, diametrically opposite
diode elements operate in parallel in the reverse direc-
tion. Therefore, transient reverse dissipation is also
greater than that of a singk diode even though the
diodes are not connected directly in parallel.

TRANSIENTS — Transient voltages that damage
conventional silicon rectifiers generally arise when
inductive circuits are switched. When current
through an inductance is abruptly interrupted, the
stored energy seeks a discharge path other than the
switch. Voltage increases until a current discharge
path is established by arcing or flashover or until
destructive reverse current or dielectric breakdown
is caused in the silicon rectifier.

Controlled avalanche rectifier diodes can conduct
momentary discharge currents in the reverse direc-
tion at the avalanche level without damage if the
currents are within the diode ratings. Voltages are
thereby harmlessly limited to the avalanche voltage
of the rectifier diode, protecting the diode, minimizing
arcing and lowering the voltage on other components.

Clipping by controlled avalanche rectifiers con-
nected to the secondary of a step-up transformer is
shown in Fig. 1B and C. The vertical scale is 1,000
volts/em and the horizontal scale is 2 millisec/cm in
both traces. With no rectifier diodes across the 1,400-
volt (rms) secondary, switching voltage transients
of 7,500 volts peak were encountered regularly. With
two A27N diodes in series in each leg of the sec-
ondary, the transient was clipped at 2,500 volts, which
is the avalanche voltage of two diodes in series. The
clipping action takes place just above the repetitive
circuit voltage peak of 2,000 volts, indicating the suc-
cess that has been achieved in this application
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without requiring a substantial prv safety factor.

The maximum reverse dissipation limits of con-
trolled avalanche rectifiers are hundreds of times
higher than those of conventional silicon rectifiers. In
applications where the diodes are relatively well
matched to the stiffness of the system by their for-
ward current ratings (diode Kva rating equals trans-
former Kva), these diodes can often be applied us-
ing a low prv safety factor. However, a rectifier
operating from stiff a-c lines without the softening
influence of its own transformer may require sup-
plemental transient suppression.

Applications guidelines have been established de-
fining the capabilities and performance of controlled
avalanche rectifiers in basic circuit conﬁguratio\ns.
To simplify the analysis and presentation, s:everal
conservative assumptions are made. Circuit inter-
ruption is assumed to be instantaneous with no con-
tact arcing and no energy dissipated in the switch.
These assumptions are conservative in that practical
switches in inductive circuits do arc and seldom chop
currents above a few amperes. Thus, in practice,
controlled avalanche rectifiers may handle many times
the calculated value of stored energy.

It has also been assumed that circuit inductance is
constant (no saturation effects exist) and that the
avalanche voltage has zero dynamic impedance.

INDUCTANCE IN D-C LINES—A controlled av-
alanche rectifier is connected in the discharge path
of an inductor in Fig. 3B. This circuit is equivalent
to many relay, power supply and free-wheeling recti-
fier circuits. When the switch is closed, current 7
flows from the d-c source through inductor L. When
the switch is abruptly opened at time ¢ = 0, current
1 from inductor L discharges through the controlled
avalanche rectifier. The relationship among the volt-
ages around the discharge loop is described by the
equation 0 = L di/dt — nV,, where V, is avalanche
voltage of each diode and n is the number of series-
connected controlled avalanche diodes. Solving for i

i=1— (nVa4/L)}t 1)
Time r for current to reach zero (see Fig. 3C) can
be determined by solving Eq. 1 for ¢ = 0

r=LI/nV, @

These equations are useful in determining drop-out
time of solenoids and relays. For correlation with
the reverse surge current curve of the controlled
avalanche diode (see Fig. 2), the triangular current
waveshape in Fig. 3D can be translated into the
equivalent rectangular current waveshape in Fig. 3E.
Peak current I is the same in this waveshape as in
'Fig. 3D and has the same current-time integral
I (+/2) so the time base of the rectangular current
waveshape is /2. The duration of the equivalent
rectangular current waveshape can be determined
from Eq. 2

7/2 = LI/2nV 4 3)

For nonrecurrent conditions, maximum allowable
inductor current / can be obtained for design pur-
poses directly from the reverse current surge curve

(Fig. 2) for pulse duration /2. As expected, higher
discharge currents can be handled by controlled
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avalanche diodes with lower prv ratings.

Two general rules can be derived from these data.
For maximum reverse current capability as well as
maximum energy dissipation capability into the re-
verse diode characteristic, the lowest possible prv
rating for each diode should be used that is consistent
with recurrent circuit prv requirements., Moreover,
for faster suppression of the inductive transient,
higher prv ratings or a series string of diodes with
higher total avalanche voltage should be used. Sim-
ilar methods can be used to analyze other circuits.’

INDUCTANCE IN A-C LINES—When a controlled
avalanche rectifier is subjected to the discharge of
an inductance connected to an a-c line, peak allowable
current I, through the inductor is

I, = (1.41wKnV 4/ Vs)lie @
where V, is a-c line rms voltage, » is frequency in
radians per second, K is a constant for a diode with
a specific prv rating at a specified temperature (see
Fig. 2), and a is a constant for a given diode type
(a is 2.52 for the A27).

A similar approach can be used for the transient
that occurs when the primary of a single-phase trans-
former feeding a rectifier is switched. The maximum
size transformer for which the magnetizing current
can be instantaneously switched into the reverse char-
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(c) (D) - -(E)

acteristic of a controlled avalanche rectifier is

VAmax = (Vs/1.41m) (1.41wKnV 4/ Vg)lie 5)
where VA.,.. is transformer volt-ampere rating, Vs
is transformer rated secondary rms voltage, and m
is magnetizing current on per unit basis.

It is unlikely that a switch would abruptly inter-
rupt current in an inductive circuit without arcing.
Also, in practical circuits, distributed capacitance
and other storage and dissipative elements are pres-
ent in addition to the controlled avalanche rectifier.
Therefore, these analyses are conservative. In addi-
tion, when more than one controlled avalanche recti-
fier is in the circuit, they share the dissipation duty.

Where the reverse transient capability of con-
trolled avalanche rectifier diodes is not sufficient to
dissipate system energy, a capacitor can be used in
parallel with the diodes to increase the overall power
level of the circuit. For solving transformer switch-
ing problems, the capacitance in farads necessary to
increase the transformer rating from VA, (without
capacitor) as determined in Eq. 5§ to VA, (with ca-
pacitor) is

C =[2mVAc/w (V)1 — (VAo/VAc)] 6)
REFERENCE

(1) F. W. Gutzwiller, An Introduction to the Controlled Ava-

lanche Silicon Rectifier, Application Note 200.27, General Elec-
tric Company, Auburn, N. Y.
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BASIC magnetically coupled multivibrator is stabilized
against temperature variation by nonlinear element in
common emitter lead (A), stability is better than 0.1 per-
cent over 150 C temperature range (B)—Fig. 1
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MAGNETIC MULTIVIBRATORS for frequencies of 500
cps and upwards can be packaged in a one-inch cube.
Lower-frequency units resemble o square tangerine in size

WHAT KEEPS FREQUENCY CONSTANT?

The basic equation relating magnetic multivibrator
frequency to other circuit parameters is V—=NA®/At
where V is the voltage applied to each half of the
winding, A® is the total change in flux when the core
is switched from one saturated state to the other,
and At is the period of one half-cycle. Total flux
change is also equal to twice the product of satura-
tion flux density and core area, sothat V—2NAB,, ./ At.

Core area and number of turns are fixed, hence
frequency depends upon the stability of saturation
flux density and the constancy of voltage applied
across each half of the winding. Both these factors
vary with temperature, but they are amenable to
correction with thermistor-like elements as shown in
Fig. 1A leading to stabilities of 1/10 percent over
150 C temperature range, Fig. 1B
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MULTIVIBRATOR running at 100-pps is locked to 100-kec input (A); converter linearity is better than 0.1 percent
over 10:1 range (B); highly asymmetrical oscillator runs at 1-pps (C); one-shot is triggered at 1,160 pps (D); bistable
circuit is driven at 1,090-pps (E); and five-to-one frequency sweep is produced by sawtooth input to converter (F)—

Fig. 2
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MULTIVIBRATORS

By MICHAEL INGENITO,

Project Engineer
General Time Corp, Stamford, Conn.

These circuits are well known as power converters for changing

the voltage level of d-c supplies, but they are far less familiar as

precision oscillators, frequency dividers, and voltage-frequency converters

MAGNETIC MULTIVIBRATORS
perform most of the functions of
conventional R-C timed multivi-
brators, they can also outperform
these conventional circuits in a num-
ber of ways. For example, a single-
stage magnetic multivibrator can
operate as a frequency divider with
1,000:1 division ratio. Again, a free-
running magnetic multivibrator in
the 1 to 10,000 cps range maintains
a frequency stability of 1/10 per-
cent over —65 F to 170 F without an
oven.

Another example of the magnetic
multivibrator’s versatility is its
high degree of linearity when op-
erated as a voltage-to-frequency
converter. Since operating fre-
quency is directly related to voltage,
merely sweeping the input voltage
from 2 to 20 volts changes this fre-
quency over a 10:1 range.

HIGHLY STABLE OSCILLATOR
—The magnetic multivibrator fills
the gap in the frequency chart for a
highly stable oscillator below 10,-
000 cps. It can be stabilized by a
technique devised by General Time
Corporation, Stamford, Conn., over
the space satellite temperature
range —50 to 100 C, yielding fre-
quency deviation within 0.25 per-
cent, and meeting MIL specs.
Oscillators depending upon R-C
or L-C networks for their timing
are limited in their frequency
stability by the performance of these

timing elements. Since low-fre-
quency L-C oscillators involve
physically large coils they are

rarely used below about 50 cps.
Oscillators in this frequency range
are usually such R-C configurations
as the Wien bridge or bridged tee.
However, large values of capaci-
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tance are difficult to stabilize over
a wide temperature range, hence
for R-C oscillators below about 10
cps, stability is difficult to achieve
without a constant-temperature
oven, or elaborate circuits. These
difficulties can be overcome with a
magnetic multivibrator, whose tim-
ing does not depend upon capaci-
tance and is therefore more easily
compensated.

Figure 1A shows a typical circuit
for a 100-cps magnetic multivi-
brator with a built-in stabilizing
network. There are two main tem-
perature-derived variables that the
stabilizing network must compen-
sate: changes in voltage across the
magnetic winding and changes in
saturation flux density of the core.

Voltage variations come from
several sources. Two important
ones, for example, are increasing
circuit resistance with temperature,
and variation of the transistor
saturation voltage. The net effect
of these variables, some aiding,
some opposing frequency stability,
is to produce a characteristic ex-
hibiting steeply rising frequency at
high temperatures. These effects
are all treated as one composite
variable, and the stabilizing net-
work, operating much like a conven-
tional thermistor, cancels them out.
Performance of a compensated
oscillator is illustrated by Fig. 1B,

HIGH RATIO DIVIDER — The
basic switching mechanism of the
magnetic multivibrator is inher-
ently better suited to synchroniza-
tion than the exponential waveform
of R-C timed circuits. At the in-
stant of turning on, the slope of the
R-C timing waveform is relatively
shallow, hence noise and small vari-

ations in turn-on voltage produce
relatively large timing errors. By
contrast, the magnetic multivibra-
tor waveforms have a steep slope,
and the core saturation flux-density
is precisely defined, making the cir-
cuit much less susceptible to noise-
borne jitter. Figure 2A shows a
100-pps magnetic multivibrator
synchronized to a 100-Kc input, giv-
ing 1,000:1 frequency division.

ANALOG CONVERTER — Since
the frequency of the operation of
the magnetic multivibrator is di-
rectly proportional to applied volt-
age, varying this voltage changes
the frequency in the same ratio. In
a practical oscillator, several effects
contribute to nonlinearity, many of
them attributable to a magnetizing
current varying with frequency.
Thus, compensating the converter
circuit is more difficult than com-
pensating the constant frequency
version. However, Fig 2B shows a
conversion characteristic that is
linear to within 0.1 percent over a
10:1 frequency range.

FURTHER CIRCUITS—The mag-
netic multivibrator can be designed
for highly asymmetrical operation,
giving a mark-to-space ratio of up
to 50.1. Operation in this mode is
possible at 1 pulse per second, as
illustrated by Fig. 2C. One-shot
action is also available with pulse-
width linearly proportional to con-
trol voltage. Figure 2D shows a 1,-
160 pps one-shot waveform.

Another circuit whose properties
have not been fully explored is the
bistable version of this multivi-
brator. The bistable circuit’s differ-
entiated output waveform is shown
in Fig. 2E.
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Versatile R-F Monitor Shows Power

To achieve maximum power transfer from a transmitter to an antenna requires

proper unpedance matching. Here is an r-f monitor that reads actual

output power in watts, indicates vswr independent of power level and provides

an alarm circuit for transmitter protection, all in one compact unit

By LOUIS F. STEIN, Electronics Div., Westinghouse Electric Corp., Pittsburgh, Pa.

PROPER operation of transmit-
ting equipment requires knowledge
of actual power output and voltage
standing wave ratio (vswr). In
the past, a direct method of meas-
uring these parameters has seldom
been available for transmitters op-
erating in the 300 Kc to 3 Mc and
3 to 30 Mc ranges. Devices capable
of measuring incident and reflected
power on transmission lines can be
realized; however, they necessitate
manual calculation of output and
VSWr,

To eliminate the manual process
and reduce the possibility of error,
a transmitter output monitor was
developed that indicates actual
power output in watts on a linear
scale meter. Standing-wave ratio
is measured by a potentiometer
balancing a bridge circuit, with
the shaft position of the pot indi-
cating standing-wave ratio. As an
additional feature, an alarm circuit
is provided that removes the power-
amplifier plate voltage when the
vSwr exceeds a preset limit.

VSWR—A schematic of the output
monitor is shown in Fig. 1. The

broadband directional coupler is
composed of T,, T., R, and R.. The
coupler samples incident and re-
flected voltage waves on the trans-
mission line and develops propor-
tional voltages at diodes D, D,
D, and D,. These voltages are recti-
fied by D, and D, then operate the
power meter M, when S, is in the
POWER position. When S. is in the
VSWR position, the rectified volt-
ages are applied across a bridge to
measure vswr. Meter M. is the null
indicator for the bridge and R, is
the adjustable element.

Actual power is equal to the dif-
ference of incident and reflected
power or the difference of the
squares of the incident and re-
flected voltages. It is necessary,
therefore, that the rectified current
generated by D, and D, be pro-
portional to the square of the ap-
plied voltage when measuring
power. To perform this squaring
operation, a 60-cps sine wave, the
amplitude of which is large with re-
spect to the r-f voltage on to D, and
D,, is applied to D, and D,. This 60-
cps voltage causes the diodes to be
either at cut-off or saturation most

UP AND DOWN THE LINE

The r-f power from a radio transmitter must feed the antenna
with a minimum of power reflected to the transmission line. Too
high a vswr can damage a high-power amplifier tank by causing
excessive circulating currents to flow. This circuit shows how
much power is being reflected, indicates forward power in
watts and can also disable the transmitter if vswr exceeds safe

[imits.

Two models of the monitor have been built. One operates be-
tween 300 and 1,500 Kc, and the second between 2 and 30 Mc
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of the time. When the diodes are
neither cut off or not saturated,
rectification occurs. The portion of
each cycle of the 60 cycles during
which the diodes rectify, depends
upon the amplitude of the r-f volt-
ages, as does the amplitude of the
current-peaks during rectification.
The average rectified current de-
pends upon both the duration of
rectification and the amplitude of
current peaks during rectification
and thus varies as the square of
the r-f voltage. These currents are
subtracted in M,, which deflects in
proportion to the actual output
power,

When switch S, is in the vswr
position, the 60-cycle voltage is re-
moved from the diodes and rectified
voltages that are directly propor-
tional to the incident and reflected
voltages on the transmission line,
are applied across the vswr bridge.
The ratio of these voltages is a
single value function of vswr that
increases as vswr does. Potentiom-
eter R, is used to null the bridge,
while the potentiometer shaft posi-
tion indicates the ratio of the inci-
dent and reflected voltages on a di-
rectly calibrated scale.

Separate rectifiers are provided
for the vswr alarm so that its oper-
ation will not be influenced by ap-
plication of the 60-cycle squaring
voltage to D, and D.. To operate
the vswr alarm, diodes D, and D.
generate d-c voltages, V, and —V,
portional to the incident and re-
flected voltages on the transmission
line. Resistor R, is adjusted so that
when the ratio of V, to V, corre-
sponds to the maximum allowable
vswr, the voltage at the base of Q. is
equal to zero. If the vswr increases
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and VSWR

AUTHOR adjusts monitor
for balance of

the 60-cycle

squaring voltage

beyond this level, the voltage at the
base of @, becomes positive, and @,
conducts to operate the alarm relay.
If the vswr level drops below maxi-
mum, the voltage on the base of @,
becomes negative, resulting in cut-
off.

The directional coupler is funda-
mental to the operation of the over-
all circuit composed of T,, T, R,
and R,, as shown in Fig. 1.

WATTMETER—The r-f rectifiers
D, and D, have a 60-cycle sine wave
of peak amplitude V impressed
upon them. Voltage V must be
greater than the peak of the r-f
voltage E, at full output power. Ac-
curacy depends upon the linearity
of the 60 cycle sine wave over the
range of voltages limited by the
peak amplitude of the r-f voltage
E,. Sufficient accuracy for most
applications is obtained by using
V = 2E.. Greater accuracy can be
obtained with a sawtooth, rather
than a sine wave. The relationships
of voltage and currents at D, are
shown in Fig. 2.

The r-f is represented by its en-
velope. The 60-cycle voltage is ap-
plied by T, through R, and R, to
the cathodes of D, and: D,. Thus,
from ¢t = 0 to ¢, in Fig. 2A, the
diodes are completely cut off and
no current flows. At t,, the r-f volt-
age equals the reverse 60-cycle bias
and the diode begins to rectify. As
the 60-cycle voltage approaches
zero, the diode rectifies more of the
r-f current until at £, the diodes
are half-wave rectifiers. Then, as
the 60 cycles become negative, it
biases ‘the diodes into conduction
over part of the negative r-f half
cycle, while the rectified current
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diminishes until at ¢, the diodes
are conducting constantly and no
rectification occurs. Conduction
continues until the 60 cycle is again
equal to the peak r-f at ¢, and the
rectification process repeats. The
amplitude of the rectified r-f cur-
rent increases between t, and ¢, to
a peak and then falls back to zero
to create an envelope shaped like
an isosceles triangle. The rectified
current is proportional to the area
under this triangle, ¢.7./2.

If the r-f voltage increases to
CE,, the height of the current tri-
angle will increase to CI. and the
base width will increase to Ct, as
in Fig. 2B. The rectified current
will increase to C” t.1./2, the square
of the increase in E,. A current
proportional to the square of E, is
generated on diode D, in the same
way. These currents are subtracted
in a microammeter M, which is
calibrated in watts and reads the
actual output power.

The circuit actually used (Fig.
1), requires some adjustment to
allow for the variations and im-
perfections in components. Varia-
tions in rectification efficiency be-
tween D, and D, are adjusted with
R,. The wattmeter is calibrated by
R. and R,, while keeping the recti-
fied 60 cycle balanced so that none
of it appears at the meter. These
are the only adjustments made on
the wattmeter to place it in opera-
tion, and they need not normally be
repeated until a part is replaced.

VSWR INDICATION—Vswr is
equal to the sum of the magnitudes
of the incident and reflected volt-
ages divided by their differences,
S = (E.+ E,)/(E. — E,). Again,
the output of the directional cou-

60 SINE WAVE

pler provides the necessary data. The
indicated calculation is cumbersome
and a simpler one provides corre-
sponding information. The calcula-
tion made in the bridge circuit by
R’I is Ea/Eu- If (Ea aF Ea)/(Ea - Eb)
= S, then E, + E, = SE, — SE,
and E, (S — 1) = E, (S + 1),
giving £,/E, = (S — 1) /(S + 1).
A pointer on the pot shaft moves
over a scale with a vswr of S indi-
cated as [(S — 1)/(S + 1)] M de-
grees of pot rotation where M de-
grees is the total pot rotation. The
meter indicates a null when the pot
is set so that the voltage at the
divider arm is equal to E,. This
indicator is independent of power
level, a distinct advantage when us-
ing vswr indication for antenna
tuning.

The vswr alarm has its own de-
tectors, diodes D, and D,, (Fig. 1)
so that it is unaffected by switch-
ing of the wattmeter. The output
of the alarm circuit, V,, is applied
to the base of transistor @, which
conducts when V, exceeds the base
to emitter threshold voltage, about
0.7 volt for a silicon unit. The cir-
cuit that determines V, is a resis-
tive voltage-divider composed of R,,
R, and R,,. Diode D, rectifies E,
to provide V,, and D, rectifies £, to
provide —V,. Voltages V, and —V,
add across R, + R, and R, to pro-
duce the sum, V, = (R, + R)) V.,
_(Rn) Va/(Rm + Rs + Ro)- The
alarm is set by adjusting R, so that
V. is greater than the threshold
voltage of the transistor when V,/
V. exceeds the maximum level of
vswr. The magnitude of V, is de-
pendent upon the magnitude of V,
and V, as well as the magnitude
of their ratio. Thus, V, varies with
the power level. However, the
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polarity of V, depends on V,/V..
If the threshold voltage of the
transistor were gzero so that the
alarm would operate with any V, >
0, it would function independently
of the power level. In practice, the
effective threshold can be reduced
by biasing until the circuit operates
for all output levels above 2 percent
of full power and resolves a vswr
of 4/1 to =0.5/1. When the equip-
ment is used with an antenna tuner
and badly mismatched loads, it is
desirable to set the alarm so that
it will not trip below fifty watts.
This allows adjustment of the an-
tenna tuner at low power levels.
Once the tuner is set so that the
vswr at the transmitter output is
below the alarm level, the power
may be increased for final tuning.

CONCLUSIONS — The output
monitor is compact and reliable.
Only two active elements are used,
a transistor and a relay as shown
in Fig. 1. Variation of the tran-
sistor parameters will not affect the
getting of the alarm that depends
only upon the ratio of R, to (R, +
R,). There are no active elements
in the wattmeter or vswr bridge.
Overall stability is good with re-
spect to temperature variations and
aging.

The output monitor incorporates
several improvements over conven-
tional devices. Actual power output
is indicated directly by the watt-
meter. Vswr may be quickly deter-
mined at any power level by the
bridge without requiring calcula-
tions; this is especially useful for
antenna tuning. The bridge can be
set to 1:1 and nulled by adjusting
the tuner. The vswr alarm trip-
point is independent of the power
level at which the transmitter is
operating, affording protection at
reduced power, during power level
changes, and during final tuning
of the transmitter or antenna
tuner.

The output monitor has been
used in transmitting equipment for
several years. Two monitors are
in use, one operates from 300-Kc
to 1,500-Kc and the other from 2
to 30 Mc. Both are designed for
500-watt average, 1,000-watt peak-
power operation. Experience has
shown that these monitors improve
the reliability and versatility of the
transmitters by simplifying operat-
ing procedure.
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SMALL WONDER
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your circuitry problems are getting smaller.
Our family of miniature germanium transistors
is getting bigger! Now there are . . .
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engineering data? Call or write DE LCO
our sales office. Or see your RADIO
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Oivision of General Motors,
Kokomo, Indiana

Detroit, Michigan Santa Monica, California Syracuse, New York Chicago, IHlinois
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RESEARCH AND DEVELOPMENT

Field-Operational S-Band Maser

Traveling-wave maser
shows 26 db gain at
4.2-degree K temperature

SAN FRANCISCO — Successful
operation of an S-band travelling-
wave maser in a closed-cycle liquid-
helium refrigerator has been
achieved by Microwave Electronics
Corp. of Palo Alto, Calif. This de-
velopment establishes the feasibil-
ity of an ultra-low-noise solid-state
receiver at remote antenna sites.

The maser was designed for the
Jet Propulsion Lab at Cal Tech in
Pasadena, Calif., for use on the
85-ft Goldstone tracking station an-
tenna.

MEC’s maser, see Fig. 1 and 2,
operates at 4.2 deg K in a closed-
cycle A. D. Little, Inc.. Cryodyne
refrigerator, with a 26-db gain over
a 100-Mc tuning range, and a 20-Mc
instantaneous bandwidth at 3-db
power points. Dynamic range is
more than 100 db. The non-regen-
erative travelling-wave maser
achieves a noise temperature of 12
deg K and a gain stability of 0.1 in
10 minutes.

SENSITIVITY—The maser’s sen-
sitivity, and its gain stability
(less than 1 db in 12 hours, less
than 0.05 db in 10 seconds) are ex-
pected to lead the way to significant
radio astronomy applications sim-
ilar to the Mariner II feat, accord-
ing to Microwave Electronics Corp.

The maser uses a synthetic ruby
crystal rod grown by Linde Crystal
division of Union Carbide. Its
pumping frequency is 12 to 13 Ge,
with a power of 35 to 75 milliwatts;
the operating magnetic field is
2,600 gauss. The input waveguide
has a maximum voltage standing-
wave ratio of 1.5; the output,
through a coaxial cable, has a
maximum vswr of 2.

Besides the maser amplifier, the
entire receiving system includes the
permanent magnet with a remotely
adjustable tuning coil, an automatic
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MASER INSTALLED in refriger-
ator, with radiation and vacuum
jackets removed. The traveling-
wave maser structure is shown at
top, mounted in the liquid-helium
temperature stage—Fig. 1

noise-temperature measuring sys-
tem and noise source, an ultra-sta-
bilized 75-db-gain receiver and
power supply, intermediate-fre-
quency post-amplifiers, precision at-
tenuators and linear detectors, an
analog, digital and visual data ac-

CLOSED CYCLE helium refriger-
ator with maser installed. The
S-band waveguide-to-coaxial adap-
ters are shown on top of unit; mag-
net to produce maser field is in the
lower compartment—Fig. 2

quisition system for both signal and
noise, and the closed-cycle liquid
helium refrigerator with remote
monitor.

Microwave Electronics Corp. has
also produced a commercial version
of the maser, Model 70110.

New Microwave Power Meter

VIENNA—A basic microwave power
meter can be used to measure, with
accuracy better than 1 percent,
microwave power over a 3 to 4-
octave range. Claimed to operate on
an entirely new principle, the sys-
tem was developed by the Research
Institute of Telecommunication of
Budapest, Hungary.

The team, headed by Ernoe
Acs, originally aimed at increasing

accuracy of microwave power
measurements beyond first and sec-
ond digit, using conventional meth-
ods. Generally, microwave power
meters are based on the fact that
microwave energy passing through
a waveguide is partially converted
into heat; this is used to warm up
the power absorbing element, and
its temperature increase is meas-
ured by observing its resistance
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Universal Predetection Telemetry Systems
hy DEFENSE ELECTRONICS, INC.

Under contract to USAF, Defense
Electronics developed the art of TM
predetection recording to a position of
prominence within the industry, Unique
single sideband frequency translation
technique, developed by DEI, effectively
utilizes maximum recorder bandwidths.

The TPRS-5 is capable of being used as
a completely self-sufficient ground sta-
tion facility for TM data acquisition,
recording, and display. The system is
capable of receiving four RF links with
dual diversity and making both prede-
tection and post-detection recordings
simultaneously. It contains provisions
for playback, demodulation, and limited
data separation for quick-look pur- i@
poses. The system is capable of re- ‘
cording, without adjustment, FM/FM,
PAM/FM, PDM/FM, PCM/FM, AM or PM
telemetry signals.

It features extreme flexibility in both
the acquisition and the playback modes
with selectable bandwidths, demodula-
tors, and RF tuning heads.

e eeseessn e
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o Handles all IRIG formats

o Modular construction avoids obsolescence
o Completely self-sufficient ground station
® Most efficient bandwidth utilization

o Versatile programming
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TPRS-5 DEVELOPED FOR
INSTALLATION AT PMR

Defense Electronics, Inc.
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TERMINALS

Here's why
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Low cost ELECTRIX
Terminals teamed with
our new ‘“‘Crimping
Genius”—an efficient, sim-
ple machine that can be
operated with little or no
training — is the fast,
economical trouble-free
way to terminate your
wire lead assemblies. Ask

us for complete details,

Write for freecatalog
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change, or by thermocouples. This
principle has inherent accuracy
limitations, according to Acs.

NEW PRINCIPLE—In Fig. 1, dis-
sipating element D is close to bot-
tom of vertical tube C (shown turned
90 deg.) open at both ends. When
microwave power warms up the dis-
sipating element, the air surround-
ing it also warms up and streams
upwards as a result of decreased
density. If the heat output is con-
stant, a constant rate of flow re-
sults, the cold air entering at the
bottom and the hot air leaving at
the top; the rate of flow is solely
dependent on the amount of heat
developed in the dissipating ele-
ment. If a plate S of cross-sectional
area A is placed over the top of the
tube, the air flow exerts a force P
upon it.

In Fig. 2, the dissipating element
D is placed in an enclosed tube;
when it is heated, air flows in the
direction indicated, having its high-
est temperature at D and decreas-
ing gradually along the path. Ac-
cordingly, air density is lower in
the left-hand ascending branch and
higher in the right-hand descend-
ing branch, resulting in a flow of
air. The S-S discs with the L-L
levers are supported by a torsion
shaft of light-gauge wire; air flow
turns the torsion shaft clockwise.
With a mirror attached to the
swinging system at T, the angle of
displacement can be accurately
measured optically.

Calculations show that the angle
of mirror deflection is directly pro-
portional to the dissipated power

p
a=K (o
where K is a geometric constant, ¢
the acceleration of gravity, p the
density of air, 5 the viscosity of air,
C, the specific heat of air at con-
stant pressure, T the mean tem-
perature in degrees K, and ¢ the
amount of heat per unit time.

The dissipating element is fitted
with a d-c output terminal for d-c
calibration and for checking ac-
curacy. The power characteristic
obtained with the meter is per-
fectly linear; a full-scale deflection
is produced by a microwave power
output of 20 milliwatts. Calibrated
directional couplers or attenuators
can be used for measuring higher
levels of microwave power.

STANDING-WAVE RATIO —
Since in microwave circuits, power
consumed by a particular load de-
pends on matching between load
and power source, and, if there is
a mismatch, also on the length of
lead connecting the load to a power
source, and on the frequency, it is
important to keep the standing-
wave ratio of the instrument at a
low level. The dissipating element
of the instrument is arranged in a
waveguide containing a variable
short. Figure 3 shows that the
standing-wave ratio of the instru-
ment is better than 1.1 for half the
operating frequency range and
never exceeds 1.3 over the range.

wn
r’s

-

l

PRINCIPLE of mnew
power meter—Fig. 1

microwave

o/

DISSIPATOR in closed circuit pro-
duces a net torsion on mirror at T
—Fig. 2
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VSWR is kept low over entire in-
strument frequency range—Fig. 8
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Conference on

THE IMPACT OF MICROELECTRONICS

Wednesday and Thursday
June 26 and 27, 1963

GROVER M. HERMANN HALL
Campus of lllinois Institute of Technology

Co-Sponsored by

ARMOUR RESEARCH FOUNDATION
of lllimois Institute of Technology
and ELECTRONICS

A NcGraw-Hill Publication

Microelectronics is bringing about significant changes in the electronics industry.
The driving forces bebind these and the import of present trends will be subjects
of discussion at the conference. At this forum government and industry leaders
will discuss the financial and management, as well as technical, problems and
forecasts for the new technology.

Sessions will cover the impact of microelectronics on:

The Changing Technical and Financial Structure in the Elec-
tronic Component Industry

Product Status and Forecasts

The Changing Technical and Financial Aspects of the Vendor-
User Relationship

Education and the Changing Role of the Engineer.

Future Trends

Recent Technical Advances

Papers in the above areas are by invitation. However, time bas also been allotted
for brief reports on recent advances. If you have made significant contributions
and wish to participate in the conference, MAIL YOUR ABSTRACTS in dupli-
cate no later than April 19, to:

George T. Jacobi, Co-Chairman
Electronics Research Division
Armounr Research Foundation
10 W. 35th Street

Chicago 16, lllinois

For further information on the conference, contact:

James |. Hill, Conference Secretary
Electronics Research Division
Armour Research Foundation

10 W. 35th Street

Chicago 16, Illinois



COMPONENTS AND MATERIALS

Capacitors Contain No Electrolyte

High-voltage tantalum
capacitors sized to fit
hybrid-circuit needs

LAST WEEK, General Instrument
Corporation announced another
realized hope for solid tantalum.
Solid tantalum capacitors that
seem more nearly compatible with
tiny hybrid circuits. Small size is
combined with high working volt-
age.

Discrete components may hold
answer to voltage problems faced
by space microware. Use can
spread to earthbound circuits car-
ried in pocket or kept on desk.

Solid tantalum capacitors con-
tain no electrolyte whatsoever.
And company claims their new
line will match performance of
capacitors 10 times their size and
6 times their weight.

PERFORMANCE—The new non-
electrolytics are small enough, all
types measure 0.065-in by 0.183-in.
They weigh 0.004 oz apiece. Com-
pany says devices take test volt-
ages up to 200 v, up to now not
possible with solid electrolyte
tantalum.

Discrete units are said to op-
erate at temperatures as low as

|
H

AMPLIFIER circuit for communications equipment uses three new solid

tantalum capacitors.

--100 C and as high as 125 C.

Initially, General Instrument’s
line of Hi-VolTan capacitors are
available in four values: 125 work-
ing volts, 400 to 3,000 pf; 100 work-
ing volts, also 400 to 3,000 pf; 50
working volts, 3,100 to 5,000 pf;
and 25 working volts, 5,100 to 10,-
000 pf.

Company president, Moses Sha-
piro, says small tantalum units
were developed with GI money.
He means General Instrument,
not Government Issue.

Construction of tiny packages is
deceptively simple. Tiny shell con-
tains a needle-thin tantalum wire.
Wire is coated with a thin film.
Tantalum penta-oxide film acts as
dielectric. Cathode connection is
metallic.

Absence of any electrolytic
eliminates possibilitv of ioniza-
tion, company says. That is, there

NOW within reach. Solid state tan-
talum capacitor that combines
ultra-miniaturization with high
performance

One is indicated by tweezers.
metallized paper capacitor equivalent

In foreground is

is no ionic exchange that can pro-
duce chemical and physical
changes during operational life-
time of the capacitor. And the in-
herent potential for instability is
eliminated.

Capacitor was developed by

team directed by Aniello DiGia-
como. He heads research and de-
velopment at company’s capacitor
division.
PINHOLE FREE—Company says
they now know how to form thin
layer of tantalum penta-oxide 6,-
000 angstroms thin. What’s more
they say this layer is free from
pinholes.

Up to now shorts have been
caused by pinholes in such a thin
layer.

Key to performance of new ca-
pacitors lies in treatment of penta-
oxide layer after deposition of
dielectric, according to Shapiro.

Prices of new tantalum units
will be competitive with glass ca-
pacitors. Shapiro points out that
his new capacitors are not in-
tended to replace other types they
also make. But his company plans
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The Defense Dollar:'
Who spends it ? Who gets it?

The obvious answer to the first ques-
tion is government, of course. In the
next fiscal year, over 23 billion de-
fense dollars will be spent by the gov-
ernment on contracts for the goods
and services of U.S. companies.

But government is not the only
customer for the defense marketer.
Industry itself is the other important
customer. And, for many thousands
of companies, industry is the more
important customer.

Consider these facts. Only 100 U. S.
firms—the leading defense contrac-
tors—account for three-fourths of the
dollar value of all prime defense con-
tracts. But half the dollar value of
prime contracts is sub-conlracted—
more than $11 billion in 1961. It is

electronics o March 29, 1963

conservatively estimated that over
100,000 firms compete for the many
billions of dollars of sub-contracts.
In this complex field, how can you
reach both buying influences—govern-
ment and industry —most efficiently?
In BusiNEss WEEK, the magazine
that reaches the greatest concentra-
tion of management decision-makers.
BUSINESS WEEK reaches 8,389 high-
level government subscribers every
week. (Your BuUsINEsSS WEEK District
Manager will be glad to show you
a list of their names.) BUSINESS
WEEK also reaches management ex-
ecutives in every one of the top 100
companies doing defense business
with the government. 36,266 subscrib-
ers—an average of 363 BUSINESS

WEEK subscribers per company?

Not only can your advertising in
BusINESS WEEK tell leading defense
contractors about your capabilities,
it can also promote—to all industry —
the future commercial applications of
your products and services to help
you diversify and grow.

If you bid for
the defense dollar
—and want the
most effectiveness
for your advertis-
ing dollar—your
message belongs
in...

BUSINESS WEEK

A McGraw-Hill Magazines

BUSINESS
WEEK
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Acoustical Components ||
of Superior Quality

JAPAN PIEZO supplies 80% of
Japan’s crystal product require-
ments.

STEREO CARTRIDGE
Crystal — “PIEZO” Y-130
X'TAL STEREO CARTRIDGE

At 20°C, response : 50 1o 10,000 ¢/s
with a separation of 16.5 db. 0.6 V
output at 50 mm/sec. Tracking
force: 6+1 gm. Compliance: 1.5X
10-6cm/dyne. Termination : 1MQ)
~+ 150 pF.

Write for detailed catalog on our
complete line of acoustical products
including  pickups, microphones,
record players, phonograph motors
and many associated products.

R

JAPAN PIEZO
ELECTRIC CO., LTD.

Kami-renjaku, Mitaka, Tokyo, Japan
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to push the solid tantalum units
in a headstart race. They will
broaden their own capacitor mar-
kets for microware equipment.

Company claims new tantalum’s
“ave Q above 150 at 1,000 cycles.
T.eakage is low. Dielectric resist-
ance is greater than 150,000 meg-
‘hms at 100 volts.

Shapiro says parameters of new
“nits are stable with respect to
temperature frequency and volt-
age. Company invites comparison
with solid electrolyte tantalum,
wet tantalum, metallized paper,
and high quality high-K ceramic
devices of similar capacity. Graphs
are available which show capaci-
tance, dissipation factor, and leak-
age, under widely varying condi-
tions of temperature, frequency
and voltage.

Cryogenic Source To Meet
Superconductive Needs

DEVELOPMENTAL program to come
up with a reliable sealed-system cap-
able of maintaining temperatures
near absolute zero has firmed up
design of a small cryogenic refrig-
erator that will operate mainte-
nance-free for one to four vears.

With feasibility studies and pre-
liminary testing of ecritical com-
ponents now completed, General
Electric says that the new cryvo-
genic system can be designed and
in operation within two years. Re-
frigerator is expected to produce a
continuous environment below 4 deg
K, and will weigh about 50 pounds.
Unit will occupy a volume less than
one-tenth that of present apparatus,
and occupy a volume of about 13
cubic feet.

Svstems could range from i-watt
capacity needed for microelectronic
devices, to several watts for super-
conducting magnets. Larger -ca-
pacities can be applied to liquifying
the gas that boils off stored missile
fuels.

Cited as examples of new develop-
ments that will make use of the
small, long-range operating refrig-
erator were cryogenic gvroscopes,
superconducting magnets, cryo-
genic delay lines, cryotron com-
puters, and low-noise electronic cir-
cuits such as masers, parametric
amplifiers and infrared detectors.

Silicon Power Transistor
Prices Are Reduced

FAR GREATER potential market for
silicon power transistors now opens
up.

This week Westinghouse an-
nounced price reductions ranging
from 25 to 54 percent for their 6
amp 100 watt power units.

To show how the price has
dropped, Westinghouse cites silicon
power unit that started at $5.10
last August and is now down to less
than $4.00. This compared to mili-
tary unit that sold for $25 dollars.

The silicons can replace 2 or more
germaniums. Hi-fi manufacturers
are looking into these for their
premium equipment. Westinghouse
is going after market for invert-
ers, regulated power supplies, am-
plifiers.

At the IEEE Show this week,
Westinghouse was showing a line
of 24 silicon power rectifiers at low
prices.

Low Horsepower for Space

SELF-STARTING solid-state commuta-
tor was developed by Sperry Farra-
gut. True direct-current rotor has
been adapted for space applica-
tions. Uses will extend where size,
weight and power consumption
must be kept to minimum. Model
made for NASA is 50 percent ef-
ficient at 3,000 rpm, with a torque
of 0.67 oz-in.

Only limitations to variations in
direct-current brushless motor de-
sign are those which exist for the
transistor itself, according to com-
pany. Various designs are avail-
able for use in magnetic devices,
Hall devices, and light-sensors for
rotor drives and positioning.

Other brushless motors have
been developed which require an
inversion principle or conversion
unit. Not needed with this d-c servo,
Sperry says.

Pin-Point Solder

WIRE, 0.005-in. diameter has hollow
core filled with flux.

Engineers at Kester Solder Com-
pany say this innovation permits
new standards of precision solder-
ing for microware equipment.
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out of the jumble of electronics buying directories

emerges the direct-route directory: lectronics

63,000 electronics engineers and purchasing agents
use the electronics Buyers’ Guide to specify products, day
after day throughout the year. It's the only directory of
products they need. And that’s all right with them.

There are many, many purchasing directories for the
electronics market. Some of them are complicated. The
electronics Buyers’ Guide is simple to use. Some of them
are cryptic. The electronics Buyers' Guide is clear. Some
of them force the user to go all around Robin Hood’s barn

to find the product he needs. The electronics Buyers’
Guide, through sensible product groupings, lets the
purchaser ‘‘spec-shop” for his product (your product?)
quickly.
Closes May 1
The electronics Buyers’ Guide closes for plates on May
1. If your electronic product is not already represented
in its pages, it should be. Call your nearest electronics
Buyers' Guide representative now:

Atlanta: 875-0523: M. H. Miller, R. C. Johnson / Beston: COngress 2-1160: Wm. S. Hodgkinson, D. R. Furth / Chicage: MOhawk 4-5800: H. Wernecke, R. M. Denmead / Cleveland: SUperior 1-7000: P. T. Fegley / Dallas: Riverside 7-9721: Frank
LeBeau / Denver: Alpine 5:2981: ). W, Patten / Heuston: Riverside 8-1280: Joseph Page, Jr. / Los Angeles: Huntley 2-5450: Wm. Gries / New Yerk: LOngacre 4-3000: 0. H. Miller, H. M. Shaw, George Werner / Philadeiphia: LOcust 8-4330:

W. H. Gardner, W. Boyle / San Francisce: DOuglas 2-4600: R. C. Alcorn
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PRODUCTION TECHNIQUES

CHASSIS to be checked is placed
on handler unit that has connector
pin networks that connect chassis-
connector points to checking equip-
ment’s core memory

High-Speed Production

Checking of Logic Wiring

By JOHN A. ARNOLD General Products Division

International Business Machines Corp., Endicott, N. Y,

Presence or absence of
5,000 wires checked in
2 minutes

56

EXTRA WIRES and absence of
required wires on solid-state logic
chassis is rapidly determined with
magnetic-tape controlled produc-
tion check-out equipment, which is
basically a digital computer. Short
circuits are also detected and iden-
tified. Instructions given by the
tape are recorded by equipment’s
core-storage memory (similar to
that in IBM 1401 Data Processing
System).

Only two minutes are required
to check 5000 wires on a logic
chassis. Such chassis are used to
connect basic component circuit
cards (modules) into networks. To
provide wide flexibility of this con-
necting procedure for many differ-
ent circuit configurations, wiring
varies greatly from chassis to chas-
sis. This complex variety requires
that numerical test instructions be
provided sequentially on tape for
checking equipment by an IBM 7090
DPS, programmed for that pur-
pose.

In addition to the data processor,
equipment includes a mechanical
handling unit, a typewriter, a con-
trol panel and two tape drives,

PROCEDURE — Chassis to be
tested is placed in a special handler

MAZE of wiring connections 1in
chassis is comnected to handler’s
pin networks through card recep-
tacles underneath chassis

unit. Tape reel is placed in associ-
ated tape drive. An operator-start
signal from equipment control panel
causes information to be taken from
tape and stored in instruction and
data registers of tester’s memory.
Setup and execute information from
tape is used to transfer chassis part
number from data register to type-
writer's A register. Serial-number
switches on control panel transfer
chassis serial number to type-
writer’s B register. Engineering
change number is also in memory’s
data register.

Action signals from tape initiate
typewriter operation to print part
number, serial number, and engi-
neering change number in appropri-
ate columns. Return of typewriter
carriage after this typing opera-
tion produces a start-tape signal to
begin wire-connection check:

When the chassis was placed in
handler, it was lowered onto con-
tacts, or connecting pins connected
into networks which are connected
to checking eqiupment’s memory.
One pin from each network is elec-
trically selected according to taped
instructions using relay decoding.
Stored address information selects
a receptacle in a corresponding net-
work in chassis to be electrically
connected to selected pin. This con-
nection is written into equipment’s
memory by a current pulse being
applied to selected pin. A binary
digital signal is thus stored for each
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Who can give you stacks of slacks? - | AMPEX

Just say the word. Ampex can give you every kind of  of them. High speed cores, low drive cores, and cores in-
30 and 50 mi! component. Stacks, for example. We've  between. 30 and 50 m'l arrays, tco. All performance
got both word select and coincident current types perfect. All now available! Ampex Computer Products
Co., Cuver City, Calif. A division of the only
company providing recarders, tape and memory
devices for every application: Ampex Cop.,
934 Charter St, Redwood City, a1
Calif. Worldwide sales, service. D\NPEE _oi‘

They can orovide complete memory cycle times |
ranging from 1 to 2.5 microseconds. They offer
high signal-to-naise, high voltage output with
low drive. And wnat's more, they're compact!
30 and 50 mil cores? We've got those —plenty
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YOU SHOULD HAVE A PLANT IN ATLANTA

58

IF YOU ARE IN ELECTRONICS

HERE'S WHY: Atlanta is the distribution hub of the
booming southeast and is within two hours’ flight of all
major electronics centers east of California. It’s the
home of Georgia Tech which graduates a constant
supply of competent engineers and offers working engi-
neers opportunities for advanced study. Southern Tech-
nical Institute produces graduate technicians, and well-
trained labor comes from the several trade schools. ..
Besides which, Atlanta is just a great place to live. The
weather is all the Chamber of Commerce claims for it.
The schools and the recreation and cultural facilities
are better than most. Let us tell you more about this
exceptional town.

THREE USEFUL BROCHURES
ELECTRONICS — A MANUFACTURING OPPORTUNITY IN GEORGIA

A comprehensive study of local economic factors of special in-
terest to electronics manufacturers of all types.

EDUCATIONAL AND TRAINING FACILITIES IN ATLANTA A detailed
account of the secondary and post-high-school educational in-
stitutions in the metropolitan area.

COST DATA ON INDUSTRIAL BUILDINGS Atlanta’s building costs
are among the lowest in the nation. This brochure contains
photographs and complete specifications of many recently con-
structed plants, together with cost information.

We'll gladly send you any or all of these
brochures without cost or obligation.

E. A. Yates, Jr., Vice President

GEORGIA POWER COMPANY

INDUSTRIAL DEVELOPMENT DIVISION
Box 4545 H Atlanta 2, Georgia Phone: 521-3400

A COMPLETE, CONFIDENTIAL SITE-SELECTION SERVICE FOR INDUSTRY
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connection to be examined,
Destructive readout is then used
so that if required connections ex-
ist all memory cores contain zeros.
All cores are then scanned for pres-
ence of extra bits. If existent, they
indicate extra wires or shorts. All

-

e orcies 2

OVERALL checking equipment in-
cludes handler unit (in front of
operator), data processor and core
memory (behind handler unit), tape
drives and typewriter

T0
SELECTION

NETWORK
‘—O—J

BACK PANEL PIN

X AND Y

WINDINGS Vﬁﬁ%?ls(i
DESTRUCTIVE READOUT
checks existence of required con-
nections as indicated when all
memory cores contain =zeros. If
they contain extra bits, extra wires
or shorts are indicated
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unused receptacle pins on chassis
are also scanned to determine
whether they are all connected to
memory through networks.

Should memory cycle produce an
error on first pin, data contained in
memory data register is transferred
to typewriter’s A register. A no-
error signal restarts tape, which
clears instruction and data register
and new instructions for succeeding
pins of net are stored.

Taped Resistors for
Automatic Equipment

TAPE-FORM packaging of silicon-
epoxy coated precision fixed resist-
ors has been developed by Wilrite
Products. The taped units lend
themselves to automatic assembly
equipments. Resistors are either
single-taped in the center of the
unit, or double-taped at both lead
ends. Available in a variety of tol-
erances, the taped resistors report-
edly have high temperature stability
and moisture resistance. Fabricated,
with specially developed Wilrite
formulations, in the company’s
“Metalloy” process, the resistor’s
hard crystalline carbon alloy film is
deposited on a ceramic substrate.
Carbon film is silicone coated and
cured before applying a flame-re-
tardant silicon-epoxy coating. De-
signed to replace molded carbon
composition resistors in commercial
applications, the taped resistors
(Wilrite Type E) reportedly meet
specifications of MIL-R-10509D,
characteristics “B” and “D”,

60 Miles in 5 Minutes

VACUUM of 1 X 10°® Torr is at-
tainable by Hallicrafters aerospace

test chamber for pressure-shock
checking of electronic gear. It can
simulate rocket altitudes of 150,000
feet in less than one minute and is
reportedly first such chamber in
Chicago area
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No. 8171, without ring or shield, for most high-strength applications. Stand-

ard “P" dimensions: 12, 16, 20, 24, 30

inches.

No. 9172, with two grading rings to raise voltage at which corona starts, and

to distribute voltage to reduce heating
sions: 20, 24, 30 inches.

of porcelain. Standard “P” dimen-

No. 9173, with corona ring and rain shield, preferred for vertical installa
tions. Standard “P” dimensions: 24 and 30 inches.

M9 9,000 and 10,500 LBS.
I’

: average
steatite

:’53 6,000 and 7,000 LBS.
\ 4

in stea

No. 43812 in porcelain (rated at 9,000 lb.

ultimate strength) or No. 43813 in
(10,500 1bs.), in standard “P” di-

mensions of 12, 14, 16, 20 inches.

No. 43810 in porcelain (rated at 6,000 lb.
average ultimate strength) or No. 43811

tite (7,000 lbs.), in standard “P"”

:L"_,, N » I = dimensions of 10, 12, 14, 16 inches.
..—’n&.’a 4.000 and 5.000 LBS., No. 43808 ir} porcelain (rated at 4,000 Ib.
! e average ultimate strength) or No. 43809
51@ ——— #f_‘é in steatite (5,000 lbs.), in standard “P”
_."_ bl .7, dimensions of 8, 10. 12, 14 inches.
FLASHOVER AND RADIO RATINGS
WET FLASHOVER | RADIO RATING
60 v KV eff. KV eff.
Al All
1 e except No No except No No
Inches No. 9172 9172 9173 No. 9172 9172 9173
No. 9173 No. 9173
8 45 21
10 54 >
12 62 23
14 70 24
16 77 24
20 88 88 25 34
24 96 96 60 27 37 34
30 108 108 108 28 40 38

Steatite Insulators will have the same Flashover but

twice the Radio Rating

WRITE for Bulletin 301-R.
Lapp Insulator Co., Inc.,
203 Sumner Street, LeRoy, N. Y,
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NEW PRODUCTS

Voltage Standard Produces A-C in 1 Mv Steps

Uses ratio transformer
as attenuator and
feedback source

INTRODUCED by Rotek Instru-
ment Corp., 733 Concord Avenue,
Cambridge 38, Massachusetts, the
model 146AG5 a-c absolute volt-
age standard delivers between 0
and 511.110 v in 1 mv steps
with a choice of seven frequen-
cies between 45 and 5,000 cps.
A switch permits =2.5-percent
variation about the center fre-
quency in 3-percent steps. Abso-
lute accuracy is 0.035 percent and
total harmonic distortion is 0.015
percent. As shown in the sketch, a

Pulse-Height Analyzer Has Adjustable

ON THE MARKET from Troxler
Electronic Laboratories, Inc., P.O.
Box 5536, Raleigh, North Carolina,
the model E-100 is a single-channel
pulse-height analyzer with adjust-
able window width. By setting win-

LOWER UPPER
IN— AMPL piIsc || oisc
EMIT UNI- UNI—

FOLL | |VIBRATOR ‘ VIBRATOR
TO SCALER——  ANTI

dow width at 1-percent of range
and manually sweeping over the en-
ergy spectrum, an accurate differ-
ential spectrum is obtained. By
setting window width to cover all
energy range above a given limit,
it can serve as an integrator for
input above specified limits. The

60

precision oscillator has its output
amplitude controlled by a semicon-
ductor modulator. The set point is
defined by a d-c control voltage. A
reference feedback voltage is de-
rived from one of the ratio trans-
former secondaries for power
amplifier feedback. The same feed-
back voltage is full-wave rectified

device incorporates a linear ampli-
fier with variable gain from 4 to 40,
accepts negative input pulses at
more than 5 million counts per
minute and produces 2-v negative
output when input lies between
baseline and window height, has
integral-differential capability to
permit integral count above base-
line setting, has a baseline variable
from 0 to 10 v negative with 1,000
divisions, a channel width window
variable from 0 to 3-percent of
maximum baseline setting and the
input is 0.25 to 3v negative at
1,500-ohms impedance. Output is
2v negative into 300 ohms. As
shown in the sketch, negative input
pulses are amplified by a linear
bootstrap amplifier and fed to lower
baseline discriminator. Lower dif-
ferential amplifier discriminator is
also window amplifier for upper
disecriminator. Negative output
pulses are shaped by temperature-
stable univibrators generating

osc POWER
AMPL
LIy RECT SWITCHED
— OUTPUT
0-511. 110V
. 2ener| [Teme
| REF CONT

and compared with a temperature-
controlled stable zener at the inte-
grator. Integrator output is fed
to the d-c control input closing the
system feedback loop. The trans-
former is wound to present con-
stant ohms-per-volt and supplies a
stable attenuator.

CIRCLE 301, READER SERVICE CARD

Window Width

pulses with 0.2 usec rise time and
0.5 usec fall time. Shaped pulses
are checked for coincidence in a
summing network and fed to ex-
ternal scaler. (302)

Comparator Relay Trips
On 5-mv Differential

ANNOUNCED by Carter-Princeton,
178S Alexander St., Princeton, New
Jersey, the model 2010 Ultra-Com-
parator universal electronic relay
is a control instrument for evaluat-
ing low-level electronic signals
without preamplification. It pro-
vides output relay transfer with
less than 5mv differential input
from a 5,000-ohm source. It fea-
tures a floating reference supply
with better than 1-percent stability,
dpdt isolated relay contacts and is
adjustable for differential compari-
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A New Kind of Aluminum Electrolytic

HTA Capacitor. Rating 30 Mfd/60 VDC

Typical stability of capacitance
at low and high temperatures.

From —55°C to +125°C, Mallory HTA aluminum electrolytics retain capacitance
stability, to a degree never before possible in an aluminum unit.

Here’s a new kind of aluminum electrolytic capacitor with perfermance
characteristics approaching those of tantalum. Type HTA gives you long
life and dependability at +125°C without voltage derating ... yet they
hold capacitance at —55°C with negligible drop.

Take a close look at the HTA's temperature performance: you may find
this unusual capacitor can fit spots in industrial and cornmercial equipment
where you figured nothing but tantalum would do. Available in ratings of
8 to 300 mfd, 60 to 3 volts. Standard diameter is 3y inch. Case length is
135 to 154 inches. Tubular aluminum case, with axial leads. Supplied with
Mylar* sleeve if desired.

Call or write for technical data. Mallory Capacitor Company, Indianapolis
6, Indiana . . . a division of P. R. Mallory & Co. Inc.

MALLORY
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Let’s Quit Kidding

S# s #0

A sigma is a sigma (O).
It's not an Snor is it a O
O is an accepted abbreviation for:

molecular diameter
standard deviation
surface tension

specific conductance
Stefan-Boltzmann constant
stress, normal.

If O or any other symbols are im-
portant in what you write, you need
TYPIT®. Over 500 different symbols
are available,

It takes only 4 seconds to insert a
TYPIT ® symbol as you type. Call
your local office machine dealer or
write to the address below for catalog
of symbols and additional information.

mechanical enterprises, inc.

3127 Colvin Street

Alexandria 8, Virginia
CIRCLE 62 ON READER SERVICE CARD

Are you selling the
whole buying team

Tough competition demands that the
electronics man be reached and sold
wherever you find him: Research,
Design, Production, and Manage-
ment. Only advertising in electronics
reaches all four...the same men your
salesmen call on. Put your advertis-
ing where it works hardest... ..

in electronics
62

sons between plus and minus 6v.
Input characteristics of differential
sensing (without reference supply)
are: hysteresis less than 2.5 mv
from 1,000-ohm source and less
than 4 mv from a 5,000-ohm source;
repeatability of trip point within
0.5 mv with no temperature, source

=
S —wn DIFF
= AMPL
S ——n—
100K (3)
R
510K =
SUPPLY RELAY

or noise variations after warmup;
input impedance of 10,000-ohms =+
20 percent within 0.25-v of balance,
2,000-ohms == 20 percent outside of
balance, input is diode protected;
response time of 20 ms to a step
change of 5 mv or more; and trip
point change of 15 mv with source
impedance change from zero to in-
finity. Maximum signal overload
is 20 v differential from reference
voltage for no performance change
with long overload and response
time to signal crossing trip point is
unaffected by previous overload.
The sketch shows operation as a
current summing relay where the
circuit is tripped by any 1-v or
10-xa input.
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ANALOG
INPUT

OPER
AMPL

8-BIT
CONV

= AMPL |—

PP

—= 8-BIT REGISTER
l— TIMING Ly 1 AND DIGITAL COMP

SAMPLE 1 l
INPUT 5 2050

REGISTER LOADED LEVEL

A-D Converter Features
High-Speed Operation

MANUFACTURED by Adcom Corp.,
9732 Cozeycroft Ave, Chatsworth,
California, the model 208C analog-
to-digital converter operates at
100,000 eight bit parallel words per
second with an accuracy of =0.4
percent =3 least significant bit,
approximately 7 usec after initial

sample pulse. Analog input range
is 0 to +5 v. Digital output is
binary 8-bit parallel both true and
false at 0 to —6 v into a 2,000-ohm
nominal 200 pF maximum shunt
capacitance load. Eight front-panel
lamps in binary format indicate
contents of parallel register. It can
also supply analog input multiplex-
ing, word and frame parity and
formating equipment to specifica-
tions. BCD operation (2 decimal
digits) requires a minor circuit
change. To preclude possibility of
false code readout, the converter
uses a digital comparator that veri-
fies that the binary word loaded
into the parallel register is identi-
cal with the binary word at the
converter output. Lack of agree-
ment, caused by loading at a com-
parator transition, will re-load the
register. A level shift on the regis-
ter level line indicates that the veri-
fied 8-bit word is available for
readout. (304)

A-C IN ouT
POWER | _|PRE-REG SERIES | |
CONV SWITCH REG

[ SHORT
OPER _ CIRCUIT |4
AMPL PROTECT

| B

Double-Regulated Supply
Is Short-Circuit Proof

RECENTLY announced by Power De-
vices Inc., 8710 Darby Ave., North-
ridge, California, the SP-2 series
of double-regulated power supplies
deliver 4 to 18 v d-c at 2 amperes,
4 amperes and 8 amperes while
others deliver 4 to 35 v at 2 amperes
and 4 amperes. Input power is 30
to 125 v rms at 57 to 2,000 cps.
Regulation is better than 0.01 per-
cent and load regulation is 0.02 per-
cent. Continuously variable, the
supplies offer constant voltage or
constant current with up to 140 w
in a package 3 x 5 x 10 inches
weighing 12 pounds. The units will
operate continuously into a short
circuit returning to normal opera-
tion without reset. Pre-regulation
energy from the switch (see
sketch) is fed to a series regulator
that acts as a filter. Secondary reg-
ulation is by sensing output voltage
changes which are fed to an oper-
ational amplifier and compared with
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a reference voltage. Resulting er-
ror is amplified and returned to
both series regulator and pre-regu-
lator. The operational amplifier is
a dual differential because a sec-
ondary amplification stage is added
with a feedback loop to the primary
stage. Since this amplifier uses
pre-regulated energy and has a cur-
rent gain of over 1 million, regula-
tion to line or load is better than
0.01-percent line and 0.02-percent
load. Short-circuit protection is
provided by a feedback loop that
allows the supply to act as a con-
stant-current source. The device
operates either constant voltage
or current. As load impedance
changes, current will remain at set
value and voltage functions in com-
pliance. Beyond a certain resist-
ance, the supply switches to con-
stant-voltage condition, (305)

Differential Voltmeter
Has Variety of Uses

AD-YU ELECTRONICS, INC., 249 Ter-
hune Ave., Passaic, N. J. Type 216
measures d-c potential difference
between two points which are above
ground potential. It may be used
as a sengitive high input-imped-
ance null detector. It can also be
used to measure a-c¢ differential
voltage (vector difference of two
voltages) up to 500 Mec, in conjunc-
tion with a differential probe sup-
plied with the instrument. (306)

Miniature Programmer
Has Multiple Output

GENERAL TIME CORP., 201 Summer
St., Stamford, Conn. Miniature
programmer, which utilizes mag-
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Phone: 587-1100 (305) °

TACH-PAK ELECTRONIC TACHOMETER

ENGINE PERFORMANCE TEST

Tests of engine efficiency, fuel consumption, brake horsepower, torque and
vibration require an accurate determination of engine RPM. The Airpax
TACH-PAK is a solid state electronic tachometer which provides readings
with an accuracy of 0.25% over the range. It is simple to install, inexpen-
sive and maintenance free. A proximity pickup is used in conjunction with
a gear to supply the signal fed to the TACH-PAK. Readout may be meter,
counter, scope or recorder.

TACH-PAK systems are available for differential speed measurements, fluid
flow indicators and controls, fabric and film stretch indicators, batching
controls and numerous other commercial and industrial applications.

GENERAL SPECIFICATIONS

ACCURACY . ..... 0.25% over the range.

RANGES ....... 0 — 20,000 RPM in convenient steps (0 — 50, 0 — 100, etc.).

SIGNAL INPUT . ., . . Standard units, 250 millivolts to 5 volts RMS; high sensitivity
units, 25 millivolts to 5 volts.

OUTPUT ....... 0 — 1 ma DC into a 50 to 250 ohm load; 5 V DC into 5K.

POWER SUPPLY . .. 115 V AC at 50 to 400 CPS or 12 V DC = 2 V. (Hermetically
sealed type requires 28 V DC.) Power drawn is less than 1 watt,

AIRPAX &
) ELECTRONICS

SEMINOLE DIVISION FT. LAUDERDALE, FLA.
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Scientific-Atlanta telemetry antenna position systems offer a unique,
economical answer to the problem of following satellites, missiles,
aircraft or astronomical targets with medium gain antennas. Such sys-
tems provide tracking rates of 6 degrees per second or higher and
pointing errors of no more than 3 degrees. Yet, these systems are
modestly priced at less than $10,000.

The two-axis antenna pedestals are “militarized” versions of standard
Scientific-Atlanta antenna pattern range positioners, giving an extra
margin of reliability even beyond the proven performance of these
mounts. Control is provided by Scientific-Atlanta’'s augmented manual
tracking equipment.

Features include two-axis tracking from programmed or slaved sources
as well as manual control and continuous position indication; acces-
sories such as optical finders, tape readers, chart readers, manual
position command panel, and other input devices; use of solid state
units for reliability and compactness (complete control/indication sys-
tems in 14” of rack space) and integration of standard Scientific-Atlanta
instrumentation wherever possible throughout the system.

Rugged and reliable, these systems meet the environmental require-
ments of MIL-E-4158 and the RFI shielding requirement of MIL-1-26600.
We invite your request for more information. Please
address Scientific-Atlanta, Inc.,, P. O. Box 13654,
Atlanta 24, Georgia. Phone: (404) 938-2930,

SCIENTIFIC-
ATLANTA,INC.

CIRCLE 64 ON READER SERVICE CARD

24

netic cores, offers multiple selec-
tion of one million outputs and pro-
grams from 0 to 10,000 sec (27.8
hr) with a resolution in steps of
0.01 sec. Selections of outputs are
made by the user. Features include
power consumption in the milliwatt
range, magnetic core counting and
storage, permanent storage without
power required, and start-stop, pre-
set and reset at any time in the pro-
gram. Programmers are designed
for the aerospace industry.
CIRCLE 307, READER SERVICE CARD

Timing Device

THE A. W. HAYDON Co0., Electronic
Systems Facility, Culver City,
Calif. Series E-311, an adjustable
timing module in classic crystal can
size with solid state output con-
figuration, features simple and re-
liable standard circuits. (308)

(i e Em.°]
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SSB Receiver
Uses Five AGC’s

MANSON LABORATORIES INC., 375
Fairfield Ave., Stamford, Conn.
The MARC line of receivers are
available in over 150 different con-
figurations; including manually
tuned 2 independent sidebanks, 3
or 6 Kc to full remote control auto-
matic receivers capable of high
speed automatic tuning to any fre-
quency from 2 to 32 Mc. Receiving
system provides over 650,000 dis-
crete frequencies with coarsest
tuning in 100 cycle steps and fine
tuning in increments as small as
12.5 cps. Each frequency is stable
to 1 part in 10°/day, with sta-
bilities to parts in 107" available as
an optional feature. Sensitivity is
better than 0.2 pv for 10 db S/N
ratio with image and i-f rejection
greater than 80 and 130 db respec-
tively. (309)
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Literature of
the Week

FILTERS Microporous Filters, 1537
Embassy St. Anaheim, Calif. A
25-page catalog compares the ad-
vantages of inline and tee type
filters as well as providing import-
ant formulas and charts.

CIRCLE 310, READER SERVICE CARD

PROXIMITY SWITCH Tann Controls Co.,
3750 E. Outer Drive, Detroit 34,
Mich. Bulletin describes a precision
proximity switech for positioning,
sequencing, timing, sensing, count-
ing and automation programming
applications. (311)

NICKEL-CADMIUM BATTERIES Sonotone
Corp., Elmsford, N. Y., has avail-
able technical paper BA-112 on
sintered-plate nickel-cadmium bat-
teries. (312)

TINY POTENTIOMETERS Daystrom Ine.,
Weston Instruments & Electronics
Division, 614 Frelinghuysen Ave,,
Newark 14, N. J., offers a technical
data sheet on the 310 series Square-
trim subminiature trimming poten-
tiometers. (313)

RESEARCH CAPABILITIES Leesona Moos
Laboratories, Great Neck, N. Y,
offers a brochure entitled “The Cap-
abilities of Leesona Moos Labora-
tories for Fundamental and Applied
Research.” (314)

POLYESTER-FILM CAPACITORS Sprague
Electric Co., 35 Marshall St., North
Adams, Mass. Filmite E polyester-
film capacitors in hermetically-
sealed tubular metal cases are de-
seribed in bulletin 2140 available
upon letterhead request.

PLASTIC PROCESSING Adam Spence
Corp., U. S. Route 22 at Madison
Ave,, Union, N. J. Processing,
properties and characteristics, and
variety of uses of Adcor nylon are
discussed in a recent bulletin. (315)

CODER AND DECODER Pastoriza Elec-
tronies, Inc., 285 Columbus Ave.,
Boston 16, Mass. Two catalog sheets
describe companion analog-to-digital
coder and digital-to-analog decoder
units. (316)

PHOTOELECTRIC TAPE READERS Omni-
tronies, Ine., 511 N. Broad St.,
Philadelphia 23, Pa. Technical bulle-
tin describes a series of low-cost
uni- and bidirectional photoelectric
paper-tape rveaders. (317)

INSTRUMENTATION EQUIPMENT RENTAL3
Datacraft, Inc., 2407 W. 54th St.,
Los Angeles, Calif. A rental equip-
ment master catalog for instrumen-
tation engineers includes equipment
of many manufacturers that can
be combined to make up data acqui-
sition systems. (318)

TANTALUM CAPACITORS Electra Mfg.,
Co., Independence, Kansas, has
available an easy-to-use tantalum
capacitor cross reference guide to
MIL-C-26655/2B. (319)
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Stable 1 KC to 500 MC noise generator measures noise figure of both
vacuum-tube and transistor amplifiers, and receivers. Direct-reading,
accurately-calibrated 1 to 20 db output control (with 0 to 1 db ver-
nier) and * 0.25 db accuracy. VSWR = 1.2. Electronically-controlled
diode current insures stability and accuracy. Long-life, low-cost noise
tubes. Accommodates wide range of terminating impedances. Simple,
accurate, trouble-free! Model N-1.

Call your POLARAD Field Engineer
for a prompt, free demonstration!

Po LA RAD POLARAD

ELECTRONIC INSTRUMENTS

A Division of Polarad Electronics Corporation
World Leader in Microwave Instrumentation

34-02 O Queens Blvd., Long Island City 1, New York
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electronics
IS EDITED

TO KEEP YOU
FULLY INFORMED

—a “well-rounded’’

engineer

What’s your present job in electronics? Do yon work
on computers? (electronics ran 158 articles on computers
between July. 1961 and June, 1962!) Are you in semi-
conductors? (For the same period, electronics had 99
articles, not including transistors, solid-state physics, di-
odes, crystals, etc.) Are you in military electronics?
(electronics had 179 articles, not including those on air-
craft, missiles, radar, etc.)

In all. electronics’ 28-man editorial staff provided more
than 3,000 editorial pages to keep you abreast of all the
technical developments in the industry. No matter where
you work today or in which job function(s), electronics
will keep you fully informed. Subscribe today via the
Reader Service Card in this issue, Only 7% cents a copy
at the 3 year rate,

electronics
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PEOPLE AND PLANTS

Filtron Expands on the West Coast

EXPANDED engineering, manu-
facturing and testing facilities,
nearly double the previous size,
were announced recently by Wil-
liam M. Lana, vice president of Fil-
tron Co., Inc., in Culver City, Calif.

Approximately 15,000 square feet
have been added adjacent to the ex-
isting building. This makes a total
of 39,000 square feet devoted ex-
clusively to the manufacture of elec-
tromagnetic interference reduction
and control components and to its
engineering support.

Filtron West facilities are sepa-

rated but adjacent. This planned
separation is designed to assure a
continuation of operation jn the
event of destruction of any of the
individual facilities. Additionally,
testing and engineering are sepa-
rated from manufacturing, and
therefore any danger of contamina-
tion of equipment being tested is
eliminated.

The 39,000 square feet in the Cul-
ver City plant, plus approximately
5,000 square feet in the Mountain
View, Calif., plant, where prototype
production and testing will be per-

ITT Executives Named to Higher Posts

William M. Duke

ELECTION by the board of di-
rectors of William M. Duke as a
vice president and his appointment
as group executive-U.S. Defense
for International Telephone and
Telegraph Corp. have been an-
nounced.

The board also elected George
A. Banino as president of ITT
Federal Laboratories to succeed

68

George A. Banino

Duke. Banino has served since last
December as executive vice presi-
dent of ITTFL and also is presi-
dent of ITT Kellogg Communica-
tions Systems division, Chicago.

Duke, who had been president of
ITTFL since February 1962, also
has served as general manager-
defense operations, since last De-
cember.

formed, gives Filtron West a total
of more than 44,000 square feet of
space for the manufacture of rfi
components. Approximately 300
people will be employed at Filtron
West, according to Lana.

Lana commented that Filtron re-
cently supplied rfi systems engi-
neering management for the design
and installation of the entire
Bmews complexes at Thule, Green-
land, Alaska and England. Filtron
also designed, installed and tested
over 90,000 square feet of shielded
buildings for the Nike-Zeus com-
plex on Kwajalein Atoll.

Filtron manufacturing facili-
ties are also located in Flushing,
N. Y.

DCA Unit Elects
Vice President

ELECTION of Robert E. Svozil as
vice president of operations of In-
ternational Fermont, Inc., sub-
sidiary of Dynamics Corp. of
America, is announced.

Prior to joining Fermont, Svozil
was plant manager of Airborne Ac-
cessories Corp., and was associated
for 18 years with Allen B. DuMont
as division manager of its Tech-
nical Products division.

International Fermont, Inc., with
facilities at Ramapo, N.Y., Hillburn,
N.Y., and Mahwah, N.J., manu-
factures ground support equipment
for the U.S. Government defense
agencies.

IBM Reorganizes
Division Operations

REORGANIZATION of plant operations
has been announced by IBM’s Gen-
eral Products division, San Jose,
Calif. The new alignment of func-
tions, announced by general man-
ager G. A. Cullen, brings together
under assistant general manager
Ralph M. Wagner four primarily
functional production areas: manu-
facturing, quality control, produc-
tion control and procurement. Man-
aging these areas, respectively are
W. B. Hall, R. A. Shaw, R. P. Miller
and F. A. Detrick.

Walter G. Scott has been ap-
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hee’s business out there.

You're looking at more than a horizon. It’s a future, yours
and America’s. Out there is Europe and Latin America and
Asia and Africa. But in 1960, of all U.S. manufacturers, less
than 5% saw these foreign shores for what they are worth:
a 19-billion-dollar export market, a vast source of foreign
trade.

Move in for your share. Build your business and help
keep America growing. Extra production creates more jobs,
helps balance the outflow of gold, and wins new friends
abroad with U.S.-made products.

Even if you've never sold overseas, you have a rare op-

portunity to start—now. Your U. S. Department of Commerce
will help with counsel by experts on what, where and how to
sell—with data on credits, payments and financing. A pack-
age of invaluable know-how is yours for the asking.

Now's the time to discover the many ways in which your
business can grow. In the lucrative export markets. In new
U S. markets. In developing new products. In attracting new
industry to your community. Just write or phone the U.S.
Department of Commerce Office of Field Services in s5ap%,
your city, or Washington 25, D.C. They are ready to %
help you grow with America! Ve 5o

NOW’S THE TIME TO GET GROWING IN A GROWING AMERICA!
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pointed to the newly designated
post of planning manager, with re-
sponsibilty for planning and en-
gineering operations of the plant.
Reporting directly to Scott will be
W. E. Hoppes, program planning
and control; E. Sanet, plant and
industrial engineering; and M. N.
Hall, manufacturing engineering.
The new regrouping will shorten
communication lines and provide
closer coordination among various
phases of plant operation. Previ-
ously, all plant groups reported to
the assistant general manager.

Bogen Communications
Elevates Kornetz

NORMAN KORNETZ has been named
vice president in charge of engi-
neering for Bogen Communications
division of Lear Siegler, Inc., Pa-
ramus, N, J.

He joined Bogen in December
1960 as director of engineering.

Newell Heads Up
Clevite Aerospace

JOHN NEWELL, III, has been ap-
pointed general manager of Clevite
Corporation’s new operating unit—
the Aerospace division—in Cleve-
land, O.

The new division will devote its
attention to commercial develop-

70

ment of products and techniques
useful in space exploration pro-
grams.

Formerly associated with Clevite
from 1947 to 1954, Newell rejoins
the corporation to head this divi-
sion.

PEOPLE IN BRIEF

Karl E. Friese leaves Eastern Air
Devices, Inc., to join IMC Magnet-
ics Corp. as asst. to the presidant.
William F. Dougherty, Jr., for-
merly with Perkin-Elmer Corp.,
named to head the solar simula-
tion dept. of Tenney Engineering,
Inc. George M. Sokol advances to
mgr. of computer programs at the
eastern operation of Sylvania
Electronic Systems. J. S. Webb
promoted to head of the entire
electronic components business of
Thompson Ramo Wooldridge Inc.
Palmer Derby moves up to asst.
g-m of Raytheon’s Microwave and
Power Tube div. Diehl Mfg. Co.
ups Kenneth L. Trostle to mgr. of
its Los Angeles facility. Benjamin
Bender, ex-Instrument Systems
Corp., appointed quality assurance
mgr. for Alloys Unlimited, Inc.
Irving Friedman, previously with
Jefferson Electric Co., now chief
engineer, R&D, at Stancor Elec-
tronics, Inc. Stanley D. Haffey
elevated to g-m of operations by
Avco Corporation’s Electronics
div. Robert B. Mitchell, recently
with Tele-Dynamics, Inc., named
director of quality control of
Schaevitz Engineering. John W.
Olander transfers from High Volt-
age Engineering Corp. to its sub-
sidiary, Electronized Chemicals
Corp., as g-m. John S. Liefeld pro-
moted to v-p of operations for the
Astro Structures div. of Lear
Siegler, Inc. Elmer C. Biegel, for-
merly with Fairchild Semiconduc-
tor Corp., appointed supervising
engineer in the circuit engineering
section of Signetics Corp. George
R. Lippert, v-p and director of
Federal Mfg. and Engineering
Corp., takes on added duties of di-
rector of engineering. Edgar G.
Grant advances to product plan-
ning mgr. for Weston Instruments
and Electronics div.,, Daystrom,
Inc.

1MUDERN INTER-COMM
SPECIAl 2for...........

- SEARCHLIGHT
SECTION

(Clossitied Advertising)

BUSINESS OPPORTUNITIES
EQUIPMENT - USED or RESALE

DISPLAYED RATE

The advertising rate is $27.25 per inch for all ad-
vertising appearing on other than a contract basis.
Contract rates quoted on request. AN ADVER
TISING INCH is measured 7% inch vertically on
cne column, 3 columns—30 inches—to a page

EQUIPMEN’I‘ WANTED or FOR SALE ADVER-
TISEMENTS acceptable only in Displaved Style.

UNDISPLAYED RATE

$2.70 a line, minimum 3 lines, To figure adwance
payment count 5 average words as a line.

PROPOSALS, $2.70 a line an insertion.

BOX NUMBERS count as one line additional in

undisplayed ads,
DISCOUNT OF 10% if full payinent is inade in
athvance for four consecutive insertions of undis

ployed ads (not including proposals)

s] 9 95|

For communication bemeen 2 or_more

points, all ring, all talk. Wire 2¢ per
ft. (twisted pr.) 2 batteries, nquiud for
each telephone. $1.00 each. Shipments

FOB Simpson, Pa. Write for free list.
TELEPHONE ENGINEERING CO.
Simpson Dept. E-3293 Penna.
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RADIO RESEARCH INSTRUMENT CO.
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RADIO RESEARCH INSTRUMENT CO

550 Fifth Ave., New York Judson 6-46%1
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EMPLOYMENT OPPORTUNITIES

electronics

WEEKLY QUALIFICATION FORM
FOR POSITIONS AVAILABLE

ATTENTION:
ENGINEERS, SCIENTISTS, PHYSICISTS

This Qualification Form is designed to help you advonce in the elec-
tronics industry. It is unique and pact. Designed with the assistonce
of professional personnel g , it isolates specific experience
in electronics and deols only in essential background information.

COMPANY SEE PAGE

ATOMIC PERSONNEL INC. 122* 1
Philadelphia, Penna.

BRISTOL COMPANY

Waterbury, Conn.
The advertisers listed here cre seeking professional experience. Fill in

the Quolification Form below.

ELECTRO INTERNATIONAL INC.
Annapolis, Md.

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.

GENERAL DYNAMICS, ELECTRIC BOAT 123* 4
Groton, Conn.

HONEYWELL
St. Petersburg, Fla.

INTERNATIONAL BUSINESS MACHINES CORP.
Space Guidance Center
Owego, New York

WHAT TO DO

. Review the positions in the advertisements.
. Select those for which you qualify.

. Notice the key numbers.

. Circle the corresponding key ber below the Qualification Form.
. Fill out the form completely. Please print clearly.

. Mail to: Classified Advertising Div., ELECTRONICS, Box 12, New
York 36, N. Y. (No chorge, of course).

ITT-INTELCOM, INC.
Bailey Crossroads, Va.

L

*These advertisements appeared in the March 22nd issue.

(evt here) electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE (cut here)
(Please type or print clearly. Necessary for reproduction.)
Personal Background Education
NAME .......... 5000000 5000000000000 000 100600008000300 PROFESSIONAL DEGREE(S) ...........
HOME ADDRESS ........c.oci0ineunrcosioseoscoscoonnaans MAJORES) ........... 50000006000000000000 960000030000000
(41 A 1 06000000050000000503 ZONE....... STATE............. UNIVERSITY .. ... . .cireenennconcnncnoaes 5000000003000
HOME TELEPHONE ..............ccciiiuervnnncnnonnonans DATE(S) .....oovvvvnennannnn 1000006000000 1000000 5000000
FIELDS OF EXPERIENCE (Please Check) 32963 CATEGORY OF SPECIALIZATION
Please indicate number of months
" experience on proper lines.
D Aserespace D Fire Control D Radar Technical  Supervisery
Exporience Experionce
D Antennas D Human Factors D Radio—TV (Months) (Months)
RESEARCH (purs,
D ASW D Infrared D Simulaters fundamental, basle) ...... cssses
RESEARCH
D Circults D Instrumentation D Selid State (Applied) 500000 500000
SYSTEMS
[ communications (] Medicine [] velemetry (New Concepts) ceeeee censes
DEVELOPMENT
D Components D Microwave D Transfermers (Model) seenies essses
DESIGN
[ computers [ navigatien Clother ............. (Product)
MANUFACTURING
DECM DOperutlom Research D ...... (Product)
FIELD
D Electron Tubes D Optics D ----- R R (Service) 800000 csecse
SALES
[ engineering Writing [ Packaging O, (Proposals & Products) ...... 50000C

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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Guidance Systems and
Computers for

Titan
Gemini
Saturn

Vital contributions currently being developed at the

IBM SPACE GUIDANCE CENTER

Here’s a chance to participate in early decisions. The Space Guidance
Center has contributed to many accomplishments: the successful test
flights of the rugged IBM computer used in the guidance system that
directs the TITAN 1l Intercontinental Missile, the development of an
advanced memory for the NASA Orbiting Astronomical Observatory,
and guidance computers for GEMINI spacecraft and SATURN booster.

Circuit Logic and
Systems Development Engineers

Which of these assignments interests you? Conceiving and defining
guidance and control packages including test and ground-support
equipment - directing preparation of technical proposals, performing
systems-error analyses, defining programming requirements - defining
systems equations and techniques for solving them, analyzing sub-
systems performance, defining testing and design criteria « conducting
technical liaison with contractors, subcontractors, and customers -
conducting studies for future computer applications * or coordinating
efforts of logic and circuit development engineers and packaging de-
signers to achieve design objectives.

To assist you: A simulation facility which includes real-time integra-
tion of an analog computer, an IBM 7090 digital computer, an IBM
1620 digital computer, and an incremental computer; available for
use individually or collectively. An extensive computational group will
assist you in problems requiring detailed analysis. A special program-
ming group is available to provide programming support for special-
purpose computers and to assist in the definition of the computer in-
struction requirements.

Do you have a B.S. or M.S. in Engineering, Math or Physics, with
experience in . . . process control . . . computer applications (digital,
analog, or incremental digital) . . . numerical analysis, systems analysis
. . . guidance, navigation, flight control . . . or communications, radar?
Are you interested in tackling problems for which there are no cut-and-
dried solutions? Do you have a mathematician’s respect for rigor and
proof and a physicist’s understanding of the physical world?

Please write, outlining your interests, to:

L. A. Laskowski, Dept. 554C5 i
IBM Space Guidance Center
Owego, New York
@®

INTERNATIONAL BUSINESS
MACHINES CORPORATION

IBM is an Equal Opportunity Employer

72
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TELECOMMUNICATION
ENGINEER

ITT-Intelcom was established in
November 1962 by International
Telephone and Telegraph Corpora-
tion. Its primary task for the next
four years is to provide highest level
technological assistance to the De-
fense Communications Agency in
systems planning, design and sys-
tems management for the global
Military Communications Satellite
System program.

This is a unique organization, com-
pose entirely of high level engineers
and scientists who work exclusively
on the formidable technical prob-
lems intrinsic to satellite communi-
cations. They are freed from all un-
productive administrative obliga-
tions.

If you can meet the basic position
requirements for our telecommuni-
cation engineering vacancy, we in-
vite you to drop us a note, briefly
outlining your education and back-
ground. You will receive a prompt
and confidential reply within a
week.

Requirements:

a) Must have the ability to prepare per-
formance specifications for long haul
multichannel telephone, telegraph and
data  systems (including multiplex).
Knowledge of CCITT and equivalent US
overall performance objectives and
planning requirements important.

b) —be able to prepare specifications and
technical planning for broadband micro-
wave links consisting of a number of
hops in tandem. Alternately, specify
and plan the design of long haul re-
peater carrier, cable or open wire links.

¢} —be able to develop plans for switched
networks consisting of tandem trunks.
Knowledge of signaling and supervisory
requirements for voice, teletype, and/or
data transmission is required, together
with a sound basic knowledge of
switching philosophy. Some knowledge
of modern circuit and store and for-
ward switching hardware is desirable.

For more information about this or
other immediate openings at our
Washington, D. C. facility, write
fully in confidence to Mr. H. T. Cur-
ran, Box 39-WJ, ITT-Intelcom,
Inc., 5817 Columbia Pike, Bailey’s
Crossroads, Va. (15 min. from
downtown Washington).

INTELCOM, INC.
International Telephone
and Telegraph Corporation

An Equal Opportunity Employer
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ADVERTISING REPRESENTATIVES

ATLANTA (9):

Michael H. Miller, Robert C. Johnson
1375 Peachtree St. N.E., Trinity 5-0523
(area code 404)

BOSTON (16):
William S. Hodgkinson, Donald R. Furth
McGraw-Hill Building, Copley Square,
Congress 2-1160 (area code 617)

CHICAGO (11):

Harvey W. Wernecke, Robert M. Denmead
645 North Michigan Avenue, Mohawk 4-5800
(area code 312)

CLEVELAND (13):

Paul T. Fegley
55 Public Square, Superior 1-7000
(area code 216)

DALLAS (1):
Frank Le Beau
The Vaughn Bidg., 1712 Commerce St.
Riverside 7-9721 (area code 214)

DENVER (2):
John W. Patten
Tower Bldg., 1700 Broadway,
Alpine 5-2981 (area code 303)

HOUSTON (25):
Joseph C. Page, Jr.
Prudential Bldg., Halcombe Blvd.,
Riverside 8-1280 (area code 713)

LOS ANGELES (17):
Ashley P. Hartman, John G. Zisch,
William C. Gries
1125 W, 6th St., Huntley 2-5450

(area code 213)
NEW YORK (36):
Donald H. Milter, Henry M. Shaw,
George F. Werner
500 Fifth Avenue, LO-4-3000

(area code 212)
PHILADELPHIA (3):
Warren H, Gardner, William J. Boyle
6 Penn Center Plaza, 1Ocust 8-4330

(area code 215)
SAN FRANCISCO (11):
Richard C. Alcorn
255 California Street, Douglas 2-4600
(area code 415)

LONDON W1:
Edwin S. Murphy Jr.
34 Dover St.

FRANKFURT/Main:
Matthée Herfurth
85 Westendstrasse

GENEVA:
Michael R. Zeynel
2 Place du Port

TOKYO:
George Olcott,
1, Kotohiracho, Shiba, Minato-ku
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AVAILABLE THROUGH FAIRCHILD DISTRIBUTORS

Off-the-shelf multiples or circuits of
transistors and /or diodes available or..,

FAIRCHILD'S CAPABILITY IN SPECIAL PRODUCTS OFFERS YOU DISCRETE
PLANAR DEVICES INCORPORATED IN STANDARD JEDEC PACKAGES.

Design your own combinations, choosing
from any standard Fairchild transistors

More than 500 different known
combinations,

and diodes,
EXAMPLES OF COMBINATIONS POSSIBLE
8 ¢ 2N986/2N2452 FSP-24
See specification sheet Devices similar to 2N1132
2N986-2N2452 Package: 10.5
Package: T0-18 photo can (all leads isolated from header)
€
2
2N998 FSP-36
Devices similar to 2N1889 Devices similar to F0-200
Darlington Connection 3 ! Package: T0-5
Package: T0-18 (all leads isolated from header)
q
2N2060
109% Beta Match FSP-42
You = Vo =005V @ g
0 le=0.ImA, Vee=5v =, i Oevice similar to 2N1613
: SP.'83.“ =3 4 Package : gold-plated kovar tab
Devices similar to 2N1893 3 5 mil gold leads
Unmatched — N o
Package: T0-5 i C" _‘: 1 7
(all leads isolated from header) — 3
8 - ~_C
TN3734 \ FSP-51
Erots Olods \/) Device similar to 2N1889
Package : T0-18 photo can ) Package: 105
(all leads isolated from header)
c p— o50'-—f
e
o & FSP-1 T kspess
l 9 Devices similar to 2N1613 Etiia)) || o2 )
| RS | Device simitar to FD-200
% Offset voltage 100 4V max, l‘ ‘ i
Io=10,=300 uA Y Package: gold-plated kovar tab
lo=lu=0 ‘c 2 mil gold leads
3 7 . y o0
€ (3 Package: T0-5 | s L4
C ——
I T
€ N6 FSP-15 8 ¢ FSP-60
- imilar 1o 2M1613 Devices similar to 2N1613
evices similar to
and 2N1132 8>40,000
B, 8, le=50mA
Package: T0-5 Ve =5V
(all leads isolated from header) Package: 10.5
13
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‘IN COMBINATIONS OF ANY STANDARD
FAIRCHILD PLANAR' TRANSISTORS/DIODES

IN ADDITION TO REDUCING YOUR TESTING AND ASSEMBLY
COSTS, FAIRCHILD SPECIAL PRODUCTS ALSO FEATURE:

Better tracking between devices; all units Identical electrical characteristics; devices Reliability through Planar process and
share same package environment. taken from single wafer to insure same fewer interconnections.
diffusion conditions. Reduced size.

) FSP-354-1
8~ \ C
. FSP-103 Devices similar to 2N1613
/ \‘ 2\ LIGHT PULSER and F0300
.- / Package: T0-18 photo can Package: T0-5
/ FSP-105 fourAisIam? 10-lead header
B C/ Active Junction: B. (all leads isolated from header)
\\' J/ Package : T0-5 photo can

- /2 ] N
L I Oevice similar to 2N1613 ( ) Oevices similar to 2N2369
8;

Go— ouoe  FSPI28 LN FsP-aa9-l

Package : T0-51 Corning Glass 8, |[0—f o Package: T0-5
non-magnetic '}ard glass (all leads isolated from header)
package - platinum leads \

=N ‘ \\\/cz

% . FSP-133 £ NG FSP-469-1

Device similar to 2N914 / \ Devices similar to ZN2483
Package : T0.51 Corning Glass ) +—o

i 8, |0—{< ; 8; Package: T0-5
non-magnetic hard glass : / (all leads isolated from header)
package - platinum leads \ /

= c\\\_r/.cz
C
C
- E/\Ez P-8300
7 N FSP-155 S
\ T N \ Devices similar to 2N708
\ evices simuar to - - -
a0 A, 8, [0—% +—o|8; Package: TO-5

8 / Package: T0-5 l / (all leads isolated from header)

FSP-165 RN SP-8307

L&) ! = I®
B~ (\"" I Device similar to 2N914 / \ Devices similar to 2N995

| Package : gold-plated kovar tab 8, |0—f +—o|e; Package: T0-5
= .’C - 1 mil gold leads \. (all leads isolated from header)

SN on .
¢ ¢
C 1 at | 4 \\\/ H
1
B \E P-8309—5P-8310
FSP-170 : . SP-83
Oevices similar to 2N709 ! m-czeusls;;v;ﬂav to 2N1613
and FD-100 o) I .
Package: T0.5 ¢ ? Package: T0-5
e \ ] , (alt leads isolated from header)

FAIRCHILD
SEMICONDUCTOR

A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION
345 WHISMAN RD..MOUNTAIN VIEW, CALIZ, « a.0161 -7 *Patented Fairchild Process
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2N247%

Achieve ultra-high
switching speeds

at currents up tol0Oma
WITH NEW RCA SILICON PLANAR EPITAXIAL 2N24175

Now, RCA combines the latest silicon technology, including 2N709. For additional technical data, write RCA Semicon-
planar epitaxial structure and subminiature junctions, in the  ductor & Materials Division, Commercial Engineering, Section
ultra-high-speed 2N2475. Check these outstanding features : CG3-3, Somerville, N.J.

= Ultra-High Frequency Capability...Gain-Bandwidth Product— ELECTRICAL CHARACTERISTICS AT 25°C

800 Mc typical -
=High Beta At High Currents... Min hyy, of 20 at I, = 50 ma - [ v [ omax [ uws |
sLow Saturation Voltage...V (Sat) = 0.4 volt max. h;g (Iic = 1.0 ma, ch =03) 20 - -
mLow Output Capacitance... (C,) = 3 pf. max. I hFE I = 20 ma, Vee = 0.4) —— % T 150— T —
nLow Charge Storage Time... (t,) = 6 nsec. max. h (I - 50m Ver = 05) - “20 T ]
uShort Turn-On Time... (t,) = 20 nsec. max. at I, = 20 ma IR e S - -+ @ |
aShort Turn-Off Time...(t,;) = 15 nsec. max. at I, = 20 ma i |CBO Ves =5V, 'E =0 |~ J 70-05 * ka
The exceptional stability and ruggedness of the planar epitax- Veeo (su) fic = 10ma, = Sl B T -
ial structure, and its combination of outstanding performance Cob NCB S 'E =0 i 4 3'0J A
features make the 2N2475 an excellent choice for switching | (lc le1 = 182 = 5 ma) N | - nsec
applications. This transistor is available for immediate de- to,. (Ic—20 ma, lg) = Isz— lma | - | 20 —i _nsec
livery in production quantities. . tofflc = 20ma, lgy = lgz =1ma) | — | 15 nsec

. Call your RCA Representat{ve today for further informa- he lc = 20 ma, Vee = 2V, f = 100Md) | 6 | T‘ _
tion on the 2N2475, and ask him about RCA'’s broad line of =
Silicon Planar Epitaxial Transistors, now including the RCA AVAILABLE THROUGH YOUR RCA DISTRIBUTOR

( %) THE MOST TRUSTED NAME IN ELECTRONICS

b
\ /
N ®

RCA SEMICONOUCTOR & MATERIALS OIVISION FIELO OFFICES ... EAST: Newark, N.J.,, 744 Broad St., HU 5-3900 « (Camden-Philadelphia Area) Erlton, N.)., 605 Mariton Pike,
HA 8:4802 o Syracuse, N.Y., 731 James St., Rm. 402, GR 4-5591 « Baltimore, Md., EN 9-1850 « NORTHEAST: Needham Heights 94, Mass., 64 A" St.. HI 4-7200 « SOUTHEAST:
Orlando, Fia., 1520 Edgewater Dr., Suite #1, GA 4.4768 « EAST CENTRAL: Detroit 2, MICh 714 New Center Bldg., TR 5-5600 CENTRAL: Chicago, 11l., Suite 1154, Merchandise Mart
Plaza, WH 4-2900 o Indianapolis 5 Ind., 2132 East 52nd St., CL 1-1405 « aneapolls 16 Minn., 5805 Excelsior Blvd WE 9-0676  Denver 11, Colorado Continental Terrace Bldg.,
Suite 301, 2785 N. Speer Bivd., 477 1688 o WEST: Los Angeles 22, Calif, 6801 E. Washlngton Blvd., RA 3-8361 » (San Francisco Area) Burhngame Calif., 1838 E! Camino Real,
0X 7.1620 o Seattle 4, Wash 2250 Flrst Ave S., MA 2-8816 SOUTHWEST: Dallas 7, Texas, 7905 Carpenter Freeway, ME 1.9720 « GOVT Dayton, Ohuo 224 N. Wilkinson St
BA 6-2366 « Washington, D. c., 1725 "K* St., N.W., FE 7-8500 « RCA INTERNATIONAL OIVISION, 30 Rockefeller Plaza, New York 20, N. Y. Cable Address: RADIOINTER, N.
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