s —

A McGraw-Hill Publication 75 Cents May 11, 1962

electronics

SPECIAL REPORT Modern Electronic Components, p 51

Below: uncased capacitors developed for memory unit

9 6 -3
i1 YIISTIN ghvmoy

41 % s srtades



ANOTHER ADVANCED MICROWAVE TUBE DEVELOPMENT
FROM RAYTHEON’'S SPENCER LABORATORY

Y

NEW HIGH-EFFICIENCY AMPLITRON
(shown actual size) permits unmatched
system size and weight reduction.

25-watt, high-efficiency Amplitron*
for CW space telemetry applications

New compact S-band tube is ideal for use with solid

state drivers. QKS 997-TYPICAL OPERATING CHARACTERISTICS
Forty watts of de and 5 watts of heater power are all that is ;
needed to operate this new high gain Ravtheon Amplitron.
ol ag. L ay y . phr Frequency 2300+5%
Because of its high efliciency and modest drive require-
ments, the new tube offers an ideal means of producing Power Output 25 W min.**
higher powers in smaller space. Size. weight, design sim- Gain 20 db min.
icity ¢ ‘uggedness o QKS 997 all contri is .
])'I.(ll).‘.lll(l'lll,_,.(f(] ess f the )l\. 97 all con nl?ule to its Etficiency 60%
suitability in space, missile and airborne applications. )
. . . . Weight 1 1b.
Write todav for complete technical details on this and other o e 3 1% i
. L ; verall si n. 4 in.
Raytheon microwave tubes for missile and space applica- all size n.x
tions. Address Raytheon Company. Microwave and Power ** wide dynamic power range allows tube to operate as low
Tube Division, Waltham 54, Massachusetts, as 10 watls without loss in efficiency.
* Raytheon Trademark J

RAYTHEON COMPANY

MICROWAVE AND POWER TUBE DIVISION
CIRCLE 202 ON READER SERVICE CARD
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MEMORY UNIT for a multipoint controller uses a bank of 200
uncased capacitors representing 100 control points. Poiyester
dielectric film functions unprotected under severe as well as
normal ambients. Uncased capacitors offer large potential sav-
ings since the casing represents a major part of the cost of a
conventional capacitor. See p 66 COVER
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using only high or low frequencies 20
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functional blocks. It deals with timely and important questions
such as the role of the designer in modern systems, trends in
components, problems of functional blocks and whether com-
ponent makers are really planning ahead By M. F. Tomaino 51

NONLINEAR EFFECTS IN QUANTIZED SYSTEMS. Masers
and lasers can operate in nonlinear as well as linear modes. A
nonlinear quantum process has more than one photon involved,
does not necessarily require population inversion. Nonlinear
masers can result in microwave parametric amplifiers, mizers,
second and third-order harmonic generators
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CROSSTALK

Russia’s Spaceships

IS THIS HOW THEY DO IT? The Soviets have
revealed few details on how they launch their
spaceships into orbit and recover them.

Major Titov last week in Washington said that
a six-engine multistage booster with a total
thrust of 1,320,000 lbs was used, that the space-
ship had three observation ports, that the how of
the spaceship melted on reentry, that the cap-
sule and instrument compartments split apart
when the retrorockets were fired and that after
the capsule slowed down he descended by para-
chute.

At right is a drawing we prepared before Titov
hit town. It agrees with Titov’s description in
some respects, notably in the general design of
the spaceship and in the reentry procedure.

It does not jibe with the Rusian cosmonaut’s
description of the booster, But there is a ques-
tion whether Titov gave a full description of the
booster. He said that military rockets are used
for space launchings, but it is doubtful that the
USSR is building warheads weighing five tons
—the weight of Titovs’ spaceship.

Unless—as Khrushchev intimated recently in
remarks about global missiles—the Soviets have
the capability of orbiting and maneuvering their
warheads. That would really be something to
worry about.

Our drawing is based upon information con-
tained in Soviet scientific literature since 1958—
plus a few educated guesses, Soviet engineers,
like Titov, aren’t saving much about what is
actually being done. But, like scientists every-
where, they like to talk about how things should
be done.

One recurrent proposal has been the use of
winged, multiengine boosters as a recoverable,
economical first stage. This isn’t too different
from the proposal made in the U.S. to use the
X-15 as a launch vehicle (EL:zcrroNtes, p. 11, Oct.
20, 1961) or Air Force plans to launch Sky Bolt
missiles from jet bombers. The difference is one
of size and power, not concept.

Associate Editor Solomon says the scheme
jibes with the average Russian engineers’ out-
look on engineering problems: solve them in the
simplest way (see, for example, ErLkcTrONICS,
p 24, May 26, 1961).

Got a big spacecraft? Don’t miniaturize, build
a big booster. Big boosters expensive? Make
them recoverable. Lift-off guidance and control
problem? Put a pilot in the booster. Worried
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about reentry? Keep the ablative part of the
cabin far away from the pilot and controls.
One last clue: we understand that the Soviet
Air Force publication Vestnik Vozdushnogo Flota
uses a booster and a winged rocket as an emblem.
So, while we can’t present the drawing as
more than speculation, we suspect that even if
the Soviets are not doing it this way now that
they will be using manned boosters in the future
and that they will look like the ones you see here.
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and covering the frequency range from
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® “Type N stainless «teel connectors
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COMMENT

Indicator Tube

We read with interest the recent
Components and Materials article,
Indicator Tube for Transistor Cir-
cuits (p 646, April 6), about a
Japanese indicator tube. There are
somewhat similar American-made
devices, notably the Tung-Sol type
7401. Unlike the Japanese tube,
which is always “on” and merely
switches the glow from the shaded
area to the visible area, the Tung-
Sol tube does not draw any current
until triggered “on.” For very fast
response the tube is available as
type 7813, which has a similar
structure but emplovs also a very
low current “keep-alive electrode.”
Both the 7401 and the 7813 are sub-
miniatures designed for end-on
viewing and both can be triggered
by low-level, transistor-generated
signals.

The Japanese tube is essentially
a diode and therefore the output
current (325 ua) appears in the
control circuit. The Tung-Sol tubes
are triodes and operate at very low
control-grid currents (1 to 10 ua).
This also frees the control circuit
from higher anode currents (up to
7 ma) if it is desired to run the
tubes this way for brighter indica-
tion, or for use as self-indicating
relays.

Davip M. SANGER
Tung-Sol Electric Inc.
Chatham Electronics Division
Livingston, New Jersey

Contents Page

Although you have been doing it
for years, I would like to congratu-
late vou on continuing to place vour
contents on page one. The value of
this is made evident to me every
week when I scan through a large
number of engineering magazines.
Most of them bury the contents
page among the advertising pages,
and I find it only after what can be
an exasperating amount of time,
when several dozen magazines are
involved.

Your recent expansion of the con-
tents page to two pages requires
more look-up time now. but no
doubt T am in a small. selfish
minority in criticizing this.

Obviously, page one is, after the
four cover pages, one of the most

expensive advertising pages, and
few publications are willing to
forego the high-paying location. It
is refreshing to note that ELEC-
TRONICS, almost alone, is more in-
terested in being of service to its
readers than in making the highest
possible profit.

LEE CHURCH
Chicago, Illinois

Our Binding (and Chart)

ELECTRONICS has always been a
good publication. It has kept up
with changing technologies in many
ways, including the present weekly
publication and more subtly, in the
binding method.

In my opinion the adhesive,
stapleless binding is the best in the
industry for a technical publication.
Pages fold easily and lay out flat.
Most importantly, pages may be
removed easily for subject matter
filing. For the latter purpose the
binding method is far superior to
perforated pages, which I believe
McGraw-Hill also pioneered.

VERNON E. BENJAMIN
Department of the Navy
David Tavlor Model Basin
Washington, D. C.

About seven years ago, McGraw-
Hill pioneered the use of perfor-
ated pages, which are now fea-
tured in Electrical World and in
parts of Power magazine. The ad-
hesive binding, known as Perfect
binding, was first used on ELEC-
TRONICS for the issue of Nov. 10,
1961, and is currently used on six
McGraw-Hill publications.

May I offer my congratulations to
your magazine and persons involved
for the splendid job of design. art
work, printing and concepts of the
April 13th Table of Frequency Al-
locations chart (p 37). A very com-
plex problem has been well done.

Another bouquet is certainly due
your production departments for
the new method of binding ELEC-
TRONICS. It is much easier to leaf,
and very simple to remove adver-
tisements and articles of interest
for filing. This alone has made
ELECTRONICS more valuable.

ROBERT W. OLIN
Director of Planning
Potlateh Forests, Inc,
Lewiston, Idaho
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For the 10Th year...
T.AMBDA OFFERS THE STRONGEST PROOF
OF TROUBLE-FREE POWER SUPPLY PERFORMANCE

Every Lambda power supply sold since 1953 has been backed by Lamhda’s 5-year guarantee,
which covers workmanship and materials (except [or tubes and fuses). Any Lambda power supply
sold today is guaranteed to perform to specifications until 1967.

gyt -

Ready for
Long Dependable
Service

In choosing this Lambds
Power Supply, you are benefit-
ting from an outstanding record
of performance measured under
the most grueling field conditions.
Long-term, trouble-free operation in
heavy-duty service, attested to by owners
:4 1.:“:) it ‘:::l‘ -nh: v'.:‘ years after dul () e and users of Lambda Power Supplies, has
Ihe orignal purchaser, be tetwaed 10 ws with (raniporistien v NS e - made possible the unprecedented five-year
Ccharges Bropasd. prove iter ew esommation 10 be Ihws delecive 3 3 guarantee that covers this prece of equipment

We teserve the 1ght (e discontmme instrements withoul aolxe. and
hopairen o make tut LAMBDA cticccrnonics cone.

. W design 3l day trme without Incurring any
dligston te mabe tuch medilatiens 1o milruments previously 30id
116 BROAD HOLLOW RDAD 1 MUNTINGTON L £ MEW TORE « 16 WIRTLE ¢ 000

ALL-TRANSISTORIZED LA SERIES
Nine Models Available~Voltages
up to 330 VDC—Currents up to 20 Amp
Convection Cooled—Short Circuit Proof

‘Send for Catalog on LAMBDA'S
wide range line of regulated
transistorized power supplies

LAMBDA ELECTRONICS CORP.

515 BROAD HOLLOW ROAD ¢« HUNTINGTON, L.I.,, NEW YORK ¢+ 516 MYRTLE 4-4200

Western Regional Office: 230 North Lake Avenue, Pasadena, California » Phone: Code 213, MUrray 1-2544
New England Regional Office: 275 Boston Post Road, Marlboro, Massachusetts » Phone: Code 617, HUntley 5-7122
Middle Atlantic District Office: 515 Broad Hollow Road, Huntington, L. l.,, New York « Phone: Code 516, MYrtie 4-4200

Southeastern Region: W. A. Brown & Associates, Inc,, Engineering Representatives LA-128-A
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NEW, NO-PARALLAX @2120B

easiest-to-use, surest-reading

450 KC OSCILLOSCOPE

This new ¢ 120B Oscilloscope combines
more actual measuring help and desirable
features than any 450 KC scope ever
produced. Not only are reading error from
parallax and distracting reflections
eliminated, but you have a genuinely
unique array of electrical and convenience
features for measurements from

dc to 450 KC.

SPECIFICATIONS: Model 120B combines minimum
controls with @ automatic triggering for utmost
speed, convenience. Horizontal amplifier dc to 300
KC, phase-shift within + 2°, More X-axis information
due to horizontal amplifier sensitivity control, 5%
accuracy. Times-5 sweep expander, all ranges. 15
calibrated sweeps, 5 psec/cm to 200 msec/cm. Ver-
nier for continuous adjustment of sweep time be-
tween calibrated steps, extends slowest sweep to at
least 0.5 sec/cm. 10 mv/cm sensitivity calibrated
vertical amplifier, drift-free trace. Balanced input on
most sensitive range for noise rejection at low levels.
Model 120B in new modular design for rack or bench

: use, $475.00. Accessories available.

|l
||| R
(SRR W] ] SRR )

Perfectly linear signal reads’perfectly.

Exclusive @ development places cali-

brating graticule in identical inside

plane with trace. Since trace and
aticule are on the same plane, there

is no reading error— even at wide

- viewing angles.

Conventional scopes have calibrating
graticule a full 14 inch in front of trace.
Note identical signal on old-type
cathode ray tube. Parallax is inescapable
and errors up to 5% are possible.

Many engineers who have tested the new
120B feel it is perhaps the easiest-to-use,
most widely versatile, and highest value
commercial 450 KC scope ever offered.
Why not confirm their opinions with

a test on your own bench.

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

@ VT IFATE 5

HEWLETT-PACKARD COMPANY

1501 PAGE MILL ROAD, PALO ALTO, CALIFORNIA
AREA CODE 415, DA 6-7000

Sales and service representatives in all principal U. S. areas;

Europe, Hewlett-Packard $.A., Rue du Vieux Billard No. 1, Geneva;
7658 Canada, Hewlett-Packard (Canada) Ltd., 8270 Mayrand St., Montreal
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ELECTRONICS NEWSLETTER

Conelrad Concept Changes to Communications

CONELRAD'S role is being changed from that of preventing enemy
aircraft homing to an expanded government and civil defense emer-
gency communications system. FCC and the Department of De-
fense have not firmed up the exact form Conelrad will take, but

a-m radio will probably be the back-
bone of the system with little or no
participation by f-m and tv.

Present frequencies, 640 and
1.240 Kc, adopted under the Control
of Electromagnetic Radiation plan,
may be changed since preventing
aircraft homing is no longer con-
sidered important.

Stations participating in Conel-
rad since 1951 have done so at their
own expense. Revised plans may
provide federal aid. Broadcasters
close to the situation say word on
this mayv be forthcoming in three
months.

In Ottawa. the Canadian Depart-
ment of Transport said that almost
all of the country’s 290 radio sta-
tions and 110 tv stations will be
hooked into an expanded emergency
network. A smaller network already
put together by the Army and CBC
is ready for operation.

NASA’s Contractors to
Get More During 1963

NATIONAL AERONAUTICS and Space
Administration will spend approxi-
mately 90 percent of its 1963 budget
on outside contracts. This amounts
to $3. billion out of NASA’s total
budget request of $3.748 billion.
The remaining 10 percent will be
spent in NASA research centers.
Last vear, 84 percent of NASA’'s
total budget was spent on con-
tracts. The agency also reported
that out of the 100 largest contracts
placed during the first 6 months of
this fiscal year, small business com-
panies received 21.

Two-Mile Accelerator
Gets AEC Go-Ahead

STANFORD UNIVERSITY is8 getting
$114 million from the Atomic
Energy Commission to design and
construct a linear accelerator center
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as a national research facility. It
will have an accelerator 10,000 ft
long with an energy range of 10 to
20 Bev. R-f power will be supplied
by 240 klvstrons in stations spaced
every 40 ft. Construction will take
six vears. Stanford proposed the ac-
celerator in 1957 and got $3 million
in 1960 for preliminary design.

Aging Echo Relays Direct
Coast-to-Coast Television

WASHINGTON — Equipment de-
veloped for the West Ford and Di-
con projects (p 20, April 13) was
used for the first direct transcon-
tinental transmission by satellite of
a tv picture. The feat was reported
by the Air Force last week.

Picture quality wasn’t so good,
but neither was the satellite—the
partially deflated. wrinkled, irregu-
larly orbiting Echo I. Although be-
set by weak signals and rapid, deep
fading. the experiment foreshadows
improved transmission by a 135-ft
rigid sphere. planned by NASA,
and the Bell System’s Telstar.

W. E. Morrow, of MIT Lincoln

Lab, told URSI that transmissions
were made at 8.35 G¢ with power of
20 Kw. Receiver overall noise tem-
perature was 200 K. Double-side-
band a-m was used with overall re-
ceiver video bandwidth cut to less
than 2 Mc to suppress noise back-
ground. A signal-to-noise ratio of
10 db was observed.

Big, High-Purity Gallium
Arsenide Crystals Pulled

PASADENA—Method for producing
gallium arsenide, developed at Bell
and Howell’s research center, re-
portedly yields material with silicon
impurities of less than 50 parts per
billion. According to a company
spokesman, commercially available
crystals have averaged 5 to 20 parts
per million, limiting applications in
tunnel diodes, transistors. solar
cells and transducers. Silicon can
act as either a p or an n type im-
purity at these and higher levels of
concentrations. B&H says that crys-
tals weigh 200 to 300 grams. Mo-
bilities at room temperature range
from 6.000 to 7,000 cm®/volt sec.
The Czochralski technique—but not
quartz crucibles—is used to pull
crystals.

Large-Scale Computer
System Is Introduced

SAN FRANCISCO — Philco Corp. is
going more strongly after the large-
scale business and scientific com-
puter market by introducing pe-

Van Allen Doesn’t Mind a Hole in His Belt

SIR BERNARD LOVELL, head of Britain's Jodrell Bank radio as-
tronomy station. last week urged the U. S. not to go through with
plans for a nuclear explosion in the earth’s radiation beit. He
reportedly fears the disruption of scientific studies aimed at
obtaining a basic understanding of the nature of the universe.

Some scientists have been reported as believing that it might
take a century for particles from space to replenish particles
driven out of the belt by the blast.

In Washington, James Van Allen, for whom the belt is named,
agreed the blast could rupture the belt, but according to press
reports. said that it would probably heal in a few weeks. He said
only a small part of the belt would be affected and that particles
coming down into the atmosphere would not harm anyone




ripheral equipment to step up the
speed and efliciency of its 2000
Computer Series.

The system can add or subtract
two million sets of four-digit num-
bers in one second. Higher speed is
achieved with a satellite computer
that handles input-output opera-
tions, tape units with transfer rates
of 240,000 characters a second, a
disk file storing up to 167.964.160
characters and transferring 960,-
000 a second, and a one-microsec-
ond memory.

The satellite performs concurrent
programs and handles two simul-
taneous input-output operations
with up to 64 input-output devices.
Tape and disk units can perform
independent searches. Phileo is also
offering a series of programs.

Ducts Near Earth Provide
Low-Frequency R-F Paths

WASHINGTON—There are a large
number of radio signal! conducting
ducts aligned with the earth’s mag-
netic field at altitudes averaging 1.4
kilometers, T. E. van Zandt, of
NBS’s Radio Propagation Lab, re-
ported last week to the Interna-
tional Radio Scientific Union
(URSI). Caused by stratified ion-
ization irregularities, the ducts al-
low relatively loss-free propagation
of I-f radio waves, he said.

In another URSI paper, R. E.
Anderson and B. H. Klaxton, of GE,
said the moon is not a good com-
munications reflector. Great radar
depth, many scattering surfaces
and other factors contribute to mul-
tipath delay. The hidden surface
of Venus may resemble the moon’s,
suggested G. S. Levy and D. Schus-
ter, of Jet Propulsion Lab. Radar
reflections from both bodies were
found to be similar during depolar-
ization experiments.

Ultrasonic Detectors to
Report on Traffic Jams

TRAFFIC CONTROL system that uses
ultrasonic detectors to check on
traffic flow and a computer to an-
alyze the information will be de-
signed and installed by General
Railway Signal Co. in Chicago. The
information will be used for traffic
studies along five miles of the Con-

gress Street Expressway.

Detectors will be mounted on
bridges and ramps. Reflection of
ultrasonic beams from the cars pro-
vides data on traffic volume and
speed. Each detector will have an
individual analog computer. A mas-
ter computer will prepare tapes for
digital computer analysis. Traffic
conditions will also be shown on a
large display map.

Infrared Photos Reveal
Faulty Parts or Design

WALTHAM, MASS.—Infrared tech-
niques can be used to test rapidly
and nondestructively electronic cir-
cuit assemblies or can quickly pin-
point weak spots in a breadboard.

Raytheon’s equipment division
reports that methods developed by
Riccardo Vanzetti measure heat
dissipation of components to im-
prove equipment reliability.

An infrared photo of a complex
circuit board shows which compo-
nents are dissipating too muech—or
not enough-——heat for proper opera-
tion. Recording the output of a ra-
diometer allows an exact determina-
tion of power dissipated as radia-
tion.

Polaris Submarines Get
Better Navdac Computers

NEWEST POLARIS submarine, the
Lafayette, which was launched in
Groton, Conn., this week, carries
improved versions of Sperry Gyro-
scope’s Navdac computers. The
submarine, designed to carry the
2,500-mi version of the Polaris now
in development, is the first of a new
class.

The Navigation Data Assimila-
tion Computers have almost double
the memory capacity of earlier
Navdacs and can evaluate naviga-
tion information eight times faster,
Sperry said. Memory includes both
drum and cores, with total capacity
of 600,000 bits. Speed is 2,000 com-
putations a second.

Sperry is producing 48 Navdac
computers. Each submarine gets
two. Some will be used to replace
Navdacs aboard earlier submarines.
A new star-tracking periscope made
by Kollmorgen Corp., will also have
its initial use on the Lafayette.

In Brief ...

HUGHES AIRCRAFT is developing a
computer-based checkout svstem
for missile guidance systems, un-
der a $4 million Air Force con-
tract. Among other features, sys-
tem will optically project repair
instructions on a screen.

DUAL electron accelerator has been
built by High Voltage Engineer-
ing Corp. Single remote power
supply provides 300 and 500 Kev
beams.

PRELIMINARY contract negotiations
for Titan III guidance will be
held by Air Force with Arma di-
vision of American Bosch Arma
and Space Technology Labs.

APPOINTMENTS include Col. Otto J.
Glaser, a radar expert, as vice
commander of Air Force Elec-
tronic Systems Division, and
Raymond L. Bisplinghoff, an MIT
professor, as director of NASA’s
Office of Advanced Research and
Technology.

GLIDE PATH system, with antennas
flush-mounted in airport run-
ways, developed by Ohio State
University, is being tested by
FAA.

SYLVANIA will enter color-tv tube
production with a 21-in., 90-deg,
shadow-mask type available next
year.

HALLICRAFTERS’ contract backlog
rises to $45 million with $3 mil-
lion in new Air Force contracts
for aerospace, reconnaissance
and missile ground support gear.

CUBIC CORP. has a $3 million contract
for missile tracking gear to be
used by Department of Defense
in experimental tests.

NAVY IS CONVERTING another ship
for tracking, telemetry and data
processing service on the Pacific
Missile Range.

MORE TV activity in Africa: Mo-
rocco is building its first tv and
electronics plant; Kenya is set-
ting up its first transmitter near
Nairobi, with Marconi equip-
ment.

KEARFOTT is to determine feasibil-
ity of a sun/moon tracker for
ships. The $225,000 contract
from Navy includes design of a
breadboard model.

electronics



RUGGED END-CAP

......................

--------------

LONG TERM STAB||.|TY
- T —— -
EXCEPTIONAL RESISTANCE

..............................

NOW

AVAILABLE
WITH WELDABLE
LEADS

AVAILABLE IN
REEL PACKING

FOR AUTOMATED
PWB INSERTION

SURPASS MIL-R-10509

...........................

PERFORMANCE
REQUIREMENTS

FILMISTOR
METAL FILM RESISTORS

Providing close accuracy, reliability and stability with low
OFFER 5 DISTI NCT controlled temperature coefficients, these molded case
metal-film resistors outperform precision wirewound and
carbon film resistors. Prime characteristics include minimum

inherent noise level, negligible voltage coefficient of resist-
ATU E ance and excellent long-time stability under rated load as
well as under severe conditions of humidity.
Close tracking of resistance values of 2 or more resistors
COE F F ICIENTS TO over a wide temperature range is another key performance
characteristic of molded-case Filmistor Metal Film Resis-
tors. This is especially important where they are used to

MEET make highly accurate ratio dividers.
All CI RCUIT Filmistor Metal Film Resistors, in 18, ¥4, 12 and 1 watt

ratings, surpass stringent performance requirements of MIL-
R-10509D, Characteristics C and E. Write for Engineering

REQ U I RE M E NTS Bulletin No. 7025 to: Technical Literature Section, Sprague
Electric Co., 35 Marshall Street, North Adams, Mass.
For application engineering assistance write:
Resistor Division, Sprague Electric Co., Nashua, New Hampshire.

SPRAGUE COMPONENTS SpnnGUE
RESISTORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE

CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS
MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES THE MARK OF RELIABILITY
TRANSISTORS PULSE-FORMING NETWORKS FUNCTIONAL DIGITAL CIRCUITS

‘Sprague’ and ‘@’ are registered trademarks of the Sprague Electric Co.
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Enlarged view of tantalum
anode element used in Mallory
Type XT capacitors.

Mallory Type XT Tantalum Capacitors

... one-third the size, twice the life

Actual Size

Proved reliability. Continuously produced for over
13 years, Mallory Type XT tantalum capacitors
have earned an impressive record for reliability,
through extensive testing and in the toughest mili-
tary and commercial applications. They’ve been
life tested to 45,476 hours. Individual test data for
each production lot is kept for five years. Inde-
pendent two-year testing shows they have twice
the anticipated mean time to failure of other
tantalum capacitors.

Practically infinite shelf life. Stored for as long as
ten years, Mallory Type XT tantalum capacitors

10

still meet original limits of d-c leakage. All capaci-
tors in the XT series are hermetically sealed (glass
to metal), and incorporate the sintered wet slug
anode pioneered by Mallory. They pack high
capacity in a small case —as much as 25 smaller
than other capacitors, for comparable mfd-volt
ratings. Available in many configurations, including
MIL types, plus many different terminal connec-
tions. Made in five types ranging from miniature
to high-capacity, for temperatures from 175° to
200°C. Write for catalog or consultation. Mallory
Capacitor Company, Indianapolis 6, Indiana.

electronics
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Delivered from stock at factory
prites by these distributors:

Baltimore, Md.

Radio Electric Service
Binghamton, N.Y.

Federal Electronics
Boston, Mass.

Cramer Electronics

DeMambro Radio Supply Co.

Lafayette Radio
Bridgeport, Conn.

Westconn Electronics
Buffalo, N.Y.

Wehle Electronics
Chicago, lIl.

Allied Electronics Corp.

Newark Electronics Corp.
Cincinnati, Ohio

United Radio
Cleveland, Ohio

Pioneer Electronics
Dallas, Texas

Engineering Supply Co.
Dayton, Ohio

totts-Friedman Co.

Denver, Colo.

Denver Electronics
Houston, Texas

Harrison Equipment Co,, Inc,

Lenert Company
Indianapolis, Ind.

Graham Electronics
Los Angeles, Calif.

Allied Radio of California

California Electronics

Kierulff Electronics, Inc.

Lynch Electronics

Radio Product Sales
Minneapolis, Minn.

Northwest Radio
Montreal, Que.

Canadian Electrical Supply Co,
Mountainside, N.J.

Federated Purchaser, Inc.
Nashville, Tenn.

Electra Dist. Co.
Newark, N.J.

Lafayette Radio
New York, N.Y.

Harrison Radio Corp.

Harvey Radio Co., Inc.

Lafayette Radio

Milo Electronics

Terminal Hudson Electronics
Oakland, Calif.

Elmar Electronics, Inc.
Orlando, Fla.

East Coast Electronics
Ottawa, Ont.

Wackid Radio-TV Lab.
Palo Alto, Calif.

Zack Electronics
Perth Amboy, N.J.

Atlas Electronics
Philadelphia, Pa.

Herbach & Rademan

Philadelphia Electronics
Pittsburgh, Pa.

Radio Parts Co.
Salt Lake City, Utah

Kimball Electronics
St. Louis, Mo.

Olive Eiectronics
Seattle, Wash,

F. B. Connelly Co.
Tampa, Florida

Thurow Electronics, Inc.

XTM 175°C 4 mfd, 340 volts to 140 mfd, 8 volts Toronto, Ont. .
Alpha Aracon Radio Co.
XTK 175°C 2 mfd, 340 voltsto 70 mfd, 8 volts e T L
Tulsa, Okla.
XTH 200°C 7 mfd, 630 volts to 240 mfd, 18 volts Engineering Supply Co.

Washington, D.C.
Capitol Radio Wholesalers

XTL 200°C 3.5 mfd, 630 volts to 120 mfd, 18 volts Electronic Industrial Sales
White—Plains, N.Y. . —
XTV 200°C 12 mfd, 630 volts to 2200 mfd, 12 volts Westchester Electronic Supply Co., Inc,

Winston-Salem, N.C.
Eleccronic Wholesalers Inc.

Complete line of aluminum and tantalum
electrolytics, motor start and run capacitors

7
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WASHINGTON OUTLOOK

FEDERAL COMMUNICATIONS COMMISSION’S all-chan-
nel receiver legislation cleared its major hurdle when the House of
Representatives passed the bill, 279 to 90, last week. FCC officials are
confident the Senate will act this year. If it does, tv manufacturers will
eventually have to make sets receiving 70 uhf channels as well as the 12
vhf ones.

The measure will not become effective overnight. It will take about
a year for FCC and manufacturers to work out procedures. Then there

UHF-TV will probably be a court test of the bill’s constitutionality. It will be at
least three years before manufacturers shipping tv sets in interstate
BILL SEEMS commerce must equip them to receive all channels. However, FCC of-
ficials expect all-channel equipment production to be stimulated before
SURE THING the law goes into effect.

Economists say the law will spur educational tv and probably result
in one or more new national tv networks (President Kennedy last week
signed the five-year $32-million educational tv grant program). The
bill is designed to get more uhf stations on the air by providing enough
viewers to make broadcasting worthwhile. Less than 10 percent of
1,554 uhf station assignments are in use. FCC economists figure seven
yvears of all-channel set sales will make uhf broadcasting generally
profitable.

SPACE PROGRAM CONTRACTORS now have a new set of qual-
ity control and reliability instructions—documenting NASA practices

NASA ISSUES in effect for some time. No basic changes were made to the working
draft of instructions issued last December.

QUALITY “Few, if any, contractors will be required to make changes in practice
on existing contracts,” a NASA spokesman says. Instructions are con-
CONTROL sistent with Department of Defense policies.

Contractors not now working under NASA instructions will have to

REGULATION establish new procedures. For example, contractors must set forth
specific policies and objectives of quality control programs, including

written operating plans and documented means for measuring results.

THE SENATE IS EXPECTED to quickly approve formation of
a space communications satellite corporation, financed 50-50 by com-
munications common carriers and the general public. In the House, this
compromise plan withstood two days of attempts by House liberals to
weaken the role of the carriers. Then it passed, 354 to 9.
The crucial test was a voice-vote defeat of an amendment by Rep.
SATELLITE John Moss (D.-Calif.), who claimed the bill in effect directs FCC to
BILL FACES license the carriers to operate all ground facilities, stripping the cor-
poration of much of its profit potential.

SENATE Chairman Oren Harris (D.-Ark.), defending the Commerce Committee
bill, said that Moss’ intent was to give the new corporation control of
FIGHT all ground stations. Both Moss and Harris professed that they want

carriers and the corporation on equal footing before FCC, but the bill
adopted instructs FCC to give carriers preference.

The issue of who is to control ground sending and receiving stations
will be refought in the Senate, where backers of the Moss view, including
FCC and the administration, are stronger.

12 electronics
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Magnetic Fields

&

OGO: its first mission. Sometimein 1963,0GO
(NASA’s Orbiting Geophysical Observatory) will be
launched into an elliptical orbit around the earth. It will
gather, process and transmit data on the physics of near-
earth and cislunar space. Here are some of the studies
OGO may undertake in this initial flight: Energetic
particles, with nine separate experiments on the flux and
characteristics of these particles (in¢luding cosmic ray
and plasma studies). Radio propagatian and astronomy,
through measurements of ambient radio‘energy not acces-
sible from earth. Micrometeoroids, to determme the mass

Plasma Measurements
Gegenschein Photometry

Atmospheric
Measurements

Radio Propagation

S

distribution and direction of interplanetary dust in the
vicinity of earth. Magnetic fields, their intensity, direction
and variation near earth and in space. Atmospheric
measurements, to study the pressure, temperature and
composition of earth and cislunar space. Ultraviolet
scattering, from hydrogen in space. Gegenschein photom-
etry, to study sunlight scattered by interplanetary matter.
OGO will be launched into a wide range of orbits and may
carry as many as 50 different experiments on each of its
missions. This Orbiting Geophysical Observatory will be
one of the most versatile earth satellites man has ever built.

Energetic Particles
Micrometeoroids
Ultraviolet Scattering

Solar Cosmic Rays

Positron Search
Radio Astronomy

Energetic Particles

* Captions indicate possible arrangement of instrumentatioi'{z\.clusters which OGO may carry.

OGO: its challenge. Today OGO demands
advanced techniques in spacecraft design and develop-
ment to meet its need for flexibility. It is a challenging
responsibility to STL engineers, scientists and supporting
personnel, who design it, fabricate it, integrate it, and test
it. This versatile spacecraft will be manufactured at STL’s
vast Space Technology Center where expanding space
projects (OGO, Vela Hotel and other programs) create
immediate openings for engineers and scientists in fields

v

such as Aerodynamics; Spacecraft Heat Transfer; Analog
and Digital Computers; Applied Mathematics; Electronic
Ground Systems; Power Systems; Instrumentation Sys-
tems; Propellant Utilization; Prapulsion Controls; System
Analysis; Thermal Radiation; Tyajectory Analysis. For
Southern California or Cape Canaveral positions, write
Dr. R. C. Potter, One Space Park, Department —G.
Redondo Beach, California, or P. O Box 4277, Patrick
AFB, Florida. STL is an equal opportunity employer.

VLF Radio Propagation

Magnetic Fields 4

SPACE TECHNOLOGY LABORATORIES, INC.
a subsidiary of Thompson Ramo Wooldridge Inc.

Los Angeles » Vandenberg AFB ¢ Norton AFB, San Bernardino ¢ Cape Canaveral » Washington, D.C. ¢ Boston e Huntsville » Dayton,
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The Secret of -
Locked-In Linearity...
+re High Relability of
Daystrom Squaretrims”

At left you see a photograph...magnified many times...of the unique Daystrom technique

of “wire-in-the-groove” resistance winding for its famous Squaretrims. Above is a schematic
drawing of the same process. An insulated mandrel is fed into a precision winding machine,
where a diamond tool (shown in raised position in the photograph) cuts a shallow groove in the
insulation, forming an endless grooved helix. Into this helix the un-insulated resistance
element is wound tightly, using electronic controls. The result is that the resistance wire is
firmly locked in place, without the use of adhesives or other problem-causing procedures.
Each turn of the wire remains securely separate in its groove
even under severe shock and vibration. This is why Daystrom
Squaretrims possess such high reliability. Their linearity is
locked in to resist the worst environmental stress. And the high
reliability of Squaretrims is a prime reason they are specified

/

by more engineers than all other square trimmers combined.
Call your local distributor for off-the-shelf delivery of over 2,000 standard model Squaretrims.

- Wy,
DAVSTROM, INCORPORATED

ve® 0o NTIOMETER DIVISION

ARCHBALO.PENNSYLVANIA ¢« LOS ANGELES. CALIFORNIA
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Why settle for a trimmer capacitor that is"*almost™
right when you can get one that is ""precisely”
right from JFD?

More engineers specify JFD trimmer capacitors
than any other make—with good reasons.

One is JFD’s unique patented design simplicity
(see above) that eliminates the complex mechani-
callinkage of other solid and air variable trimmers.
Another is the absolutely precise and accurate
tolerances of the JFD coaxial assembly — the tight-
est in the industry. Another reason is the 18 sepa-
rate life, electrical, mechanical and environmental
tests that prove out the built-in quality of every
JFD trimmer. Their use in the most sophisticated
measuring instruments, communication equip-
ment as well as in seaborne-airborne and space
applications best shows their outstanding preci-
sion and reliability.

Components Division »

JFD WESTERN
Phone: EMpire 4-4131

16 CIRCLE 16 ON READER SERVICE CARD

precisely right

U.S. PATENT NO. 2,922,093 -CANADIAN PATENT NO. 604,810

patented trimmer design simplicity
Increases your product’s reliability

All JFD Capacitors meet or exceed applicable requirements of MIL-C-14409A.

AT WORK IN THE NEW FRONTIERS OF ELECTRONICS

JFD ELECTRONICS CORPORATION

6101 16th Avenue, Brooklyn, New York » Phone DEwey 1-1000 » TWX-NY25040 * Cable—JEFDEE NY

JFD NORTHEASTERN
P 0. Box 3416, Van Nuys. Calif. Ruth Drive, P. 0. Box 228, Marlboro, Mass. 6330 Hermione Street, Chicago 46, I1linois
Phone: HuUniley 57311t 5425

VARIABLE TRIMMER PISTON CAPACITORS* FIXED METALIZED INDUCTORS * LC TUNERS * DIPLEXERS
FIXED AND VARIABLE. DISTRIBUTED AND LUMPED CONSTANT DELAY LINES *®

Whether you are seeking finer tuning linearity,
higher stability. or greater shock and vibration
resistance, check JFD trimmers first. See how
their patented design simplicitv can add to your
product’s reliability.

Call yourlocal JFD field office or sales represent-
ative, or your JFD distributor for Catalog C-62.

L) S

actual size actual size actual size
miniature miniature SEALCAP miniature MAX-C SEALCAP
model VC20G model SC133 model MC601

0.8 mmf to 8.5 mmf 0.8 mmf{ to 8.5 mmf 1.0 mmf to 14.0 mmf

JFD MIDWESTERN JFD CANADA
51 McCormack Street. Toronto, Ontanio, Canada

Phone . 775 5424-54 Phone: ROgers 91129

PULSE FORMING NETWORNKS

electronics



wo of the
world’s smallest
noisemakers

{we make one of them)

BLP-033 Noise Source
12.4.18.0 G¢
Excess Noise Ratio 14.75 db - ‘

Bomac Laboratories is in the noisemaker business. Our products don’t
exactly apply to parties, but they're ideal for small-space designs requiring good
excess noise production capzbilities.

The BLP-033 is one of our newest noise sources—and it's smaller than any other known
conventional noise generator. Operating in Ky -band, the BLP-033 is specially

designed for AC power conditions through 400 cps or higher. Cumbersome DC power supply
systems are eliminated. And the BLP-033 is only 4 inches long over-all.

Excess random (“‘white”’) noise is produced in the 14.75 db regicn, with 0.25 db excess noise
variation. Fired or unfired VSWR is 1.2 db max. Special gas fill n-aintains striking

voltage throughout an extended life period, more uniformly than can conventional noise
generators. Matched load is contained within a compact package, further

reducing system design space requirements.

Encapsulated waveguide and special finishes are

provided for rugged airborne or extreme
atmospheric conditions.

Want more technical informatian on this
small but superior noise source?
Drop us a line.

BOM Ac labaratories, inc.

BEVERLY 1, MASSACHUSETTS
A Varian Subsidiary

Other Subsidiaries of Varian Assoviates: S-F-D LABORATORIES, INC. « VARIAN ASSOCIATZS OF CANADA, LTD,
SEMICON ASSOCIATES, INC. ¢« SEMICON OF CALIFORNIA, INC. « VARIAN A. G. {SWITZERLAND)
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NEW

TEFLON
MICRO-LOGIC
ELEMENT
SOCKETS

MADE OF TEFLON* TFE, these tiny sockets
are designed to be used with the new Fairchild
micro-logic elements (molectronic-type semi-
conductor networks employed in computer and
other critical eircuits). Designed in collabora-
tion with Fuairchild engineers. the Garlock sock-
ets are the only micro-logic element sockets on
the market. Through the use of Teflon insulat-

Actual size shown

Beryllium copper contacts, these sockets exhibit
unusually low dielectrie loss and outstanding
pin retention. For immediate availability, New
Garlock Micro-logic Element Sockets are
stocked in your locale. Contact the Garlock Elec-
tronic Products distributor or representative
nearest you for full information. Or. write
GARLOCK ELECTRONIC PRODUCTS, GARLOCK INC.,

ing material and silver-plated, gold-lashed Camden 1. New Jersey. tDuPont Trademark
-¥ i Sl 9 A 4 - L
= K gy " S N R W v
ELECTRONIC PRODUCTS
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Closer tolerances in your

PRECINION
EQUIPMENT

FOR ONLY -

AFEW
CENTS

MORE

with Wilrite Metalloy |

°/
CARBON FILM ¢
RESISTORN

May 11, 1962
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T
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Greater precision and greater stability can
be built into test equipment and other pre-
cision devices with the use of Wilrite’s !,
watt, 1€, film resistors, series CMC. These
units are only slightly higher in price than
59, carbon composition resistors, but pro-
vide greatly improved performance.

These resistors are fabricated by Wilrite’s
patented ‘“Metalloy” process that deposits
a hard crystalline carbon alloy film on a
ceramic substrate. The film cannot scratch
or rub off. This is coated with an exclusive
silicone formula and cured. A resin impreg-
nated kraft sleeve provides excellent me-
chanical and additional electrical protection.

The Series CMC resistors are rated at
70°C, full load, and derate to zero at 150°C.
They can also be supplied to closer toler-
ances on special order.

MOISTURE AGING
RESISTANCE STABILITY

L
- A&
LIS S T S A S|

N RES STANCE

M ANGE
“, CHANGE I ALSIS"ANCL

L
£
3
3
H
2
2
g
o
2
®

T%CEEFIAY\JSC'E WILRITE—Film Resistors
buiit to MIL-R-10509D
Type CMG
@] Hermetically Sealed—
" meets MIL characteristic B
o (150°C)
Type CMIi

Silicone Resin Molded—
meets MIL characteristic D
(165°C)

Type CMH

~ - Ceramic encased—
“ktsisTon toltRasct "™ meets MIL characteristic G
(165°C)

CRYSTALLINE CARBON FUM

BAKED SILICONE

KRAFT SLEEVE

W-6216

Winire Provuers, e

A SUBSIDIARY OF GLOBE-UNION INC.
3835 West 150th Street Cleveland 11, Ohio
in association with
Centralab, the Electronics Division of Globe-Union Inc.
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Blunt-shaped nose cone madel creates
typical shock warve in aiy as it travels
down Avco's ballistics range at speed
of 5,500 ft a second. Plasma sheath
results from heating of shock waves
during reentry

BOSTON—Stepup in reentry physics
field-test programs underscores the
seriousness of the communications
and telemetry blackout caused by
the plasma sheath—a crucial and
possibly limiting factor in military

and civilian space projects.

At the Second Symposium on the
Plasma Sheath, sponsored late last
month by Air Force Cambridge
Research Laboratories. there
emerged this general appraisal:

e The sheath can be penetrated if
transmission is restricted to high
enough or low enough frequencies.

e Alternative approaches include
the use of magnetic fields to open
r-f “windows.” addition of physical
and chemical contaminants to nose
cones or ionized gas streams to re-

Components’ Future Seen Healthy

IN A KEYNOTE address this week
before the Electronic Components
Conference in Washington, Robert
C. Sprague, of Sprague Electric Co.
presented this estimate of the com-
ponents market through 1972.

He saw an evolution towards the
use of integrated circuits, molecular
and micrologic elements and other
complex components (see also p
51), but not a revolution replacing
discrete components.

Components Marhets:

Federal Government. . ... ... ... .......
Industrinl . ..o oo o

Fntertuinment .
Total
Components \ul( Y]
Total Tubes . .
Receiving. . .
|'n\\| rand spec. purpose
- Pictore . .
1ulu| Semie on(llu tors. ..
Trunsistors.

Diodes and rochh(,rs .....................

Special devicese . ..

Total Pussive € ulnlmncnln ................

Capacitors.
Resistors. ..

All other? . .. .

Totul Complex Components
Noaminiatarized filters and ne l\\()rku
Mininturized packaged assemblies .
Planar and molecular circuits .

(a) Tncludes voltage-regulator diodes, microwave diodes, light-sensitive devices, tunnel diodes,
(b) Includes connectors, crystals, relays, microwave parts, ete.

thermoelectric semiconductors, etc.

20

Inductors. ... ... ... ... ..

1972

1957 1062 1967
(Millions at Dollars)
u2s 1750 2,350 3.225
Daa 6n0 075 1.550 2.150
925 1.025 1.300 1.500
2,150 3.750 3. 100 6.875
753 830 980 985
a1 310 260 185
186 320 150 500
183 200 270 300
155 615 1.160 1.615
68 365 70 1.125
ooa a3 200 280 350
600 t ’O 110 140
1.502 2. 07 2.710 3.135
560 225 330 150 550
000 105 315 s 515
600 s 305 105 470
067 1.197 1.110 1.570
10 128 S50 1.140
G [ 85 140
13 a 200 450
. 35 265 550

Space Researchers

High or low frequencies can get through.
Windows may be opened by using magnetic
fields or changing plasma composition

By THOMAS MAGUIRE, New England Editor

duce electron concentration, and
aerodynamic modifications to the
reentry vehicle.

e Combinations of these ap-
proaches may provide solutions for
specific needs.

At present, a proven technique for
piercing the sheath is choice of fre-
quency. Avco's Drets system, for
example, transmits above the criti-
cal plasma frequency.

Millimeter waves can penetrate,
but are unsuited to all-weather op-
eration since atmospheric attenua-
tion is severe. Low frequencies get
through because plasma thickness
is small compared to wavelengths.
However, the communications or
telemetry system again meets a
severe problem-—available band-
width, dependent on the antenna’s
electrical size.

Higher or lower frequencies are
not ideal solutions. It is not eco-
nomical to change entire communi-
cations and telemetry systems. The
military doesn’t want to be barred
from using any part of the spec-
trum.

Even so, telemetry for space
projects will probably have to move
up eventually to X band. An X-band
telemetry system has been devel-
oped by AFCRL (ELECTRONICS, p
8, May 4). Equipment in the Asset
program developed by McDonnell
Aircraft for Wright Field will also
test X-band and uhf transmission
through the plasma sheath.

Generation of static magnetic
fields adjacent to radiating anten-
nas appears promising as a direct
means of penetrating the sheath,
particularly at higher frequencies.
It will not be difficult to put coils
around small antennas.

In one of several analyses based
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Shed Light on Plasma Sheath

on laboratory experiments, H. S.
Rothman and T. Morita, of Stan-
ford Research Institute, reported
that reentry blackout of a conven-
tional telemetry system can be
eliminated by two conditions: if a
field applied in the direction of
propagation produces an electron
cyclotron frequency greater than
the impressed angular frequency,
and if the square of the collision
frequency is much less than the
square of the difference of the cyclo-
tron and angular frequencies.

Wave propagation analvses indi-
cate that static fields give signifi-
cant improvements in reentry tel-
emetry. According to H. Hodara, of
Hallicrafters, models show that a
magnetic field helps as long as the
clectrons revolve around the lines
of the magnetic field, thus reducing
attenuation. But if the collision fre-
quency is higher than the cvelotron
frequency, the mean free path of
the electrons is too small. Halli-
crafters proposes a missile test of
effect of a 500-gauss field applied to
a rectangular slot antenna.

Effectiveness of magnetic fields
in opening windows for free-space
transmission will not be known un-
til  the theory is flight-tested.
Among the first field tests is an
Air Force try, using a supercon-
ducting magnet to generate a field
of about 10 kilogauss (ELECTRON-
1C8, p 7, April 20).

Aerodynamic modifications of the
space vehicle and radiating svstems
is an approach that some people
think will be as practical as mag-
netic fields. Avoiding blunt shapes,
using  structures that  produce
weaker shock waves, optimum place-
ment of antennas, and separating
the antenna from the vehicle skin
to reduce thermal plasma are all
under consideration.

Additives may reduce electron
concentration in the ionized air
layer around the nose cone. For
example, fluorcarbons and electro-
philic compounds squirted into the
gas stream and around the antenna
reduce shock heating and ioniza-
tion. Water vapor has been used in
laboratory experiments, but some
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measurements indicate little en-
hancement of transmission.

Research reports also indicate
that plasmas can drastically change
voltage breakdown characteristics
of antennas even if the plasma is
not dense enough to appreciably at-
tenuate signals.

Another problem is that signals

passing through rocket exhausts
are strongly attenuated. Above 100,-
000 feet, the plume starts to en-
velop the vehicle. The problem gets
worse with higher-energy engines,
particularly solid fuel exhausts con-
taining aluminum. Ground antennas
may be relocated so the plume is
not in the signal path.

Analog-Digital Computer Bows
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Hydac digital console (right), has patch panel similar to analog plug-

board (left)

ANALOG AND DIGITAL operations are
now combined in one centralized
system to achieve a computational
efliciency said to be better than
either analog or digital computers
used alone, according to Electronic
Associates, Inc., builders of the re-

cently introduced Hydac Series
2000 (hybrid digital-analog) com-
puter.

Introduced at the Spring Joint

Computer Conference, the computer
is made up of a general-purpose
EIA 231IR analog computer plus a
digital console that contains an ex-
pandable complement of logic and
memory modules, depending on the
application.

Lloyd F. Christianson, EAT presi-
dent. said that although digital com-
puters have been connected to ana-
log systems by special linkage,

flexibility, ease and economy are
limited by features designed pri-
marily for the general-purpose op-
eration of the individual computers.

The hyvbrid computer adds to the
analog functions, the digital opera-
tions of timing, selection, sequenc-
ing. memory look-up and caleula-
tion of simple functions. Some
applications of the Hydac are in
iteration and optimization studies,
partial differential equations, simu-
lation of logie functions, and in-
tegral equations.

Christianson said Hydac will
simulate a space vehicle flight and
duplicate exactly the logical deci-
sions made by an airborne computer
in controlling the flight. The first
contract for the new system was
from NASA for future space proj-
ects research,
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AEROSPACE
TRAFFIC CONTROL

CENTER:
TIMETABLE 1970’s

A typical example of advanced design by Lockheed-California Spacecraft

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

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

The station—aeroscope traffic control center of the 1970's
—will be assembled in orbit in a series of pieces brought
together by rendezvous techniques. Included: Command
center; living quarters; maintenance station; radar and infra-
red sensing devices; nuclear power supply; communication
links with the earth and other space vehicles. As now
planned, 12 people will man the vehicle. Their tour of duty
will be measured in weeks,

For four years Lockheed-California Spacecraft has
concentrated on the needs of man in space. Activities
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embrace all fields pertaining to development of complex
spacecraft as well as supporting technologies. An operation
of such magnitude opens many doors of opportunity.

Scientists and Engineers of outstanding talent and
training are needed to develop new Spacecraft, Aircraft,
ASW concepts in: Human Factors; Physics (theoretical,
plasma, high-energy, solid state, infrared, optics, nuclear);
Thermodynamics; Servosystems; Reliability; Guidance and
Control; Dynamics; Electronic Systems; Aerospace Ground
Equipment; Bioastronautics; Systems Integration and Trade-
Off; Space Mechanics; Sub-Systems Synthesis and Analysis;
Nuclear, Electric and Liquid Rocket Propulsion; Electronics
Research; Hydrodynamics. Send résumé to: Mr. E. W. Des
Lauriers, Manager Professional Placement Staff, Dept.
1505, 2408 N. Hollywood Way, Burbank, California. An equal
opportunity employer.

Lo c KH E E D CALIFORNIA COMPANY

A DIVISION OF LOCKHEED A!IRCRAFT CORPORATION

electronics
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PROVEN CAPABILITIES CUT URGENT PROJECT LEAD TIME,,,

modular

strap-down

gyro packages

FOR GUIDANCE.,,.STABILIZATION..,.CONTROL

Operational . .. producible . . . with reliabilities and performance fully demonstrated in current satellite

and aircraft programs , .

. Reeves Gyro Packages cover an extremely broad range of requirements,

The following four representative types indicate the scope and experience of our design,
engineering, and production capabilities immediately available to aid in your advanced projects,

L

THREE AXIS SATELLITE INERTIAL REFERENCE PACKAGE:
Three single axis floated gyros and two accelerometers are
employed. The gyro and accelerometer loops employ seven
voltage amplifiers and five power amplifiers. All amplifiers
are individually encapsulated, transistorized units. A cur-
rent regulator amplifier and heater relay amplifier are
also included.

SINGLE CHANNEL SATELLITE STABILIZATION SYSTEM:
This high precision system utilizes a Reeves D30S gyro,
with trimmed drift rate of 0.1° hr. The gyro loop incorpo-
rates a voltage amplifier, a demodulator and a d.c. power
amplifier for driving the gyro d.e. torque motor. Tempera-
ture regulation is effected by means of a proportional
temperature control ampliifier.

PR i 77 [yt

REEVES

May 11, 1962

INSTRUMENT CORPORATION
A Subsidiary of Dynamics Corporation of America, Roosevelt Field, Garden City, N.Y,

A X R B R AR e SRR SR R T R R St SR

TWO CHANNEL ANTENNA STABILIZATION SYSTEM: Each
loop comprises a Reeves HIG-4 gyro and a voltage amplifier
and power amplifier. Proportional temperature control am-
plifiers regulate temperature to 0.5 degrees for each gyro.

MODULAR AMPLIFIER COMPONENTS: Transistorized, fully
encapsulated units which can be readily incorporated into
any system for providing voltage and power amplification;
demodulation where required, and high precision tempera-
ture control.

Werite for dota file 105

eeved
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265 vOC 600 ONMS
3A RES 265 vOC 1

265 YDC 600 OHM:
3A RES 265 vDC

265 VvOC 600 OHMS
3A RES 265 VDC

[{ayrosaric §P vceciarc]

sar Mne
ROSTHARL UL W14,

rar Mus
WORTHLAZL L UL A

AE has licked the most common source of military relay
failure — contact contamination.

You can run a“low level miss test” on a batch ¢f MM-22's
with certainty that the contact resistance on every one
will remain remarkably low and consistent. A test at the
full power rating will also demonstrate the contact reli-
ability. Asanexample, MM-22's on a life testof 3amperes
28 volts dc resistive had a contact resistance of less than
50 milliohms after 8': million operations.

One reason for this extreme reliability is found in AE’s
exclusive sealing method. grapnically illustrated below.
Note that no sealing hole or evacuation tube is used.
After evacuation and backfilling of the welding cham-
ber (including the relay), the outer can is 1esistance-
welded to the relay and header assembly.

The final sealing operation is performed in a dry box

POSITION 3:
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8 ? 6 ?5 8 7 6 15 |

265 VDC 600 DHMS]
3A RES. 265 ¥DC

263 VDC 600 OHM
3A RES. 26.5 wOC

roi Thes
MDETMASE Mi U3

containing the sealing chamber and the welding elec-
trodes. A pure and dry nitrogen atmosphere iz main-
tained in the dry box and all operations are performed
through glove ports.

If your tests of microminiature sealed relays have shown
an alarming probability of syvstem failure, then the
MM-22 is the answer to your problam. For more infor-
mation, write fcr Circular1999to: The Divector, Military
Equipment Sales, Automatic Electric Sales Corporation,
Northlake, Illinois.

AUTOMATIC ELECTRIC

Subsidiary of

GENERAL TELEPHONE & ELECTRONICS

How the AE MM-22 Relay is hermeti-
cally sealed by resistance welding

POSITION 1: Relay structure and outer
can are lcaded into cavity in lower welding
electrode. Relay structure and outer can
are held partly open. Operator presses
button to initiate cycle which, from then
on, is completely automatic.

POSITION 2: Welding chamber closes and
is evacuated and then backfilled with
nitrogen containing helium tracer.

POSITION 3: Uboper electrode descends,
pressing relay completely into outer can
and then completes the weld. Welder then
reverts to Position 1 and completed relay
is ejected.

CIRCLE 25 ON READER SERVICE CARD
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(A)

2.5-mc 05¢ | [ PHASE \4
8 REGENERATIVE | | MONITOR
DIVIDER L
TO STANDBY
Vg‘m’;‘é‘sE 0SC CHANNEL
SWITCH PHASE CORRECTION FOR ANTENNA
I MONITOR SWINGING 8 TUNING
SPECTRUM
GEN
WAVE PHASE POWER T0
(B) I ANALYZER SHIFTER AMPL | TRANSMITTER

Transformer replaces synthesizer in West German frequency printer (A). Frequency stabilizer (B) for Navy vlf
transmitters uses Western Electric AT-cut 5th overtone crystal oscillators.
said system can maintain « local frequency standard to 1 partin 10°

R. R. Stone, Jr., Naval Rcsearch Lab,

Frequency Controls Near 10" Accuracy

By MICHAEL F. WOLFF
Senior Associate Editor

ATLANTIC CITY—Progress in rais-
ing stability and accuracy of fre-
quency control devices was reported
at the 16th annual Frequency Con-
trol Symposium late last month.
The conference, sponsored by U.S.
Army Signal Research and Develop-
ment Laboratory, drew approxi-
mately 500 persons, including about
25 from Canada, Europe and Japan.

Sessions on atomic and molecular
resonance indicated it may be pos-
sible to improve atomic frequency
standards by one or two orders of
magnitude, N. F. Ramsey, of
Harvard University, hopes to
demonstrate soon an accuracy of 1
part in 10" by comparing frequen-
cies of two atomic hydrogen masers
having improved magnetic field and
temperature control. Accuracy may
ultimately reach 1 part in 10%,

The masers utilize a hyperfine
transition in the ground state of
atomic hydrogen stored in a con-
tainer for long times (order of
seconds). In the discussion, R.F.C.
Vessot said similar work is under-
way at Bomac Labs. He expects
to have four masers by midsummer.

A. Javan described new experi-
ments at MIT on stabilizing gaseous
optical masers. Frequency stabili-
ties of 1 part in 10” might be
obtained by observing the beat
notes between two independently
oscillating lasers with a multiplier
phototube.

In a paper on stability of tunnel-
diode oscillators, Frank Sterzer, of
RCA, reported that fractional fre-
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quency shifts of less than 3 x 10°°
per deg C, 2 x 10 per mv, and
1 x 10" for a change in load vswr
from 1 to 2 can be achieved by
using a stabilizing resistor and
choosing diodes with high peak-to-
valley ratios and temperature-stable
peak currents.

Carl J. G. Abom, of the Research
Institute of National Defense,
Stockholm, reported that drift rates
in precision vacuum-tube oscillators
could be reduced by two orders of
magnitude by high-purity nickel
cathodes. Such cathodes reduce the
effect of cathode interface imped-
ance changes with temperature.

Frequency control systems uti-
lizing electric transitions in molec-
ular beams also came under scru-
tiny. J. J. Gallagher, of Martin
Co., described excitation and de-
tection techniques for molecular
millimeter-wave transitions that
could be used to develop a system
utilizing the 394.8-Ge transition in
hydrogen sulfide.

In preliminary work, a 168-Gc
absorption line has been observed
with a superheterodyne receiver.
Signal input power of 15 uw is ob-
tained by multiplying from a 24.1-
Ge klystron which is phase-locked to
the 241,000th harmonic of a 100-Kc
oscillator. Similar inputs are antici-
pated from mm klystrons under de-
velopment for a 394.8-Gc system.

More than half the papers dealt
with erystals and associated cir-
cuits and measurement techniques.
A method of measuring resistance
and equivalent capacity as a func-
tion of crystal unit frequency was

described by F. K. Priebe, of
USASRDL. A modified Boonton
RX meter is used to obtain a plot
of equivalent capacitance against
frequency from which motional
capacitance can be computed to
within two percent.

On display by Rohde & Schwarz
was a new test set for measuring
crystals under loads from 0.001 mw
to 5 mw and temperatures from
—20 to 70 C. The set has a range
up to 300 Mc¢ and can measure
motional resistance from 0 to 17,000
ohms with an accuracy of three
significant figures, R&S said.

Possibility of frequency control
in high-radiation environments
with quartz crystals if they are
operated at high temperatures was
shown by J. C. King and D. B.
Fraser, of Bell Labs. When AT-cut
quartz resonators were exposed for
46 days to a high neutron flux
(1.2 x 10" nvt), resonant fre-
quency increased by 900 parts per
million and Q decreased an order
of magnitude. This damage an-
nealed out at temperatures above
300 C, however.

U. E. Adelsberger, of Physi-
kalisch-Technische Bundesanstalt,
West Germany, described a digital
system for continuously printing
frequencies to an accuracy of 1 part
in 10", High count precision is
achieved by using the frequency
transformer (illustrated) at the
printer input. Transformer multi-
plies a low input frequency by 1,000
and improves accuracy by the same
factor. The Dbattery eliminates
phase shift.
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Nuclear Blasts Testing R-F Blackout

DOMINIC, the U. S. nuclear test se-
ries now underway in the Pacific
includes among its goals evaluating
the disruptive effects of nuclear ex-
plosions on communications and ra-
dar and the ability of electronic
equipment to withstand blasts and
fallout, as well as tests of weapons.

In one test, for example, a bomb
in the one-megaton (Mt) range
will be lifted to 500 miles in space
by a Thor IRBM and exploded. The
explosion is expected to temporarily
eliminate a portion of the Van Allen
radiation belt.

High-energy particles from the
belt will drop into the atmosphere.
Disruption of the ionosphere will
black out high-frequency communi-
cations. Ionized layers pushed down
into the atmosphere will form a
barrier, for a period of minutes, to
frequencies slightly above 30 Mec
and and for perhaps hours to the
1 to 10 Ge range.

The blackout is expected to pro-
vide information on techniques for
preventing a breakdown of commu-
nications caused by enemy (or even
our own) nuclear blasts during
war.,

Two lower-altitude H-bomb tests
are also planned in this series,

Distortion of radar target re-
turns and complete blocking of ra-
dar by nuclear blasts has been ex-
perienced in the past. Exploding
enemy missiles as well as explosion
of nuclear warheads on defending
antimissiles such as Nike Zeus
might prevent target acquisition
and tracking of subsequent attack-
ing missiles.

General effect of nuclear blasts
on communications has been known
for some time, and several summa-
ries have been published, based pri-
marily on the 1958 Argus experi-
ments.

It has been estimated that a
50-Mt bomb exploded at an altitude
of 50 mi would black out communi-
cations for about a day in a 2,500-
mi radius. The radius would in-
crease or decrease with altitude
and bomb size.

The 1961 Soviet test series in-
cluded a bomb of that size and there
has been at least one indication it
could be used for jamming (ELEC-
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TRONICS, p 9 Nov. 10, 1961). In the
U. S. tests a total explosive force of
roughly 20 Mt will be detonated,
about 12 Mt in fusion energy and
8 Mt in fission energy.

Federal Aviation Agency has
warned civilian planes of the dis-
ruptive effects of the blasts on com-
munications and navigation equip-
ment. Planes will be grounded up
to 32 hours after each blast. Radio
amateurs have been requested by
government agencies to collect data
on communications disturbances.

Exposure of electronic gear to ef-
fects of blasts and radiation is of
major interest, with instrumenta-
tion methods and results highly
classified.

Proof testing of weapons will in-
clude nuclear firings of Minuteman,
Atlas and Polaris missiles, Asroc
and perhaps Subroc antisubmarine
rockets, and nuclear depth charges.
The Nike Zeus antimissile missile
will attempt to intercept an Atlas
warhead. At least one new, un-
named weapon will be tested.

Efforts to improve weight-to-
vield ratios of nuclear warheads
will be evaluated. The Polaris sub-
marine Ethan Allen this week fired
a Polaris missile with a live nuclear
warhead of reportedly 3-M-t yield.

1-

JOHNSTON ,,

Abilitv of Minuteman hardened
silos to withstand atomic attack
will be investigated.

The White House has invoked ex-
tensive security measures. Report-
ers will not be allowed on the prov-
ing grounds and only brief an-
nouncements of each blast are be-
ing made.

Among top personnel are Maj.
Gen. A, E. Starbird, Army, direct-
ing the test series; William Ogle,
AEC, scientific director; Brig. Gen.
J. Samuel, Air Force, communica-
tions and transportation, and Rear
Adm. L. Mustin, experienced in an-
tisubmarine warfare, who will di-
rect Navy efforts.

Groups from AEC’s Los Alamos
Labs, Lawrence Radiation Lab and
Sandia Corp., as well as other ex-
perts, will be present. Edgerton,
Germeshausen and Grier is supply-
ing much of the electronic equip-
ment, including a countdown sys-
tem, and gear for gathering blast
data by measuring light, radiation,
shock wave propagation and other
effects.

Preparations were made on a
crash basis in just four months.
Roughly $100 million in equipment
of all types is employed, not count-
ing major construction.
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AT THE WORLD’S FAIR

An Electronic World of Tomorrow

By RAY BLOOMBERG

MceGraw-Hill World News

SEATTLE—Electronic equipment is
not only gathering crowds at indus-
trial exhibits at the World’s Fair
here, it also controls two of the big-
gest public displays—the World of
Tomorrow and the International
Fountain.

In the World of Tomorrow, fair-

¥ - 2 e #n /
Projectors and recorders guide
visitors through geometric forms
representing world of tomorrow

Spolken arithmetic problems are solved by IBM deviee
that prints the answers
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goers pass through a fantastic ar-
rangement of 3,700 aluminum cubes
bathed in changing light and
“slightly eerie” music.

Visitors are lifted to a 28-ft-
high platform in a plastic-enclosed
elevator, called a Bubblelator, then
walk down a ramp through clusters
of cubes. Dimmer-controlled lights
and speakers guide the tour.

Five continuous-loop 16-mm pro-
jectors cast images on three-dimen-
sional screens and 16 magnetic tape
reproducers feed music, messages
and sounds into some 100 loud-
speakers in two systems. Projectors
and reproducers are timed to 0.01
second, to maintain five-minute cy-
cles over a 12-hour day. Control
equipment was installed by RCA.

The fountain presents seven 20-
minute water concerts daily. Nine
lights and spray patterns from 117
nozzles are controlled by a tape re-
corder from Tally Register Co.

The 600-ft-high space needle has
a 549-bell electronic carillon. It’s
billed as the world’s largest and
highest. It may also be the loudest,
since it can be heard 10 miles away.

Among the exhibits is a National
Cash Register preview of future
electronic business systems: an on-
line banking system based on a 315
computer, and a cash register that
processes data for retailers. NCR
also invites visitors to play black-
jack with a 390 computer.

Industry contributed to the
American Library Association’s li-
brary of the future. When a re-
quest is dialed on a home phone,
a computer will locate the document
in one of the world’s libraries,
transmit the request by satellite
and receive an image by the same
route. The exhibit is based on
RCA’s Video File.

The library also includes a Sperry
Rand Univac whose stored informa-
tion is available to fairgoers, and a
Mark II Auto Tutor for teaching
mathematics and science.

IBM’s exhibit uses visual dis-
plavs and operating models to re-
late electronic computers to the
more simple devices of the past.
A children’s maze gives the basic
principles of today’s computers.

Another device does arithmetic
and prints answers to simple prob-
lems on voice command. It will rec-
ognize and respond to 16 spoken
words. In the U. S. Science Exhibit,
an IBM 1620 and a California Com-
puter Products digital plotter simu-
late a space flight.

Pacific Northwest Telephone Co.
is making use of the Bellboy per-
sonal-signaling device. Some 40
pocket-size radio receivers buzz fair
officials, maintenance and medical
personnel when their telephone

number is dialed anywhere in the
Seattle area. They then get the mes-
sage by phone.

NCR offers fairgoers an opportunity to play black-

jack with a computer
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NEW
MOSELEY
TWO-PEN
X-Y1-Yo-T
TRANSISTORIZED
RECORDER

*Built-in time base

NEW MOSELEY AUTOGRAF MODEL 136 RECORDER is an
ultra-compact, lightweight two-pen instrument providing two
Y axes. It provides 16 calibrated voltage ranges on each axis,
0.5 mv in. to 50 v in., with vernier range control. There are 7
calibrated X axis time sweeps, 0.5 to 50 sec. in. Accuracy is
. better than 0.2% full scale. 200,000 ohms v input resistance
or higher; full range zero set and zero suppression, vacuum
paper hold-down; compatible with AC DC or log converter.

Model 136 is readily used in F. L. MOSELEY CO.

rack or table mounting. $265O 409 N. Fair Oaks Ave., Pasadena, California
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MODEL 500
NTERFERENCE LOCATOR
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LOCATE
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QUICKLY
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This versatile instrument is a
highly sensitive interference lo-
cator—with the widest frequency
range of any standard available
unit! Model 500 tunes across the
entire standard and FM broad-
cast, shortwave, and VHF-TV
spectrums from 550 ke. to 220
mc. in 6 bands.

It's a compact, portable, rug-
ged, versatile instrument—engi-
neered and designed for most
efficient operation in practical
field use, It features a transistor-
ized power supply, meter indi-
cations proportional to carrier
strength as well as sensitivity of
5 microvolts minimum for 5%
meter deflection over entire tun-
ing range.

For full details, send for bro-
chure IL-106.

SPRAGUE ELECTRIC COMPANY

35 Marshall Street, North Adams, Mass.
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SPRAGUE

THE MARK OF RELIABILITY
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Map tells what signs are in operation. Modules above and below map
indicate which messages are lit (left). Receiver-decoder and antenna are
seen at left side of sign

Tones Control Highway Sign System

NEW JERSEY TURNPIKE is equipped
with 67 neon signs, warning motor-
ists to drive slow when there is
snow, ice, fog or an accident ahead.
Until last week, state troopers
turned these signs on and off by
hand. Delays of an hour or more
sometimes occurred, especially when
the troopers were tied up at an
accident scene.

To eliminate this delay and the
hazards that resulted, the Turn-
pike Authority had Motorola install
a system which controls the signs
by vhf radio tones. Signs can now
be turned on seconds after a trooper
radios a hazard report and can be
turned off as quickly.

The dispatcher uses selector
switches to operate individual signs
or groups of signs. Switch positions
are coded, transmitted over the
turnpike’s microwave relay system,
received and rebroadcast by five re-
peater stations. A receiver-decoder
at each sign actuates the neon mes-
sages. The receiver-decoders use
transistor circuits. If the primary
repeater station for a sign or group
of signs fails, an alternate station
may be used.

Status of each sign is displayed
by optical projection on an 18-ft
map of the 131-mi-long road. Check-
ing circuits verify sign operation
and a data logger provides a per-
manent record of the operation.

The system can be expanded to
handle 100 signs with up to 20 mes-
sages each. The repeater system is
also used for two-way radio com-
munication with the turnpike’s 80

maintenance vehicles. That system
was also installed by Motorola.

Sweden Studies Plans
To Build Rocket Range

STOCKHOLM—Sweden is discussing
possible entry into the European
Space Research Organization with
construction of a rocket launch
range some 45 Km east of the town
of Kiruna, located at 65 deg N lat.

Tentative plans call for less than
ten sounding rocket firings the first
vear (two-stage rockets with a pay-
load of 50 Kg up to altitudes of 150
Km), 40 the second year and 65 in
each of the following six years.

Subjects of investigation would
be upper atmosphere physics in the
auroral zone, upper atmosphere
physics at lower altitudes, and as-
tronomical studies.

Estimated costs for the Kiruna
site are estimated about $5.44 mil-
lion including $1.22 million for
equipment. Included in the equip-
ment list are: $440,000 for radar,
$120,000 for telemetry, $70.000 for
ionospheric sounding, $70,000 for
operational control, $30,000 for
meteorological sounding, $90,000
for communications and $200,000
for ramp service. Cost of operation
would be about $1.06 million a year.

Sweden’s plans also include—al-
though Kiruna is not mentioned in
this context—small satellites in
near-earth orbits during the fourth
year of the program, large stabi-
lized astronomical satellites and
lunar satellites in the sixth year.
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oMM FLUKE MFC ]

TLAxEg TEANAC

JOHN PFLUKE MFC,

EIE

JOun FLUKE MF
MOBNTILAKE TERRACE
SUNTLAKE TRRAA

(ACTUAL SIZE)

SPECIFY FLUKE PRECISION POTENTIOMETERS!

THESE new time-savers comhine the advantages of speed, high
resolution, linearity and AC response . . . in a fraction of the space
required for standard helical potentiometers . . . in fact less space
than many single turn. low resolution potentiometers. The unique
FLUKE patented design results in all the most looked for capabilities:
for example, thin card-type windings reduce residual reactance and
allow operation at much higher frequencies than other potentio-
meters with similar DC specificatiors. The 11, turn control of the
entire adjustment range allows substantial time savings in frequent-
1y adjusted or multiple potentiometer irstallations such as analog
computors, simulators and data logging systems. For built-in de-

pendability, precision and all around performance . . . specify

FLUKE reliable potentiometers.

2 0A RESISTANCE RANGE IN OHMS: . 100 to 25K
RESOLUTION: . . . 1K and above better than 0.029%
POWER RATING IN WATTS 9 06 o o o 2 at 20°C
B R R N T T . « « . . $8.50

Z71A RESISTANCE RANGE IN OHMS: 30K, 40K and 50K

RESOLUTION .o 30K and ebove, better than 0.008%
POWER RATING IN WATTS: . . .ou . 3 at20°C
PRICE: $10.00
2 2 ARESISTANCE RANGE IN OHMS: . | . . 1Xto 100K
RESOLUTION: . 1K and above better than 0.029%
PRICE: . . $15.00

3 0APROV.DES 40 TURN RESOLUTION WITH ONLY 2%, TURNS

RESISTANCE RANGE IN OHMS: . | . . 1Kto 100K
RESOLUTION: . . . . 1partin5C, 030 or betterthan 0.002%
PCWER RATING IN WATTS: 5 . 5at 20°C
PRICE: . . $30.00

Available from stock. Compatible knobs and resettable lials also
available. W rite, wive or phone for your nearest local stock and short

Jorin catalog F-162.

John Fluke Mfg. =L L) K E Ecnmpon:nrs |
Company, Inc. -

Seattle 33, Wash.

Box 7428 PR.w-1171 TWX — Halls Lake TLX—852
LOCAL STDCKS AVAILABLE IN MOST MAJOR MARKETS
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meet 2000 needs for
“special’’ filters...
with STANDARD PIC units

you can do it by taking these two steps:

1. Check the Selection Guide for PIC Filters. 1t catalogs 252 filters.
They cover a frequency range of 5 cycles to 500KC. Sizes range
from microminiature telemetering filters to heavy duty power
filters.
Then, if this doesn't locate the filter you need . . .
Ask PIC to run your filter specifications through its file of over
2000 filter production drawings. An average of one new filter
design has gone into these files every working day for more
than 10 years. A filter meeting the specs you submit can be
produced, in the majority of cases, from drawings in this file.
Send today for your copy of the Selection Guide for
PIC filters. For complete information, write us on your
company letterhead.

n

POLYPHASE INSTRUMENT COMPANY

Bridgeport, Pennsylvania
TRANSFORMERS « FILTERS « MAGNETIC AMPLIFIERS o DELAY LINES
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MEETINGS AHEAD

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

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

ELECTRONICS PARTS DISTRIBUTORS SHOW,
Electronic Ind. Show Corp.; Conrad
Hilton Hotel, Chicago, May 21-24.

SELF-ORGANIZING INFORMATION SYS-
TEMS CONFERENCE, Office of Naval Re-
search and Armour Research Founda-
tion; Museum of Science & Industry,
Chicago, May 22-24.

MICROWAVE THEORY & TECHNIQUES
NATIONAL SYMPOSIUM, IRE-PGMTT;
Boulder, Colo., May 22-24.

POWER SOURCES CONFERENCE, U.S.
Army Signal R & D Lab., Shelbourne
Hotel, Atlantic City, N. J., May 22-24,

TELEMETERING NATIONAL CONFERENCE,
IRE-PGSET, AIEE, ISA, ARS, ISA; Shera-
ton Park Hotel, Washington, D. C,,
May 23-25.

IRE SEVENTH REGION CONFERENCE, Se-
attle IRE Section; Seattle, Wash.,
May 24-26.

NUCLEAR CONGRESS & EXHIBIT, Engi-
neers Joint Council; Statler Hilton
Hotel, New York City, June 4-7.

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

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

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

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

ADVANCE REPORT

SPACE PHENOMENA & MEASUREMENTS
SYMPOSITU'M, IRE-PGNS, AEC, NASA! Dec-
troit, Mich., Oct. 15-18. July 1 is deadline
for submitting 100-word abstract to:
Michael Thnat, AVCO Corp., 201 Lowell
Street, Wilmington, Mass. Typical topics
include: measurement in the radiation
belts ; solur and galactic cosmic ray be-
havior: clectromagncetic fields in  the
solar system ; x-ray and gamma ray
astronomyy.

FALL JOINT COMPUTER CONFERENCE, IRE-
PGEC, AIEE, ACM ; Sheraton Iotel, Phila-
delphia, Pa., Dee. 4-6. June 30 is dead-
line for submitting fowr copies of 25-word
abstract, 500-word summary and com-
plete draft of paper to: E. Gary Clark,
progrant caommittee  chairman, Bur-
roughs Caorp., Reseurch Center, Box 833,
'aoli, Pa. Arcas of particular intcerest
include: information processing in space
teehnology ; advanced system organiza-
tions : hardware-software relations ; newe
applications of information processing:
information communication & display:
information proccssing as « national re
snuree.
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CAPACITORS

These solid electrolyte capacitors, Sangamo Type 595,

represent a distinct achievement in tantalum capacitors.

They utilize Sangamo's exclusive “Innerseal” construction with
the terminals mechanically secured to the tubular container and
precisely positioned without regard to the capacitor element.

The seal is produced with a minimam of solder and flux, and
with minimum thermal and mechanical stress on the glass
insulator. There is absolutely no reliance on solder for mechanical
strength. That's why these rougher units give peak performance
under the most drastic shock and vibration conditions.

Sangamo tantalum capacitors comply with all the electrical and
mechanical requirements of Mil-C-26655A.

Basically, these tantalum capacitors provide the highest
capacitance per-cubic-inch in an extremely small and strong.
hermetically sealed package.

Sangamo Type 595 capacitors are designed for filter, by-pass,
coupling, blocking, and low voltagz applications in telemetering
devices, airborne systems, computers, missiles, and transistor |
circuits. They have low dissipation factor, low dc leakage, and
excellent shelf life. They are availasle in capacitance values of

0.22 to 330 mfd, and in voltages from 6 to 35 WVDC. They’re
suitable for operation at full-rated voltages over a temperature

range of —80°C to +65°C and, when properly derated, will operate
up to +125°C. Complete information is yours for the asking.

i

ELECTRONIC COMPONENTS

SANGAMO ELECTRIC COMPANY

SPRINGFIELD, ILLINOIS
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ELECTROLYTIC
COMPUTER GRADE
CAPACITORS

Sangamo Type DCM Capacitors are computer grade—

have more capacitance per case size—operate under high
ambient temperatures, are rated for high ac ripple currents,
and add stability and long life to low voltage power supplies.

That's why they are used by such computer makers as:

BENDIX NATIONAL REMINGTON RAND
BURROUGHS PHILCO ROYAL McBEE
GENERAL MILLS RCA SOROBAN

IBM RAYTHEON STROMBERG-CARLSON

Sangamo was the first manufacturer to produce and establish
standards for high reliability, computer grade electrolytic
capacitors, and can engineer and produce units to

meet your most exacting specifications. Complete

information is yours for the asking.

- "TELECTRONIC COMPONENTS 3

SANGAMO ELECTRIC COMPANY

SPRINGFIELD, ILLINOIS
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Single-Place Gyrocopter by Bensen Aircraft Corp.

Get a close-up of deep-water terminals in
VIRGINIA'S HAMPTON ROADS

Both state and railroads are expanding deep
water facilities on Hampton Roads for special
and general cargo. It's one more reason to lo-
cate beside this all-year, ice-free port. Here
100 ship lines, 8 railroads, 50 truck lines and
4 airlines link your plant at a saving with Ameri-
can and world markets and sources of supply.

Ask VEPCO about available plant sites and

Hampton
Newpart News
Norfolk
Portsmouth
South Norfolk
Suffolb

Va. Beach
Williamsburg

Franklin Smithfield
Poquoson Windsor
Yorktown

economic studies on this area’s historic and

<—CIRCLE 34 OH READER SERVICE CARD

hospitable communities . surrounded by
some of the finest swimming, boating and fish-
ing waters in the nation. Write, wire or phcne in
confidence, without cost or obligation

VIRGINIA ELECTRIC and POWER COMPANY
Clark P. Spellman, Manager Area Developmant
Electric Bidg., Richmond 9, Yirginia « Miiton 91411
Serving the Top-of-the-South with 2,042,000 kilowatts
—due to reach 3,019,000 kilowatts by 1964.
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SILICONE NEWS from Dow Corning

Improve product quality

Silicone fluids. .. proved
by test, by performance

A part of proving silicones in the laboratory for performance in your
product is the development of realistic evaluation equipment like the ball
test cell shown. Developed by Dow Corning, it is used in one of the
stringent quality control tests for electrical grade fluids. .. available in
viscosities of 20, 50, 100, 200, 350, 500, and 1,000 centistokes.

Dow Corning silicone fluids have proved themselves outstanding performers
as: 1. dielectric coolants . . . 2. surface coatings . . . 3. filling “and impreg-
nating materials for electronic components and assemblies.

As an impregnant for paper capacitors, silicone fluid decreases dielec-
tric losses, increases permissible operating temperatures, assures uniform
capacitance over a wide temperature range. In this and other filling and
impregnating applications, silicone fluids add to reliability . . . often
eliminate costly compensating circuits.

As dielectric coolants, Dow Corning silicone fluids can be pumped at
high speed without breakdown due to shear. They maintain consistency
over a range of —63 to 250 C, will not oxidize or corrode metals.

TYPICAL PROPERTIES OF DOW CORNING 200 FLUID
__ ELECTRICAL GRADE — 100 CENTISTOKES

Nominal Viscosity at 25 C, centistokes __ 100
Viscosity Variation at 25 C, percent max. 5
Flash Point, degrees Fahrenheit, min. _. 575
Electric Strength, volts/mil, min. ______ 350

Diclectric Constant, maximum

at 23 C,100 ¢cps oo 275
at 23C,10°¢pS —om o _____ 2.75
at 150 C,100 e¢ps —— o __________ 245

Dissipation Factor, maximum
at 23 C, 100 cps
at 23C, 10° cps e ____
at 150 C, 100 cps

Volume Resistivity, chm-cm, minimum

at 23 C—500 volts d-¢ ____________ 1.0 x 10**

at 150 C—500 volts dc . _______ 0.1 x 10™
Specific Gravity 25C o ____________ 0.968
Refractive Index 25C . ____________ 1.403
Pour Point, degrees Fahrenheit _.______ —60

Thermal Expansion Ratiot - ______ 1.12
Thermal Conductivity¥ e — B

. Volume at 150 C
" Volume at 25C

ASTM D877, D924, and D1169 tests procedures
used to obtain values where applicable.

gm-cal
deg C cm sec
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Dow Corning is your best source of a broad
line of silicone fluids, gels, elastomers and
rigid forms for potting, filling, embedding
and encapsulating,

first in

silicones

36

Dow Corning

electronics



... with these silicones

Molding compound for 700 F

A new mineral-filled silicone molding compound developed
by Dow Corning in cooperation with Amphenol-Borg
Electronics Corporation’s research personnel. is designed
for: long-term stability at 700 F; excellent thermal shock
resistance; low dissipation factor and arc resistance. Used
by Amphenol to make military-type connector inserts, this
compound has withstood temperatures of 700 F for several
hundred hours. Other promising uses include fuses, coil
forms. relay parts, tube bases, contactors, arc barriers and
switch parts, This coinpound can be molded by compression
or transfer techniques.
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Sure fire potting of electron gun

This traveling wave tube made by Huggins Laboratories,
Inc., is a broad band receiving and transmitting tube used
in communications, radar, missile checkout . . . other
complex clectronic gear. It provides: power amplification
greater than 10,000 over a two-to-one frequency range;
operating band widths to 7,000 megacycles. To assure this
performance, precise positioning of the electron gun is vital
and must be maintained under all operating conditions.
Silastic® RTV. the Dow Corning liquid silicone rubber
that cures at roomn temperature, is used to bond and cushion

0 oD S 5 . el
the gun in position within the capsule. Quick set-up time y LT LT amaw o
of Silastic RTV speeds production, while high dielectric >z s s T
strength helps assure performance. R
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New transparent embedding resin

Tough, flexible, transparent and repairable, Sylgard® 182
is easy to process . . . provides excellent environmental
protection. This solventless silicone casting resin cures in
4 hours at 65 C, 15 minutes at 150 C . . . cushions against
shock from —70 to 225 C . . . assures constant dielectric
strength . . . resists the effects of ozone, voltage stress, heat
aging and thermal cycling. Faulty components can be
exposed, replaced and the repair area filled with new resin.
Sylgard 182 and its curing agent are not toxic to the skin,
nor do they give off toxic fumes or exothermic heat during
blending or cure.
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Free 12-page manual, “Silicones for the Electronic Engineer”.
Write Dept. 4205, Dow Corning Corporation, Midland, Michigan,
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Printed Circuit Designers!
AVOID Wire Failures
at Soldering Temperatures

You've never had a printed circuit fail at room tempera-
ture. But you may often have experienced loose wire
trouble in the soldering pot or during solder roller
coating.

Synthane G-10R, a special glass epoxy base laminate,
was developed especially to eliminate wire failures
during the soldering operation—approximately 500°F.

G10-R meets or beats NEMA and MIL specs for peel
strength at room temperature and has a hot peel strength
of 2 to 4 lbs. per inch of width after immersion for 15
seconds at 500°F* instead of the customary 0.1 to 0.2
lbs. per inch of width.

G-10R is available in sheets 36" x 36" or 36" x 48" and
in the usual foil thicknesses. Write for new folder on all
Synthane metal-clad laminates.

*Tests made on Y & 44” wires.

[sYNTHANEJ

CORPORATION OAKS, PENNA,
GlLendale 2-2211 TWX Valley Forge 735U
Synthane-Pacific 818 W. Gartield Ave., Glendale 4, Catif. TWX GLDL 4417V

lSynthane Corporation, 36 River Rd., Oaks, Pa.

| Gentiemen:

| Please send me your latest brochure on Synthane G-10R and other
| Synthane copper-clad laminates.

:Name

|
|
|
|
|
|
|
| Address :
|
3
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anANT’s Miniaturization

SERIES 80
INSTRUMENT
RECTIFIERS

actual
size

CONANT LABORATORIES
Box 3997, Bethany Station, Lincoln, Nebraska.

Write for list of types and information.
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MODEL PV-200 SWR & RF WATTMETER

Araund the world it's KEW

L n-d‘\_’z; ‘r{ !
I L,
s —I
S MODEL EW-16
MODEL F-98 T

MODEL TR-A

KYORITSU ELECTRICAL INST. WORKS, LTD.

No. 120, Nakane-cho, Meguro-ku, Tokyo, Japan

Cable Address: "KYORITSUKEIKI TOKYO"
Tel: (717) 0131 ~5 +« 0151 ~3
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NEW INDICATOR
LIGHT, TOO

B Model GPR relays represent a fresh design ap-
proach in the field of good, economy-type relays.
Construction is simplicity itself, and with the elimi-
nation of complexity has come compactness, versa-
tility, and unusual ruggedness.

CONTACTS: 5 and 10 amps.at 115VAC or 32VDC
(non-inductive). Gold flashed, fine silver (5-amp):
silver cadmium oxide (10-amp).

coiLs: Up to 230VAC, 60 cycles, or 115VDC; DC,
1.4 watts; AC, 2 volt-amperes (AC latching type,
3.7 volt-amperes).

now available in
Ohmite * !

relays

CONTACT COMBINATIONS: SPDT, DPDT, and
3PDT for single relays; 4PDT and 6PDT on latch-
ing relays.

ENCLOSURES: Clear plastic.

TERMINMALS: Barrier type or octal plug.

LATCHING RELAYS: Enclosed with plug-in mount-
ing; or unenclosed.

PLATE CIRCUIT RELAYS: Supplied in 2500, 5000 and
10,000-ohm coil resistances.

Write For Revised Stock Catalog 30

POPULAR ‘“COST-SHAVING” FEATURES OF MODEL GPR RELAYS

ALL ENCLOSED re-
lays mount solidly
on base ... rot on
covers.

ALLTERMINALS on
one panel ... permits
insertion in printed
circuit board.

OCTAL FLUG relays up to
DPDT have recessed pin
pbases . . . meet UL spacing
requirements to 150 V.

MULTI-USE terminals allow
soldering, insertion in printed
circuit board, and use of AMP
Style 110 push-on terminals.

CHOICE of below-
chassis or above-
chassis connecting
inplasticenclosures.

INTEGRAL plug-in ‘
base up to DPDT |
avoids wiring be-
tween contact ter-
minals and pins.

OHMITE

Rheostats « Power Resistors « Precision Resistors ¢
Variable Transformers « Tantalum Capacitors

Tap Switches « Relays « R.F.Chokes « Germanium Diodes OHMITE MANUFACTURING COMPANY

3610 Howard St.. Skokig, lllinois
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How much will

your success in engineering
depend on having
the right books?

LURER RNt

The Electronics and Control Engineers’ Book Club
helps you keep ahead in your field . . . at a savings

Start your membership with any
of these seleetions:

Transistor Electronics by
D. DeWitt and A. L. Ross.
off. Full coverage from ba-
sic fundamentals to de-
tailed mechanisms.

Publisher's Price, $9.00
Club Price, $7.65

Electronic Digital Comput-
ers by C. Smith. What they
are, how they function, and
their underlying principles.

Publisher’s Price, $12.00
Club Price, $10.25

Contro! Engineers’ Hand-
book by J. C. Truxal. A
wealth of practical help on
automatic feedback control
systems.

Publisher’s Price, $22.50
Club Price, $19.10

Mathematics for Electron-
ics with Applications by H.

. Nodelman and F. W,
Smith, Jr. Methods for
golving practical problems,

Publisher’s Price, $7.00
Club Price, $5.95

Epoxy Resins by H. Lee
and K, Neville, Fully
treats their modern appli-
cations and technology.

Publisher's Price, $9.00
Club Price, $7.65

How to Become a Profes-
sional  Engineer by 5
D. Constance. Authoritative
guidance applicable in all
states,

Publisher’s Price, $6.00
Club Price, $5.10

Management for Engineers
by R. C. Heimer, Practical
know-how for the engineer-
manager, covering every
management area.

Publisher’s Price, $7.50
Club Price, $6.40

Your engincering carcer owes a great deal
to books. Why not take advantage of this
convenient, economical way to have the
best professional books available when you
need them? THr ErtcTrRONICS AND CONTROL
Excinkrrs’ Book CLuB brings you the es-
sential technical literature in your field. It
also helps you overcome today’s high cost
of building a professional library by saving
you an average of 159, from publisher’s
prices.

How the Club Operates. You rvegularly
receive free of charge The Electronics and
Control Engineers’ Book Bulletin. This
gives complete advance notice of the next
sclection-of-the-month, as well as many
alternate selections. If you want the main
selection you do nothing; the book will be
mailed to you. If you want an alternate sc-
lection—or no book at all—you can notify
the Club by returning the convenient card
enclosed with each Bulletin.

Saves You Time and Money. You agree
only to the purchase of three books in 2
year. Certainly out of the large number of
books in vour ficld offered in any twelve
months there are at least three you would
buy anyway. By joining the Club you save
both money and the trouble of searching.

Send No Money Now. Just check the book
you want as your first selection on the
coupon below. With it you will be sent
Electronic Designers’ Handbook for only
one dollar. Take advantage of this ofler
and receive two books for less than the
regular price of one. (If coupon is de-
tached, write to The Electronics and
Control Engineers’ Book Club, Dept.
L-5-11, 330 W. 42nd St., New York 36, N.Y.)

The Electronics and Control Engineers’ Book Club, Dept. L-5-11

330 West 42nd Street, New York 36, N. Y,

Please enroll me as a member of The Electronics and Control Engt-
neers’ Book Club. You will bill me for my first selection indicated
at right at the special club price and $1 for Electronic Designers'
Handhook (or alternate choice). plus few cents delivery costs. (The
C'lub assumes this charge on prepaid orders.) Forthcoming selections
will he deseribed in advance and I may decline any k.

take only 3 selections or alternates in 12 months of metnhership,

(This offer good in U. S. only.)

PLEASE PRINT
Name ......

City...ocounsn

CoOMPaNY ....ovvevvivsnnnnanenses
NO RISK GUARANTEE:

40

If not completely satisfied, vou may return vour first shipment within 10 days
and your membership will be canceled. L-5-11

ACCEPT THIS
$17.50 BOOK

s2-$700
with membership in

The Electronics and
Control Engineers’
Book Club

ELECTRONIC DESIGNERS’ HANDBOOK

By R. W. Landees, D. C. Davis,
and A. P. Albrecht

Provides fundamentals and data to help youu
in the design of all types of electronic equip-
ment. A large number of the circuits used in
many different applications are covered, to-
gether with theorctical and technical discus-
sions and explanations, design examples to
show application of theory, and graphical and
tabular data needed in day-to-day design work.

Llectronic Designers' Handbook is typical of
the selections of THE ELEcTRONICS AND CoN-
TRoL LINGINEERS’ Boox Crus. All hooks are
chosen by qualified editors and consultants.
Their thoroughgoing understanding of the
standards and values of the literature in your
field guarantees the authoritativeness of the
selections.

NOTE: 1If you already own this
volume, you may substitute any
other book on this page as your
DOLLAR book. Check two books
below and you will receive the
higher priced selection for only
$1.00.

CLIP AND MAIL THIS COUPON TODAY

Send as my first selection: (If
more than one book is checked we
will send the higher priced selection
as your $1.00 book.)

O Transistor Electronics, $7.65
1 need O Electronics Digital Computers, $10.25
O Coatrol Engineers’ Handbook $19.10

O Mathematics for Electronics with
Applications, $5.95

O Epoxy Resins, $7.65

O How to Become a Professional Engi.
neer, $5.10

O Management for Engineers, $6.40
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WESTON TAUT-BAND SUSPENSION SETS NEW STANDARD FOR PANEL METERS

Weston Series 1900 is the most versatile line of
panel meters ever produced for genera! use.
Irstruments with taut-band mechanisms are
{free from friction and inertia, and offer out-
standing sensitivity, reliability and uniformity
from zero to full scale. 1% and 2% accuracies
are standard . . . higher on special order.

Here are the facts: Weston exclusive taut
band Co-planar™ suspension is the only
method which assures complete control of rib-
bon length and tension, uniformity of torque,
precise centering of moving coil, and positive

protection against excessive axial and lateral
motion. The instruments require extremely low
driving energy, are highly resistant to vibration
and shock, and may be operated in any position.

Series 1900 also sets a new standard in flexi-
bitity. Instruments with taut-band and conven-
tional movements are completely interchange-
able. They are available with Bakelite or mod-
ern, static-free plastic cases in sizes 21" to
7Y%", and offer the widest choice of functions
and ranges available in a single matching line.
Write today for details. Dept. 62.

ANOTHER EXCLUSIVE: Only Weston
Series 1900 Instruments can be
mounted in three ways — conven-
tional, flush, and recess with provi-
sion for internal illumination.

W E S T O N INSTRUMENTS 0Division of Daystrom, Incorporated, Newark 14, New Jersey

Aerospace Instrumentation
Photosensitive Devices e

Bimetal Thermometers o
Precision Metal Fim Resistors o

Calibration & Test Equipment o
Relays & Tachometers -«

Pane! & Switchboard Meters o
Systems Design & Development



END TELEGRAPH RELAY PROBLEMS. ..

Simply plug in Radiation’s new Solid-State Telegraph
Relays. They’re designed to replace existing electro-me-
chanical units in standard teleprinters, telegraph and data
circuits. They completely eliminate routine maintenance
and tedious contact adjustment . . . eliminate costly down-
time and service calls,

Radiation Solid-State Relays also offer considerable sav-
ings in new installations because bias supplies are not re-
quired for neutral operation. In addition, there’s no need
for expensive universal relays since both neutral and polar
solid-state units are available. These compact relays oper-
ate at speeds up to 2,400 bauds with less than 3% bias dis-
tortion — at normal telegraph speeds with less than 1%
distortion. Built-in circuitry protects against over-voltages,
and Radiation’s unique output bi-polar feature makes in-
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correct polarity connection impossible. The input imped-
ance is essentially resistive, which permits series connection
without danger of magnetic interaction.

Write for our new brochure on Models 9210 (neutral)
and 9211 (polar) Solid-State Telegraph Relays. If you
wish. Radiation engineers will be glad to discuss applica-
tion of these units in your present or planned system.

Radiation Orlando, 5800 McCoy Road, Orlando, Florida.

Radiation Orlando supplies the finest equipment avail-
able for commercial communication—distortion and data
analyzers, test signal generators, and high-speed strip and
page printers. The high efficiency of these units stems from
Radiation’s broad experience in research and design of
advanced aerospace communication systems.

' = € RADIATION

Orlando

A Division of Radiation Incorporated

electronics



introducing

a new Corporation

for precision production
of measuring and
testing equipment.

Western Electrodynamics

In 1955, Claude M. Hathaway — designer of
many leading electronic instruments for sci-
ence, industry and public utilities — sold his
company and retired to his working ranch at
Whitewater, Colorado. Five years later, in the
seclusion of a complete engineering laboratory
whlch he bunlt at the ranch for the purpose, he worked on néew
instruments, improved their performance and made startling new
discoveries. Repeated testing and checking proved the reliability
of a broad new line of products.

Now a new corporation — Western Electrodynamics — has been
formed to manufacture and market this wide product line. The
temporary manufacturing facility is in production now. A completely
modern plant is under construction and will be in operation by
summer of 1962.

Western Electrodynamics is your assurance of the matchless
Hathaway reputation in a weli-founded organization of capable and
dedicated men of experience.

Western

New and improved progucts fronr
Western Electrodynamics include:

Automatic fault-recording systems
— To the electric-power industry, Western Electrodynamics
offers new and advanced equipment for automatically re-
cording faults and abnormal conditions and for monitoring
the performance of systems and components under fault
conditions. Advances include simplified designs, higher
accuracy, faster starting, and immediate record access.

New transient recording oscillo~

graph - For general laboratory use, Model OSD pro-
vides increased resolutions of short, fast transients.

Scopograph— A laboratory-quality cathode ray
oscilloscope with built-in recording features for standing
waves and transient phenomena. Every laboratory needs
this most versatile and convenient instrument.

Telemetry and remote~control
systems- To industry Western Electrodynamics
brings the telemetry developments of the space age.
Digitor 300 monitors an indefinite number of on-off func-
tions over a single radio or metaliic channel. Digitor 500
transmits an indefinite number of measurements and con-
trol commands over a single radio or metallic channel.
Digitor systems find an almost unlimited application in
industry for remote measurement and control.

Electronic weighing equipment for
industry— Products include electronic weighing
components which reduce cost and complexity of weight-
batching plants, improved load cells, and buiit-in motor
truck scale which provides an indication of cargo weight
at all times.

Strain measuring instruments and
systems —Improved and miniaturized equipment for

the recording of dynamics strain in machine parts of all
kinds.

Measuring and testing equipment-
This category includes electrical insulation measuring
instruments, vibration and strain measuring devices, and
electrical standards equipment.

Write today for 24 page color Facilities (s _ o
Brochure on the plant, its equipment,
and key personnel.

Electrodynamzcs

I NCORP RATETD

P. 0. BOX 98E, COLORADO SPRINGS, COLORADO

May 11, 19462
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FOR THIN FILM RESEARCH APPLICATIONS

VERSATILE

"SPEEDIV/C"

VACUUM COATING UNIT

The versatile model 19EG production unit for evaporated
micro-circuits, resistors, and capacitors features fast pump
downtime and selection of accessories for almost any
evaporation job. The proven Edwards design principles
incorporated in this series assures fast, reliable evacuation

1 MULTIPLE VAPOR SOURCES and many years of dependable operation.
2 ROTATING WORK HOLOER In addition to the many accessories included as standard
3 SUBSTRATE TEMPERATURE THERMOCOUPLE items such as motor driven rotary work holders, multiple
RO LI WA O, vapor sources, substrate heaters; optional accessories such
 EOALIRT Gl as electron bombarded vapor sources, circulating LNZ
6 FILM THICKNESS MONITOR traps and film thickness monitoring are provided. Special
7 10N BOMBARDMENT CLEANING .. . . .
jigs for the production of micro-circuitry and coated
8 CIRCULATING LIQUID NITROGEN TRAP ) g i
tubular resistors can also be provided to fic this highly
versatile coater.
FOR COMPLETE INFORMATION Four separate models make up the 19E series, each using
ON EACH OF THESE SPECIFIC MODELS a pumping system, power supply, cabinet and instru-
WRITE FOR BULLETIN E321-8. mentation common to all.

EDWARDS HIGH VACUUM /NC./ 3279 GRAND ISLAND BLVD.. GRAND ISLAND, N. Y.

MANUFACTURERS OF THE MOST COMPLETE LINE OF HIGH VACUUM COMPONENTS AND SYSTEMS
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reductions.

ORIGINAL printed-circuit board set limits for
RCA Micromodule Circuits.

MICROMODULE version occupies approximately 50%
of the original volume—can provide even further

MICROMINIATURIZED IN 76 HOURS!

with RGA Micromodules
...and backed by 55,000,000 element hours of life-test experience

.. .THAT'S THE BREADBOARD-TO-OPERATION
RECORD RCA ACHIEVED FOR THIS AVIONICS
ASSEMBLY WITH RCA MICROMODULES.

In just 76 hours, RCA engineers—utilizing the broad
fiexibility of RCA Micromodules and the wide range
of available microelements—made the complete
conversion from conventional printed board con-
struction to working Micromodule circuits. Here’s
‘the background of proof that makes RCA Micro-
modules today’s answer to microminiaturization:

PROVED RELIABILITY: Over 55,000,000 element-
hours of testing have been logged under the RCA
Micromodule Reliability Program. Operating life
tests demonstrate a mean time between failures for
RCA Micromodules greater than 560,000 hours for
a ten-part Micromodule or a failure rate per part
of less than 0.018% /1,000 hours. (ANl modules
were subjected to a series of military-grade tem-
perature-cycling tests.)

BROAD CIRCUIT CAPABILITY: Under RCA’s
broad experience in Micromodule production over
200 basic circuits have been designed, built and
tested. And new circuits are constantly being added.
For example, five new computer Micromodules uti-
lizing silicon transistors and diodes are now avail-
able for evaluation. The RCA Micromodule concept
is_highly compatible with anticipated advances in
microminiaturization.

WIDE APPLICATION: RCA Micromodules have
been designed into military FM receivers, a general-
purpose automatic data processor, airborne digital

computers, an inertial guidance platform, a digital
differential analyzer, pulse-code modulation telem-
eter equipment and classified military applications.

LOWER COSTS: If you are looking for cost reduc-
tions as well as microminiaturization, RCA Micro-
modules can now show you the way.

CALL TODAY: Like to know how fast your circuits
can be converted to Micromodules? Call your local
RCA Office today for details on RCA Micromodules
(and the RCA Micromodule Laboratory Kit for
building prototype Micromodules in your own
plant). For literature, write RCA Semiconductor
and Materials Division, Commercial Engineering,
Section E-19-NM-2, Somerville, N. ]J.

RCA Minimodules—miniature packaged cir-
cuits utilizing conventional components and
transistors—can be supplied in large volume,
in the form you need. Consider RCA your
packaging headquarters for miniaturized cir-
cuits utilizing transistors, rectifiers, diodes.
Practically any component you require can
be packaged to your specifications by RCA
Engineers.

RCA SEMICONDUCTOR & MATERIALS DIVi-
SION FIELD OFFICES...EAST: Newark,N.J.,
744 Broad St., HU 5-3900 » (Camden-Phila-
delphia Area) Erlton, N. J., 605 Marlton
Pike, HA 8-4802 « Syracuse, N, Y,, 731
James St., Rm. 402, GR 4-5591 - Baitimore,
Md., EN 9-1850 « NORTHEAST: Needham
Heights 94, Mass., 64 “*A"" St., H| 4-7200 -
SOUTHEAST: Orlando, Fla., 1520 Edgewater
Dr., Suite =1, GA 4-4768 « EAST CENTRAL:
Detroit 2, Mich,, 714 New Center Bldg.,
TR 5-5600 « CENTRAL: Chicago, lll., Suite
1154, Merchandise Mart Plaza, WH 4-2900
« Indianapolis 5, Ind., 2132 East 52nd St.,
CL 1-1405 . Minneapolis 16, Minn,, 5805
Excelsior Blvd.,, WE 9-0676 - Denver 11,
Colorado, Continental Terrace Bldg., Suite
301, 2785 N. Speer Blvd., 477-1688 « WEST:
Los Angeles 22, Calif., 6801 E. Washington
Bivd., RA 3-8361 . (San Francisco Area)
Burlingame, Calif., 1838 El Camino Real,
0X 7-1620 « Seattle 4, Wash., 2250 First
Ave. S., MA 2-8816 . SOUTHWEST: Dallas
7, Texas, 7905 Carpenter Freeway, ME 1-
9720 « GOV’T: Dayton, Ohio, 224 N. Wilkin-
son 5t., BA 6-2366 . Washington, D. C.,
1725 “K” St., N.W., FE 7-8500 » RCA INTER-
NATIONAL DIVISION, 30 Rockefeller Plaza,
N.Y.20,N.Y.CableAddress: RADIOINTER,N.Y.

The Most Trusted Name in Electronics
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nCS” '%

miniature - precision -wire wound

POWER RESISTORS

provide outstanding performance
features vital in today’s complex
and highly reliable circuitry.

“CS" type designates a structural adaptation
of long proven silicone coated SAGE Resistors
by the addition of exterior heat sink sleeves.
Design simplification and adherence to basic
heat transfer principles speak for this product
in terms of expected reliability over long life.

If you require anything beyond low grade (un-
specified stability) power resistors you surely
will benefit by investigating these features:

MINIATURE SIZE, or cooler hot spot operation for
given size and wattage. Meto! heat sink sleeves when
clip mounted provide 2 for 1 increase in assigned
wattage ratings over free air conditions.
PRECISION: to *.05% tolerance and low values to
.05 Q.

STABILITY: TC of +20 ppm/°C. Typical 1000 hour
(full) lood life drift .5%. Although design hot spot
temperatures are less than 275°C, units are unharmed
by prolonged exposure as high as 350°C,
MECHANICALLY RUGGED to withstand rough assem.
bly techniques plus vibration and shock hazards.
DIELECTRIC STRENGTH: 1000 volts rms minimum.

CLIPPER

Power Rating

Style | Length|Diameter | Free Body Resistance

in. in. Air Mounted{ .05 © to
CS3w % Y% 3 6 36,000 @
CSR5W| 1 Yis 5 10 80,000 «
CSSTW| 1% Yis 7 14 100,000 s
CSR7W{ 1% % 8 16 150,000 £
CSI0W | 1134 % 10 20 220,000

Test samples available on request.

RESISTORS . .,

SAGE ELECTRONICS CORP.
Country Club Road - East Rochester, N.Y.
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BANDPASS
FILTERS

AFPPLIED RESEARCH Inc.

76 SOUTH DATLIS AVE, PORT WALMINGTON. NIW Y011

p—— - - —

... Frequency Range Of

TO 2000 mc

\ . e 19 TO 259% BANDWIDTHS
LOW INSERTION LOSS

e SPECIAL ALIGNMENTS AVAIL.
ABLE

® < 4:1 SKIRT RATIOS HAVE
BEEN ACHIEVED

Typical Filte
MODEL HFF-T(B)-5
f0=1016 mc BW =280 tc
< 5db INSERTION LO$S
50 OHMS INPUT & QUTPUT

b

Applied Research, Inc.—76 S. Bayles Avenue—Port Washingtan,
N.Y.—~Phone 516—PO 7/8707—Integrated RF Components and
Sub-Assemblies, VLF thru C Band. Octave Amplifiers to 1100
me; Band Pasas Filters; Llow Noise Amplifiers; Frequency Mul-
tipliers. S

CIRCLE 204 ON READER SERVICE CARD

P NELECTRONIC
L\ COMPONENTS

The SMK components are exported in a

large quantities to foreign markets atthe
lowest possible prices with the highest
aluullty available.

e are always making strenuous efforts S -G 1101 S-H1101
to make a new design and improve every Miniature Plugs
roduct in quality. . R
ale are proud of our production capacity and Jacks

which is claimed to be the largest in the

Orlent. Catalogue available on request.
S-1 501  S-1 5701 =
S-1 5202 S-1 5702 :

U.S. Plug Socket
Connector S-1 7901
Connector

for microphone

FAOS

TV Adapter

S-Q 2501
Pin Jack
Terminals
for amplifier

S -X 2201

Battery Holders

SHOWA MUSEN KOGYO CO., LTD.

24 Higashitogoshi 5-chome, Shinogawo-ku, Tokyo, Jopon

CIRCLE 205 ON READER SERVICE CARD
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designers

specify crystal filters for
ultra-selectivity /minimum space

—and for your practical consideration, Midland
recommends that electronic equipment he designed
to incorporate a stock item wherever possible. Re-
member, the excellent rejection characteristics of
the crystal filter, in addition to its stability and
performance reliability, are achieved by many

man-hours of detailed engineering and testing.
Significant savings in cost and delivery time can
be realized if special filters are not required. Shown
below are stock items available for immediate de-
livery. For complete technical information, write
to Midland Manufacturing Company.

N Hermetically sealed, four-crystal, =
Zz wide-band filters. Dimemsions are |00 | conreal sipaw | aassw uLT INSERTION| OUTPUT| INBAND
1-1/8L x 1.1/8W x3/4H. Cesigned to FREQ REJ. LOSS RES. RIPPLE
W withstond 100 g shock and 15 g to
o 2 KC vibration. Operating tempera- [ NJ-1 | 7.2MC | 160KC MIN.| J00KC MAX. | £0dbMIN. | &db MAX. 13K | 1db MAX|
t '3‘:": faige “735’“‘:""’._"_” lc;- 40db/ Q12 | 7.4MC | 160KC MIN.| J00KC MAX. | s0db MIN. | 6db MAX. | 13K | Idb MAX.
an 1 atio 18 NN
11} Hermeticolly sealed, eight-crysial, PUT-
L] INPUT
('R norrow-band filters. Dimensions are |TYPE | CENTER | 6db BW $0db BW uLT INSERTION | OUTPUT | INBAND
2-3/8L x IW x |-1/32H. Designed FREQ i REJ. LOSS RES, | RIPPLE
w to withstand 200 g shock cnd 15 g to  [Fg.s | 10.7MC | 13KC MIN.| 23KC MAX. | 105db MIN.| 4db MAX. 1K |.8db MAX
o 2 KC vibration. Opercting tempera- —— — 4 — - E -
> ture range —55°C to +98°C. 60db/ |F8-5A| 109MC | 13KC MIN.| 23KC MAX. | 105db MIN. | 4db MAX. K | 8db MAX.
= bdb Bond Width Ratio is | 8 * in porallel with 30 pf copaciter
m Hermeticolly scaled, eight-crysiol,
u navcow-bang Ftery., Dinemdonsate |o o | ]| canaw | oousaw oL NSERTION| OUTPUT| INBAND
2-3/8L x IW x 1-1/32H. Designed e
1] to withstond 200 g shock and 15 g ERES) oo Lo AES: AIELE
o to 2 KC vibration. Operating tem. |EB-18 [ 107MC | ISKC MIN. | 37KC MAX. | 70db MIN. [ 3db MAX. 1K |.5db MAX.
l_>_‘ z;;‘;’;‘;;b"ggz ;?j’hc R‘:o:;izozi' £8-28 [ 10.9MC | 20KC MIN.| 70KC MAX. | 70db MIN.| 3db MAX. 2K |.5db MAX.
m
- Hermetically sealed, eight-crystal,
' . .
=3 narrow-bond filter, Dimensions are INPUT-
w 2-3/16L x IW x 3/4H. Designed to |TYPE | CENTER | 3db W 40db BW uLT, NSERTION| OUTPUT | INBAND
withstond 200 g shock and 15 g to = FREQ REJ. LOSS RES. RIPPLE
lﬁl.] i.":,c' "'-’;:"”- SSQE”:"'S 9;"2‘ EL-1B | 11.5MC | 32KC MIN.| $OKC MAX. | 50db MIN.| &db MAX. |50 OHMS|.5db MAX.
ure range -— 1 A
> 60db/3db Bond Width Ratio is 2.8.
-
m
-—
' Hermetically sealed, four-crystal,
— norrow-band filter. Dimensions are |, pe | cenren | 3absw | 4odb aw ULT. INSERTION | GUTPUT | INBAND
(@] 2-3/16L x 3/4W x 3/4H. Designed | FREQ. REJ. LOSS RES. | RIPPLE
m to withstond 200 g shock ond 15 g | —— : — = T
to 2 KC vibrotion. 40db/3db Bond |OL:IB | 11SMC | 32KC MAX.|200KC MAX. | 70db MIN. | 4db MAX. |50 OHMS|5db MAX,
& Width Ratio is 6.3.
=
- CENTER FREQ: 10.7MC
' = RECOMMENDED
m? Soldar-sealed 1-1/BL 3 1+ 1/8W 53/4H  hace mbviamiam e =4KC CIRCUIT
<z s E:.’:L‘;‘_:;:?.“:"‘{Io'i"i';:"::';f HARMONIC DISTORTION @ = ISKC - LESS THAN 3% 16K
1} 5 put essentially linear from fo to =15 . {}c OUT
n.g KC. Recommended circuit for use | ' | P I
> with Midlond Type AB-1 Discrimi- “oan Cs, c N
[ nator is shown below, ANA LIMXER St ¥ 270 Pt
; Rp> 80K
C8nebitiot ' IN  ouT]
H ~
L Mk TYPE AB-1
Cc 16 pf
Cy = |10 pf
C4Cy = 22p1 Bt = = = =

May 11,

1962

world’s largest produccr of quartz crystals [ division of Pacific Industries,

MANUFACTURING COMPANY
3155 FIBERGLAS ROAD
KANSAS CITY 15, KANSAS

Inc.
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el
SILICON TRANSISTORS
HO

~

ACTUAL SIZE

Silicon power transistors in a TO-37 package

Delco's unique new family of silicon NPN power transistors combines the bene-
fits of miniaturization (T0-37) and light weight with the ability to withstand
continuous junction temperatures of up to 175°C while operating at these ab-
solute maximum ratings: collector diode voltage Vcb 100 volts; emitter diode
voltage Vebo, 4 volts; collector current, 1 amp.; base current, .2 amp. This en
tire 2N2340 family is particularly useful where moderate power handling capa-

hilities are required in a miniature package. The units have just two mounting
holes and may be mounted with leads up, down or sideways on either side of the
heat sink. Available in either single or matched units, they're characterized by
low saturation voltage and high switching speeds. The transistors in this family
are especially well suited for military or industrial applications in regulated
power supplies, square wave oscillators, servo amplifiers and core driver circuit-
ry. For complete engineering data, or applications assistance, write or cali our
nearest Sales Office or your nearest Delco Radio Semiconductor Distributor.

— S

— - - m
Number IC Max. Vcbo Vceo Gain fae @ 250 ma

Min.~Max. @ IC IC (typical)
& @ 5A 10— 40@ J5A 900k
W @ J5A  40—100 @ .J5A 550 ke
3V @ J5A 10— 40@.J5A 900 ke
25V @ J5A  40—100 @ .J5A 550 ke

Sat. vV

@ IC Max. Thermal resistance of 8°C/watt max. Typi-

‘ cal Alpha cutoff of 15 Mc

| N30 1A sov 40V
| anaaal 1A 50v a0v
| 2n2382 1A 100v 60V

© IN2343 1A 00V 4ov

Rise Time of .2u seconds—.75A, |B=40 ma
(Vee=12V), Fall Time of .5u seconds (IC =
0 Veb=2v Reb=37¢))

Santa Monica, California
726 Santa Monica Bivd.
UPton 0-8807

AREA CODE 213

Detroit, Michigan
57 Harper Avenue
TRinity 3-6560
AREA CODE 313

Syracuse, New York
1054 James Street
GRanite 2-2668
AREA CODE 315

Union, New Jersey
324 Chestnut Street
MUrdock 7-3770
AREA CODE 201

Chicago, Illinois
5750 West 51st Street
POrtsmouth 7-3500
AREA CODE 312

DELCO
RADIO

General Sales Office: 700 E. Firmin, Kokomo, Indiana, GLadstone 2-8211—Ext. 500 « AREA CODE 317 « Division of General Motors
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| . How many application problems have these relays solved?

”

@ Hundreds and hundreds...and we're still going strong.

Type KHJ-6D Type JH-12D Type JH-18D
actual size actual size actual size
Contact Arrangement 2PDT 4PDT 6PDT
Contact Rating (resistive) 1 s amps—‘u 2 amps 2 amps
Vibration (up to 2000 cps) o 20 g 20 g 20 g
Shock (operational) - | 100 g 50 g 50 gii o
Dimensions: (width) - | 400 | .s00 1.20
(length) ) - | 800 | .soo .800
(height) | w8718 | 878 .875
Weight (maximum) - | 0.5 0z. 1.4 oz. 1.8 oz.

This is just another family grouping that Allied has provided the industry, through its creative relay engineering
staff. Solving relay application problems has been our business for over twenty years. Call your nearest Allied represen-
tative or write us directly concerning your relay problems or to request a copy of our new catalog,

ALLIED CONTROL

ALLIED CONTROL COMPANY, INC. « 2 EAST END AVENUE + NEW YORK 21, NEW YORK ¢ 201 BUtterfleld 8-74083
MEMBER OF THE NATIONAL ASSOCIATION OF RELAY MANUFACTURERS
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Injection-molded coil form of TEFLON FEP
helps subminiature relay meet tough specs

In this versatile subminiature relay, the coil form is molded
of Du Pont TeFL.oN FEP-fluorocarbon resin. Because FEP
resin is melt-processible, the coil form is rapidly and econ-
omically produced by injection molding. These coil forms
require insulation resistance of 10,000 megohms minimum
at temperatures from 65°C to 150°C. Babcock Relays Divi-
sion of the Babcock Electronics Corp. found that Du Pont
TerLon FEP resin was the only practical material offering
the necessary insulating characteristics over this range of
temperatures. The new relay meets the rigid MIL specifi-
cations for virtually all aircraft and missile applications.
The molding of the coil form of a TEFLON FEP resin also
made possible miniaturization of the relay—only 1.3" high
and slightly over one ounce in weight. And the stability

Re 5. PAT OFF

TEFLON"

FLUOROCARBON RESINS

of TEFLON at high temperatures eliminates the major prob-
lem of contact contamination by outgassing. The superior
electrical properties of TEFLON are also utilized in tape and
in lead wire in this relay.

This is another example of improved electrical design
made possible by the new melt-processible FEP resins,
which make TEFLON available in the form of easily molded
components and in long, continuous lengths of extruded
wire insulation. For more information, write: E. I. du Pont
de Nemours & Co. (Inc.), Dept. E-511, Room 2526T
Nemours Building, Wilmington 98, Delaware.

In Canada: Du Pont of Canada Limited, P. O. Box 660,
Montreal, Quebec.

TEFLON is Du Pont's registered trademark for its
family of fluorocarbon resins, fibers and film,
including TFE (tetrafluoroethylene) resins and FEP
(fluorinated ethylene propylene) resins.

BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY

50 CIRCLE 50 ON READER SERVICE CARD

electronics



i ; \-

71962 electronics, « McGraw-Hill Pualic

-

- N .\‘ -
e Y -
Q  REPRINTS AVAILABLE
| |SEE R.ADER SERVICE m\

I -




MODERN ELECTRONIC COMPONENTS

DURING THE PAST DECADE, the component maker
has been drawn into a materials technology that is now
forged in the heat of epitaxial furnaces and vacuum-
deposition chambers. He has been carried into research
that now investigates over fifty important physical phe-
nomena—from “acoustoelectric effect” to “zener effect”
——covering five broad areas: electric, electromagnetic,
magnetic, mechanical and thermal. And like the phoenix,
(see upper right, next page) the component maker is
resurrected in youthful freshness by his own action.

But unlike the phoenix, this has not been a sudden
hop, it has been evolutionary. The results of this evolu-
tion are now so clearly apparent, that the change seems
radical.

Most component makers have continually explored
new electronic concepts, new fabrication techniques, and
new disciplines. Having mastered a few of these tech-
niques, many manufacturers now think not only of
fabricating and selling individual components, but also
of putting several circuit functions inside a single package.

THE INTEGRATED CIRCUIT is now important to
many electronics engineers and component makers. A
great deal of work in electronics today concerns tech-
niques for putting integrated components into small
encapsulated packages. And if it were now possible,
some designers would wrap up the entire circuit in solid,
homogenous blocks in which the individual component
could not be recognized.

However clearly defined is the journey into the era of
solid-state physics, improved miniature components of
the electronics era may have to carry the main burden
of use for many years to come, or at least until the vast
scope of technical and economic problems are overcome.

While the lumped-parameter approach, and conven-
tional circuit elements of electronics must be pushed
to the limit, the functional block approach may lead to
improving reliability by several orders of magnitude.

Right now, the functional block is an extension of semi-
conductor technology. But semiconductor effects are only
a small part of the range of physical phenomena that
can be put to work to perform the circuit functions of
electronics.

Work also includes effects related to the dielectric
properties of materials and transport phenomena for par-
ticles other than electrons or holes; and includes reson-
ance effects described in discrete energy levels, rather
than energy bands. Until recently, these effects have been
applied singly or with one or two other phenomena to
perform a small portion of the over-all system.

DEMAND FOR IMMEDIATE ACTION. Today, elec-
tronic technology is caught between two urgencies. The
immediate need to supply electronic elements that can
be incorporated into electronic systems, and the projected
demand to meet space applications that may require ex-
ceedingly long mean-time-to-failure.

The latter demands will probably not be reached by

FRONTISPIECE ILLUSTRATION: From conventional components to functional blocks (Texas Instruments)
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evolutionary improvements in existing devices.

In some applications, a departure is underway from
classical components as we have known them. Functional
blocks are already being offered to the electronics indus-
try for analysis and evaluation,

The functional block is an inevitable development in
the components part field, evolving from knowledge ac-
quired in the wircless age, passing through the radio age
and electronics age into the solid-state age.

Attention is now being focused on possibilities of yet
undiscovered phenomena, and promising effects not yet
exploited.

Significant progress has been made in surveying con-
ventional electronic circuits to determine what basic
circuit functions exist.

These functions have been analyzed and formulated
into exact and workable mathematical expressions to
develop future systems.

HYBRID SYSTEMS. While work towards all-solid-state
systems advances, hybrid systems will be used that in-
corporate the most desirable features of all developments
that have taken place to date.

Whether integrated circuits, conventional components
or both are used in a given application will depend
on reliability and cost.

Whether we grow a radio in the laboratory, or whether
we assemble it on the bench, will depend in the long
run upon which method is the less expensive.

May 11, 1962

THE PHOENIX, in ancient mythology, was a
gigantic bird who lived to a great old age.

When he heard the rustle of death, he built
a fire, hopped into it and was burned to

a crisp. But rather than destroying himself,
he arose from his own ashes, as good as new

Trade Sign of GoldSmith
in Lombard St., London
in the 17th & 18th century

Given an electronic function, phe-
nomena are explored to find the sim-
plest possible combination in a solid
block of material. After it is found,
it loses its glamour and becomes just
another device. As monies and man
years are applied to the study of ma-
terials, new and compatible processes
and techniques will be found to sup-
plement present advances in our semi-
conductor materials approach.

R. D. ALBERTS, Chief
Molecular Electronics Branch

Electronic Technology Laboratory
Wright-Patterson Air Force Base, Ohio
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Flectronle Technology Laboratory,
Wright-Patterson Air Force Base, Ohio

Steps (A) through (G)

show how the

functional electronic blocks ,

for the amplifier circuit ,
on the following page

is constructed ,
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Basic components of a
fixed-frequency

radio receiver,

in solid blacks,

take up less than 1/10
the space and weight of
equivalent circuits
(Westinghouse)

THE SCHEMATIC (below) shows the circuit of a one-
watt power amplifier that has a voltage gain of 10. It
delivers full output power when driven from a high-level
transducer, such as a microphone.

This amplifier has a high efficiency, since no bias
current flows through the output transistors. Crossover
distortion is eliminated and d-c is stabilized by output
feedback to the predriver.

THE CONSTRUCTION (left) shows how the amplifier
is fabricated in solid blocks. Diffused areas extend down-
ward into the substrate.

The p-type silicon substrate (A) is approx 0.220 in.
X 0.440 in. X 0.005 in. in size. Three pnp transistors
in the circuit are all constructed on this basic p-type bar.

The n-type substrate and the first »# diffusion into the
p-substrate are shown in (B). This diffusion forms the
base region for the pnp transistors and the 30,000-ohm
resistive path used in the emitter circuit of transistor 7

One-watt power amplifier

May 11, 1962

in the schematic. Diffusion is down into the bar, and
the diffused base regions are simplified.

In the next diffusion (C), the P emitters are diffused on
the p substrate, the p diffused bases on the n substrate.
The resistive path shown in the circuit diagram R,
and the 50 ohm to 450-ohm voltage divider on the »n
substrate.

Diffusion (D) shows the n emitters on the npn wafer.

Gold contacts are then evaporated on all necessary
arcas of both bars (E).

The gold bar lcads are shown in (F).

Gold wire leads are then attached to the circuit by
thermocompression-bonding techniques, shown in (G).

Transistors are numbered on both (G) and the circuit
diaeram, to simplify tracing the circuit.

Both artist and engincer have taken liberties for clarity
and simplification, and this introduction to the func-
tional block should not be thought of as an exact repro-
duction of the actual power amplifier.
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OVERALL
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Two different methods of assembling evaporated circuits. Vertical-stacking techniques (left) showing riser-wire interconnections; and
planar inlaid technique (right) (Servomechanisms)

N

~—

iy

| The welded module is in use in many missiles and space vehicles. Increased
¢ reliability is an advantageous aspect (Servomechanisms)

g Binary divider ir pea pod, showing degree of size obtainable usirg conventional components:

2,300,000 parts per cubic foot (Cleveland Meta!l Specialties)
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MOST ELECTRONIC COMPONENTS used today con-
sist of countless numbers and types of individual units,
perfected and refined with technical skills and knowledge
acquired over many years.

Most of these components have a documented history
of circuit performance, with detailed data of failure rates.
Reliability, cost, size, and weight were always considered.

The push into space emphasized construction tech-
niques to put small circuits into limited space. A valuable
lesson was learned. Saving came not only in size and
weight, but in better performance. More reliable devices
came in small packages.

HIGH-DENSITY PACKAGING. Several techniques
emerged out of the enormous effort to ‘go small’. Pack
conventional components in high-density units using
welding or use special modular components; print or
vapor-deposit thin-films on flat insulating substrates; or
form integrated circuits by borrowing semiconductor
technology and diffuse or deposit elements on a semi-
conductor block. Call the techniques what you will, they
all amount to arranging circuit elements with disciplined
parts geometry that attain specific densities, with estab-
lished reliability goals.

Presently, component-part densities of 2 % 10° equiva-
lent parts per cu ft. can be considered a maximum for
these microelectronic circuits or systems. Size reduction
can also be established in circuit functions per cubic meas-
urement.

Materials used in these constructions are extremely
pure, immaculately assembled, and promise a high order
of reliability. Use of silicon for the functional block
affords thermal stability while silicon dioxide provides
surface protection. Encapsulation of the package gives
increased reliability, whatever the technique.

Right now, no single fabrication technique is superior
in every way to any other. Nor is any one likely to be
in the near future. A CTS Corporation survey revealed
that each system designer must evaluate the available
techniques, and choose for his own application.

The important consideration, following any approach,
is to beware any technology for the sake of integration
alone. Decisions should be based on expectation of
improved performance and reliability. Says, J. M.
Goldey of Bell Labs, “Expected benefits will come from
devices that perform more complex functions.” In many
cases, it makes good sense to encapsulate different types
of devices in a common, hermetically sealed package.
More of these packages will be seen in the days ahead.

COMPONENT MAKERS PLAN AHEAD. Attitudes
and plans of the component maker, as he attempts to
satisfy requirements of the military, and the demands of
the commercial market, are typified by comments from
G. E. Pihl, Engineering Director of Miniature Electronic
Components. “While hoped for potential for greatly
increased reliability will come through advances in solid-
state technology, miniature components will be accepted
in a much wider market, and fill the gap until more
solid-state devices are submitted.”

These integrated circuits are used, and will be used in
the future, only if they buy something, says Sprague’s
vice president B. R. Carlson. “We are working closely
with customers for their needs now, and tomorrow, to

May 11, 1962

develop what they want, not what we have to sell”.
Sprague sees an evolution towards the use of integrated
circuits, but has increased its R & D budget to be ready for
whatever happens. Their market is oriented towards large-
scale use of discrete components, but with emphasis on
high-density packaging, says Sprague's vice president
C. G. Killen.

Even with the anticipated growth of integrated circuits,
CTS Corporation does not expect demands to surpass 10
percent of their total sales within the next two years,
according to their C. W. Hartman.

RELIABILITY MUST BE BUILT-IN, and must be more
than a trial-and-error program that comes after the
device has been developed. Reliability prediction studies
should be written-in the program a priori, from knowl-
cdge or logic that deduces consequences before hand.
Testing then presents factual evidence that establishes,
verifies, and justifies the development.

Trends today emphasize reliability prediction at the
carliest stages of design, and are normally based on
knowledge of the materials used. There is a big push
in programs that research the physics of failure mecha-
nisms. In the days ahead, circuit designers will see relia-
bility data on various high-density systems, similar to
evaluation reports presented for RCA’s micromodule.

Motorola, Raytheon, Clevite, General Telephone Labs,
Hughes Aircraft and Sylvania are already involved in
extensive government programs to test high-density sys-
tems, and establish the merits of thin-films and solid
blocks. At General Electric, a long-range program
is obtaining knowledge to set up systems that will gener-
ate reliability data faster, more accurately, and at a
much reduced cost in dollars and man hours.

Autonetics has compiled some 521 references on reli-
ability programs that emphasize reliability programs con-
ducted in the past four years.

STANDARDS FOR HIGH-DENSITY CIRCUITS.
There has been a lack of standardization in the ap-
proaches to high-density circuits. It is highly desirable
to make a thorough study of needs for more detailed
information that will guide the development and con-
struction of devices into standardized channels, before
costly equipment is set up.

Dimensional and reliability requirements fix the num-
ber of circuits that can be placed in a certain area, and
each integrated circuit should be considered for cost goals.

DISTRIBUTION AND SALES. “While technology
moves ahead with amazing acceleration, a big job lies
ahead in providing information sources to help the
design engineer ferret out new devices”, says P. F.
Carroll, president of Semiconductor Specialists, Inc. His
firm is presently selling and stocking Fairchild’s chip
approach and their micrologic elements. They hope to
stock Philco’s thin-film circuits, and the molecular cir-
cuits of Westinghouse and Motorola. Two interesting
questions face the distributor. How can he stock all the
possible combinations? And how will he fit in to the
process leading up to a complete integrated system?

Customers problems are: spasmodic deliveries; unkept
commitments; specifying and enforcing reliability testing;
and keeping up with the multiude of types available.
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FIVE EXPERTS EXPRESS THEIR VIEWS ON

Today’s wildest prediction may seem
tame tomorrow. But we can forecast
trends with reasonable accuracy by
reviewing past experience.

Receiving tubes provide an example.
In the early 1920’s, tube trends demon-
strated the emergence of certain ob-
jectives predominant in the minds of
designers of active components: make
them smaller, make them lighter,
make them use less power, make them
run hotter without impairing life or
stability, make them so they can be
produced to tighter tolerances, make
them cost less, and more reliable,

Some of us remember the first
pocket radio in June, 1940. It was the
size of a small camera, and far ahead

In 1953, an Air Force team began
a search for a new method of perform-
ing electronic functions simply and
reliably. We were looking for func-
tional components, that is, a solid
block consisting of input, output and
power-supply leads that would simply
and directly provide a function such
as oscillation, amplification, rectifica-
tion and tuning.

Two people in one laboratory
understood what we meant, but said
that electronic technology hadn’t ad-
vanced far enough to get a handhold
on the problem.

Early in 1958 we placed basic re-
search contracts with several universi-
ties, to create an environment of
knowledge which would make break-
throughs more ecasily possible when
the right gifted and talented individ-
uals came along. A Georgia Tech
contract was to catalog electronic
properties of materials, and formulate
these properties into mathematical
equations. A University of Michigan
contract examined Air Force function
requirements and was to describe them
by mathematical equations.

In the summer of 1958, first West-
inghouse and then later Texas
Instruments independently proposed
methods of obtaining electronic func-
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of anything produced up to that time.
What made it possible? The design
of a line of miniature button stem
tubes without the old time phenolic-
resin bases; the design of a line of
miniature (for that time) i-f trans-
formers; the small B battery; the
miniature loud-speaker; and minia-
turized two-gang tuning capacitor.

Here we see a continuation of trends
apparent twenty years earlier.

Some of us, out of curiosity may
have melted the wax out of a potted
Radiola Semi-Portable Catacomb
unit and not realized we were looking
at one of the first modules.

Pressures to bring about today’s
components are much the same: make

tions by semiconductors, without using
an assembly of resistors, capacitors
and transistors. Silicon wafers would
be processed to achieve various active
and passive regions through alloying
and diffusing the semiconductor sur-
face so that the circuit function could
be performed in a solid block. Each
company was willing to commit a
considerable portion of their resources
towards the solution of the Air Force
problem, and contracts were estab-
lished with both companies.

During the latter part of 1958, we
could not speak of the Westinghouse
and Texas Instruments interests be-
cause they were proprietary. Few
people were willing to accept the con-
cept as a possibility, or if accepted,
considered that it would take one or
two generations to develop and make
practical.

As time went on, more information
was made available through scientific
symposia and there was a slow but
marked change in attitude.

Recently, a company who was posi-
tive that functional electronic blocks
would not work assured me that their
management was now behind the con-
cept, and they were willing to com-
mit a fair share of their resources
towards applying these methods.

them smaller; make them run hotter;
produce them to tighter tolerances;
bring down the cost; more reliable.

Individual components will, for eco-
nomic reasons, long prevail as strong
leaders for the most economical cir-
cuit design in a majority of applica-
tions. They can be built to widely
accepted industry standards, on highly
automated production equipment and
by the millions, or even billions.

But in many applications the low
unit prices of standardized individual
components will not in themselves
spell overall economy.

Components are designed to be the
servants of the apparatus of which
they become a part. Electronic ap-

Last fall, Texas Instruments demon-
strated a miniature computer based
on the functional block, and recently
Westinghouse constructed a military
receiver that does utilize to a consider-
able extent the linear type of func-
tional block.

While a considerable portion of the
job has been accomplished, most of
the pick-and-shovel work is yet to be
done. To date, functional blocks have
been built around semiconductor
technology. This meant early, rapid
progress because processing tech-
niques were already established by
transistors and diodes.

In the future we will utilize many
other materials that have interesting
electronic properties. Efforts have
been made toward this end but we
cannot delay immediate application
making use of semiconductors.

First and most rapid application of
functional blocks will be in computer
and data-processing systems, since the
non-linear type of functional block is
easier to construct and stabilize than
linear types.

Industrial organizations have been
encouraged to introduce these con-
cepts into consumer product lines. If
they can do this, they will indeed
be strongly profit motivated.

electronics
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paratus is growing in variety and com-
plexity at an extraordinary rate; it
must be capable of meeting more and
more rigid standards of reliability. In
many applications, small size will be
worth a premium.

Components may have to perform
under environmental conditions be-
yond what presently prevail.

With components frequently repre-
senting more than half the factory
cost of electronic apparatus, a large
share of the burden for future im-
provement is on the research and de-
sign engineers in the components
industry.

EDWARD W. BUTLER,
Vice President, Marketing
Speer Carbon Company, Inc.

Size was not the motivating criteria
leading to this technology, it was
reliability.  Size reduction is immedi-
ately apparent, so perhaps it is for
this reason that people have confused
the functional block with micromini-
aturization of components.

Present trends towards Air Force
Systems sophistication imply an urgent
need for several orders of improve-
ment. The reliability of conventional
component parts and assembly tech-
niques, even with marked improve-
ments, falls far short of that required.
Although the present functional block
is not the ultimate, it is a big step in
the direction we seck.

Today our leading universities are
now participating in materials re-
scarch programs that involve many
millions of dollars. Scientific objec-
tives lie in four active fields considered
likely to lead to important electronic
devices: magnetic and low-tempera-
ture research; semiconductors and
their applications to devices; electronic
materials development and prepara-
tion; and solid-state structure studies
by advanced techniques.

HARRELL V. NOBLE,

Technical Director

Electronic Technology Laboratory
Wright-Patterson Air Force Base, Ohio
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NEW DIRECTIONS

AT THE CROSSROADS

Today in electronics, we sce the re-
sults of an evolution that has been
going on for at least 20 years.

Semiconductor technology, along
with other technologics yet to be de-
veloped, will be the basis for even
further improvement of microminia-
ture circuits.

However, at this time, it is not
technically  feasible, economically
practical, or strategically advisable for
the science of electronics to abandon
sound evolutionary progress.

The need for a maximum miniatur-
ization in some of today’s more
advanced applications is clearly under-
stood, but extreme miniaturization is
by no means a universal requirement
in military electronics.

My own company, in 1954, pro-
duced a flip-flop consisting of 18
separate parts, giving a component
density of 10° parts per cubic foot.
Todays circuits, approaching 10° parts
per cubic foot, are being produced in
quantity for both military and com-
merical use. Recent work on planar
microcircuits using ceramic substrates
has made possible combinations of 14
to 22 components with densities as
high as 2.6 X 10° per cu ft. This,
perhaps, is only a beginning.

There is talk of molecular circuits
with densities as high as 10". Higher
densities may be obtainable because
the ultimate theoretically density of
these circuits is related only to the
particular combination of circuit
parameters desired, and not to the
equivalent number of components re-
quired to perform the same functions
in a conventionally assembled circuit.

As we move into the function-
oriented approach, we recognize sev-
eral serious difficulties. Circuits have
to be operable over the whole range of
component tolerances nceded, but
these tolerances are difficult to control
in the present state of the molectronic
art.

Undesirable interactions between
the subfunctions of the circuit may
also be a problem. Suitable values of
certain parameters. such as large in-
ductances and capacitances, are now
difficult to obtain. The solid semi-
conductor circuit is expected to be
more temperature-sensitive than other
systems.  We are still far from pos-
sessing the capabilitics required for a

large majority of the complex equip-
ment in cither military or commercial
use today.

The economic aspects of integrated
circuits are even more important. Cost
will depend upon large production
runs of identical devices. We, in the
components manufacturing business,
have been trying for many years, but
without notable success, to bring about
greater standardization of components
in the interest of both economy and
reliability. Is the industry now will-
ing to standardize, in wholesale
fashion?  Speciulized knowledge will
be required to produce solid circuits.

These and other problems will, in
time, yield to the scientific ingenuity
and engincering skill for which the
electronics industry has been famous.

We must now, as components
people, make decisions as to which
road we will take: miniaturized pack-
aged circuits, the planar approach, or
the use of solid block with substantial
numbers of discrete parts until truly
homogenous circuits.

Except for specialized applications,
the miniature package will be the first
widely used approach. As the planar
approach is further developed, its use
will be combined with packaged as-
sembly techniques to produce circuits
of cven higher densities than are now
possible. The functional block will be
adopted in an increased variety of ap-
plications. However, the important
thing is that all three approaches will
develop along parallel lines, and will
complement one another.

There will continue to be a place
in the evolution of electronic circuits
for the less spectacular, but vitally
important work of the component de-
velopment engineer, and the improved
parts which he will make possible.

As components people, we must
broaden our competence in the newer
arcas of thin-film and semiconductor
technology. Manufacturers of com-
ponents are challenged in this area.
If we meet the challenge, the shape of
the electronics industry as we know it
today will not change dramatically
during the next decade.

ROBERT C. SPRAGUE,
Chairman and Treasurer

Sprague Electric Company

a—Ilixcerpts from a keynote address de-
livered at the 1962 Ilectronic Components
Confcrence, Washington, D, C., May 8.
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The electronic road ahead will be
paved with complex miniature devices.
New circuits in solid blocks will result
in new families of devices that am-
plify, switch, conduct, store, and resist
the flow of electrons by synthetization
of useful elements. Much of this
technology is still in research, and it
may be several years before common
usage in systems is possible.

Right now, the electronics engineer
is offered a great variety of miniature
devices that use conventional circuit
functions. The welded module im-
proves the weight factor only some-
what, but size savings of two to one
are normally achieved. Direct ex-
perience indicates an increase of relia-
bility of about ten to one over
soldered circuits.

Thin-film circuits are now competi-
tive with some welded assemblies.
Statistical proof of reliability should
govern a decision to use this tech-
nology in applications that require low
failure rates. This information is
accumulating.  Fabrication is best
adapted to information and data proc-
essing, with limitations in power
handling capability. Right now, the
thin-film approach is not adaptable

For the circuit designer, accustomed
to spelling out his circuits and equip-
ment designs in more conventional
diodes, transistors, capacitors, resistors
and inductors, the problem is now
presented of approaching systems de-
sign from a block function viewpoint,
since conventional component func-
tions are now emerging into a single
identity.

However, we have witnessed only
the bare beginning of a snowballing
technological change that will find an
increased number of circuit functions
accomplished within a single func-
tional block.

For the component designer, tradi-
tionally concerned with only a small
portion of the over-all problem of cir-
cuit interaction within a piece of
equipment, the problem is now pre-
sented of analyzing and segmenting
circuit functions so that functional
block embraces combinations.

An attempt to draw a hard and fast
line that delineates the equipment de-
signer’s role and the functional block
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for requirements of extremely tight
tolerance in passive elements.

Use of a semiconductor substrate
to form a conventional circuit func-
tion has similar advantages and
disadvantages.

Giant steps will be taken in ap-
proaches which eliminate conventional
components. A new family of thin
film magnetic devices for digital com-
ponents demonstrates operation by
interatomic action within the material.
Digital information is fed into a strip
of magnetic film and moved down the
film by an associated clock wiring
system, and read out the end. Action
is accomplished by magnetic-domain
switching. These shift-register devices
are in pilot production, ready for
applications in systems.

An approach to analog computa-
tion makes use of an electronic ampli-
fier driving a servo motor which
drives a variable resistive element
through a gear train. The solid-state
approach substitutes a thin film of
electroluminescent material for the
motor and input voltage generates
light instead of mechanical torque. At
the output end, photoconductive film
converts light into variable resistance

designer’s role will result only in need-
less conflict between the two groups.
Each group will jealously guard its
presumed prerogatives over its tradi-
tional sphere of influence, while at
the same time attempting to extend its
cognizance over a greater arca of the
over-all problem.

The delineation between systems
designer and functional block designer
will remain somewhat fluid.

With this new design dimension it
becomes possible to redistribute
effectively electronic functions into
existing mechanical contrivances that
are still a necessary part of any system.

Volume controls that incorporate
preamplifiers are an excellent example
of the marriage that can now take
place between functional electronic
blocks and other electromechanical
devices (soon to be announced). This
example is only one illustration of
how the electronic function may be
packaged with its natural mechanical
partner. Many more such examples
will immediately come to mind.

as a replacement for the mechanical
motion of the conventional potentiom-
eter. This technology, just emerging
from research, should be ready in
about a year.

A magnetic thin-film parametron
can form all common digital logic
elements. It should display the same
order of reliability as the shift register,
but has added virtue of providing
power gain so that one element may
feed several others. This technology,
now in research, may take several
years to achieve common usage.

Longer range trends in more
efficient and more reliable circuits may
be reached through bionics to establish
mechanisms of data sensing and data
processing evolved by nature. Useful
hardware can be developed within
five to ten years.

Space applications requiring reliable
performance of three years or about
26,000 hours (compared to 1,500
hours achieved today) will be ac-
complished only by radical changes
in technology and break-through
developments.

R. F. REDEMSKE, Vice President
Research and Development Center
Servomechanisms, Inc.

Functional electronic block Kits,
now available, provide the systems
designer with basic functional com-
ponents of a radio receiver. Inter-
twining of disciplines is found at MIT,
in the joining together of efforts of the
materials application section of the
insulation research laboratory, com-
puter components and systems group,
energy conversion laboratory, and the
materials application section of the
electronics systems laboratory under
a program entitled Molecular Science
and Molecular Engineering.

One aspect is clear. There is a new
interdependence between components
designer and equipment designer.
How complete will be the marriage of
these two skills will depend to a large
degree upon the specifics of a situa-
tion. One thing is sure—functional
blocks are here to stay and will effect
a dramatic change in the components
business of the future.

F. M. HEDDINGER, Manager

Molecular Electronics Department
Westinghouse Electric Corporation
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CAPACITANCE

A ND CAPACITORS

Enlarged portion of a slice of silicon on which an array of silicon-dioxide microcapacitors has been formed by a combination of
photolithographic and diffusion techniques. Dice is sliced and individual capacitors used in microcircuits (General Instrument)

THE FIRST FACTOR to be considered in the selection
of capacitance elements, is the capacitance required, and
for critical work, tolerance limits for this capacitance.
The rated voltage that the capacitor must take is next,
and then the special clectrical and environmental char-
acteristics that apply to eventual use.

Once performance is defined and basic parameters
are resolved, the final decision usually involves the ac-
ceptance of known fabricators, their materials, and data
that can spell out reliability.

It is therefore important that the circuit designer un-
derstand what diclectrics can do. He must always reach
a balance between overall performance requirements
and cost.

Facts and data arc available to enable understanding
of conventional capacitors’, and their selection (sec
tables pgs. 62, 63, 65). From there on, the designer
should keep informed on new materials.

POLYESTER FILM introduced by Eastman Chemical
(called Tenite, see p 66) makes possible the manufac-
turc of a capacitor without casing. Since the casing rep-
resents a major part of the cost of a conventional capaci-
tor, uncased units promise substantial savings. The
polyester dielectric functions unprotected under severe as
well as normal ambients. Units are small and light.
With these films, normal capacitance variation is =£2
percent, which makes them premium units without sort-
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ing. The material’s 2-percent heat-distortion temperature
is 170 C, which is about 10 deg greater than conven-
tional polyester types. Dielectric constant is about 3.1
and it shows virtually no change up to 110 C. Increas-
ing the temperature to 150 C raiscs the dielectric con-
stant by only 15 percent. Dissipation factor of the film
is low and shows superior uniformity over a wide range
of temperatures. Diclectric strength is 8,700 volts per
mil, at 60 cycles and 500-v per sec, measured on Y2-mil
film, and volume resistivity of 1.0 X 10" ohm cm.

TANTALUM THIN FILMS are clectrolytically oxidized
to form a high-purity film of Ta.O, which makes a
stable, low-loss dielectric for thin-film capacitance ele-
ments. At General Instrument, the tantalum film is first
deposited to leave enough tantalum behind for one elec-
trode. Anodizing is performed in an acid bath. Areas
not to be anodized are protected by a mask, and anodiza-
tion is continued until the leakage current is negligible.

A capacitor is formed by depositing a counter elec-
trode by evaporation over the Ta.O, film. Electrode may
be aluminum or gold, and may be extended to contact
other parts of the circuit. A bridge between the Ta and
Ta.O. regions is preferred for small capacitance values.
Values from 10 pf to 0.1 uf are manufactured to cover
the useful transistor operating range, higher values are
possible. Leakage currents are of the order of 107 am-
pere per uf volt. Capacitance is about 1.5 uf/per in*® volt.
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At Texas Instruments, sputtered tantalum resistors
and capacitors are deposited and formed simultanecously
from the same film. Complete passive circuits are highly
reliable and readily miniaturized. The circuit is anodized
to form capacitor dielectrics and to adjust resistors to
value. Capacitance working voltage products of 30-40
pf-volts/mil* ure easily obtained with dissipation factors
of a few per cent and d-c leakage of 0.001 ma/per uf
at 25 C. These capacitors are rated at 2 formation volt-
age up to 85 C and V3 formation voltage at 125 C and
are nonpolar up to 20 percent of formation voltage.

Fansteel spokesmen believe that the tantalum capaci-
tor will continued to play an important role in elec-
tronic circuits. Tantalum is needed for filtering, or where
relatively large values of capacitunce is required. In
research, Fansteel is studying and testing columbium
capacitors, aim to raise working voltages of solid-state
capacitors and semiconductor diodes.

Deposited capacitors in the Varo microcircuits have
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values from 15 pf to 0.15 uf, nominal accuracy of 20
percent and voltage rating 30-v d-c typical. Miniature
tantalum, ceramic, and glass capacitors can be attached
to the substrate for larger values, higher voltage ratings
and closer tolerances.

SOLID ELECTROLYTIC TANTALUM capacitors for
the Signal Corps’ micromodule perform beyond specified
requirements, and will provide high values of capacitance
for operation at temperatures ranging from —80 to 125
C without voltage derating.

Technical skills, production techniques and controls
have been acquired at Sprague to mass produce miniature
clectrolytic capacitors. This program originally started
as one of three parallel government efforts to prepare
solid, polarized capacitors hermetically scaled in a metal-
lic case. Units are intended for coupling, bypass, and
filtering applications and in low-voltage applications re-
quiring high stability.

CHARACTERISTICS OF CAPACH

Tantalum Polystyrene
Characteristic Efectrolytic Wet Anode Tantalum Paper-Mylar Mylar Metalized
of Capacitor ‘Aluminum & Foil Ory Anode Paper Mylar (Comb) (Comb) Paper
Capacitance ;
Range in pf 0.5— 150,000 0.2—1250 0.25—330 0.001—200 0.01--20 0.01—-30 0.001—1 0.01—20
Tolerance 50, +4100,4-150 10,4-20, 475
L Standard % ) th ¥ 3 th b +20 +20 +20 +20 +10 +20
Tolerance
Minimum % +25 +1§ +5 +2 ==al +2 +1 25
0C Dperating Volts 2.5—-500 3—150 6—35 50--200,000 50—1000  100—15,000 501000 50 —600
Voits AC 60 cps Operating Voits 40—320 Limited Limited 50—75,000 Seldom used Seldom used Seldom used 25—250
Intermittent duty
Dissipation Factor 6—35, depend- {120 cps.} 10%, foil At 120 cps 02—-0.5 03 03 0.1 0.4--0.6
% at 60 cps ing on voltage varies with C and V 10% max
DF % at 1,000 cps — — - 0.2—0.5 0.5 05 0.2 06—038
% at IMC - - - Higher; varies Relatively Relatively 0.75 Relatively
Low Capacitance Values with type high high high
Insulation Resistance Leakage current Leakage at 25°C  Leakage at 25°C  3000--20,000 50,000 20,000 > 50,000 600—1,200
R Megohm/uf at 25C {ma) 006 X VOV .02 pa/uf/volt .02 pa/uf/volt
Insulation Resistance Leakage current  Leakage current  Leakage current 00 s Vao %o o
at 85C compared to 25C 4 X 25°C value 4 X 25°Cvalue 10 X 25°C value
Operating Range C —40 +85 —55 4125 —55 4125 See Table 1 —55 4150 —55 4125 —55 4125 —55 4125
L Coefficient TC Cap. drops from Cap. drops from  Cap drops 12% See Table 1 See Table 2 See Table 2  See Table 2  See Table 2
in % of ppm 30-60% at —40C 12-50% at —55C  max. at —55C
. Capacitance Change Relatively Large Medium Medium Medium Medium Medium Medium
STABILITY  With Temp Aging large 155 +10
oA % Dielectric - A, - 0.6—3, depend- 0.5 09 03-0.5 -
Absorption at 25C ing on impreg
P Size Varies as CV approx CV approx CV approx cv? cv? cv? cv: cv?
Size for Equivalent Very small Very smatl Very small Medium Small Medium Large Small
SIZE Current-Voltage Rating Small Small
Per KVA 60 cps Small for Small for Smalt for Small Seldom used Seldom used Seldom used Not used
intermittent duty  intermittent duty intermittent duty
Per KVA tMC Not used Not used Not used Not used Not used Not used Not used Not used
Relative Cost for Very low Moderate Moderate Low Moderately Moderately Moderately ~ Moderately
Equiv C.V Rating high high high high
cosT Relative Cost per Low for Not used Not used Low Seldom used Seldom used Seldom used  Not used
KVA 60 cps intermittent duty
?(el:t;v':ccm per Not used Not used Not used Not used Not used Not used Not used Not used
\/
Specs: 62 3965 26655 25 19978 14157 None 11693
MIL-C- 4
ML MILC: 3871 91 27281 19978 18312
SREQS MIL-C- 11693
MiL-C- 12889

Source: Cornell-Dubilie

Values and ranges shown herein are generally typical or average. However, actual limits, in practice, may be iderably more (or less) depending on the specific apptication or requirements




Reliability of the solid tantalum capacitor increascs
with time under load. perhaps indefinitely. At Kemet.
a 75-volt solid tantalum unit is available in values up to
and including 15 microfarads in tolerances of 20. 10 and
5 percent. These units operate from —33 to plus 125 C.

HIGH K BARIUM TITANATE ceramics cover a ca-
pacitance range up to 1,000 picofarads. Techniques used
at Chem-Electro Rescarch. accurately cut ceramics into
small picces. maintain high percentage  vields.  Axial
lead configurations have Nat-ribbon leads. are made of
vold-plated Kovar for cither welded or soldered connece-
tions. The ceramic capacitor bodyv is moisture protected,
badyv diameter is 0,060 inch.

Philco has been working with single-crvstal films of
Ba-Sr titanate. formed with domains oriented perpendic-
ularly to the interface. These high-k thin-films are being
studied as coupling clements in miniature circuits and
in switching.

Rectangular component is a fusion-s:aled glass dielectric ca-
pacitor. Tubular component is a fusion-sealed precision fin-
oxide film resistor. Background field is helix of the resistive
tin-oxide film on a 1,000 watt resistor {Corning Glass)

rORS AND THEIR DIELECTRIC TYPES

FRICS

Metalized - " Temperaturs
Metalized Paper-Mylar  Low Voitage General-Purpose Compensated Mica Mica Reconstituted
Mylas ~ (Comb) Ceramic __Ceramic Ceramic Polystyrene Teflon Receiving Transmitting _ Mica
0.01—-20 0112 0.005—2.2  0.000001—.02 0.000001—.0025 0.01—-10 0.01—4 0.000001—.05 0.00001—1.0 0.01—4
=20 #2004+t GMV x5t GMe +S5tox20 =10 =10 o100 %5 00 +0
o =*2 +5 +20 =B +026pf =l =2 =2 - - | (I
50 —600 200—600 3—50 500—5,000 500—5,000 100—2,000 501,000 50—2,500 200— 50,000 200 15,000 4
25250 Seldom used Not used Seldom used Seldom used 50-350 Seldom used  Seldom used Rf voltage varies  100-—-7,500
4 = | - - - with current & freq.
02—-03 0.4--0.6 - - 1 <0.1 Seldom used Seldom used Seldom used
0405 0608 2510 225 - 002005 002005 <01 004-007 05
Relatively Relatively 0.05-.2 0.05—0.1 0.04—.07 <0.1 0.03-0.06 0.7—-09
_ high  high = ) PR _
5,000 —50,000 2000 Variable with >30,000 >50,000 >100,000 >100,000 20,000-50,000 15,000 10,000
L  voltage  meg unit  meg/unit - o meg/unit ~ meg/unit N
Yao Y12 Y20 Ys0 Y50 Yis Yo s ) e
%5 125 —5 125 5 +8 55 125 —55 +125 55 85 -5 125 —55 4150 —55 +70 —55 +’2@'
- . NEY S =y o N . -55 4315
See Table 2 See Table 2 Variable Variable NPO-N4700® See Table 2  See Table 2 0 to +70 normal  —20 to 4100, +-500 ppm
= o = A ~ ppm/°C - ppm controliable  ppm controllable -350 ppm
Medium Medium Medium Small to Smalt Small Medium Very small; Very small; Good
| | B - _Medium_ — ~ excellent excellent -
0.02—005  0.02—0.05 0.3- 0.3-
S O A Y S L S o Y. S A - CHN - CHN A
Small Small Very small Small Small Medium large Large Large Large Large
Not used Notused  Notused  Notused Not used  Medium large Seldom used  Seldom used Seldom used  Seldom used
" Notused  Notused  Notused  MNotused  MNotused  Small  Small  Small ~ Small Notused
Moderately Moderately Low Low Low Moderately Very high High High High
_ _high  heh __ high _ i m = B
Not used Not used Not used Not used Not used Moderately ~ Seldom used  Seldom used Seldom used High
= . high B e NS e .
Not used Not used Notused  Not used Not used Low Low Low Low Medium
26487 26487 None 11015 20 19978 19978 h o by None
_{Proposed) (Proposed) | w3 . e = - —
18312 . 8 -

3--guaranteed min. value b negative-positive zerg (no drift)

see tables on p 65




Ultrahigh vacuum system developed for depasiting films of tantalum, silican and ather refractory metals (General Instrument)

HIGH-TEMPERATURE CAPACITOR materials are in-
vestigated at Gulton to determine those best suited for
stable capacitor dielectrics and electrodes over the tem-
perature range of —50 to 750 C. Interest is in materials
resistant to nuclear radiation, and formed in-place as a
two-dimensional unit for the integrated circuit.

Three capacitor programs, inaugurated within the past
year, reflect further interest in pursuing solid tantalum
(at GE); development of capacitor impregnants (at Na-
tional Research Labs); and high-temperature pulse-
forming networks (at Sprague).

Preliminary investigations have been conducted on a
high dielectric constant material in high-temperature
thermionic circuits. At GE, a strontium oxide, tantalum
oxide body, designated EL433, has an expansion match
close to 430 stainless steel to allow sealing test pieces.
Several ceramic compositions have been modified for a
study of the high-temperature conduction process in
capacitor dielectrics. Variable capacitors, with a range
of 8-14 pf have been made, and life tests, low-frequency
characteristics and polarization effects of ceramic ca-
pacitors have been obtained.

Aerovox is investigating subminiature, low-voltage,
thin-film dielectrics using their Cerafil techniques. Mul-
tiple layers of ceramic are applied by deposition. A fab-
rication process uses five electrodes separated by four
0.0010-in. thick ceramic dielectric layers. Dielectrics
have been fabricated to obtain capacitance values over
12 times those of conventional Cerafil units of com-
parable size. Alterations in the binder material may
solve present firing problem:s.

PLANAR CAPACITOR ON SILICON. The dioxide is
thermally grown onto low-resistivity silicon in oxygen or
steam. The invarience of the diclectric constant of fused
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silicon with temperature provides a low temperature co-
efficient of capacitance. Further, the high stability and
low losses of SiO, makes this material suitable for high-
temperature operation. Silicon dioxide is grown onto
both sides of a silicon slice, and one side is etched off
to form a single capacitor with an aluminum dot on top
tor the contact. At General Instrument, a film thickness
of 0.2 micron obtains capacitance of 33 picofarads with
a contact area of 20 mils. The unit can be put onto a
30-mil square to allow for surface insulation and prevent
fringing effects at the edge of the contacts. Assuming a
conservative value of one million-v/cm breakdown for
strength of the film, a total film thickness of 0.2 microns
will have a dielectric breakdown of 100 v. The unit is
called a planar cap.

Capacitor values are from 1 to 500 pf and vary in
size from 0.020-in. sq. to 0.120-in, sq. Temperature co-
cfficients as low as 5 ppm per deg. C can be provided.

As discrete dice, these components are used in nano-
circuits where individual dice are preselected and ther-
mocompression bonded into a circuit on various sub-
strates. Dice can be encapsulated individually and sold
as microcomponents. Resistors and capacitors on one
substrate with deposited contacts will perform with diodes
and transistors on other substrate.

SILICON-MONOXIDE FILM capacitance values remain
relatively constant over the frequency range of 500 Kc
to 10 Mc. Consecutive layers of aluminum and silicon
monoxide form the film version of a parallel-plate ca-
pacitor. Silicon monoxide is also used for the insulating
layer.

At IBM, silicon monoxide (dielectric constant of 6)
was chosen in one program on the basis of previous us-
age. Samples with values ranging from 6 to 100 pf were
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measured for Q and change in capacitance over 500 Kc
to 10 Mc. Value of capacitance chosen for film appli-
cation approximate characteristics of bulk capacitors.

VACUUM-DEPOSITED DIELECTRIC film capacitors
have been investigated for temperature dependency at
Melpar. Data obtained is helpful to those active in thin-
!m circuits. Characteristics have been presented for
silicon monoxide, zinc sulphide, ytterbium oxide, silicon
nitride and cerium dioxide. Capacitors formed with
cerium dioxide or silicon nitride have the best stability
in the higher temperature ranges. Films thicker than
one micron generally showed no change in dielectric con-
stant with increasing thickness. Films thinner than about
one micron usually exhibit variations in diclectric con-
stant.

NUCLEAR RADIATION FEFFECTS on capacitors.
Mica, glass and ceramic capacitors show little change
in capacitance with integrated neutron flux doses of 107
to 10® nvt, whereas plastic and paper capacitors show
appreciable changes at doses of 107 nvt. Oil-impregnated
paper capacitors and tantalum electrolytic capacitors
begin to show changes in capacitance at 10* to 10" nvt.
Airborne Instruments has conducted these nuclear radi-
ation studics.

DEGRADATION EFFECTS of high-temperature ce-
ramic dielectrics is pursued at Linden Laboratories. These
effects may be due to inhomogeneities in diclectrics, which
lead to strong local fields across the layers with high re-
sistivities and therefore breakdown of these layers by
zener breakdown and by injection of anion-vacancics.
Production of new anion-vacancies at the anode and their
movement through the dielectric seem to be the important
factors determining the life of a diclectric. Eliminating
inhomogeneities by adding higher-valance cations or
lower valance anions, increasing the breakdown resistance
of the barriers by chemical change (fluorides or other
second phases) and scaling the anode against injection
of anion-vacancies are ecffective means to increase the
high temperature life of a titanate dielectric.

Electrolytic and ceramic capacitors have been devel-
oped for the RCA micromodule by Sprague, Centralab,
Aerovox, Cornell-Dubilier, Eric Resistor and P. R. Mal-
lory. Respective types for these modules arc: general
purpose B-74 multilayer ceramic capacitors, a ceramic
trimmer capacitor, precision and general purpose multi-
Jayer capacitors, a single-layer ceramic capacitor and
clectrolytic capacitors.

GLASS DIELECTRICS have been used primarily in
the military. Glass capacitors are made by stacking
alternate layers of aluminum foil and glass ribbon until
the desired capacitance is obtained. In the newer styles,
Dumet leads are used for a true glass-to-metal seal where
they enter the glass case. Miniature types have capaci-
tance ranges of 1 to 1,000 pf with a d-c working volt-
age of 300. Regardiess of type, Corning Glass capacitors
are claimed to track accurately and predictably. Neg-
ligible hysteresis assures absolute retrace of temperature
coefficient.

REFERENCE

(1) G. W. A, Dummer and H. M. Nordenberg, Fixed and Varia-
ble Capacitors, McGraw-iTill Book Co., Inc., 1960
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Design trends in new capacitors indi-
cate immediate future developments
in three basic areas: improvements in
performance; continued emphasis on
miniaturization; and new types and
combinations for integrated circuits
that will be more convenient for
automatic assembly operations.

Improved capacitors and extension
of their capabilities derive from new
materials and processing techniques,
and research in the nature of impreg-
nants and dielectrics.

A dramatic change will be in
increased reliability, higher voltage,
temperature and frequency ratings,
flattening of T-C (temperature-capaci-
tance) curves, extended life and re-
sistance to more severe environmental
conditions—especially nuclear radia-
tion.

Two outstanding new materials now
coming into use in capacitors are re-
constituted mica and boron nitrate.
Reconstituted mica, now available in
Demicon hermetically sealed tubular
capacitors, provides outstanding elec-
trical characteristics and durability
in severe environmental conditions.
Used with impregnants and resins, this
type rates well for use in environ-
ments subject to nuclear radiation.
Boron nitrate capacitors will be suit-
able for use up to 500 C.

Smaller, lighter, more precise and less expensive capaci-
tors, made from a film extruded from Eastman Chemical
Products Tenite polyester film, are shown positioned

around two stepper switches (right).

At the time the polyester material was undergoing
final evaluation by one of the company’s research groups,
Eastman’s Instrument group was developing an instru-
ment for automating complex laboratory experiments
and analyses. Chance meeting of the two interests re-
sulted in the Instrument group finding a capacitor ele-
ment that was not matched for their purposes by any
other they could find. And the capacitor material gained
an opportunity to demonstrate its properties in the
memory unit, shown right, which is an integral part

of a 100-point controller.

The improved polyester film used in the uncased ca-
pacitors is available as Terafilm, from Terafilm Corpora-

tion, Stamford, Connccticut.
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Mylar and Terafilm are steadily
being improved for use in dielectrics.
A new 0.00015 in. film has made pos-
sible substantial size reductions in
Mylar capacitors. A forthcoming ca-
pacitor development will employ My-
lar and polystyrene film that will
feature a T-C curve that is virtually
horizontal.

Tremendous opportunities for size
reduction lie in techniques for deposi-
tion of polymerized dielectric thin
films on substrates.

Less dramatic, but significant im-
provements have been achieved in
kraft paper dielectrics, now offering
high dielectric strength and freedom
from impurities. This is noteworthy
since paper is a commonly used di-
electric material.

Significant  improvements  have
taken place in humidity-resistant paper
tubulars, axial-lead tubular micas

suitable for automatic production of
computer circuits, stronger seals, bet-
ter corrosion resistance and more re-
liable terminals. This trend is in line
with a continuing growth of demand
for high performance in consumer
and less-complex industrial electronic
systems.

New  production

methods  will

bring big changes in tantalum capaci-
higher

tors. Higher, temperatures,

voltage ratings and smaller dimensions
will be features of new designs.

Development work with evapora-
tion of anodically formed metals will
bring forth new types of capacitors
much smaller than tantalum types,
and equal or better in characteristics.

Both the design and the basic form
of capacitors will undergo radical
changes to meet requirements of inte-
grated circuits. Forthcoming develop-
ments will be combined capacitances,
inductances and resistances on a single
substrate.

The increasing similarity of tech-
niques for producing the various types
of circuit elements have induced the
more versatile suppliers to move into
manufacture of different types of com-
ponents. Experienced makers of mini-
ature components have demonstrated
both economic and technical capabili-
ties to handle successfully the assem-
bly of circuit packages.

Component suppliers must now
maintain advanced technological ca-
pabilities in their production and en-
gineering facilities, as well as exten-
sive but carefully planned research
and development activities.

J. F. FERRANTE,

Vice President and Research Director
Cornell-Dubilier Electronics
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MODERN ELECTRONIC COMPONENTS

RESISTANCE

A ND RESISTORS

Mognification of @ slice of silicon on which an array of passivated silicon microresistors of three different values hos been formed
by photolithographic and diffusion techniques. Slice is diced ond individual elements used in microcircuits (Seneral Instrument)

BASIC ASPECTS of resistance and specific technical
information on the more common types of resistors used
in conventional circuits have been covered in detail’.

Basic rescarch in support of product development, is
now being substantially increased over a vear or so ago.
The trend towards high-density packaging of resistive
clements points to increased work in ohmic and semi-
conductor-type resistors.  More interest is now being
shown in other nonlinear resistors, such as temperature-
sensitive, voltage-sensitive and light-sensitive types.

Greater emphasis, both in basic rescarch and develop-
ment and in production-development arcas is being
directed towards substantially increasing component reli-
ability, proving out materials. processes. techniques,
quality assurance and inspection.

TANTALUM FILM RESISTORS arc extremely stable.
Values are determined by thickness, length and width of
the conducting path. General Instrument reports that
thicknesses generally range from 200 to 5,000 angstroms.
Widths as small as 0,001 inch may be used. Lengths may
be extended by using a meander pattern. Resistance
values may be held to closer tolerance by monitoring
during evaporation or by adjusting afterwards. Electro-
chemical oxidation is used to reduce thickness and achieve
controlled adjustment of values. Resistance ranges may
extend from about 10 ohms to 1 megohm, covering the
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range of values uscful in present transistor circuits,

Vacua of 10" mm Hg are used tor tantalum and other
refractory metals, and for silicon. A vacuum system used
for this purpose is shown in photo on p 64

A floating-zone-refined rod of tantalum is heated by
clectron bombardment for evaporation, onto specially
cleaned and heated substrates of soft glass. Pyrex, quartz,
MgO or ceramic, depending upon desired structure.
Arcas deposited are defined by shutters and photoresist
ctched masks. This work appears to provide a break-
through in high-density units and permits design flexi-
bility that has not been possible to achieve thus far by
the silicon monolithic structure or deposited circuits.

Resistors for Texas Instruments tantalum film circuits
are made by sputtering a tantalum film onto a substrate,
etching to form a resistor path, and then anodically oxidiz-
ing part of the film. Anodization converts the outer por-
tion of the film to a thin adherent film of oxide, which
both precisely adjusts resistance values and protects the
finished resistor. Sputtered tantalum resistors have tem-
perature coetlicient of 150 ppm/deg C and nominal
resistivitics of 100 ohms per square, enabling a 100,000-
chm resistor to be made in a 0.1-i2. area. Typical change
on load life and temperature cycling is less than one per-
cent.

Lear uses a paralleled pattern fer their thin-film resistor,
rather than a meandering path. They find the former
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lends greater strength and rigidity to a thin-metal mask.

PROCESSING TECHNIQUES with thin-films at IBM
are said to have advanced the state of the art, and they
recommend further work to extend thin-film technology
to electronic equipment.

Nichrome resistors have frequency stability from 50
Kc to 16 Mc, and individual film resistors have negligible
shunt capacitance. On the basis of sampling in their
initial hours of life, nichrome films did not drift in value,
no change was detected during the first 1,600 hours of
life. IBM engineers now feel that they can come up
with a much better film than nichrome,

Moisture and thermal shock tests on unencapsulated
substrate did not cause appreciable change in resistor
values, and it may be that no encapsulant is necessary.
High resistivity deposits are difficult to achieve because
of suspected p-type impurities leaking from the quartz
tubes used, With present techniques, resistivities of about
5 ohm-cm or lower are possible.

Where both resistor films and capacitor films are to be
simultaneously deposited within layers, the insulation film
should not simultaneously serve as the dielectric film
for the capacitors. Generally, insulating films must be
fairly thick, 20,000 angstroms to 30,000 angstroms, to
minimize unwanted distribution capacitance, Dielectric
films must be as thin as possible to maximize capacitance
between plates. A film used both as an insulator and
a dielectric compromises circuit fabrication. This gives
either less insulation, higher distribution capacitance, and
smaller plate capacitance; or better insulation, less dis-
tributed capacitance and larger plate capacitance. Free-
dom to adjust individually for distributed capacitance
and plate capacitance, and to vary the sequence of de-
positing layers is lost.

VACUUM-DEPOSITED thin-film resistors, produced
by Halex, are basically nickel and chromium. They are
deposited with excellent control to form films having
resistivities of a few ohms/sq to 500 ohms sq. Films with
resistance as high as 4,000 ohms/sq are said to have
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excellent properties, but are more difficult to produce.
Resistive films are sealed with silicon oxide while they
are still in the vacuum chamber and as such are resistant
to contamination or environmental corrosion.

Track widths of resistors can vary from a few mils
to very wide tracks, but for most integrated circuit
applications, track widths are in the order of 0.005 to
0.010 in.

Resistor films, molecularly bonded to the substrate
and to the interconnecting material, result in a mono-
lithic structure of high reliability. Temperature coefficient
becomes more negative as resistance per square increases
(decreasing thickness). The majority of values for a par-
ticular per square range fall within =50 ppm. The
spread is generally caused by variations in composition or
structure.

Power ratings of microcircuit resistors are not based
on limitation of the material, but on practical values of
wafer temperature and heat dissipation.

Halex spokesmen point out that the high-vacuum thin-
film process is capable of producing many other com-
ponents and devices other than integrated circuits.

Deposited nichrome resistors for the Varo microcircuits
have values of 100 ohms to 3,000 ohms, nominal accuracy
of =5 percent; 10 ohms to 500,000 ohms, nominal accu-
racy of 20 percent. Power ratings are 0.2 milliwatt to 1
watt. Typical temperature cocfficient of resistivity is
0.005 percent per deg C for 1,000 ohms/sq depositions.

Mectal film resistance elements used in Varo microcir-
cuits are rated at 4 watts per sq in. of substrate area as
a normal continuous dissipation factor at 100 C ambient,
with short-term overload capability of 200 percent with-
out damage. A 0.6 by 0.6 in. substrate is used for circuits
dissipating up to 1.3 watts. The primary limit considered
in microcircuit systems is the transistor limit of approx
200 C maximum junction temperature. To ease this
problem as much as possible, a potting compound is used
for encapsulating the individual microcircuit wafer which,
due to its fairly high heat transfer characteristics, dis-
tributes heat generated within the package fairly uniformly
over the exposed surface of the package.

Deposited portions of the microcircuit operate suc-
cessfully at temperatures far in excess of 200 C. Other
substrates can be used, such as 1 X 1 in. for circuits
requiring higher power dissipation, a larger number of
external leads brought out, or a higher density of pack-
aging a complex circuit.

PELLETIZED PARTS to date at Mallory are limited to
passive elements. Inserted in holes in a printed circuit
board, the pellets are connected in a pattern and encap-
sulated in epoxy. Hughes pelletized elements, smaller
than Mallory’s, are plugged into plate-through holes in
circuit boards made of epoxy glass, or into Fotoform
housings. This approach achieves an order of magnitude
approximate to the RCA module and will probably find
industrial applications beyond computer elements.
Evaporated resistive films of nichrome, molybdenum
and tungsten have been investigated for the GE TIMMS
wafers. Resistors with values ranging from 90 to 200
ohms have been produced and life tests at 580 C will
prove out these units. Molybdenum film resistors have
been fabricated in values from 1,000 to 5,000 ohms.
Evaporated carbon-film resistors with values to two meg-
ohms have been fabricated, and GE is continuing life
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tests of pyrolytic and carbon film resistors.

COST FACTORS FOR THIN-FILMS. Electra Manufac-
turing Co. has established a pilot line for high stability
fixed film resistors capable of full-load operation up to
150 C for nonsealed types, and up to 200 C for sealed
types. Rescarch and development was accomplished at
Battelle. Electra’s W. E. MclLean says that cost reduc-
tion studies for the Signal Corps show that thin-film
resistors can be put in the same price classification as
conventional units, pointing up the cconomy achieved
with thin-film elements.

MICROMODULE RESISTORS for RCA’s program in-
clude carbon-composition resistors, tin-oxide element
resistors, cermet types, noble-metal films, and resistor
microelements. Aerovox, Centralab, Corning Glass
Works, CTS Corp., Helipot division of Beckman Instru-
ments, Intcrnational Resistance Corp., General Instru-
ment, and Microelectronics have developed and produced
these types.

RESISTIVE ELEMENTS ON SILICON. Power dissipa-
tion for diffused resistors used in Pacific Semiconductor’s
tetl (transistor coupled transistor logic) circuits is 2 Kw
per sq cm, compared to 10 watts per sq ¢m for films.
Tolerances achieved with diffused resistors are =25
percent, but are satisfactory for saturated switching cir-
cuits.

Resistors are formed in 150 ohms/sq. A typical 1,000-
ohm resistor measures 0.75 mil wide, 4.5 mils in length.
Trimming tabs can be employed for morc precise resist-
ance values. Temperature coefficient for diffused resistors
in values from 10 ohms to 5,000 ohms is plus 0.1 percent
per deg C, in the zero to 200 C range.

Silicon passivated resistors are fabricated at General
Instrument by forming a p-n junction at a prescribed
depth below the surface of the silicon material. The
resistor is passivated by a SiO. layer. A p-type dopant
is diffused into n-type silicon to form the junction. This
junction has a high impedance to any transverse flow
of current, hence the resistance obtained is essentially
the sheet resistance of the diffused layer.

For a sheet resistance of 10 ohms/sq and a junction
depth of 0.1 mil. a resistive clement 100 mils long and
5 mils wide has a resistance of 200 ohms. The geom-
ctries of the resistance eclements can be arc shaped
using photolithographic techniques employed in the
manufacture of passivated planar diodes and transistors.

The temperature coefficient of resistivity is determined
by the temperature dependence of the number of ionized
carriers and the mobility due to impurity scattering.
Since cach of these temperature coeflicients is different, a
near balance can be obtained by counter doping to give
a low temperature coeflicient.

Resistors are made from 10 ohms to 50.000 ohms with
temperature cocfficients between 500 and 2,000 ppm.
Normal tolerance is =10 per cent but by selection, trim-
ming or both, =5 percent can be obtained. Dice are made
in two sizes, 0.020 in. sq, and 0.040 in. sq. When mounted
on a TO-5 header, the smaller units can dissipate 200
mw and the larger 600 mw.

THERMISTORS, among the most versatile of passive
components, have not become standardized circuit ele-
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The remarkahle power dissipation properties cf thin vacuum
deposited metal films. Two thin film rhenium resistors have
been deposited on a silicc substrate. One resistor is shown under
test. Arrangement will study the polarization of the emitted
light (Melpar®
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ments.  Circuits are seldom  built specifically around
thermistors. The result is, according to R. S. Goodyear,
President of Fenwal, that an average of 14 new types
of thermistors are created daily—custom made for exist-
ing circuits.

At Fenwal, thermistor bodies have been developed
which operate at 600 C. These bodies utilize chromic
oxide as a chief constituent, Some hysteresis occurs in
these units, but the hysteresis leads to inaccuracies of
cnly about two percent of the resistance-temperature
curve,

Techniques for rapid adjustment of resistance elements use q
flash tube fired from 1,300uf capacitance at voltages up to
4,000 v. System is readily adapted to automation. Short in-
tense pulse of light can bring about evaporations, fusions or
chemical changes in small particles or thin films (Armour Re-
search Institute)
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Thermistors can give 0 to 5 volt signal without ampli-
fication, and are 10 times as sensitive as a thermocouple
or resistance bulb. Engineers are looking into materials
that will permit thermistor use up to 3,500 C. In field
experiments, developmental probes have been used up to
1,800, but these pose production problems. Production
line types have been used up to 1,200 F. For routine
use, they have a maximum stability up to 300 C, have
been used up to 500 C.

Thermistors are temperature sensitive only—voltage
sensitivity is a fault. Varistors, on the other hand, are
voltage sensitive only, temperature sensitivity is a fault.
Thermistors provide an absolute correlation between
absolute temperature and resistance. For telemetry, there
is no cold junction involved, as with a thermocouple.

Thermistors have been used to measure the carbon-
dioxide content of orbited space capsules.

Positive coefficient thermistors, made by GE and West-
inghouse, operate on phase-change, and in Texas Instru-
ment’s Sensistor, a silicon crystal used as a resistance
device, has a low positive temperature coefficient.

Victory Engincering has compiled a handbook con-
taining suflicient information to ecnable engineers to
cvalute thermistors. This data book contains a compre-
hensive bibliography on thermistor applications.

High negative cocfficient disk thermistors. developed at
Carborundum within the past year have good stability.
Also high power noninductive resistors are available with
cither a Teflon or Mylar coating to handle higher applied
voltages. Conventional noninductive resistors employ
Glyptal or silicone coatings for moisture protection and
for improvement of dielectric strength.

According to Carborundum spokesmen, it is doubtful
that development of molecular electronics will eliminate
the need for components of the types described. Increased
sales of these resistive products are foreseen. To this end,

NUCLEAR RADIATION EFFECTS. Resistors are much
more radiation resistant than semiconductors. Wire-
wound types suffer little change of resistance to a dosc
of IN0™ nvt, the change being an increase in resistance.

Metal and carbon film resistors show an increase in
resistance greater than wire wound types, but generally
not excessive to doses of 10" nvt. Carbon composition
types vary little in resistance to doses of 10 * to 10 *
nvt, the change being an increase in resistance.

Transient effects noted during irradiation include
increased leakage currents because of jonization of the
surrounding air and of insulating materials. This ioniza-
tion causes units that show an increase in resistance as
a permanent effect to show a decrease in resistance as
a transient cffect while in the radiation field. Here again,
the stresses placed on the unit determine to a great extent
what will take place, according to E. J. Rohrback of Air-
borne Instrument Labs.

RHENIUM FILM RESISTORS, possessing high stabil-
ity, have been formed by vacuum deposition and anneal-
ing. Work at Melpar shows that values of resistance
from ten ohms per square to several thousand ohms per
sq may be successfully programmed. The films are stable
to 500 C in a vacuum. With improved high temperature
potting material, practical film resistors, with Jow temper-
ature coefficients, may operate over 500 C. These re-
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An array of deposited electroluminescent lamps and photoconductors. Photoconductive film converts light into variable resistance

as the replacement for the mechanical motion of conventiona! pot

sistors can meet any anticipated power requirements.

A photo on p 69 shows the power dissipation proper-
ties of thin vacuum deposited metal films. This illus-
tration shows a silica substrate, onec-in. sq. on which
two thin-film rhenium resistors have been deposited.
It is believed that photographs and observations of an
incandescent thin film have not been previously made.
One resistor is shown under test. The surface area of
the resistor is 0.1 sq in., the thickness less than 100 A
(0.4 microinch) and the resistance, 1,000 ohms per
square.

The film is shown incandescent with a power input
of over 10 watts. Temperature of the film surface was
about 1.500 F. Temporary atmospheric protection was
provided by scaling the sample in a test tube filled with
dry argon.

Studies on these films are currently being undertaken
at Melpar’s Physical Science Laboratory as part of their
comprehensive program on thin films. The illustrated set
up shown on p 69 is being used to study the polarization
of the emitted light.

SUBMINIATURE POTENTIOMETERS. Performance
and capabilitics have been cstablished for subminiature
potentiometers used in transistor circuits. Mallory has
developed a metal film, high temperature (430 C)
rectilincar potentiometer for the government, and
Markite has developed variable resistors and precision
potentiometers that operate from 65 to 500 C, and in
high nuclear flux levels.

A terminology document that will aid the designer in
specifying his requirements for precision pots is available
from the Precision Potentiometer Manufacturing Asso-
ciation in Chicago.
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entiometer (Servomechanisms)

The main advantage of the precision conductive plastic
potentiometers is virtually infinite resolution, long wear
life. and applications involving wiper currents in the
microamp region. Applications would be as a follow-up
in servo systems and analog computers. and as gain con-
trols for vacuum tubes and servo modulated telemetering
transmitters.  Specific military applications for plastic
potenticmeters developed by New England Instrument
include use in Hawk, Sparrow, Nike, and other classified
missiles. Although conductive plastic pots are presently
limited in some applications, New England Instrument
Company’s Gerald Lemberg reports that research is devel-
oping new techniques that will allow higher temperature
operation. lower temperature coefficient, lower contact
resistances and tighter nonlincar functions.

Potentiometer engineers have been conducting con-
tinuous research aimed at investigating all the new
metals. Says Daystrom’s R. E. Wolin, manager of their
potentiometer division, micromodule trimmers fa-in. sq
by 0.50-in. thick will be available in the ncar future.

CERMET ELEMENT variable resistors, develeped at
Helipot, operate at full load of 2 watts up to 275 C
when properly derated. Manufacturing methods. product
technicues, and quality control criteria for higk volume
production of variable cermet element resistors has been
set up at Chicago Telephone Supply. Production engineer-
ing manufacturing for ¥s-in. diameter precision poten-
tiometers, at CTS, indicates that rotational torques will
he high enough to pass stringent environmental tests.

REFERLENCE

(1) < T.. Wellard, Resistance and Resistors, McGraw-Hill
Book Co., Inc., 1960,
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MODERN ELECTRONIC COMPONENTS

INDUCTANCE
AND INDUCTORS

Magnetic film parametron will play an important part in the future of computer technology. A parametron is basically a L-C
resonant circuit, tuned to a frequency f, in which one of the reactance elements is varied periodically at a frequency of 2f. Power
requirements of the elements are one milliwatt per bit or less (Servomechanisms)

EMPHASIS OF PROGRAMS in inductors, coils and
transformers has been mainly in product improvement
through better construction techniques and designs'.
Within the past year, interest in small inductive clements
for integrated circuits has shifted into expanding research.
Programs now investigate techniques that will lead to
better thin-film inductive elements.

Miniature inductors, fabricated at Motorola, employ
thin-film spiral conductors on ferrite substrates. They
aim for inductance ranges from 38 ph with a Q value
in excess of 100 at a frequency of I Mc. Techniques
will be established for lead attachments. with a measure
of the voltage and current handling capabilitics of the
inductors. Coils will be fabricated on Cermag 9, sup-
plied by Stackpole Carbon. Properties of Cermag 9 in-
clude high initial permeability (190) with a Q value
of 200 at I Mec. Surface of the material can be made
smooth enough to fabricate spirals having line widths
down to and including one mil. Without initial tooling,
the material is available in one-quarter inch sq substrates
with a thichkness of 50 mils.

Fhe spiral material is pressed on a ferrite composition,
@ variation of a nickel cobalt ferrite. Vacuum deposition
and electroplating will be used for films on substrates.
Electroless Cuposit process and electroplating will be
used for depositing films in the impressed spiral con-
figurations.

A 40-turn spiral has also been fabricated on Cermag
9 substrates. A complete knowledge of the techniques
required to resolve the 1-mil lines will be determined by
fabricating samples of this pattern on glass substrates.
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Techniques should obtain inductance values close to
254 ph.

Inductance may be increased by depositing spirals on
oppositc ends of the same substrate, and may also be
increased through climination of an air gap, by impres-
sing a pattern in the ferrite. Work is also being done
investigating a 20-turn, 2-mil linc and space configuration.

At IBM. high resistivity magnetic materials, such as
ferrites and magnetic powders suspended in plastic, have
been explored as corc materials to avoid distributed
capacitance and insulation problems. Three types of fer-
rites have been investigated: sintered substrate wafers.
deposited film overcoats, and powders molded in plastic
suitable for overcoats and substrates. The ferrites were
deposited as films by cathode sputtering and flame spray-
ing.

A simple mangancse-iron ferrite containing a small
amount of zinc has been used. This material is available
commercially in both substrate and powdered form as
Ferroxcube 3C. With its closed B-H loop, it is reason-
ably free of magnetic losses. Permeability in the Jow
megacycle frequency range is about 10. A satisfactory
core material is obtained using the powder suspended in
cpoxy resin. This mixture provides a useful overcoat
and substrate. A high-resistivity ferrite, Ferramic Q,
made by General Ceramic, may simplify the problem of
insulating the windings.

Three different types of inductors have been con-
sidered: a cup core, solenoid core and embedded chip
inductors and transformers. The cup core consists of a
ferrite substrate, onto which either a flat-spiral or a flat
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Miniature tunable induc-
tor for cordwood package.
Coil is wound in epoxy, di-
mensions can be held to
extremely close tolerances
(Cleveland Electronics)

helix winding is deposited integrally with other circuit
elements, and a magnetic overcoat cup added by a mold-
ing process after film deposition. In the solenoid core,
a ferrite substrate, used as the sole magnetic element,
provides a core for the rectangular tubular winding
around it.

CONVENTIONAL CHIP inductors and transformers
are embedded into the circuit substrate. Emphasis is on
compatability with thin-film techniques used for the
other passive elements. Inductor and transformer land
areas have been made flush with the substrate surface.

All three techniques at IBM produce enhance values of
inductance. Maximum values obtained on a 0.6-in.
% 0.6-in. X 0.04-in. substrate are estimated as: 104 ph
for a 68-turn flat spiral in a cup core; 192 ph for a
150-turn solenoid winding around a substrate. Substrate
thickness required for C & I cores are 0.1-in. Millihenry
range is not restricted by the number of turns.

The flat-square spiral configuration is best for a spiral
inductor, but it has a low inductance and low Q.

Designing circuits around inductors may be the best
way to overcome many of the problems now difficult to
solve.

RADIATION RESISTANT INDUCTORS for the high-
temperature GE TIMMS circuits include units fabricated
with both copper and silver conductor wire windings.
Data have been obtained for average values of inductance
and Q.

Various types of inductors have been developed for
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the RCA micromodule by Aladdin Electronics, United
Transformer Corp., Delevan Electronics, Communication
Accessories Co., and Pyro Circuits. These types include
sense pulse transformer microelements, pulse transformer
micromodules, audio transformer and choke micromod-
ules, adjustable reactor modules, medium and high-
frequency microelements, and printed toroids.

MAGNETIC AMPLIFIERS. Studies and experiments in
the fields of magnetic amplifiers, dielectric amplifiers,
and synthesis in electronic circuits are being conducted
at Carnegie Institute of Technology. The work investi-
gates characteristics of magnetic amplifiers and analytic
tools useful in design and analysis. Research is primarily
pursued for engineering evaluation and investigation of
thermal stability, noise figure, life and efficiency.

The behavior of thin-tape ferromagnetic materials,
magnetic amplifiers with counter emf loads, and self-
saturating amplifiers have been analyzed also at Poly-
technic Institute of Brooklyn.

HIGH TEMPERATURE MAGNETIC CORES. Wes-
tinghouse has been investigating the changes in electrical
properties in transformer cores due to cycling and aging
at 600 C. Cores include two sizes of punchings, EI 75
and EI 125, four types of materials (cobalt iron, non-
oriented silicon steel, oriented silicon steel and low carbon
steel) and both thick and thin laminations. Tests have
been performed at 60, 400 and 2,000 cps and at various
flux densities.

Westinghouse is also developing a high-power magnetic
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Solid-state shift registers, such as this 25-bit device, utilizing
molecular electronics approach of iron-atom interaction, can
now be reliably produced for application (Servomechanisms)

modulator with a stable (low jitter) pulse repetition rate
for radar. This includes investigation of distributed con-
stants in lieu of lumped constants of 1. and C and
solid-state switching. In addition to a more stable repeti-
tion rate aims are for a modulator that has a higher
power output than now available.

Existing passive r-f filtering methods have been re-
viewed and analyzed at Illinois Institute of Technology
to originate and develop a theoretical treatment of filter
or network theory, and to develop and fabricate filters
or circuits for advanced electronic systems.

Work at Clevite on ceramic i-f transformers will lead
to improved piezoelectric band-pass filters and networks
in the frequency range above 1 Mc. Objectives are re-
liability, miniaturization, and improved characteristics
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over conventional L-C filters. Ceramic filters will include
multiclement units with one resonator or component per
body, as well as filters with more than one resonator,
component or both per cubic body.

MINIATURE RESONATORS. An alternate tuning
method, suitable for handling small lots of miniature
ceramic radial resonators in the 1 to 6 Mc range has
been developed. These have been packaged in micro-
module slot packages. and have been subjected, without
damage, to high-frequency vibration tests. Technique
accounts for the problem of maintaining stop-band re-
jection when packaging five-resonator scctions. Intro-
duction of a ground plane and shiclding within the module
is a partial solution. Substantial increases in stop-band
rejection have been obtained with resonator-capacitor
filtering sections.

Clevite has developed a suitable ceramic for use in
Uni-wafer filters. Dot resonators, fabricated using this
material, have improved temperature and impedance
characteristics over previous counterparts. A 1-Mc funda-
mental ladder filter is packaged in the micromodule
configuration with a 9-resonator filter that occupies 0.02
cu in. New mechanical filter ceramics have over twice
the mechanical Q and half the dielectric constant of any
previously available.

Work on piczoclectric ceramic filters and transducers
is concerned with studies for feasible operation up to
250 C.

TINY VARIABLE INDUCTORS with movable or re-
movable cores have been developed at Cleveland Elec-
tronics. The coil is wound in epoxy and has no bobbin.
Except for a film of epoxy insulation, the wire extends
from the inside air core to the extreme outer diameter.
l.cads are made part of the coil. Flat or round wire
can be used. Core material is made of Ceramag SN and
dimensions can be held to close tolerances.

STANDARDS FOR PERMANENT MAGNETS and
Materials have been set up by Crucible Steel, General
Electric, General Magnetic, Indiana General, Simonds
Saw and Steel, Stackpole Carbon and Thomas Skinner.
Specifications are advisory only and their use for adoption
1s entirely voluntary. General classifications come under
Leadings of physical standards, standard magnets, stand-
ard purchasing specs and standard methods of quality
determination.

PRIMARY MARKET interests of miniature products
at Wabash Magnetics, aside from fine wire coils, are
miniature inductors, toroidal cores and basket-weave
styles. Core materials used are nickel alloys in toroids;
ferrites in toroidal bobbin shapes and cup cores; and
powdered iron in shapes like ferrites.

Inductor applications are for audio and low r-f using
Permalloy cores on laminations; r-f and uhf (ferrites,
powdered iron); pulse transformers; high-frequency trans-
formers and hybrid transformers in the kilocycle and
megacycle range; miniature magnetic amplifiers; memory
elements for computers; counting and timing circuits; and
d-c to d-c converters.

REFERENCE

(1) V. G. Welsby, The Theory and Design of Inductance
Coils, John Wiley and Sons, 1960
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When it comes to High Voitage power packages—boosting power or
shrinking size or both together—AMP’s Capitron Division is completely —
equipped to tackle your toughest design and production problem. It |
has skilled personnel and research facilities—has the exclusive AMPLI- _— ’-‘"’lh
FILM dielectric for tremendous power in smaller packages—has, too,
extensive production facilities to give you High Volume and complete HA/HV LEADS
quality control.

And, for off-the-shelf power packages, Capitron has developed keep-
alive, indicator and modulator power supply packages that set new
standards for high output and small cube. Whether your requirement
concerns low ripple voltage, close regulation, minimum size or rugged
construction, see Capitron first. Engineering facilities are also available
for designing AC/DC input transistorized supplies for missile or other
applications. For more information, write today.

CAPITRON DIVISION
AMP INCORPORATED

Elizabethtown, Pennsylvania

Capitron products and engineering assistance are available in Canada through Aircraflt-Marine Products of Canada, Ltd., Toronto, Canada
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HIGH Q — Values as high as 800 are attainable
on General Ceramics TC (Temperature Com-
pensated) FERRAMIC® cup core assemblies

.. and we offer you complete Q vs. frequency
curves and test specifications.
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filter designers ... evaluate TC-2!

available
in unlin!ited

produced
in
the USA

AVAILABLE IN UNLIMITED QUANTITY —
With complete and highly specialized facilities,
we can help you meet your requirements with
precision and control previously considered

PRODUCED IN THE U.S.A. — Our plant in
New Jersey has what it takes — in terms of
equipment, manpower and experience to fur-
nish TC cores in any of seven sizes (Interna-
tional Series) on an off-the-shelf delivery basis.

impractical for high-volume production,

MAGNETISM IS OUR BUSINESS — Whatever your needs in permeability-
stable ferrites for filter networks, it will pay you to call on us. m Phone or
write now for our new engineering data file on TC cores to Indiana
General Corporation, Electronics Division, Keasbey, New Jersey.

INDIANA GENERAL K==2

TWT MAGNET
SUB-ASSEMBLIES

MEMORY
SYSTEMS

TC CORE
ASSEMBLIES

MICRO
STACKS®

MINIATURE
MOTORS
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TYPICAL LOW-LEVEL, LOW-NOISE AMPLIFIER DEMONSTRATING LOW-NOISE CHARACTERISTICS OF Ti 2N929 AND 2N930

1.3 MEG.
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Now you can design the low-level, hlgh -gain
amplifier shown above with typical noise figure
as low as 1 db. Advanced low-level planar tech-
nology of Texas Instruments 2N929-2N930
series makes possible high-gain at low current
levels, plus the extremely low leakage currents
necessary for true low-noise performance. ll
For high-impedance transducer applications,
the TI 2N929-2N930 permit typical 1 db noise
figure at emitter currents below 1 microampere,
and generator resistances over 1 megohm.
These special characteristics allow direct coupl-
ing of low-level, high-impedance sources...
advantages previously available only with vac-
uum tubes and field-effect transistors. Il For
space applications, the TI 2N929-2N930 tran-
sistors make possible low power consumption
because of high gain at low levels, plus high
resistance to radiation effects due to the very
thin base region of the devices. B These TI
transistors will simplify and improve the
performance of your low-level circuits. They
are available in production quantities from
your nearest TI Sales Office or Authorized TI
Distributor.

Write for TI's Technical Information Bulletin
“Low-Level Operation of the TI 2N929 and 2N930""

TEXAS INSTRUMENTS

INCORPORATED

CENTRAL EXPRESSWAY
P. O BOX 5012 » DALLAS 22 TEXAS
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SOLID CARBIDE MICRO-MINIATURE

* DRILLS
* REAMERS
: END MILLS

ROUTERS BY.....

From Super Tool Company, creators of standard
solid carbide miniature drills down to and in-
cluding Wire size #80 (.0135”) comes the most
revolutionary of the Micro-Miniature tools; solid
carbide, single point, gun type reamers in deci-
mal Wire sizes from #31 (.1200”) to #56

(.0465"). Special diameters, above and below
these sizes are available on request.

A complete line of micro-miniature Drills, Ream-
ers, End Mills, and Routers, especially designed
for the electronics and associated industries, are
available from your local Super Tool distributor.

SEND FOR CATALOG EL-62-1

SUPER TOOL COMPANY

DIVISION OF UNIVERSAL AMERICAN CORPORATION e« ELK RAPIDS, MICHIGAN
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Nonlincar character of mierowave interactions with ammonia is demonstrated by generating third har-
monic of X-band signal. Experimenter, left, is adjusting resonant cavity containing ammonia

electronics
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Nonlinear Effects in Quantized

Microwave Systems

Third harmonic of X-band is generated in a resonant

cavity containing ammonia gas under pressure

By J. R. FONTANA
R. H. PANTELL
R. G. SMITH

Microwave Laboratory,
W. W. Hansen Laboratories of Physics.
Stanford University, Stanford, Calif.

May 11, 1962

NONLINEAR ELEMENTS have been
applied to a wide variety of devices
such as parametric amplifiers, har-
monic generators and mixers. At
microwave frequencies, the semi-
conductor diode is probably the
most extensively used nonlinear
element although ferrites, plasmas,
electron beams and ferroelectrics
have also been used or considered.
At wavelengths shorter than a few
millimeters, available nonlinear ele-

ments are not as useful. The diode,
for example, is lossy and ferrites
require high d-c magnetic fields.
In the optical and near infrared
regions, power sources have been
developed that make use of the
characteristics of quantized sys-
tems. A quantized system is one in
which the energy levels of the atom
or molecule are discrete. If the
state of the atom changes from one
level to another there may be an
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emission or absorption of electro-
magnetic energy at a frequency

where 2 = Planck’s constant, u =
frequency, and E = energy differ-
ence between the initial state and
the final state.

The energy levels in atoms and
molecules are such that the fre-
quency may occur over an enor-
mous frequency range, extending
from microwave to optical. Since
quantized systems have been suc-
cessfully used for power generation
at very short wavelengths, it is rea-
sonable to consider using these sys-
tems as nonlinear elements, both
for short wavelengths and for the
microwave region.

If a type of atom has two pos-
sible energy levels with energy
separation E, then an atom in the
lower energy state can absorb one
photon of energy from an electro-
magnetic field and jump to the up-
per level. The field loses an amount
of energy equal to /u, the energy
of a photon, which equals the
energy gained by the atom. The
reverse process, where an atom
drops from the upper to the lower
state by emitting a photon of radia-
tion is equally probable, neglecting
the effect of spontaneous emission.
Therefore, to obtain a net amount
of radiation from a medium, it is
necessary to have more atoms in
the upper state than the lower
state, a condition known as popula-
tion inversion. The probability of
emission or absorption of a photon
per unit time is linearly propor-
tional to the energy density of the
radiation field and is a linear proc-
ess. In linear interaction:

(1) The frequency of the radia-
tion field corresponds to p = E/h.

(2) Population inversion is
necessary to obtain net emission of
radiation.

(3) The per-unit-time probabil-
ity of the process is linearly pro-
portional to the energy density of
the applied radiation. These char-
acteristics explain the behavior of
the maser or laser oscillator or am-
plifier.

The nonlinear quantum process
does not necessarily satisfy any of
these conditions. This behavior is
characterized by having more than
one photon involved in the interac-
tion process. The simplest form of
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FIG. 1—Cross-section of cavity used in the harmonic generation experi-
ment, (A); essential parts of the experimental setup, (B)

multiple quantum process involves
two photons and satisfies the con-
dition

huy = hpy = E = hy (1)
where the plus sign corresponds to
absorption of frequency g, and the
minus sign corresponds to emission
at up.. Equation 1 expresses con-
servation of energy, and states that
the total energy absorbed from the
radiation fields equals the increase
of energy of the atom. By using
the plus sign in Eq. 1, absorption
of energy at frequencies yx, and p.
will occur, and there will be emis-
sion at u, the transition frequency
of the atom. This corresponds to a
mixing process. For the minus
sign, absorption occurs at ux, and
there is emission at u and p.. This
condition gives parametric ampli-
fication or oscillation, where u, is
the pump frequency and g and p.
are the signal and idler frequencies.
Harmonic generation is obtained
by having u, = u.,, and using the
plus sign in Eq. 1, thus resulting in
second harmonic output at u.

A paramagnetic system involv-
ing electron spin or an electric di-
pole transition that has a perma-
nent dipole moment can exhibit in-
teractions involving two photons.
In a double photon interaction, the
probability per unit time of occur-
rence is proportional to the product
of the energy densities of the fields
at p, and p.. For second harmonic
generation, for example, the output
power at frequency u is propor-
tional to the square of the input
power at frequency u, = p. = u/2.
Population inversion is not re-
quired for emission at frequency p
for two-photon interaction, so none
of the conditions that apply to the

linear process is applicable to the
nonlinear interaction.

For electromagnetic interaction
with an induced electric dipole
transition, an odd number of pho-
tons is involved. The three-photon
process is characterized by

huy = g = py) = hu (2)
The plus signs indicate absorption
and the minus signs indicate emis-
sion. By using all positive signs
in Eq. 2 and by having g, = p. = ps
= u/3, third harmonic generation
occurs. An output signal at p is
obtained from an input signal at
u/3. Mixing can occur by having
three fields at different frequencies,
such that the sum of these fre-
quencies adds up to g, the transi-
tion frequency in the atom. Second
harmonic generation can be accom-
plished by letting us = 0, corre-
sponding to a d-c bias field, and by
letting p, = p. with the plus sign
for p.. The output at p is twice the
input frequency. This latter situa-
tion may be viewed alternatively as
producing a permanent electric di-
pole moment by using a d-c bias,
thereby allowing second-order proc-
esses to occur.

One possibility for parametric
amplification or oscillation is indi-
cated by p, = p. (using the plus
sign for p., and the minus for u.)

2m = p + m
and u, is the pump frequency with
u and p, the signal and idler fre-
quencies. For the three-photon
process, the per unit time probabil-
ity of occurrence is proportional to
the product of the energy densities
at the three frequencies u,, p. and
ua In third harmonic generation,
for example, the output power is
proportional to the cube of the in-
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put power. As the power input in-
creases, saturation effects eventu-
ally limit the output and the cube
law relationship will no longer hold.

To demonstrate the feasibility of
using a quantized system as a non-
linear element, a harmonic genera-
tion experiment has been performed
using the transition in the am-
monia molecule at 23,870 Mc, the
transition used for the ammonia
gas maser. This is an induced elec-
tric dipole transition, so the ex-
periment consisted in generating
third-harmonic power by applying
radiation at a frequency approxi-
mately one-third the transition fre-
quency.

It is of interest to contrast the
cperation of the quantum harmonie
gencrator with the operation of the
gas maser.

For harmonic generation, popula-
tion inversion is not required;
rather, all that is needed is an ex-
cess of molecules in the lower state.
For simplicity, a gas in thermal
equilibrium completely fills a re-
entrant cavity resonant at two
frequencies, one frequency being
three times the other. Figure 1A il-
lustrates this cavity.

The ammonia maser provides
an output power in the nanowatt
range, whereas the experimentally
obtained power output from the

HARMONIC POWER (dbm)

-32 1

{

PRI B I

harmonic generator was thirty mil-
liwatts. Theoretical calculations in-
dicate that power output from the
harmonic generator can be several
watts.

The ammonia maser provides
a fixed-frequency output given by
the transition frequency of the am-
monia molecule. The harmonic gen-
erator can provide an output power
over 20 percent or more bandwidth.
This broadband effect is due to
alteration in transition frequency
by the presence of a radiation field.
In a similar way that an applied
d-c field produces a Stark shift in
frequency, the application of a
strong r-f field also produces a fre-
quency shift, which is proportional
to the energy density of the applied
radiation. Consequently, the fre-
quency of the output radiation is
still three times the frequency of
the input, but the output frequency
is higher than the natural transi-
tion frequency of the molecule. An-
other aspect of the broadbanding
effect is that the gas pressure for
the harmonic generator can be
much higher than the pressure
used in the maser, so that for the
former case the spectral linewidth
is broader.

Figure 1B is a block diagram of
the apparatus used in the harmonic
generation experiment. A pulsed

.

44 48

52
INPUT POWER {dbm)

1
56 60

FIG. 2—FExperimental curves indicate harmonic power
output as a function of fundamental input power for sev-
eral values of ammonia gas pressure
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magnetron was used as driver, with
a low-pass filter to eliminate any
third harmonic from the magne-
tron. The fact that the third har-
monic was generated by the am-
monia could be ascertained by re-
moving the gas and noting that no
output was obtained. As a conse-
quence of the shift in frequency
resulting from the presence of the
radiation, the resonant cavity was
tuned to 8.52 Ge and 25.56 Ge,
whereas the transition frequency
for ammonia is 23.870 Ge. Figure
2 shows output power versus input
power for different pressures.

For high input powers the output
power tends to saturate. The rea-
son is that, as the level of applied
radiation is increased, the popula-
tions of the two energy levels tend
to equalize, thereby limiting the
energy that can be absorbed by the
dipoles and hence limiting output.

At high gas pressures, the out-
put power versus input power curve
follows the cube law predicted by
the theory. At lower pressures,
however, these curves follow a less
than cubic relationship. This is a
consequence of the spatial varia-
tion of the fields in the cavity and
the frequency shift effect on the
ammonia molecules. Depending on
the input power level, the molecules
in different portions of the cavity
will have a detuned transition fre-
quency that corresponds to the
resonant frequency of the cavity.
Therefore, as the power input
changes, different volumes of gas
are involved in the interaction,
causing a deviation from a cube-
law behavior. At high pressures,
the spectral line is sufficiently
broad so that the interaction vol-
ume does not alter appreciably as
the input power is changed, and
therefore the cube law is followed.

The input power levels cannot
be increased appreciably beyond
the level shown in Fig. 2, for at
higher field strengths breakdown
occurs and the gas becomes ionized.
Tests to determine the presence of
a plasma indicated that the onset
of a plasma was readily discernible
so that there was no problern in
distinguishing the quantum effect

from harmonric generation in a
plasma.
The research was supported

jointly by the U. S. Army Signal
Corps, U. S. Air Force, and U. S.
Navy (Office of Naval Research).
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Prototypes of the crossed reed scanner (left) and the vibrating reed scanner (right)

High-Reliability Scanners

for Stellar Navigation

Originally designed for tracking stars under daylight

conditions from shipboard and aircraft, this novel star tracking

device will prove important in future space experiments

By JACOB S. ZUCKERBRAUN,
New York. N. Y.

A NULLING star tracker has as its main system com-
ponents a telescope to collect and modulate light, and
servomechanisms to position the telescope. Photo-
electric signals derived from the telescope sensor
supply the angular error information to the servos
that drive the telescope into alignment with the star.
Readout transducers transmit this information to the
vehicle guidance and stabilization system.

The image scanner generates an error signal indi-
cating the star position relative to the optic axis of
the telescope and provides a recognition signal when
the pointing error has been reduced to zero. In a
space mission these functions must be carried out
with high reliability, accuracy and minimum power
drain.

These objectives are met in two scanning devices
for NASA’s Orbiting Astronomical Observatory. A
vibrating-reed scanner will be used in the six star
trackers deployed around the OAO vehicle as part
of its coarse guidance system (30 sec of arc) and a
tuning-fork scanner is planned for fine guidance sys-
tem (0.1 sec of arc) for the Goddard ultraviolet
experiment. A thin aperture plate is driven by the
reed or tuning fork tine. The reed (fork) is
operated as a self-excited oscillator in a transistor
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circuit requiring only 50 milliwatts d-c. This may
be compared to motor-driven rotary scanners that
usually require from 2 to 3 watts. Figure 1A
shows a block diagram of a drive system that has
a positive feedback loop to maintain oscillation, and
a negative feedback loop for amplitude control.

While the cantilevered reed construction leads to a
highly compact device in comparison to the fork
scanner, the latter is a balanced structure possessing
# nodal axis by which it can be mounted. Its ampli-
tude and frequency are virtually independent of any
mass and damping influences introduced by the rest
of the telescope structure.

The scanning principle is shown in Fig. 1B to 1H.
A slotted aperture plate is shown in Fig. 1B, Assume
that the plate oscillates horizontally about the line
= 0 with simple harmonic motion, and with an ampli-
tude of at least half the slot width. If a star image is
on the center line of oscillation, the pulse waveform
contains only even harmonics of the fundamental fre-
quency. However, if the star appears off this null axis,
to the right, an unsymmetrical waveform is generated
that will contain a fundamental component. If the star
appears to the left of x = 0 by the same amount, the
amplitude of the fundamental will be as before, except
that its phase will be reversed. Therefore, the re-
quirements for error and presence signal generation
are met by the sinusoidal scanning motion of the slot.
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The exact analysis of the waveforms yields these
relations for the error and recognition coefficients,
fi(x) and f.(x)
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In the above equations, x and a are respectively the
star error position X, and slot amplitude, 4, both
normalized to W.
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and illustrations for scanning principle (C to H)

A study of the waveforms produced by the scanner
show that f.(x), f.(x) and f.(x) are even, odd, and
even functions of x respectively. .

If the excursion amplitude A is chosen to be W/\/2,
the recognition signal (second harmonic) at null will
be a maximum. The signal coefficients (Fourier am-
plitude coefficients) for unit image flux are shown in
Fig. 2A.

For simultaneous two axes tracking, two such
scanners are used with beam-splitting optics that
form independent star images. After emerging from
the scanners the modulated light is recombined in a
single multiplier phototube, as shown in Fig. 2C. Each
scanner oscillates at a different frequency, allowing
selective band-pass amplifiers to separate the position
information for each axis. With dichroic optics, the
ratio of the x and y recognition signals can identify
the star by its color spectrum.

In another technique, the star light is passed
through two parallel crossed apertures, placed close
to each other on either side of the telescope focal
plane. The square aperture formed by the superpo-
sition of the slots describes a lissajous pattern as the
plates vibrate. The square area swept out by the
instantaneous scanning aperture thus constitutes the
dynamic field of view for the star tracker. As in the
split-beam telescope, no critical phase or amplitude
relationship need be maintained between the scanner
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motions., Each scanner operates as a free-running
oscillator at a rate determined by the natural fre-
quency of the reed or fork.

To appreciate the theory for the crossed reed
(fork) scanner, consider the equation for the light
emerging from the first vibrating slot. For a flux ¢
concentrated in the star image, the modulated light
at the first scanner output will be

¢ (x, 1) = @ (folx) + fi(r) sin w:t + fo(x) cos 2 wet + . . . +. )

when d = A sin .t represents the slot displacement.

When the light passes through the second scanner
placed at right angles to the first, multiplication
occurs, yielding for light intensity as a function of
time and the z, y coordinates

é(r, 5,0 = [fo(x) foly) + fo(y) f1(2) 8in w:t + fo(y) [2(x) cos 2wal
+ folx) fi(y) sin wyt + fo(x) f2(y) co8 2 wyt + sum
and difference terms]

The scan frequencies o, and o, are chosen to be
nonintegral multiples of each other to keep sum and
difference terms outside the passbands of the fol-
low-up amplifiers so there will not be cross-coupling
between channels.

The following terms are recognized as containing

the desired position and presence information

® fo(x) foly) = average flux
& fo(y) fi(x) sin w;! = x axis position signal
@ fo(y) f2(x) cos 2 w:l = x axis recognition signal
b fo(x) fi(y) sin w,t = y axis position signal
@ fo(r) f2(y) cos 2 w,t = y axis recognition signal

Figure 3 shows the block diagram applicable to the
split-beam and crossed-reed trackers.

The modulated light that emerges from the reed
scanner is collected and imaged on the photocathode.
The signal after passing through the preamplifier is
fed to the tracking and recognition amplifiers for
each axis, and also to a noise amplifier. Each of the
signal amplifiers is connected to a detector, and their
sum is fed to the star-presence detector. Under nor-
mal operating conditions with a star somewhere in
the scanning field, the noise level is low, and the star
presence detector is not inhibited. When this occurs,
search is stopped, and the tracking loop closes. When
the star reaches null, the track-null detector will no
longer be inhibited by the error signals (f, and f.)
and a null indication appears.

The sum of the recognition signals (2f, and 2f.)
is used as automatic gain control (age) for the photo-
tube power supply. This control is necessary to main-

4
SIGNAL
COEFFICIENTS
STAR RADIATION
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FIG. 2—Star signal coefficients (A); edge tracking signal coefficients (B); optics for split beam scanner (C)
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tain tracking stability since star brightness enters
into the equation for tracking loop gain. When the
moon or the illuminated earth’s cloud cover passes
into the field of view during a search, the noise
amplifier supplies an inhibiting signal to the star-
presence detector, thus avoiding a false tracking
signal and permitting search to continue.

The reed and fork scanners possess a number of
advantages over other forms of tracking devices in
daylight applications. The fundamental problem is
to limit the shot noise caused by sky background
illumination. The photon signal-to-noise ratio will
be a maximum only if the scanning aperture is
made equal to the star image (usually about 1.5
minutes of arc). The vibrating aperture scanners
permit such a small aperture to be precisely manipu-
lated. Thus the star flux can be fully and continu-
ously modulated at some convenient frequency. If
the signal is then passed through a narrow-band
amplifier the signal-to-noise ratio will be raised
to a usable level. By this technique, 2.5 magnitude
stars such as Polaris have been tracked in a daylight
sky of over 100 candles/ft.

Vidicon trackers, which are not shot noise limited
and have a wider tracking field, are limited at present
by target noise of the same order as the star signals
under daylight conditions, and by target lag. These
false star pulses cannot be eliminated by any simple
electronic technique. In contrast to the vidicon sys-
tems that produce only one star pulse per frame, the
reed and fork scanners produce continuous presence
and tracking signals, allowing continuous averaging
of star position.

The fork and reed scanners with their mechanical
simplicity guarantee high system accuracy. Electron-
beam devices may not compete in this area of per-
formance for many years.

In addition to star tracking, the same scanner can
also perform planetary edge tracking. This is done
by interchanging the roles of the fundamental and
second harmonic-signals with respect to star track-
ing. Thus the fundamental is the edge-recognition
signal and the double frequency component yields
position error. Figure 2B shows a plot of the error
and presence coefficients (Fourier amplitude coeffi-
cients) for the edge mode of operation,

Sa(r) = Ko (1 — (0 + B))¥2for —3/2 20 - 15

Sa(r) = Ko [ (1 = (r + 14)2 )2 — (1 = (v — 19?7
for— Y sr=s+4+14

Sp(r) == K2 (1 — (¢ — 1B)2 ifor 14 < v £ 3/2

Si(x) = A’n[(‘é—l-rl) <1—<%—|x|2>m+sin-'<%—|.r|)+—;—]
for =32 r-%B W32
and — /2 Ssin71 (14 — |¢|) S x'2

8i(r) = Kil (0 4 38) (1 = (¢ £ 2)9"2 4 sin™ (¢ 3 14) —
(r = W= (¢ — 1N —sin™ (¢ — }9)]

for—ls sr =214

The constants K, and K. are determined by the
aperture area and image brightness.

May 11, 1962

STAR-
PRESENCE
f, REF INDICATION
LIGHT T0 INNER
FROM GIMBAL
REED SERVO
SCANNEK
l* TRACK-NULL [ETIRERS
TS ATl (NDICATION
70 QUTER
GIMBAL
SERVO
VOLTAGE f2 REF

SUPPLY BAND-PASS AMPLIFIERS
f| = 350CPS, Af:40 CPS
f2 450 CPS, 4= 40CPS

2f, =700 CPS, Af=20CPS

21,:900CPS, L1220 CPS

~ AGC SIGNAL

FIG. 3—Split beam and crossed-reed trackers

The slot displacement is given by D = W sin wat.

If the terminator (inner arc of the crescent) is
scanned rather than the true edge of the planet, both
the error and recognition signals will reverse in
phase. It then becomes possible to distinguish the
true edge from the inner arc of the crescent. If three
points around the circumference are sampled, com-
putation yields the coordinates of the planetary disk
and range information.

Tests on the reed scanner have indicated frequency
stabilities of about 0.2 percent at 400 cps and am-
plitude stability of 5 percent over a temperature
range of —80 to 100 deg C. In applications requiring
extremely narrow filter bandwidths, synchronous de-
tection has been found to be adaptable. A reference
signal is taken from the drive circuit allowing the
detector to follow any frequency variations. Although
the amplitude of vibration does not control the true
nulling accuracy, it does influence the level of the
recognition and tracking error signals. For example,
an increase of A by 5 percent from the value of
0.707 W will cause a decrease of about 14 percent in
the error signal gradient, and about 3 percent loss in
recognition signal at null. These variations are not
of great consequence to the servo tracking system.
The fact that the change in recognition signal is
small is most fortunate since this signal can be relied
upon to give an accurate measure of star magnitude.

Stress analysis and life tests have shown no per-
formance deterioration even after 10,000 hours of
continuous operation at 400 cycles per second.

In addition to their role in stellar navigation. the
trackers are finding applications to missile and =atel-
lite tracking from ground stations and to infra-red
horizon sensing. One of the important reasons for the
high reliability of the reed and fork scanners is the
elimination of bearings and the need for lubricants.
This is of even greater importance in advanced sys-
tems now in development, which will be required to
function reliably even if exposed to a high-vacuum
environment. The low power requirement of the scan-
ners results in negligible self-heating, and this con-
tributes to longevity.
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Author experiments with 11-Ge parametric amplifier using silver-bonded diodes

Microwave Applications of

Low noise diode having a cutoff frequency in excess

of 130 Ge, rectifying ratio of 10° and a junction

capacitance of 0.3 pf at zero bias is suitable for para-

metric amplifiers, high-speed computers, harmonic

generators and i-f limiters

By SHOICHI KITA, Llectrical Communications Laboratory.

Nippon Telegraph

SEVERAL YEARS AGO it was noticed
that negative resistance could be
produced at microwave frequencies
by applying pump power whose fre-
quency was higher than the signal
frequency to a semiconductor diode.’
Using this negative resistance, am-
plification and oscillation were ob-
tained at microwave frequencies.
This type of amplifier, now known
as the parametric amplifier, has re-
cently attracted much attention be-
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and Telephone Publiec Corp., Tokyo, Japan

cause of its low-noise character-
istics.

Large variation of junction ca-
pacitance and high cutoff frequency
are required of parametric ampli-
fier diodes. Recently, the author de-
veloped the silver-bonded diode
specifically for this purpose.

The silver-bonded diode is con-
structed by bringing the tip of a
silver whisker containing gallium
into contact with an n-type german-

ium wafer of about 0.02-0.2 ohm-
cm resistivity where the junction is
electrically formed by passing the
discharge current of a capacitor
through it.

The voltage-current character-
istics of the silver-bonded diode and
other diodes are shown in Fig. 1A.
The silver-bonded diode has a
larger forward current than any
other point-contact diode and ex-
tremely small reverse current. Its
rectifying ratio is greater than 10"

One feature of the silver-bonded
diode that compares extremely fa-
vorably with other varactor diodes
is its small junction capacitance—
less than 0.3 pf at zero bias. Ca-
pacitance variations due to the bias
voltage at 300K and 100K are
shown in Fig. 1B.

The normalized impedance of the
silver-bonded diode at 6 Gc is shown
in Fig. 1C. The Q of the diode can
be obtained from the figure, which
shows the values of Q about 15 and

electronics
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the Silver-Bonded Diode

23 at zero bias and —5 v bias re-
spectively. The cutoff frequency of
the diode is higher than 130 Gc at
—5 v. Because of small junction
capacitance and high cutoff fre-
quency, the silver-bonded diode is
suitable for parametric amplifiers,
frequency converters and harmonic
generators. The characteristics of
low forward resistance and small
junction capacitance are also suit-
able for high-speed computer cir-
cuits. When a diode is used in com-
puter circuits, special attention
should be paid to the transient
characteristics under voltage pulse
conditions. The silver-bonded diode
shows a fall time of less than 10
nanosec and no effects of hole stor-
age are observed.

Using these diodes, 4 Ge¢, 6 Ge
and 11 Gec parametric amplifiers
were constructed.”® The 6 Gc sig-
nal power is supplied through a
6 Gc circulator to the diode. The
pump power at 12 Gc is supplied to
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the diode through an X-band iso-
lator. By adjusting the slide-screw
tuner and the waveguide piston, a
signal at a frequency almost one-
half of the pump frequency can be
amplified. Required 12 Gc¢ pump
power for amplification is 5 to 10
mw. The minimum noise figures for
double sideband reception are
about 2.5 db in the 4 Ge and 6 Ge
bands, and about 3.5 db at 11 Ge.
The efficiency of a harmonic gen-
erator using a variable capacitance
is much higher than that of a har-
monic generator using variable re-
sistance, therefore the silver bonded
diode is also suitable for harmonic
generator operation. A 23 Gc har-
monic generator with fundamental
power at 11 Ge through and X-band
waveguide with the 23 Gc power
produced in a K-band waveguide
was built. A negative bias voltage
was applied to the silver-bonded
diode to obtain the best efficiency.
An output of 19 mw at 22.6 Ge was

obtained as the maximum output
power with 300 mw input of 11.3
Ge. The best efficiency obtained was
about 11 percent at 50 mw input
power.

The silver-bonded diode is suit-
able for i-f limiter and high-speed
computer use. Figure 2 shows an i-f
limiter circuit using the GSB100
diode with a comparison of the
limiting characteristics of GSB100
and 1N56 diodes. The value of a-m
suppression of the GSB100 is 10 db
higher than that of the 1IN56. When
the GSB100 was used in a logic cir-
cuit, the voltage drop of the diode
was one-third that of the 1N34A
diode.
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Time Compression With a

Transfluxor matriz permits real-time spectrum analysis for

automatic recognition systems with minimum memory size, eliminating

analog-to-digital conversion and mechanical wear points

By J. WARREN GRATIAN, General Dynamics/Electronics Research division, Rochester, New York

THE GROWING IMPORTANCE of auto-
matic recognition, data-processing,
and control systems lies in their
potential for economically perform-
ing a variety of operations with
speeds, accuracies and degrees of
complexity beyond human capabili-
ties. Future applications range
from complex systems such as re-
quired for target classification or
information retrieval to voice-op-
erated control of machines such as
typewriters and apparatus for tele-
printer transmission or telephone
calling. Bandwidth reduction to
conserve communications space is
a related application.

The first step in these processes
is analysis of input stimuli and
commands. Many specialized tech-
niques are being studied in char-
acter and pattern recognition, and
relatively simple laboratory equip-
ment has demonstrated capabili-
ties for limited voice recognition;
for example, the digits zero through
nine when spoken by one or a few
individuals for whom the equip-
ment was adjusted. Greater versa-
tility in speech recognition will

require more complete analysis and

more complex data-processing op-
erations on a set of parameters that
adequately define speech. Typical
parameters are the relative magni-
tudes and frequencies of speech
formants.! Spectrum analysis iden-
tifies the location and magnitude
of the various frequency compo-
nents of a voice signal; recognition
of an element of speech then con-
sists of determining whether the
particular combination of compo-
nents which defines a set of speech
parameters exists at any instant.

The major problem in spectrum
analysis is the excessive cost and
size of conventional equipment.
This equipment consists of a par-
allel-channel analyzer with all chan-
nels operating continuously and a
switch for sequential sampling of
all channels within some short pe-
riod such that no significant change
in spectrum occurs. One analyzer
in use for laboratory speech studies
consists of a 55-channel filter sys-
tem and multiplex.

A sweep analyzer can be many
times more compact because, in
effect, only a single variable-fre-
quency filter is required for scan-

ning the complete spectrum. How-
ever this analyzer can meet con-
flicting requirements on frequency
resolution and speed of analysis in
many applications only if preceded
by a time compression process that
multiplies all frequencies by a
given factor. Processes™® devel-
oped in the past for different spec-
trum analysis problems involve me-
chanical problems or the require-
ment that the spectrum be stored
digitally. The process described
here was conceived around two ob-
jectives:

(1) Signal storage by the analog
method, which permits minimum
memory size and eliminates analog-
to-digital conversion.

(2) Elimination of critical me-
chanical wear points, such as slip-
ring assemblies and contact be-
tween heads and storage media.

The representative requirements
for an operational speech-analysis
system are: (1) the spectral data
must be produced at the same rate
as the original signal, that is, real-
time analysis is required; (2) the
time resolution (corresponding to
the period for which the signal is
steady state) should be 10 to 20
msec; (3) the frequency resolution
of the analysis should be compar-
able to the formant-frequency re-
solving ability of man; that is, in
the range of 100 to 300 cps; and
(4) the frequency range of the
analysis should be approximately
200 to 4,000 cps.

A conventional sweep analyzer
for spectrum analysis corresponds
to the block diagram of Fig. 1A.
This method requires relatively
slow sweep rates if the frequency

Author tests spectrum analyzer
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FIG. 1—Sweep spectrum analyzer (A); previous time-compression process, using magnctic tape (B); and time-com-
pression spectra (C), in which the upper figures on the horizontal axis are the actual output frequency range, and the
lower figures are the output scale calibration in terms of original signal

resolution requirements are met,
and real-time analysis cannot be
achieved.

Let F = total frequency band to
be swept; B = filter bandwidth
(the frequency resolution); T =
time to sweep spectrum F (the
time resolution); ¢t = BT/F, time
for a given component to sweep B
and ¢ = k/B, time that signal
must be applied to filter so that re-
sponse will reach a specified frac-
tion of maximum response. Set-
ting t = ¢/, T = kF/B°, where
k = 1 provides 96 percent of steady-
state response with a gaussian fil-
ter.

Hence, with T = 0.01 sec and
F = 3,800 cps, the filter bandwidth
B must be greater than 616 cps,
and the resolution is inadequate for
speech analysis. With time com-
pression or frequency multiplica-
tion, all frequencies in the original
spectrum are multiplied by a factor

M, so that B = \/FM/T. For ex-
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TABLE I — PARAMETERS FOR T =

0.01 SEC AND f, = 100

M 1 10 16 32
FM 3,800 38,000 60,800 121,600 cps
B 617 1,950 2,170 (1,910) 3, 180 (10, 110) cps
By, 617 195 154 (308) 109 (327) cps
t = BT/FM 1.65 0.51 0.11 (0.81) 0.29 (0.86) msec
oM 100 1,000 1,600 3,200 cps
N = tf,M 0.165 0.51 0.65 (1.3) 0.92  (2.76) cycles
where f, = assumed minimuwn pitch frequency or beat frequency of adjacent com-

ponents

N = number of beats during the period that a given component sweeps filter

bandwidth B.

ample, when M equals 10, the value
of B is 1,950. Referred to the orig-
inal spectrum, however, the equiv-
alent resolution or effective band-
width is
B.; = VFM /T/M = VF/TM = 195 eps
Table I for T = 0.01 sec shows
the effectiveness of time compres-
sion.

When N is less than one full
cycle, the analyzer output will vary
on successive sweeps in synchron-
ism with the pitch frequency beat
between adjacent harmonics of the
pitch frequency. If this cannot be
tolerated, the bandwidth should be
increased. With several cycles of
beat occuring during a sweep of
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TABLE Il — CYCLES PER MEMORY SEGMENT

w

Frame rate/M = f,/M...... 50 100 12: 250 cps

Low-Frequency Limit 200 | 100 | 200 | 400 | 200 | 400 | 250 | 500 | cps

L-F Cycles/Memory Segment| 4 8 2 4 11.6[(3.2( 1 2
[
24‘24{2\424242424241{0
|
I1-F Cycles/Memory Segment 10(80 10 80/20/10/20[10 16\32116 32/ 8 16| 8‘16 cycles
| | | | '

TABLE III — FRAME RATE, FILTER AND EFFECTIVE BANDWIDTHS

cycles

Iligh-Frequeney Limit

fr/M cps 50 125 250

M 10 16 32 10 16 32 10 16 32
f; cps 500 800 1,600 1,250 2,000 4,000 2,500 4,000 8,000
B cps 1,950 2,470 3,480 1,930 2,170 3,480 1,950 2,170 3,180
B.ss cps 195 151 109 195 151 109 195 154 109
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FIG. 2—Transfluxor operation (A) and solid-state time-comprcsswn
process (B)
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B, the demodulator time-constant
can be made large enough to aver-
age over the several cycles, thus
yielding uniform output on succes-
sive sweeps. The memory must
be large enough to store at least
one complete cycle of the beat fre-
quency for it to be multiplied to
the tabulated values of N.

Time compression requires that
the signal to be analyzed must be
stored so that segments of length
no longer than the required time
resolution can be selected in se-
quence and that each segment can
then be scanned repeatedly for the
analysis. The general process can
be understood by reference to a
previous method® shown in Fig. 1B.
Since the rotating pickup scans
the magnetic tape at a peripheral
velocity much higher than the tape
speed, the reproduced signal con-
sists of a number of repetitions or
frames of the same waveform (#, to
t.), where t. — t, = time resolu-
tion. A change in input signal may
begin to occur 0.01 sec later (¢.
to t,), but analysis of the repeti-
tive t,-to-t. sample at the multiplied
output frequency can be completed
by this time. The multiplied out-
put to be analyzed has discontinu-
ities introduced at the readout
frame rate of f, = 1000 cps; its
spectrum, therefore, consists only
of harmonics of 1,000 cps. The
magnitude and location of these
harmonics are functions of input-
signal frequency.

The Fourier analyses performed
in this study show that the a-c
output spectrum of the time com-
pressor for a sinusoidal input is

ﬂ—><x>
f) = Z (a.cosn wl+b,sinn i)
1
2 U
o = 7 sin K wi cos n ol dt
2 P .
b, = 7T sin K wt sin n ot dt,
[}
where K = M X input frequency _
" frame frequency
Mfs _ @
Jr w

IfKo = nwand K =n=1,2,3
. then

= 0 and b, =

Hence, when the input frequency
multiplied by M is an integral mul-
tiple of the frame frequency, the

electronics
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output is a single frequency of

unity amplitude at M times the in-

put frequency.

If Ko -4 hw, 1 =

K > 1, then

K(l1—cos 2rK)
r(K* — n?)

1,2,83...and

@n = and

b = " sin 27 K

" r(n* — K?)
Where Q is not an integral multi-
ple of w, the output consists only
of harmonics of w, the frame rate.

Figure 1C shows representative
spectra. To obtain unity response
from the complex spectra, it would
be necessary to sum the energy of
all components, and excessive an-
alyzer filter bandwidth would be
required to span all components.
However, in the worst case the en-
ergy of the two highest lines is
about 90 percent of the total and
may provide sufficient accuracy in
some applications. Four lines con-
stitute 95 percent of the total.

Only a relatively small change
in spectra occurs as the number
of stored cycles per frame ap-
proaches unity, It had been ex-
pected that it would be necessary
to store a minimum of perhaps 10
cyveles of the lowest signal fre-
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quency to minimize the relative ef-
fects of discontinuities at the ends
of the frame. The analysis, how-
ever, shows that with Mf,/f, = 1.5,
corresponding to storage of 1.5
cycles, the two major lines have
normalized amplitudes of 0.76 and
0.55 as compared to 0.65 and 0.62
for a ratio of 10.5. Consequently,
the memory need be long enough
to store only one or two cycles of
the lowest signal frequency, de-
pending on the accuracy required.
With a frequency range of 4,000/
200 or 20:1. and low-frequency
storage of one cycle, only 20 cycles
of the top frequency must be
stored, thus reducing the size of
the memory and circuits.

The factors that must be con-
sidered in the choice of frame rate
for analog time compressors are
shown in Tables II and III.

The minimum frame rate per-
mits the closest spacing of time-
compressor spectral lines, thus al-
lowing a summation of components
with minimum analyzer bandwidth.
Higher frame rates, however, re-
duce the number of signal cycles
to be stored, thus reducing mem-
ory size. Frame rate/M is not
necessarily equal to 1/T, the an-

PULSE
SHAPER

4
% FROM
|2 FLOPS

FLIP-
SET PULSE (S)

PRIME PULSE (P)

DRIVER
PULSE
(0)

SWEEP OUTPUT A1

alyzer sweep rate. Both must be
at least 50 cps to provide the re-
quired time resolution, but the use
of a higher frame rate does not
require a correspondingly higher
sweep rate.

If, for example, frame rate/M
= 125 and M = 16, the spacing
between the spectral linmes, as
shown in Table III, is f, = 2,000
cps. The minimum allowable an-
alvzer bandwidth is B = 2,470 cps,
thus spanning two spectral lines as
required for minimum acceptable
accuracy in summing. If an effec-
tive bandwidth or resolution of 300
cps were acceptable, B could be in-
creased to 4,800 cps, thus spanning
3 lines and providing more accu-
rate summation.

A memory is required that per-
mits: (1) analog sample storage,
(2) nondestructive readout, and
(3) repetitive address by non-
mechanical means.

Various storage phenomena are
being explored that may provide
these characteristics in the future
and, in addition, permit microelec-
tronic construction.

At present multiapertured ferrite
cores are the most suitable and 32
RCA XF-3665 transfluxors were
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FIG. 4—Spectrum analyzer output
display, with inputs of 1 Kc¢ (top),
1.125 K¢ (middle) and 1.25 Ke
(bottom)

selected for the model.

The transfluxor® is first blocked
or erased by a pulse of sufficient
amplitude to saturate the complete
core in one direction, as shown in
Fig. 2A. A set or write-in pulse
is then applied in the opposite di-
rection to reverse the flux in a por-
tion of the core; the amount of
flux reversed, and the net flux in
leg 2 depends on the pulse (signal
sample) amplitude. Alternating
prime and drive pulses then switch
the net flux back and forth between
legs 2 and 3. The voltage induced in
the readout winding is gated by ex-
ternal circuits to pass through only
at the time of the drive pulse. Thus,
each transfluxor can store indefi-
nitely an analog representation of
the signal amplitude sample taken
at an instant, and the magnitude
of this sample can be read out re-
peatedly until it is desired to reset
the core to a new value.

Figure 2B shows the functions
of the time compressor, including
the 32-core memory, when a multi-
plication of M = 16 is provided.
Assume first that the 32-element
memory has been filled with 82
samples of the input signal f, dur-
ing a previous time interval, ¢, to
t,, represented by the dotted-line
function. The input signal then
continues to vary as indicated by
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the solid-line curve during time in-
terval ¢, to t,.. One readout scan
of the whole memory occurs during
time interval f, to ¢, to provide the
time-compressed replica f, of the
input signal. During that time
interval, at #, and ¢t., two new sam-
ples are placed in memory elements
1 and 2. The next readout scan
during the time interval f, to ¢
shows two elements from the solid-
line portion of the input function
followed by 30 elements from the
prior dotted-line portion. During
that scan, two new samples are
placed in cores 3 and 4 at times ¢,
and ¢,. The next readout scan, dur-
ing time interval ¢, to t., shows
four elements of the new input
followed by 28 elements of the old.
This process continues so that at
. the memory holds only samples
from the solid-line input curve, and
readout scan t, to ¢t is a time-com-
pressed replica of that function.
Sixteen readout scans have occured
while f. progressed from ¢ to t,
and was sampled 32 times to refill
the memory once, thus providing a
multiplication of 16. If a multipli-
cation of 32 were required, f, would
have been sampled once, instead of
twice, during each readout scan.
The number of signal samples
stored must satisfy the sampling
theorem,” which requires at least
two samples per cycle at the high-
est signal frequency. Table 11 shows
that 32 cycles are required for an
upper-frequency limit of 4 Kc
when M = 16 and f,/M = 125 cps;
hence, 64 transfluxors would be
required. For initial evaluations,
however, it was decided that an
upper limit of 2 Ke¢ would be more
appropriate since it would require
only 32 transfluxors and would per-
mit substantial circuit simplifica-
tion. Or, the 32-core circuit can pro-
vide a 4-Kc upper limit when oper-
ated at a frame rate/M of 250 cps.
Binary numbers such as 16 and
32 are preferred for the multiplica-
tion factors and the number of
cores so that the memory can be
arranged in a 4-by-8 matrix for
coincident-current address by the
most economical binary techniques.
Figure 3 shows a block diagram.
The spectrum analyzer portion of
conventional design consists of a
sweep oscillator, modulator, band-
pass filter and demodulator. Signal
frequencies in the range of 200 to

2,000 cps, after multiplication to
the 3.2 to 32-Kc range, are hetro-
dyned with the sweep oscillator
operating over the range of 39.2 to
68 Kc. The difference frequency is
passed by a bandpass filter having
a center frequency of 36 Kc and is
then demodulated. The demodulated
output is fed to the vertical axis of
an oscilloscope producing a pano-
ramic display by using the oscillo-
scope horizontal-sweep voltage to
control the frequency of the ana-
lyzer sweep oscillator. The sweep
is set in the range of 50 to 100 cps.

Figure 4 shows typical outputs
for sinusoidal input signals when a
narrow bandwidth of B = 1,600
cps (B = 100) and f,/M = 250
cps is used so that time compres-
sion components are resolved. Hori-
zontal scale is 0.25 Kc per cm,
centered about 1.5 Kc. Output scale
calibration equals time-compressor
output frequency divided by multi-
plication factor.

The major limitation of the pres-
ent model is its saturated-signal-
to-noise ratio of 15 db. This noise
is believed to be due to some other
than the basic memory which, theo-
retically, should allow a 40-db s 'n
to be attained.

The transfer characteristic of
the cores is linearized by a zero-
signal bias as indicated in Fig. 2A.
This is done by setting the core
with a pulse that carries the mag-
netization half way up the linear
portion of the transfer character-
istic when the input signal is zero;
this value of set flux is then in-
creased or decreased in accordance
with the signal sample amplitude
when the signal is not zero.

A portion of this work was spon-
sored under Signal Corps contract
No. Da-36-039-SC-78908. Concep-
tion and an initial design are due to
M. A. Stern. Stanford Goldman, C.
M. Yen and A. W. LaBeouf con-
tributed to the analysis, circuit de-
velopment, construction and tests.
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INSTANTANEOUS MEASUREMENT OF

TAPE FLUTTER

Speed and speed variations
of tape are determined

by measuring transit time
of recorded pulse as it is
played back over two

specially constructed heads

By ADOLPH SCHULBACH

Defense Electronics Products,
RCA, Camden, N. J.

IN DESIGNING MAGNETIC tape re-
cording equipment it is often essen-
tial to have an instrument for the
detection and measurement of flut-
ter (percentage peak-to-peak tape
speed variation or percentage fre-
quency variation in playback). Or-
dinarily. devices to measure mag-
netic tape flutter do not provide
instantaneous measurement. Fur-
thermore, they combine the record-
system flutter with the playback-
system flutter so as to aid or cancel
each other. An instantaneous me-
ter, however, permits separate read-
ings of record-system flutter and
playback-system flutter.

The instantaneous measuring flut-
termeter derives the speed and
speed variations of the tape by
measuring the time of travel of a
recorded pulse from the instant of
plavback at one head to the instant
of playvback at another head. The
heads are constructed to have a 0.1-
in. gap to gap spacing. Pulses can
be pre-recorded on the tape using
either head.

It is possible but undesirable to
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measure the transit time from a
record head to a playback head since
recorded amplitude modulation and
noise can affect the instant of de-
tection of the playback pulse. With
two playback heads the instant of
detection deviates an identical
amount and no variation occurs in
the transit time.

The derivation shows the relation
of tape speed to transit time be-
tween two closely spaced playback
heads A and B as in Fig. 1.

Let the head spacing be d; ¢,
the average transit time; and v,
the average velocity. Then d
Vote, and also d = (¢, +aAt) (v. +
Av) when speed varies from aver-
age. Combining, d = v,t, = (t. +
At) (v, + Av) which reduces to
Atv, + Avt, + Atavy = 0. Term
AtAv is negligible since At K ¢, and

AY K v,
Therefore
A _ AL futter n
Va ta

Equation 1 shows that a circuit
that can derive a voltage propor-
tional to the time between two
pulses can also measure the flutter
and speed. Pulse techniques using
boxcar detection circuits are ideal
for this application since they can
provide a high gain. With such cir-
cuits, voltages obtained can be dis-
played on an oscilloscope.

For maximum bandwidth, the
pulse repetition rate must be high
and the heads closely spaced. As in
any sampled data detector, a re-
sponse null will occur when the

error frequency is one half of the
sampling frequency. For example,
the fluttermeter will have a poor
response to 400 flutter if the rate
is 800 cps. At a head spacing of
0.1 in., a cyclic speed variation oc-
curring during 0.1 inch of travel of
the tape is not detected since
the average speed is correct. This
null will limit the bandwidth to
1 v/d or 60 ips + 0.1 in. = 300
cps at 60 ips. However, even with a
filter to remove sampling ripple,
flutter frequencies up to 200 cps are
displayed. This is usually adequate
since most of the offending rotating
members cause low rates of flutter.

If the bandwidth of this device is
not high enough to include all of
the large components of flutter, the
high frequency flutter rates will
beat with the null frequencies to
form low-frequency noises. For ex-
ample, a 790 cps flutter rate can
beat with the 800 cps pulse repeti-
tion rate to give a false output at
10 cps. The design must have a
bandwidth to cover all of the large
amplitude flutter rates.

Figures 1B and C show the block
and timing diagrams of the flutter-
meter.

In the circuit (Fig. 2), the sam-
pling gate is an electronic switch
that momentarily closes when
pulsed and permits holding capac-
itor C, to charge or discharge to
the ramp voltage at the instant of
sampling. Therefore, by varying
the phasing of the two pulses, the
capacitor voltage will change to cor-

respond to the voltage of the ramp
during the sampling interval.

Transistor @, provides a sam-
pling switch for this application.
Output from the d-c amplifier biases
the transistor off until the base is
driven on by the sampling pulse.
The ramp voltage on the collector
of @, is limited to 5 v for most re-
liable performance. The unity gain
d-c amplifier Q.-Q, is a buffer to
prevent loading of the holding ca-
pacitor. Its input impedance is
greater than 1 megohm if Q. is a
high quality silicon transistor.
Complementary symmetry emitter
follower @Q.-Q. permits C, to be
charged or discharged quickly from
a low impedance source.

Although more gain can be ob-
tained by increasing the slope of
the ramp, the circuit permits meas-
urements of flutter components as
small as 0.01 percent peak-to-peak.

Equation 1 may be used to derive
the calibration constant for this
fluttermeter. If the ramp has a
slope of 10 usec/v and the observed
or computed transit time from head
to head is 1.66 msec (corresponding
to a tape speed of 60 ips and 0.1-
inch spacing), then 1 v of peak-to-
peak error voltage represents a
speed irregularity or flutter of

A Al kaAae 10X 1

ra ta  ta 166
0.6 pereent peak-to-peak
The calibration constant is then
0.6 percent peak-to-peak flutter per
volt at 60 ips.
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2—Playback pulses are amplified before being fed to input of this flutter indicator

electronics



L

Aerovox Miniaturized Capacitors

Offer Widest Selection of Case Style, érnom
Dielectric, and Application Capability o

®eseesecscessscsccn
"

: PRODUCT /

" [JEROVOX

Reliability proven in demanding military, industrial and commercial installations

m-ﬁ‘, -

Q it

Type SRE* (Bulletin 201B1)

Aluminum Electrolytic Metal Case Tubular
—0°C to 65°C

3 to 150 DCWV

1 to 500 mfds

38" x1"to1/2” x 1-5/8”

Type 83Z* (Bulletin 131B2)

Metallized Paper Thermoplastic Cased Tubular
~15°C to 85°C

200, 400, 600 DCWV

.0005 to .04 mfds

316" x7/16” to 1/4” x 9/16”

—u

Type 8292ZN* (Bulletin 131B6)
Metallized Paper Plastic Cased Tubular
-30°C to 100°C

200, 400, 600 DCWV

.01 to 2.0 mfds

1.4"x19 32" to1” x 2.3/8”

Type V146X *—V146XR* (Bulletin 142B2)
Mylar “Wrap and Fill"" Flat and Round Styles
-65°C to 85°C

150, 200, 400, 600 DCWV

001 to 2.0 mfds

,156” x 127 to 1.421” x 3"

Environmental test requirements for ca-
pacitors are becoming more stringent,
especially those established by the mili-
tary services. In order to keep ahead of
these demands, advanced research and
development projects are being initiated
continually at Aerovox. Entirely new de-
sign concepts have resulted from this con-
centrated effort. Some of the most re-
liable, long-life miniaturized capacitors
available in the industry today are shown
here. These include top-quality types
ranging from low-voltage capacitors for
transistorized circuits to ultra-miniature
units designed to meet highly critical
space requirements in such applications
as computers, missiles and airborne elec-
tronic equipment,
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Types P123ZN—323ZN* (Bulletin 131B8
Metallized Paper Metal Cased Tubular
—55°C to 125°C

50, 150, 200, 400, 600 DCWV

.001 to 12.0 mfds

.175” x 7/16” to 1” x 2-9/16”

Types CRE—QRE* (Bulletins 201B6 & 201B7)
Aluminum Electrolytic Metal Cased Tubulars
-40°C to 85°C

3 to 150 DCWV

1 to 500 mfds

316°x12"to3 8" x1-12"

Type PTT* (Bulletin 201BS)

Aluminum Electrolytic Plastic Cased Tubular

—30°C to 65°C

3 to 50 DCWV

1 to 500 mfds

1/4” 103 4" to 3 8" x2”
Only through the use of revolutionary de-
sign and manufacturing techniques and
equipment have the greatly reduced sizes
been achieved, thus permitting circuit
applications previously considered imprac-
ticable or impossible. For example, a
radically new etching and formation proc-
ess was developed by Aerovox engineers
in order to produce the unique advantages
of the new QRE capacitors. As part of the
automation program in the factory, a new
automatic testing and sorting machine
was recently installed to run more effi-
cient tests for short circuits, opens, and
grounds, while automatically sorting “ok”
capacitors into specific tolerance groups.
The utilization of such modern equipment
by highly skilled personnel is part of the
long-range program at Aerovox to advance

EROVOX

—

gy

Aerotan™ Types ST12*—ST13* (Bulletin
21582
Solid Tantalum Electrolytic Metal Cased Tubular

~80°C to 125°C
6 to 35 DCWV 1.0 to 330 m-ds

.125” x .250” to .341” x ,750”

wh
\ ALRO% T

Type V84B* (Bulletin 142BS)

Mylart Tubular with Paper-Mylar Case

—40°C to 85°C

150, 200, 400, 600 DCWV

.001 to 2.0 mids

1567 x 1 27 to 1.4217 x 37

*Specifications listed are for standard units.
If your requirements are unusual, special
unitds can often be designed to meet your
needs.

tRegistered Du Pont trademark.

the state of the art and to satisfy the de-
mands of all markets.

Yes, you can specify Aerovox with con-
fidence. Confidence that you are buying
and using the highest quality capacitors
available anywhere. And, you have access
to the widest selection of miniaturized
capacitors in paper, metallized paper,
mica, ceramic, electrolytic, solid tantalum
and film types.

—

XY ?1"'\
NIESHE yo]

T .i/ /
Engineering Service — If you have a spe-
cial design concept, qualified engineer-
ing service is available from Aerovox at
no cost or obligation. As a pioneer and
leader in capacitor design and manu-
facture, Aerovox offers years of experi-
ence and know-how for the discussion
and analysis of your specific capacitor

requirements.
v Witia

Technical Data — a—
Call your Aerovox T e

Field Representa-
tive or send today
for free data sheets
... specify the ca- I
pacitor types you I
are interested in.

AEROVOX CORPORATION

NEW BEDFORD DIVISION

NEW BEDFORD, MASS.,

Technical Leadership — Manufacturing Excellence
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NO. 25000 SERIES HIGH O MINIATURE
VARIABLE AIR CAPACITORS

High @ at high frequencies. Rotors and Stators pre- JAME S M ILLE N M FG. C O . IN C.

cision machined from extruded solid brass. Terminal
integral part of Stator block. Shaft an integral part of

Rotor. Screw-driver slot adjustment or Vg*’ extended MALDEN
shaft for knob. Only 6 parts to a complete Capacitor. -
Stock sizes 15, 25 & 35 mmfd. single or dual units, MASSACHUSETIS

CRCLE 206 ON READER SERVICE CARD

Lepel i

A,  HEATING
/ ). EQUIPMENT

s
or
o BRAZING
o SOLDERING
ELECTRONIC * HARDENING

MAGNETIB TAPE
DEGRADATION

with NETIC
CONTAINERS

TUBE GENERATORS |, \uueane
Sizes: 1 Kw to 100 Kw output

STANOARO UNITS * MELTING
Frequencies: 180 Kc to 600 Kc .

MEGACYCLE UNITS © BOMBARDING duaring
Frequencies: 3 Mc to 50 Mc

DUAL FREQUENCY UNITS * ZONE REFINING storage or shippin
' g pping
Frequencueds:a lhgotKCS(t)oMGOO Ke o CRYSTAL
an c to c
SPARK GAP CONVERTERS GROWIN3 Widely accepted since 1856 in military an¢ ‘ndustrial applica-
Sizes: 2 Kw to 30 Kw input . tions for protecting valuansle tapes frcm detrimental magnet c
Frequencies: 400 Kc to 900 Kc PLASMA TORCH enviror ments. Long life rugged containers come in many sizes
. . and shapes . . . are non-shock sersitive, non-retentive, re-
LEPEL LABORATORY SERVICE is offered without charze, to quire no periodic annealing. Request Data Sheet 104.

process your work samples and submit recommendations. |
WRITE FOR NEW LEPEL CATALOG
Lepel wieh FREQUENCY LABORATORIES, Inc.
_ 55th St, & 37th Ave., Woodside 77, N. Y. C.
Chicago Office for Sales & Service: 6246 W, NORTH AVE. |

MAGNETIC SHIELD DIVISION

Phone EVerglade 4-2122
1322 No. Elstoy Ave.. Chicago 22, III.

Perfection Mica Company/.'/
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POLARAD MODEL R +#
MICROWAVE RECEIVER #is 400 to 84,200 me

Now the most complete Microwave Re-
ceiver has the highest frequency cover-
age (if we are permitted the redundant
superlative).

As microwave work advances into
higher and higher frequencies, the
Model R keeps pace. Now Polarad has
added frequency coverage from 45.3
to 84.2 ge. It’s done, by the way, with
a unique set of mixers incorporating
integral crystals; and a local oscillator.
Polarad’s development engineers have
designed the Model R Receiver with
the most capabilities that can be put

SPECIFICATIONS

FREQUENCY RANGE: 400 to 84,200 mc covered in 9 plug-in tun-
ing units. A broadband tuning unit covering 2000 to 75,000 mc is
available for antenna pattern measurements.

SENSITIVITY : To —85 dbm depending upon frequency range.
FREQUENCY DIAL ACCURACY: *1%.

RANGE OF LINEARITY: 60 db with AGC.

I-F BANDWIDTH: 3 me.

VIDEO BANDWIDTH: 2 me.

ELECTRONICS CORPORATION

43-20 34TH STREET, LONG ISLAND CITY 1, NEW YORK

®pEC

May 11, 1962

POLARAD ELECTRONICS CORPORATION:
43-20 34th Street, Long Island City 1, New York

Gentlemen:

in a single box. The Model R is an
AM-FM receiver; a pulse receiver; and
a sensitive microwave power meter all
rolled into one. It has a direct reading
frequency dial, UNIDIAL® tuning con-
trol, AGC and AFC, as well as audio,
video, recorder and trigger outputs.
Hundreds and hundreds of Model R
users know Polarad will continue to
keep their basic microwave test re-
ceivers as advanced as their own re-
search. Have you checked the many
jobs a Model R can do for you? Ask
vour local Polarad representative.

POLARAD

»
. .
Ohtn nigiast

Please send me further information and SRCRNCRE .
specifications on: 123456 78 910 1112

{1 Mode! R Microwave Receiver

] Notes On Microwave Measurements

My application is

Name

Title Mail Station Dept.
Company.

Address

City Zone. State

CIRCLE 97 ON READER SERVICE CARD



TYPE Y58

Highest
Resolution
Stator Yoke

TYPE Y25

Compact
Rotating
Yoke

TYPE Y16

Low Capacity
Push-Pull
Yoke for Speed

TYPE F10

Precision
Electro-magnetic
Focus Coil

.
Y

2 PEA§
NAPBD?

THERE IS A

DIFFERENGE IN
DEFLECTION

YOKES

Specialists in yokes, Syntronic’s team of experts
knows more about yoke design, engineering and
quality control than anyone else. A solid record
of leadership for over 10 years—acknowledged
throughout the industry.

This specialized experience means more to you
than you may know. ‘“Little” things make a big
quality difference . . . like fast spot recovery time . . .
smallest, roundest dots . .. geometrical precision

. rapid settling time . . . least spot growth from
center to edge ...smallest residual magnetism.
Mighty important, actually. Syntronic cares enough
to make them right. You can depend on it.

Syntronic claims—and delivers—the most precise
yokes that can be made. Every time. Year after year.
To your exact requirement. And Syntronic’s team of
experts can help solve your yoke problems.

Since there is a difference, benefit from it. Get the
most from your display.

or disease .

no guarantee
of similarity!

One pea may be damaged by insects
. or may be quite different
simply through a caprice of nature.

TYPE Y15

Precision
Low Current
Yoke

TYPE Y57

17 1.D.
Push-Pull
Yoke

TYPE Y59

- 7/8” 1.D.
Transistor
Yoke

TYPE F40

Dynamlc -static
Focus Coil

2% SYNLTONIC

98
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INSTRUMENTS, INC.

100 Industrial Road, Addison, lllinois
Phone: Kingswood 3-6444

@ e

electronics



Now-3-Turn, 5-Turn And 10-Turn
Precision Potentiometers From The Same Reliable Source

Now Bourns gives you a choice of military-quality indus-
trial potentiometers. In additicn to the proven 10-turn
Model 3500, Bourns offers you the 3-turn Model 3510
and the 5-turn Model 3520. All of these 73”-diameter
potentiometers are shorter than comparable units avail-
able elsewhere, yet have resistance elemzants that are
209% longer.

They incorporate the exclusive, indestructible Silver-
weld® multiwire termination, and are subjected to
1009 inspection and the rigorous dcub!e-check of the
Bourns Reliability Assurance Program. Write for com-
hlete dzta

55008

HEMSTANCL

REST 3%

.ﬁ‘-'\:

ol

May 11, 1962

NUMBER 23 - NEW PRODUCT SERIES

- 3-TURN 5-TURNT10-TURN

Standard Resistances 20092to [ 20082to : 500 < to

(Others available on request) 50K 3% [ 79K +=3% [ 125K =3%
- Meets _Steady-gaﬂe ] T

Method 106 Cyciing Humidity)

Standard Linearity +03% | =03% | =025%
"~ Power Rating @ 70°C LOW 15w | 20w

Operating Temp. ;_?Szzgg L _7_6152238 _7_6152;}%

M—ech. Li‘e (Shaft Revolutions) (ﬁOOOﬂ 1.000,000 | 2,000.000

BOURNS INC..
1200 COLUMBIA AVE ., RIV
PHONE;: OVERLAND 4.170

CABLE: BOURANS

TRIMPOT D'V SION

Plants: Riverside, California; Ames, lowa; and Taror-o. Camaja. Manufacturer: TrinJot® pefentiometers; transducers for position, pressure, azceleration,

SIDE TALIF
=zZeaz22a

CIRCLE 99 ON READER SERVICE CARD 99



ARNOLD ’ DIGIBOX

a comhléte line of

versatile modules for
the design or test

engineer

RATIO TRANSFORMERS » RESISTORS
CAPACITORS = INDUCTORS

Arnold digiboxes are designed as functional toois to pro-
vide direct visual presentation of component values.

These compatible laboratory-quality instruments can be
quickly interconnected to provide a highly-reliable means
of circuit simutation ... digital adjustment of design param-
eters ... fast evaluation of component tolerances.

Four units described below are first of a continuing line
of associated devices. Future designs include: power sup-
plies, transistor modules, meters, amplifiers, signal trans-
formers, and voltage dividers.

Small size. All units are 4” x 5” x 3" high.

Easily stacked, interconnected. All digiboxes are same size
and configuration. Front panel terminals speed hook-up.
You can set up an entire circuit in minutes—read off
every value required directly .. . digitally.

DECADE TRANSFORMER DECADE CAPACITOR
MODEL TDA MODEL CD&*
Number of Digits: 4 Number of Digits: 4
Range: 0to 9999 Ratio Range: 0 to 9999 MFD
Steps of: 0.0001 (Ratio) Steps of: 100 MMFD
Accuracy: (*.008% - 00005) Accuracy 1%
Frequancy: 50 cps to 10 KC *(Modei CDA Acturacy * 3%)

DECADE RESISTOR DECADE INDUCTOR
MODEL RDC MODEL 1DB*

Numbes of Digits: 4 Number of Digits: 4

Range: 0 to 99 99 K ohms Range. 0 to 9 999 Hennes
Steps of 10 ohms Steps of 1 mh

Accuracy “1% Accuracy 1%

Power Rating 10 watts Maximum Frequency 30 cps to 200 KC

*(This unit uses Torodal
Inductors exclusively )

Write for complete information

ARNOLD ’ MAGNETICS

ARNOLD MAGNETICS, CORP.
6050 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF,
VERMONT 7-5513 — UPTON 0-6284

100 CIRCLE 100 ON READER SERVICE CARD

. HAS ANYONE
TOLD YOU ABOUT

POWER

¢

7

& - .

The hundreds of Power Supply types
and designs that we have engineered
and produced gives us a wealth of
experience and “know how’ that can
be put to your advantage. Whether
your need is for custom-designed
units to meet a specific application
or standard stock models, there will
be a definite advantage in checking
your requirements with Acme Elec-
tric. The following illustrated units
indicate our wide range of production.

This custom designed unit, which
is produced in production quanti-
ties, features modular construc-
tion and advanced circuitry.

_leeq .
o o @ Vg L

1

This sturdily built design, for
the manual regulation of sa-
turable core reactors, features
silicon rectifiers for full-wave
d-c output. Available in 300,
500, 1000, 2000 watts; 0-100
volts d.c.

19 ripple. Negligible thermal drift. Tubeless cir-
cuitry achieves maximum reliability. Output voltage
maintained under varied conditions of input and
load. Six other big features described in Bulletin 174.

This Signal Developer
Power Supply provides
the necessary d-c for the
signal control circuit of a
magnetic amplifier. One/
eighth watt, 0-25 volts.

ACME ELECTRIC CORPORATION

315 WATER STREET ° CUBA, N. Y.

In Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont.
SAA 3574—2022

CIRCLE 208 ON READER SERVICE CARD
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BCD Decoder

o E EgH
o Ltilizes 40 “Built-In-Place ”
s licon diodes tc cowert .
BCD to Decimal form.
"’\ Complete package $45 "B

. (0w cost

Converts 2° binary infamation
to 1 of 32 lines. Utilizes 160

< \’A‘ Builtln Place. siorgdiodes. [ micro p a CKageS
PRI arc fere. .
Y

L Burroughs BIPCO™ Modules

Converts 2° bina-y information
to 1 of 64 lines. U 5 384

C st are available today
 and deliver what others
B can only promise...
 small size and economy.

* Low cost simultaneous fabrication
~ and connection techniques

110 ke BIPCO Cecimal Sounter o .

Now — a comletehy rew * provide a whole new

counter concep: ut lizes 90
“Built-In-Place’ si coe diodes

FEpeRERctlase  approach to reliable multi-element
logic design.

Complete package cnly 395

Outline your design problem and we will show ymt how you @ AR AELCLIALLANCIELIALIE ALY

can use BIFCO Modules. Burroughs Corporation |

WRITE TODAY for complete technical irfo-nation. on SR A Bea
the new BIFCO Module Line.




RESEARCH AND DEVELOPMENT

Auxiliary Memory Speeds Information Retrieval

By WILLIAM T. LENNON, JR.
WILLIAM F. JORDAN,

Senior Systems Engineers,
Computer Control Co., Inc.,
Framingham, Mass.

ONE-SECOND access is provided to 40
million bits of information stored
in a mass memory. High speed is
obtained using cross-referencing of
addresses in an auxiliary magnetic
drum that can store 5,200 36-bit
words. The technique was devel-
oped for a real-time updating and
transaction processing system called
Tellertron. The system is being con-
structed under subcontract to Stone
Laboratories, Inc., of which Teller-
tron, Inc., is a subsidiary.

Tellertron will provide a real-
time link between vast customer ac-
count records and tellers, some of
whom are at remote branches. It
will enable tellers to obtain up-to-
the-minute account information,
check transactions and permit an
organized input to off-line data
processing system.

The account information might
be stored in sequence by account
number in a mass memory but only
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250,000 of ten million account num-
bers are active and the active num-
bers at a given time cannot be de-
termined. If all possible account
numbers or addresses were stored,
a relatively simple addressing
scheme could be used. If only ac-
tive account numbers are used, a
time-consuming search technique
would be required. Since each ac-
count requires 160 bits of data, it
was concluded that complex ad-
dressing of a smaller mass memory
through an auxiliary storage de-
vice would be more economical.
The mas memory is an IBM Ra-
mac 350 disk file that provides ran-
dom access to 40 million bits. The
information is stored on 50 mag-
netic disks with 100 tracks on each
side. A movable access arm with
two magnetic heads searches op-
posing pairs of tracks simultane-
ously for each access arm address.
A single track can store 25 160-
bit accounts so that each Ramac
address could make 50 accounts
available quickly. However, to pro-
vide information within one second,
the track pair containing the de-
sired account would have to be lo-

- {99
)
98
T ]
i |
I ]
|
' ]
' |
| |
] |
HERNEE
o]}
L1 1O
00
DRUM DRUM
SECOND- ADD-
RY RESS
TRACK TRACK
X A

FIG. 2 — Awxiliary drum tracks
have 100 sectors corresponding to
100 track pairs of mass-memory
disks

FIG. 1—Fifty sccondary storage
tracks on auxiliary drum corre-
spond to 50 disks of mass memory

cated with a single movement of
the access arm. The magnetic drum
in Fig. 1 can determine rapidly the
one correct address of the 5,000, It
has 52 tracks that are each divided
into 100 sectors of 36 bits (account
number length) corresponding to
the 100 track pairs of a file disk.

Secondary Storage Tracks

The 50 secondary storage tracks
of the drum are addressable by the
numbers 00 to 49 to correspond to
the 50 disks of the file. The 51st
track, labelled P, is a primary ad-
dress track, and only the first 50
sectors are used to correspond to
the 50 file disks and 50 secondary
address tracks of the drum. The
52nd track, labelled A is a prere-
corded address track on which the
numbers 00 to 99 are prerecorded
in sequential sectors.

Account numbers presented to
Tellertron in ascending order are
written onto the Ramac using both
ascending disk and track pair ad-
dresses. All track pairs of a disk
are used before advancing to the
next disk. As the first track pair
(00) of the first disk (00) is loaded,
the highest or last of the 50 ac-
count numbers is recorded on the
drum in sector 00 and track 00.

As all track pairs of the first file
disk, and thus all sectors of the
drum track, are filled, the highest
account number stored on disk 00
is recorded on sector 00 of track P.
Loading of the second disk begins
by recording the highest of 50 ac-
count numbers in a track pair in
the appropriate sector of drum
track 01 and then the highest ac-
count number on the second disk is
recorded in sector 01 of track P.
This procedure continues through-
out loading.

The account number recorded in
any sector X of track P is the same
as that recorded in the last sector
(99) of secondary address track X.
Thus the drum records the ranges
of account numbers that are stored
on the disk track pairs.

When an account number is en-

electronics
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MEET TH

WORLD’S FINEST
DISTRIBUTOR

Harold H. Powell
Harold H. Powell Co., Philadelphia, Pa.

... serving industry with quality

BENDIX ELECTRICAL CONNECTORS

X Francis R. Hine
Airwork Corporation, Miami, Fla

Lester Avnet
| Avnet Electronics Corporation,
{ Westbury, LI, N.Y.

John W. Busacker
Contact Electronics, Inc.,
Dallas, Texas

Rabert Avnet
Avnet Corporation, Los Angeles, Calif.

Each member of this world’s finest team heads an or-
ganization having experience, ability and facilities un-
matched elsewhere in the field of connector distribution.
The entire team works toward the same goal—fast,
efficient supply of the Bendix® Electrical Connectors best
suited to your exact needs.

They supply to industry a nearly incredible number
of connectors—running into literally tens of thousands
of models—through a system pioneered by Scintilla

Canadian Affiliate: Aviation Electric, Ltd., 200 Laurentien Blvd., Montreal 9, Quebec

May 11, 1962

Division in 1953. This is the component assembly tech-
nique, which anticipates connector needs and even per-
mits overnight deliveries when required.

Their strategically located stocks are both broad and
deep—with factory assembly and quality control stand-
ards that are extensions of those we maintain in our own
manufacturing operations, Remember when you need
high-quality connectors—your Bendix distributor can
be an indispensable member of your team!

Scintilla Division

by I

CORPORATION

Export Sales & Service: Bendix International, 205 E. 42nd St., New York 17, N. Y.
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tered: by a teller, Tellertron scans
track P, comparing its contents
with the number in a greater than-
less than comparator until a tran-
sition indicates the correct range of
account numbers. The drum sec-
tor number on prerecorded address
track A is read out to external stor-
age at the time of transition, iden-
tifying the appropriate Ramac disk.
See-Fig. 2.

The sector number is also used
to select the corresponding second-
ary address track of the drum,
which contains the correct set of
track pair account number ranges.
Contents of the selected drum track

are compared with the desired ac-
count number by the same com-
parator and in the same way as the
primary address.

A transition again identifies the
correct track pair account number
range. The correct sector number
is then read out from track A and
stored externally. Presenting this
sectoir number to the Ramac as the
track pair address completes the
account number search.

BIBLIOGRAPHY

D. M. Bowers, W. T. Lennon, W. I, Jor-
dan. Jr. and D. G. Benson, Tellertron: A
Real-Time Updating and Transaction DProc-
essing System for Savings Banks, 1962 IRE
International Convention Record, Session

12, Computers in Control and Simulation.

Slow-Scan Tv Vidicons Developed

By COPTHORNE MACDONALD,

Electronic Tube Div.
Westinghouse Electric Corp..
Elmira, N. Y.

DEVELOPMENT of two vidicons could
improve slow-scan tv and simplify
camera design. A new photocon-
ductive target material is used hav-
ing high dark resistivity. The re-
sulting low dark current permits
very slow scan rates.

Electrostatic deflection and fo-
cusing used in one vidicon makes
deflection power requirements neg-
ligible at slow scan rates and elimi-
nates the weight of deflection and
focus coils. In the other tube, either
conventional or special high-imped-
ance focus and deflection coils can
be used.

The illusion of continuous motion
necessary in broadcast tv is not
needed in many military and indus-
trial applications. Thus scan rates
could be reduced with several ad-
vantages resulting. Required trans-
mission bandwidth, which is pro-
portional to the rate at which pic-
ture elements are transmitted, is
reduced. Thus required transmitter
power is lowered and even more im-
portant a variety of existing audio
communications facilities could be
used. Existing telephone lines and
commercial and amateur radio fa-
cilities could transmit slow-scan tv.
Images could be recorded on audio
tape and might even be recorded on
one stereo channel with an accom-
panying voice on the other.

An obstacle to slow-scan tv has
been the performance of vidicons.
A vidicon target might be consid-
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FIG. 1—Light transfer character-
istics at (A) are for 30-cps frame
rate for scanned area } by % inch
using 525-line raster and (D) for
1/10 eps frame rate using 500-line
raster. Resolution (C) is for same
area using EIA chart

ered to be a capacitor or array of
capacitors in which dielectric resis-
tivity varies with the amount of
light falling on it. The transparent
conductive coating on the inside of
the glass faceplate forms on capaci-
tor plate, the scanning beam the

Triad Stock Industrial Transformers -— Avails
able off the shelves of these top stocking
distributors.
CALIFORNIA
Glendale: R. V. Weatherford Company, Inc.
Los Angeles: Kierulff Electronics, Inc.
Qalkland: Elmar Electronics, Inc.
San Dicgo: Western Radio & Television Supply
Co., Inc.
COLORADO
Denver: Denver Electronic Supply Co., Inc.
FLORIDA
Mclbourne: Electronic Wholesalers, Inc.
West Palm Beach: Goddard, Inc.
GEORGIA
Atlanta: Jackson Electronic Supply Company
ILLINOIS
Chicago: Allied Radio Corporation
Newark Electronics Corporation
INDIANA
Fort Wayne: Fort Wayne Electronics Supply,
Inc.

Indianapolis: Graham Electronics Supply, Inc,
MARYLAND
Baltimore: D. & H. Distributing Co., Inc.
MASSACHUSETTS
BRoston: Radio Shack Corporation
Newton: Greene-Shaw Company, Inc.
MICHIGAN
Detroit: Radio Electronic Supply Company
Jackson: Wedemeyer Electronic Supply Co.
MINNESOTA
St. Pawl: Gopher Electronics Company
NEW JERSEY
Whippany: State Electronics Parts Corporation
NEW YORK
Binghamton: Stack Industrial Electronics Corp.
Bujialo: Genesee Radio & Parts Company
New York City: Terminal-Hudson Electronics

Co., Inc.
White Plains: Melville Radio Corporation
OHIO
Cleveland: Pioneer Electronic Supply Company
Columbus: Thompson Radio Supplies, Inc.
PENNSYLVANIA
Pittsburgh: Cameradio Company, Inc.

Radio Parts Company, Inc,

TEXAS
Dallas: Engineering Supply Co., Inc.
Houston: Wofford Electronics Company
UTAH
Salt Lake City: Standard Supply Company
WASHINGTON
Seattle: C. & G. Electronics Company
Spokane: Northwest Electronics, Inc.
CANADA
Alberta, Calgary: Smalley Radio, Ltd.
British Columbia, Vancouver: L. A, Vareh, Ltd.
Ontario, Toronto: Electro Sonic Supply Com-

pany, Ltd.
Quebee, Montreal: Payette Radio, Ltd.

Consult the telephone directory for other top
Triad transformer distributors in your area,
For more information, contact,..

TRIAD DISTRIBUTOR ODIVISION

305 North Briant Street — Huntington, Indiana
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Kearfott MN-60 Brand X Ferrite

Both Micrographs Taken at 1067X Magnification

RECORDING-HEAD FERRITE
APPROACHES
SINGLE-CRYSTAL STRUCTURE

UNIFORMITY, DENSITY GIVE HIGH PERMEABILITY

Kearfott’s MN-60 Recording-Head Ferrite is specially formulated
for optimum performance. Uniform crystal structure, sharp
crystal boundaries, and careful control of voids produces its
excellent characteristics. Initial minimum permeability is 5000,
with an average of 6000 in production quantities. It is easily
machined into small difficult shapes with typical tolerances of
0.0001 inch. Surfaces are finished by machining to 16 micro-
inches, and by lapping to 8 microinches.

OTHER FEATURES OF MN-60

Negligible Eddy Current Losses Low Core-Loss Characteristics
High DC Resistivity Low Electrical Losses
High Curie Temperature Highest Uniform Quality

[iTr:h‘J:ﬂn[‘uf']

Typical Kearfott head configurations (actual size).

TYPICAL CHARACTERISTICS OF MN-60

Initial Permeability (at 21°C, 800 cps)
Maximum Permeability Range (at 3000 gauss) 9000-10,000 gauss
Flux Density (Bmax) (at 2 oersteds) 4800 gauss
Loss Factors (at 10 kc) 3x10-¢

(at 50 kc) 4.5 x 10-¢

(at 200 kc) 45 x 10-¢
Curie Temperature 190°C
DC Resistivity 300 ohm-cm

For complete data write Kearfott Division, General Precision, Inc.,

@ CENERAL
PRECISION

CIRCLE 106 ON READER SERVICE CARD

5000 minimum

other, and the photoconductor acts
as the dielectric.

Because dark resistivity of the
target material is not infinite, some
capacitor discharge occurs between
samplings of the scanning beam.
Dark current in conventional vidi-
cons is about 1/10 illuminated cur-
rent, which is acceptable at 30
frames per second but results in se-
vere problems at slow scan rates."?
Discharge at slow scan rates occurs
over much longer periods, resulting
in very high dark currents.

Target Dark Current

Dark current using the new tar-
get, material is low even at slow
scan rates. At the standard tv scan
rate, light is integrated over 1/30
second before the beam again
charges the target. The time may
be seconds or minutes in slow scan,
and light required to change the
charge is reduced proportionately.
However, reading out the charge
takes longer, but this can be more
than compensated by a narrow-
band amplifier that contributes less
noise. Thus higher signal-to-noise
ratios can be achieved with less
light than at 30 frames per second.
Transfer characteristics of the
tubes are shown in Fig. 1A and B.

The new vidicons can operate at
frame rates up to several minutes.
Dark current change with tempera-
ture is insignificant, and the uni-
form low dark current gives good
rerformance with low-contrast
scenes. The tubes have low lag with
only 10 percent residual signal on
the second frame readout at 4-sec-
ond frame time, compared to 40
percent for a conventional vidicon.
Signal output at this rate is 1/5 to
1720 of output with a standard
scan, compared to 1/200 in a con-
ventional vidicon.

Limiting center resolution of the
magnetically focused and deflected
WL-7920 with 300 v accelerating
potential and 40 gauss focus field
viewing an EIA resolution chart is
at least 600 tv lines. Limiting reso-
lution of the electrostatic WX-4384
with 250 v on grid 4 exceeds 500 tv
lines. Loss of resolution from lat-
eral charge leakage along the photo-
conductor is shown in Fig. 1C at
long frame times.

Spectral response peaks at 4700
A with 10 percent points at about
3600 and 6400 A.

The vidicons might be operated

electronics
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with an electromechanical shutter
or strobe flash light to expose the
tube during vertical retrace with it
scanned in the dark. The high re-
sistivity target would retain the
charge pattern until scanning re-
moved it.

For a 1 by 3 aspect ratio, only 14
v p-p on each vertical and 17 v p-p
on each horizontal deflection plate
is needed so that transistor drive

—

414V P-P | +375V
160 K
, A 1

IMEG —
t
10 MEG WX 4384 ’ 366K
K
K
Ky

B /S

AMPL = _ 100

N4V P-F -—- ‘j‘{'

+250V S
:5

o |7VP P >_*:
100

%OV——A-———
BLANK
14V 0.
|
47OK eexK
-105V
17V P- PVA 200K B
+250V———

FIG. 2—Grid 2 of clectrostatic
vidicon drais nast enrrent and is
normally less than 1 ma

can be used. Since grid 2 of the
WX-4384 draws most current and
it is normally less than 1 ma, a
transistor supply can be used for
other potentials,

Added circuits in slow-sean tv
cameras to compensate the effects
of dark current and its variations
with time and temperature are not
needed with the new vidicons, Con-
trol eireuits for the WX-4384 are
shown in Fig. 2. In a complete slow-
scan camera using the WL-7290, 12
miniature tubes (plus voltage regu-
lators) are needed to provide a
modulated subcarrier output for
telephone line feed and to operate
an electromechanical shutter.

The author acknowledges the
contributions to the program of J.
Nicholson, K, Simpson, R. Clayton
and R, Doyle.
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SHOWN ACTUAL SIZE

KEARFOTT SIZE 5 COMPONENTS

For Servo System Miniaturization

m Synchros m Servo Motors = Synchronous Motor
m Motor Generators m Gearheads, Brakes, Clutches

A complete family of Size 5 components for every servo system
function 1s now available from Kezrfott. This series affords complete
Jatitude in miniaturization, with performance and reliability norma! y
found in much larger units

Stainless steel housings, shafts and bearings protect against environ-
ment—add to stability under shock and vibration. - Standard 26-v,
400-cps excitation. - Synchro and resolver accuracy =10 min. - Opei
ating temperature range —55 tc 125 C. Computer-designed for
optimum performance.

For complete data write Keartott Division, General Precision, Inc.,
Little Falls, New Jersey.

KEARFOTT

WELDED
MINIATURE
TRANSISTORIZED AMPLIFIER

This encapsulated 5-watt amplifier, approximates one cubic inch in
volume. Component elements are mounted in a high-density three-
dimensional mass, and leads are’ interconnected by resistance spot
welding. This process assures extramely high reliability.

High stiffness-to-weight ratio of the encapsulated amplifier makes
it particularly suitable in missile and high-speed-aircraft applica-
tions under extreme shock and vibration.

Moumting Base —-55Cto 125 C

Weight 1.5 0z. max

CHARACTERISTICS 0! Freauency e

Gain Stabihty =3 db (-55C to !125 C)
Typical Loads Kearfott Size 8, 10,11 & 15
Motors

For complete data write Kearfott Division, General Precision, inc.,

> GEINERVAS
RIREEISIION
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~ FOR
THE

TERMINAL
SETTER?

STOP. Yowve found it. A Black
& Webster Electropunch or full
automatic Electroset can solve your |

terminal setting problems § ] 6300 ,

— for as little as

SHORT RUNS: Electropunch — sets  hand  fed
terminals twice as fast as conventional methods.
All electric. Foot switch operated.

LONG RUNS:
and sets terminals up to 3600 per hour.
electric. Customized to your needs.
WHAT'S YOUR PROBLEM ?
Black & Webster can help.
Send sample terminal and
requirements.
Write today for free 14-page catalog describing
our complete line of production tools. |

BLACK € WEBSTER. INC. |
Dept. E, 570 Pleasant Street
Watertown 72, Mass.

CIRCLE 108 ON READER SERVICE CARD

Electroset — automatically feeds
All

108

Exceptionally
Uniform

Well-Bonded
to Base Wire

Quality with
Economy

Electroplated Wires

For many years we have specialized in the continuous electroplating of

wires...Gold, Silver, Nickel, Rhodium, Indium, Tin and many other metals,
or combinations, can be plated onto wires of Tungsten, Molybdenum,
Nickel, Bronze, Copper, Silver, etc....Purity of the metals and quantity
deposited are precisely controlled. Send us your specific requirements.

SIGMUND COHN Mfg. Co,, Inc., 121 So. Columbus Ave.
Mount Vernon, N.Y.

SIGMUND COHN CORP. OF CALIFORNIA o

4

. waveform
.| generator

Pulse, sine, triangular and square
wave output of high order of
purity . .. remarkably free of
transients. For medical and bio-
logical research; precision testing
of servo systems, computers, in-
put/output devices, flight test
and geophysical equipment. Fre-
quency from .01 to 2000 cps.
Compact versatility at a reason-
ableprice. Ask for Tech Bul. 660-6.

PARABAM

DIVISION OF “ HOUSTON FEARLESS CORPORATION
12822 Yukon Ave., Hawthorne, Calif. / OSborne 9-3393
CIRCLE 210 ON READER SERVICE CARD

Since 1901

151C NORTH MAPLE STREET, BURBANK, CALIFORNIA
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How To Get Things Done
. Better And Faster

e Lt

L3
2L
CITRIE DD

ST

BOARDMASTER VISUAL CONTROL

- Gives Graphic Picture—Saves Time, Saves
Money, Prevents Errors

| ¥r Simple to operate—Type or Write on
Cards, Snap in Grooves

v Ideal for Production,
Scheduling, Sales, Etc.

7r Made of Metal, Compact and Attractive.
Over 750,000 in Use

Full price $4950 with cards

l ,FREE 24-PAGE BOOKLET NO. C-50

Without Obligation
Write for Your Copy Today
GRAPHIC SYSTEMS
YANCEYVILLE, NORTH CAROLINA
CIRCLE 2171 ON READER SERVICE CARD
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General Offices and Plant:
120 Clifton Boulevard
Clifton, N. J.

New cost savings for
users of dielectric materials

78% LOWER IN PRICE

+——.750 DIA.—=
—.318 D.—

-1 125

i

84% LOWER IN PRICE

062 - —A53 ————
¥ ! 1
225 @
2
\—‘nzs DIA.

... a progress report on the MYCALEX METHOD
from Jerome Taishoff, President, Mycalex Corporation of America

“Were proud to announce the MYCALEX
METHOD: a unique molding and finishing
technique that delivers  higher-performance
parts at lower cost. In line with our policy, we
pass all savings on to our customers.

“The diagram above outlines typical savings
~78% and 84%—both in addition to the tem-
perature endurance, total dimensional stability,
diclectric strength and low-loss SUPRAMICA®

IN SUPPLY

Sockets of MYCALEX
glass-bonded mica
are yours in standard
or custom.designed
types. Also supplied
in SUPRAMICA ce-
ramoplastics on spe-
cial order . . . sockets
illustrate the com-
plex configurations
in which these versa-
tile materials can be
produced.

@ // = m(l <

CORPORATION OF AMERICA

and MYCALEX® have delivered for years.”

Your choice of SUPRAMICA 620 “BB”, 560 and
555 ceramoplastics, as well as MYCALEX 410
glass-bonded mica.

So to casc your proﬁt squeeze . . . get top-grade
clectronic-insulation materials for less than ever
... look into the new MYCALEX METHOD.

Send blueprints and drawings for specifics.

IN SERVICE
For 11 years, MYCA.
LEX tube sockets in
important AM, FM
and low-level audio
circuits have helped
to make this custom-
made Fisher TRI 6G
the superb radio-
phono-TV instrument
it is.

Executive Offices:
30 Rockefeller Plaza
New York 20, N. Y.

World’'s largest manufacturer of ceramoplastics, glass-bonded mica and synthetic mica products

May 11, 1962
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ANOTHER FINE PRODUCT OF FAIRCHILD RESEARCH

FARITE COLDL
T | Fairchild, the leader in

precision potentiometers,

L takes another giant stride

in technological progress with infinite-resolution, conductive plastic potentiometers having Fairchild

reliability “built-in” @ Firitc potentiometers utilize a continuous track of specially prepared, conductive,
high impact plastic co-molded with an insulating base of the same heat-resistant material to provide superior
performance under temperature and humidity extremes ® Temperature cycling tests of this advanced Fair-
child design shows that resistance values are consistently reproduced B Resistance stability is maintained by
Fairchild’s unexcelled production skills which assure sufficient conductor bulk to virtually eliminate effects
of wear m Low end-loss positive.connections are achieved through co-molding of silver terminations with
the conductive track. In addition, track geometry can be varied to obtain optimum functional conformity

m Reliable operating life of many millions of cycles is assured through the resistance stability of Fairchild’s
Farite conductive plastic potentiometers. For more information, write Dept. 53E.

FEATURES: INFINITE RESOLUTION/UNSURPASSED RELIABILITY/RESISTANCE STABILITY/CONSTANT RESISTANCE VALUES/LOW END-LOSS/LONG LIFE/COMPLETE RANGE OF SIZES

ELECTRICAL ENVIRONMENTAL
Resistance Range, ohms 2K — 50K + 10% Temperature Range —65°C to + 150°C
Ind. Linearity 0.5% standard Humidity 95% to 100% RH at 71°C
Resolution Virtually infinite (less than .005°) Vibration 10 Gs to 2000 cps
Temperature Coefficient Negative 3-400 ppm . 1 i | t 600
Power Rating 2 watts at 20°C Life Over 10 million cycles a Ll

GYROS

PRESSURE
TRANSDUCERS

POTENTIOMETERS <
ACCELEROMETERS

S e ) 2

AIRCHILD

& CONTROLS CORPORATION

A Subeldiary of Fairchild Camera and Instrument Corporation

225 Park Ave., Hicksville, L. 1., N. Y.
6111 E. Washington Blvd., Los Angeles, Cal,
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New E Representatives

CLYDE M. SALISBURY CO. S R et :
MOntrose 4-0586, 1453 Seventh Avenue ' 3
San Francisco 22, California.

---- - FO REPCO_SALES
3 5 Plaza 7-2911, 401 N, W. 71st Street

WALLACE AND WALLACE
ALLACE AN ALLA Miami, Florida.

Richmond 7-0401 (TWX-LA 593), 1206 Maple Avenue
Los Angeles 15, California.

PO )

ELECTRONIC SALES, INC.
SKyline 6-4148, 2641 S. |vy Street
Denver 22, Colorado.

EDWARD F. AYMOND CO.
MOhawk 6-1804, 5010 Carew Street
Houston, Texas.

These distributors can handle power supplies, transformers, can also give you quotations
your needs for standard off- modulators, demodulators, and on top-quality EIC printed
the-shelf or custom solid state recording oscillographs. They circuits,

Modulators and demodulators

S
Magnetic recording heads Recording osciltographs Recording interval timers Transformers and chokes
E ELECTRODYNAMIC INSTRUMENT CORPORATION
I C Subsidiary of Reed Roller Bit Company
' TWX HOQ-1147 7 JA 6-3761 + 1841 OIld Spanish Trail ¢ Houston 25, Texas
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”0W0'Over 60 different styles of hard-
anodized insulator wafers for all
popular power transistors
and stud mounted diodes

Greater thermal conductivity than conventional mica wafers,
Excellent dielectric properties, Insulates semi-conductor

from chassis and dissipates heat generated at rated capacities,
Extremely durable with high abrasion and corrosion resistance,

Installs between semi-conductor and chassis, heat sink or

other surface on which semi-conductor is mounted.
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UNITED-CARR FASTENER CORP., BOSTON, MASS,

Write for bulletin.
Inquiries invited for

special wafer configurations.,

MONADNOCK MILLS : san LEANDRO‘%&;«,

SUBSIDIARY OF
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T CALIFORNIA

OFFICES: ATLANTA, BOSTON, CHICAGO, CLEVELAND, DALLAS, DETROIT,LOS ANGELES, NEW YORK, PHILADELPHIA, SYRACUSE
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PRODUCTION ITEMS

Oil Capacitor

Wax Capacitor

M. P. Capacitor
Electrolytic Capacitor
Ceramic Capacitor
Tantalum Capacitor
Mica Capacitor \
Mylar Capacitor

Nichicon Capacﬂor Lid.

CABLE ADDRESS : “CAPACITOR KYOTO”

il

G2

° °
nlc“lcon

———

Main Office : Uehara Bldg., Karasuma Oike Higashi-iru,

Nakagyo-ku, Kyoto, Japan.
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Editorial
Opportunity

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

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

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

electronics
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" ENGINEERS P
? now lS the time to plan your rove SOUT»

2 — just another ver ation
usls plea:arpt phases of the‘exce:)tlonally fie year+

st r=d|y—Georg|a living con:lltlons approzch being ‘the g'eatest N

W¥ite to: Hugh IL. Gerdon, Frofessienal Employment Mgr., Dept. FFF-88, Lockheed-
Georgia Co., 83« V/. Peachtree St., Atlanta 8, Georgia An equal/ opp=rtvnily employer.

I-OCK " EED'GEORG“ COMPANY

A DIVISION DF LOCKHEED AIRCRAFT TORPDIATION
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COMPONENTS AND MATERIALS

Microminiature Capacitor for Modular Circuits
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TEMPERATURE IN DEG C

Capacitance change vs temperature for microminiature capacitor series,
initial value at 25 dcg C equals 129pf

By R. D. DUNWELL

Chief Engineer
Chem-Electro Research, Inc.,
Van Nuys, California

EVER-INCREASING DEMAND for
smaller high-reliability electronic
packages for underwater, airborne
and space applications has stimu-
lated activity along several differ-

ent paths. While most industrial
equipment, including computers,
does not normally require the

miniaturization aimed for in mili-
tary equipment, manufacturers will
be quick to capitalize upon the ad-
vances realized from work on mili-
tary and space programs. Among
the current approaches to minia-
turized circuitry are deposited cir-
cuits, circuits utilizing “dot” com-
ponents, i.e. the “swiss cheese’” ap-
proach, and encapsulated circuits
utilizing “cordwood” stacking of
components and low temperature
welding techniques. Great progress
is being made in the field of de-
posited circuits, but much remains
to be done in developing techniques
and reducing costs. It appears cer-
tain that deposited circuitry and
molecular electronics will assume a
significant position in the micro-
miniature circuits field within the
next two to five years. Meanwhile,

114
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Reduced size of microminiature

capacitor

the high cost and lack of avail-
ability of dot components makes
the cordwood stacking technique
attractive. Somewhat of a stale-
mate appears to exist between the
possible manufacturer of dot com-
ponents and those who would con-
ceivably be large users of these
components, with both being unwill-
ing to make major commitments
until a reasonable market is estab-
lished on the one hand, and an ade-
quate supply of components on the
other.

Cordwood packaging permits
high component density as well as
avoiding the possibility of de-
creased component life due to
stresses introduced by bending com-
ponent leads and using high tem-
peratures during fabrication. The

results which can be achieved by
using these techniques are illus-
trated by the fact that at least one
leading manufacturer of encapsu-
lated circuits currently markets
flip-flops, ete. in a package consist-
ing of a 3-inch cube, and confidently
expects to achieve the same results
in a }-inch cube in the near future.
Size reductions of this magnitude
are made possible only as a result
of the development of microminia-
turized electronic components. Sig-
nificant reductions in size have
been achieved in transistors, diodes
and resistors which, until recently,
left capacitors as the largest single
circuit element.

Barium Titanate Ceramics

Chem-Electro Research, Inc. of
Van Nuys, California, in conjunc-
tion with the research laboratories
of its parent corporation, Products
Research Company of Burbank,
California, has achieved a major
reduction in the physical size of
capacitors covering a range of
standard values up to 1,000 pico-
farads. This has been made pos-
sible as a result of extensive back-
ground in the production of capaci-
tors using high K barium titanate
ceramic dielectrics, plus the devel-
opment of improved techniques for
accurately cutting ceramic wafers
into very small pieces while main-
taining a high percentage yield.

Chem-Electro Research is cur-
rently manufacturing a line of
microminiature weldable-lead ce-

ramic capacitors designated as the
CKIMW series. These capacitors
are available in standard values up
to 1,000 picofarads, with non-stand-
ard values available on special
order. They are of axial lead con-
figuration with flat ribbon leads
made of gold plated kovar for con-
venience in making either welded
or soldered connections. The ce-
ramic capacitor body is epoxy
coated to provide protection against
contamination and moisture absorp-
tion, and the entire range of values
up to 1,000 picofarads is covered in

electronics



THE AMP-MECA® SYSTEMS
APPROACH TO INTERCONNECTIONS

AMP-MECA assemblies, first with three-dimensional
interconnections for pluggable sub-module circuits, gets
down to specifics when it comes to interconnections for
all your electronic systems requirements. Your systems
no longer need to be interconnected using connectors
which are not uniform in design and reliability.

From individual sub-module circuit (1), to plug-in mod-
ule boards (2) to base plane wired inputs (3), or using
the increasingly popular tape cable (4), the AMP-
MECA Systems Approach to interconnections provides,
throughout, performance of maximum reliability because
contacts of all the systems connectors are uniform in
design, and incorporate a redundant 4 point contact,

Vs

In addition, the AMP-MECA Systems Approach starts
with the layout of circuit interconnections. Through the
use of AMP-MECA graph layout charts, time to layout
each plug-in board can easily be reduced from the
normal three to five weeks to less than one week.

INCORPORATED
Harrisburg, Pennsylvania

|—-——-——————————-——‘—‘.J

Send today for complete information on how the
AMP-MECA Systems Approach can apply to your inter-
connection problems. *Trademark of AMP INCORPORATED

AMP products and engineering assistance are available through subsidiary companies in: Australia ¢ Canada + England « France ¢ Holland  Maly ¢ Japan ¢ Mexico ¢ West Germany
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SPECIAL
CABLE
CONSTRUCTIONS

Solid or stranded copper conduct-
ors; tinned—silver plated

Teflon or silicone rubber insulation

Twisted pairs; multiple conductors

Jackets of Nylon, Teflon, fiberglass
or silicone rubber

¢ ¢ 000

Braided metal shielding

These and many other special cable constructions are
available to you from the Markel Line of Excellence.
Phone, write or wire your specs for a Markel quotation,

RN MARKEL PR

@OURCE for EXCELLENCE in
Insulating Tubings, Sleevings, and Lead Wire

NORRISTOWN, PENNSYLVANIA
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a maximum body diameter of 0.060
in. Graph indicates the capacitor ca-
pacitance change with temperature
for the series. Capacitance values
through 180 picofarads are avail-
able in a maximum body length of
0.075 in.; 220 through 470 pico-
farads in a maximum body length
of 0.150 in.; and 560 through 1,000
picofarads in a maximum body
length of 0.200 in. The capacitors
are rated at 100 wvde and are avail-
able in =5, =10 and =20 percent
tolerances. Power factor is rated at
2.5 per cent maximum. measured
at 1 volt rms at 1,000 cycles per sec.
The operating temperature range
is from —55°C to +125°C and the
capacitance change with reference
to the 25 deg C value is within
+121¢; over the entire tempera-
ture range (see graph).

Dicing Wafers Accurately

While the desirable characteris-
tics of high K barium titanate ce-
ramic materials have long been
known and utilized in capacitors
featuring high capacitance per unit
volume, a size reduction of this
magnitude necessarily  depends
heavily upon techniques for accu-
rately dicing ceramic wafers and
assemblying microminiature parts.
The techniques must also result in
a high percentage yield to keep the
selling price down to a level which
does not preclude the use of the
finished components in any signifi-
cant portion of the potential mar-
ket. An indication of company’s
success in this respect is that the
ceramic wafers used in manufac-
turing the smaller values of the
CKIMW series are approximately
0.040 in, square and range down-
ward from 0.012 in. thick, while
the vield of saleable parts exceeds
80 per cent of those manufactured.
The techniques used are quite
naturally held to be proprietary in-
formation since they include the
use of special assembly fixtures and
proprietary methods for accurately
cutting ceramic; however, the proc-
ess flow is as follows:

Grading of raw ceramic wafers;
preliminary cutting of ceramic
wafers; assembly of leads and ce-
ramic dielectric; finish cutting of
ceramic; cleaning and coating of
capacitor body; testing; aging, to
stabilize temperature characteris-
tics; and grading and packaging.

Testing includes both in-process

testing to insure that physical size
and construction are correct, and
electrical testing to establish that
quality levels are maintained. All
capacitors are subjected to a high-
potential test at 400 per cent of
rated voltage, followed by a 24-
hour “burn-in” period during which
the capacitors are continuously op-
erated at 200 per cent of rated volt-
age, followed in turn by a second
high potential test at 400 per cent
of rated voltage. All capacitors
which survive the testing are sub-
jected to an aging cycle of approxi-
mately two weeks duration to
permit their temperature character-
istics to stabilize, following which
they are graded for capacitance
value and packaged for shipment.

The extremely small size of the
CKIMW capacitors requires that
they be handled carefully in order
to avoid losing them. Consequently,
the standard packages are individ-
ual clear plastic tubes with remov-
able end plugs. The tubes are clearly
and permanently marked with the
part number, which indicates the
capacitance value and tolerance of
the part.

Widespread Use Seen

Response to the series has been
very strong and company antici-
pates these parts will find wide us-
age among the manufacturers of
modular circuits.

A line of microminiature re-
sistors having the same form fac-
tor as the CKIMW capacitor series
is planned in the near future. These
microminiature resistors are being
developed utilizing the chemical
technology inherent within Prod-
ucts Research Company in conjunc-
tion with the electronic compo-
nents technology existing within
its wholly owned subsidiary, Chem-
Electro Research, Inc.

Uses Rise For
Precious Metals

RIGHT Now in Washington, congres-
sional decisions are being formed
on the future of silver. With signifi-
cance for our industry, the delibera-
tions are also reminders of the
growing use of other precious
metals in electronics.

Present electronics requirements
for silver run to about 50 million

electronics



Smaller diameter

for complex hook-ups

with Beldfoil*

shielded cables

sl PSS <

Where shielding is required you can reduce the
size and weight of your cable with Beldfoil
shielding. This new development can greatly
reduce the diameter of multi-conductor cables.

Multi-cable hook-ups can also be confined
to less area. In many applications Beldfoil
shielded cables can replace combined and com-
plex hook-ups of twisted pairs and individual
conductors laced together.

Beldfoit* | M| ,/[4‘2‘“; Ccventional
Shielding B v_;;:ry St elding

Beldfoil is a lamination of aluminum foil
with Mylart which provides a high dielectric
strength insulation that is small in diameter,
light in weight and low in cost. Its superior
characteristics give 1009, isolation between
shields and adjacent pairs.

For audio and radio frequency applications, it
eliminates cross-talk and is ideal for stationary
or limited flexing.

If you have a space or design problem on shielded cables Belden engineering can help you.

Folded Foit

~— Mylar Tape

=— Aluminum Foil
Insulated Conductors
Drain Wire

Belden

WIREMAKER FOR INDUSTRY
SINCE 1902

CHICAGO

8.1.2

power supply cords « cord set and portable cordage
» electrical household cords « magnet wire s lead wire
« welding cable « automotive wire and cable

Reg. U.S. Pat. Off.

*Belden Trademark tdu Pont Trademark



HOW CHEAP
1S “CHEAP™?

“Why should we buy from you when
we can get the ‘same thing’ from
other suppliers at a lower price?”

In selecting a supplier of lacing tape (or any component), price and compli-
ance with specifications are not the only criteria. But too often, manufacturers
ignore the other factors involved and consequently lose money.

For example, in a $15,000 piece of equipment there may be only 15 cents
worth of Gudebrod lacing tape. It costs $75 to work this tape. It may be possi-
ble to buy the same amount of tape from other suppliers for 2 or 3 cents
less . . . it “will meet the specs” according to these suppliers. But one of our
customers recently pointed out why he still specifies only Gudebrod lacing
tape in such cases.

“We tried buying some cheaper tape that ‘met the specs.” Within a few
months our production was off by 509 . . . boy, did the production people
really scream about that tape. And our labor costs doubled... our
costing people really flipped!

“Another thing, why should we risk the possible loss of thousands of
dollars when the original material cost difference is only a few cents,
Once you put cheaper tape on and something goes wrong after the equip-
ment is finished . . . you’ve had it. No, thank you! We learned our lesson!
We buy Gudebrod lacing tape!”

Whether your firm uses one spool of lacing tape or thousands, there are four
advantages in specifying Gudebrod for all your lacing requirements:

1. Gudebrod lacing tape guarantees increased production!
2. Gudebrod lacing tape guarantees reduced labor costs!

3. Gudebrod lacing tape guarantees minimal maintenance after
installation/!

4. Gudebrod guarantees quality! On every spool is a lot number
and seal which guarantees that all Gudebrod lacing tape is pro-
duced under strict quality control. Our standards are more
exacting than those required for compliance with Mil-T.

Our Technical Products Data Book explains in detail the complete line of
Gudcbrod lacing tapes for both civilian and military use. For your copy
write to Mr. F. W, Krupp, Vice President, Electronics Division

GUDEBROD BROS. SILK CO, INC.

Electronics Division Executive Offices
225 West 34th Street 12 South 12th Street
New York 1, New York Philadelphia 7, Pa.
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ounces a vear, gold is being used at
the rate of about 24 million ounces
and platinum applications account
for some 200,000 ounces annually.
Close to forty companies are now
supplying gold, silver and platinum
for electronics uses. Most of these
say the proportion of their income
from electronics oriented products
is rising with silver in the lead.
Most commonly given reasons for
this center about the role of elec-
tronics in space-age technology.
Wider ranges of environmental
conditions, the constant push for

Conductivity tests for gold plated
printed eireiits

miniaturization and growing appli-
cations in semiconductor technology
are some of the prime factors for
the increase.

Gold and platinum prices are now
subject to free market conditions.
This means that electronics users
and others can take advantage of
market fluctuations in determining
when and how much of these metals
to buy. If the present administra-
tion plans go through, to “get the
U. S. Treasury out of the silver
business’” the same free trade con-
ditions will prevail for silver.

Use in Batteries

One major user group that could
benefit from this would be battery
manufacturers. It is estimated that
silver now being consumed for bat-
tery manufacture is beginning to
approach the amounts used by the
photography industry which is now
the largest user of silver. Connector
and relay manufacturers are also
major users of silver as well as gold
and platinum. In semiconductor
manufacture all three precious
metals are used for coating layers,
joining different materials and as
headers and casings. Silver use in
electronics over the past ten years

electronics
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LUNAR SURFACE RESEARCH

...one of more than 500 R&D programs under way-at Douglas

This Douglas study seeks to increase man'’s
undérstanding of the character of the moon’s
surface and how it will react to space-exploring
machines and men.

Theoretical investigations are being supple-
mernted by experiments in the Douglas Space
i’hysics Laboratory. Here the effects of high
vacuum on simulated properties of the surface
of the moon are being studied to deduce 'the
best model for the lunar surface that satisfies
existing data. Moon crater formation is also
under study to determine whether volcanic
processes are in action.

Of career interest to engineers and scientists

Doug-l-as has entered into a period of greatly
expanded activities in a number of programs
(like the above) which relate to tomorrow’s

DOUGLAS

Missile and Space Systems Division

An equal opportunity employer

May 11, 1962

technology. Outstanding positions are now
open in a wide variety of fields.

We-urge you tocontact us regarding current
openings if you have a background in any of
the engineering or scientific areas related to
missile and space systems or space exploration.

Send us your resume or fill out and mail the
coupon. Within 15 days from the receipt of
your letter, we will send you specific informa-
tion on opportunities in your field at.Douglas.

Mr. F. V. Edmonds

Missiles and Space Systems Division
Douglas Aircraft Company.

3000 Ocean Park Boulevard

Santa Moriica, California

|

|

|

|

|

|

|
Please send me full information on profes- =
sional opportunities in my field at Douglas. |
|

|

|

|

|

|

|

_!

Name

Engineering or
scientific field_

Address _

— —— ——— ———— iy (i o T S S . s s, o ] S
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RESISTIVITIES OF PRECIOUS
AND OTHER METALS

SIBRVO IR Report |

Resislivitry
- Y SOGiOMN SOV LN in ohms/cm
QNZZVOU'\J\)\{UI\I‘?BA"QUO\J\T()\?1 VA . Metal Deg.C. xm-‘c
_=1IN231300CCONCGUG000CO0CLL1IZN21RMN2252960 .

— =  E— Aluminum ..... 20 2.828
~4N2313v % iy 0 100 Brass (various).. 0 64 -84
JON2310 . 3170 Copper ........ 20 1.72
J2N22450 Germanium 0830 I(i‘c(z)x"?an Silver .. g?) Z;zg
J3N21600 | 7710 Nickel ......oo. 20 18
JOEN1330u 48281 Gold ........... 20 2.44
- £ Platinum ....... 20 10.0

T4 N 2 282“ 6399 Silver .......... 18 1.629
JZN223560 1109 Palladium ...... 20 11.0

_JON133C0 ! 8920 Rhodium ....... 0 4.69
-2N22600 b kel 28626 e

_T4N220V055L0M93490000CC1CZN1220N13519956

Computer Optimizes
Achromat & Other
Complex IR Optics Designs

Servo Corporation of America again proves its leadership in
the field of infrared optics with the establishment of a fully
programmed computer design capability for infrared achro-
matic doublets, multi-element lenses, and selective systems.

This computer installation accelerates and optimizes design
and performance information for the company’s complete line
of I-R optical elements and systems. Criteria of resolution,
wavelength, field of view and size are all considered in solving
your optical problems.

Servo Corporation maintains its own materials and optical
manufacturing facility where it produces I-R optics to handle
wavelengths from the visible to beyond 20 microns for research,
laboratory, industrial, and military application. Included are
the optical components for a wide range of products such as
thermistor bolometers, radiation pyrometers, I-R photographic
and reconnaissance systems, and missile and space vehicle
guidance and control devices, and railroad hot box detectors.

way ahead in infrared
@ SERVO CORPORATION OF AMERICA
" 111 New South Road -+ Hicksville, L. 1., New York - WElls 8-9700

.- N

- ‘\‘\

120 CIRCLE 120 ON READER SERVICE CARD

|\

'\n%

has increased by almost fifteen per-
cent and shows promise of continu-
ing to climb.

Gold use has also risen. Estimates
are that ten percent more gold is
being used in electronics now than
was used in 1951. The main advan-
tage of gold in electronics is its re-
sistance to corrosion. A drawback,
however, is its extreme softness in
comparison with other metals. For
this reason a major portion of the
gold found in electronic devices is
in alloy form. One such form, made
by Sel-Rex Corp. is being used now
to plate waveguide components in-
cluding pressure windows and con-
tact pins. This harder form, called
bright gold is twice as hard as 24
karat gold plate and is also used for
semiconductor housings. The com-
pany, a leading supplier of electro-
plating solutions in the precious
metals field, also produces bright
silver and bright platinum.

Platinum in electronic applica-
tions goes back some 50 vears when
researchers discovered that plati-
num coated with certain oxides
heated in a vacuum would emit
large quantities fo electrons. Ac-
cording to International Nickel Co.,
a major free-world supplier of
platinum metals, the present use of
platinum in electrical and electronic
applications accounts for slightly
more than half of all other uses
which include dental, chemical and
jewelry. Certain types of x-ray
tube anodes are made from plati-
num. Other long-life cathodes in-
cluding those of a newly designed
amplifier tube for the transatlantic
cable are also made of platinum. A
number of radar tubes employ grids
made from platinum alloys.

electronics



Storage Systems are our business — We can build a memory system to fit your needs from in-stock standard
parts — memory stacks, printed circuit cards, power supply unit, 19" standard racks — and deliver it complete in
45 days. These are available in each of three basic internal logic types — random access, sequential non-inter-
laced, sequential interlaced — with cycle times as fast as 1.5 ps. In addition to fast delivery, we offer you much
more —a highly competent team of research, development and appl cation engineers, backed by the finest

production facilities in the industry. B For new data file on memory products, write to Indiana General

COprl’atiOﬂ, Electronics Division, KeaSbey, New Jersey. Visit us at the Spring Joint Computer Conference, Bocths 110-111

INDIANA GENERAL K=:

- g ~a s ';*\-}
A S S| @&
TC CORES MEMORY MINIATlflRE TWT MAGNET MEMORY
CORES MOTORS SUB-ASSEMBLIES PLANES

in-stock modules
45-day memory delivery...

May 11, 1962
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1@1 SUPER SERIES 85 Tantalum Foil Electrolytics

save Space, save Weight, eliminate Parallel Connections

Do away with troublesome, board-crowding paral-
leled electrolytics in your miniature circuits. New
SUPER SERIES units have twice as much capaci-
tance per case size as called for in MIL-C-3965/2.
This means you can use one instead of two, with
resultant savings in space, weight and wiring time.
And SUPER SERIES capacitors have only half
the impedance and d-c leakage of standard MIL
ratings. Better still, iei achieves this exclusive
electrochemical breakthrough without sacrificing
reliability or performance, as proved in 2000-hour
life tests shown.

Complete specifications and CE comparisons in
Bulletin 2850. Write to International Electronic
Industries, Box 9036 — 94, Nashville, Tennessee.
A Division of Standard Pressed Steel Co.

122 CIRCLE 122 ON READER SERVICE CARD

Typical Life
Test Curves,

at 85° C with

HHONO. CAPACITY YOLTAGE  SIZE 1 o)
1 1 0.4 15wC € [HIETT
i 00, E o

rated d-c voltage

0 250 500 750 1000 1250 1500 1750 2000 2250
HOURS

% OF ORIGINAL CAPACITY, 257C (120 cps)—

applied

International Electronic Industries Div.

where reliabilily replaces probabilily

electronics



ik o G B

CLEANEST VACUUM

i, W in 10-2 to 10-10 torr range

STAINLESS
STEEL BODY

/ NEW PATENTED COLD CAP *

SILVER SOLDERED
COOLING COILS

FIRMLY ANCHORED JET

4 STAGE
FRACTIONATING

JET ASSEMBLY Other ""HS Series” pumps to32”, peak
speeds to 52,000 liters per second.
Cold Cap standard on 10" pump,

optional on 4" and 6" sizes.

THESE ADVANTAGES
GIVE MORE DEPENDABILITY

KEEPS VACUUM CLEAN—backstream-
ing rate only 0.0005 mag/cm2/min., with
patented cold cap on the 4" and 6"
pumps.

SAFER OPERATION — no superheatars
which operate above the flash point of
the oil — no explosion risk.

CAST-IN NO EXTRA COST for all stainless body
HEATER — it is standard equipment.

NO OIL LOSS — {luid retaining foreline
baffle keeps oil in pump even if incor-

rectly air released.
NEW COLD CAP DESIGN QUICK HEAT UP AND COOL DOWN —

. cuts operating time and power cost.
cuts backstreaming 99%

Get speeds of 750, 1500 and 4200 liters per second with Manufacturing Plants at Newton, Mass. and Palo Alto, Cal.
these new ""HS Series” 4", 6" or 10" diffusion pumps. Each

pump is shorter, more efficient, and attains higher speeds
than all previous models. Smaller, lower-cost back-up :

pumps can be used because of high forepressure limits

of new jet design. N Rc

Water temperature is not critical and, therefore, areater EQUIPMENT

. . o . CORPORATION
latitude of pumping oils is possible. These are the pumps
to buy for the cleanest, fastest, low cost, most depend-
able vacuum system. Call or write for more details now A Subsidiary of National Research Corp.
on the new "HS Series’ Diffusion Pumps. 160 Charlemont Street, Dept. 4E
* Licensed exclusively from Edwords High Vocuum Limited U. S. Pot. No. 2919061 Newton 61, Massachusetts

o ~—REFLECTOR
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APPLICATION
IDEAS from EPL

where and how to use
Electrp Magnetic Pickups

...the self-generating
signal source linking
mechanical motion
to instrumentation

{3

Precise speed measurement

Model 3055-A
Actual size
Use it to provide tele-
metering data, to ac-
tuate, indicate, control,
synchronize.

ELECTRONIC
COUNTER

DC VOLTMETER

Wit CLOCK PULSE
RECTIFIER

CIRCUITRY

Synchronizing, timing
position indicating

o

Reliable speed control

Non-mechanical tachometer

5 ~ lorditaY ano
| associaren OVC%F:‘ST:%?
772777, i | S 11

P

Reverse direction of motion

Applications by the hundreds are possible
with these sensitive transducers that generate
voltage/frequency without contact.

No amplification needed, in most cases
Flectro Magnetic Pickups gencrate AC volt-
age in proportion to the speed of any ferrous
metal object interrupting their external mag-
netic field.

Most Complete line. Over twelve standard
models immediately available from local
stocks, Specially engineered pickups take a
little longer.

Write for Selection and Performance Guide CMP-50

ELECTRO PRODUCTS
LABORATORIES

4501-F Ravenswood, Chicago 40, Ill.
LOngbeach 1-1707

Canada: Atlas Instruments Ltd., Toronto

2125

Proximity Switches e Magnetic Pickups ¢ Prescon Controls ¢ Tachometers
Dynamic Micrometers ¢« DC Power Supplies
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Certainly
There Are Other Good

Temperature Control Chambers

but people who buy DELTA
Temperature Chambers seem to
be exceptionally pleased with
them. They like DELTA *1/,°
precision and rapid cycling
between —100° and 1000°F.
They go for DELTA automatic
cycling and programming, and
| plain simple convenience. And
now DELTA offers a brand new
SOLID STATE TEMPERATURE
CONTROLLER toretrofitany
| temperature chamber, DELTA or
otherwise! DELTA products are
‘ in general use throughout North
America and Western Europe.
Let us tell you more!

DELTA DESIGN

INC.

Call your Delta representative
or write direct

8000 FLETCHER PKWY. LA MESA, CALIFORNIA
PHONE: 465-4141 (SAN DIEGO) » TWX: LMSA 6538-U

CIRCLE 213 ON READER SERVICE CARD

TKK INDUSTRIAL MOTORS

Lowest Drain, Minimum Noise,
Longest Life — at Low Cost

OO

FM-250 R FM-250 N

RM-170 T

APPLICATIONS

* Taope-recorders
Record-players

¢« Clocks
Shavers

# Music Boxes

* Cinecameras

* Turntables

* Automations

* Other Appliances

type
RM-170T models

‘yoﬁltc_ge {D.C.)
1
RM-170S models |
!

1.5~30V
1.5~60V

30~12V
1.5~45V

1.5~60V

RM-170 SC models

F@-250N models
FM-250 R models

Large orders executed reliably and on schedule by the world's

largest factory specializing in D.C. magnetic low current motors

(Qutput: up to 2% million units per month!) Your detailed
’ inquiry is invited — your satisfoction guaranteed.

| MABUCHI SHOJI K.K.

37, Kabuto-cho 2-chome, Nihonbashi, Chuo-ku, Tokyo, Japan
C.P.O. Box 1084, Tokyo Cables: "NIHONKAKOCO TOKYO"

CIRCLE 214 ON READER SERVICE CARD
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Microminiature
Multi-pin Connectors

Only one-quarter the size of current
“miniaturc” types, Microdot Multi-pins
are available in three shell sizes to con-
tain up to 61 power or 19 coaxial con-
tacts in a 14” shell. Interchangeability
of parts is featured with inserts avail-
able in a variety of straight power,
straight coaxial, and combination
power-coaxial contacts. Power contacts
are interchangeable without changing
inscrts, allowing hermaphroditic con-
tact arrangements to be set up. Micro-
dot Multi-pins are available completely
assembled with Microdot cable, or in
unassembled kit forin.

Microdot Inc., 220 Pasadena Avenue,
South Pasadena, California
CIRCLE 21S ON READER SERVICE CARD

Microminiature
Coaxial Connectors

; ‘ ' 4
! P Ps
A

Microdot’s microminiature connectors
—including the world's smallest 350-
ohm coax connectors—are available in
over one million combinations. Plugs
are available in straight or angle screw
types and slide-on versions. Recep-
tacles include printed circuit and bulk-
head feed-thru types. Only highest
quality materials are used. Conductors
are of silver-plated copperweld or cad-
mium Dronze, center contaets are of
gold-plated coin silver. Housings are
silver-plated Drass to assure minimum
electrolysis with aluminum panels.
“Teflon]” “Kel-F)" polyethylene, and
neoprene are used as diclectrics, jack-
ets, bend relief caps, and pin protectors.

Microdot Inc., 220 Pasadena Avenue,
South Pasadena, California

CIRCLE 216 9N READER SERVICE CARD
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b= CIRCUIT DESIGNERS

GAIN NEW FREEDOM
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Specifically designed for applicaticn to modern digital computer circuitry, Microdot's
wide variety of 55 standard MICROCRIMP coaxial connectors offers dasign freedom pre-
viously available only with solder-type connectors. Yet you get crimp-type ease-of-use and
reliability assured by the highest specifications available from any standard crimp-type
coax connector line. And, wich MICROCRIMP, you also get two-step inspzction — of both
crimped center contact and of crimped shield. Available off-the-shelf in 55 types, these
connectors have standardized parts that easily and economically make up into specials.

MICROCRIMP connectors offer the closest impedance match available in a miniature
crimp connector —VSWR of 1.01 to 1.1 between .4 and 2.0 kMc. They came in four sizes
(for cable from .085 to .163 0.D.), four mounting configurations (cable; short threaded;
long threaded; and snap-lock), and two mating configurations (low and high retention).
Mated length is only 1-13/16" and males and females are interchanzeable. These con-
nectors handle higher working voltages, to 1,000 V maximum at sea 'evel, and 500 V
maximum at 60,000 feet, thanks to their longer leakage path and the use of Teflon*
dielectrics. Mated pairs of high retention connectors will withstand a 15g vibrational
environment for 12 hours per MIL-E-202. Life is 5,000 matings, mirimum, without

electrical deterioration. *Du Pont trademark.

For full details. see your Microdot sales representative, or write for Bulletin CTC.

Microdot Microminiature Cables are
available in coax, twinax and triax
constructions to meet MIL-C-17C.
For details, write for Data Filz2 CBL.

- e
& —

— - et i

— 3

MICRODOT INC.

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




_ PRECISION CAST HORN
Precision Microwave Castings

sium and copper base alloys.
Precision sand, plaster and
investment castings complete
with metallurgical tests are
processed at our foundry.

— We pour aluminum, magne-

WAVEGUIDE ASSEMBLY

Microwave Devices — Typical
microwave devices rangingbe-
tween L and KU Band include
duplexers, switches, phase
shifters, power dividers,
horns, directional couplers
and mixers. We test to your

CIRCULAR LINEAR POLARIZER

Antenna Assemblies — Com-
plex assemblies in the L
through KU Band frequency
ranges for ground, shipboard,
airborne and missile applica-
tions are available.

126

360 RING SLIP RING ASSEMBLY

SlipRing Assemblies—Our new
conceptofbutton typespacing
eliminates moisture and dust
traps, gives maximum ring ca-
pacity within minimum space
requirements. Dynamic char-
acteristics are improved be-
cause of lower torque, heat
dissipationis better and capac-
itanceisreduced.Costis lower.

( 3.4
QO0O0O G ORHAM
o

specifications.

PRODUCTS OF PROVEN RELIABILITY

Gorham Electronics has established a
reputation of supplying complex preci-
sion castings, microwave devices and
slip ring assembilies of proven reliability
to the country’'s major contractors.
Completely integrated facilities cover-
ing design, precision casting, close
tolerance machining and assembly,
plus final electrical test - all at one
location—are your assurance of a qual-
ity product, at lowest cost.

EL

Hidden costs associated with vendor
liaison, incoming inspection, divided
technical responsibilities, and multiple
profits are eliminated by placing a
single order for timely delivery of a fi-
nal tested product with an “Integrated
Facility of Proven Reliability''—Gorham
Electronics. Write today for our
brochure.

ECTRONICS

DIVISION OF GORHAM CORPORATION
333 ADELAIDE AVENUE, PROVIDENCE 7, RHODE ISLAND
Tel. Area Code 401 Williams 1-1000

ENGINEERING DESIEN e FOUNDRY ¢ MODEL SHOP e MACHINE SHOP + PLATING & PAINTING e ASSEMBLY « TEST

NEW BETTER-THAN-EVER

IRELIABILITY

for long-distance point-to-point communications

o~
VA
!/ ORTHERN RADIO

NEW 16-CHANNEL TRANSISTORIZED
VOICE FREQUENCY DIVERSITY CARRIER
TELEGRAPH TERMINAL TYPE 235 MODEL 3

MIL DESIGNATION AN/FGC-61A

.+ « All units militarized: components and design ap-
proved by U.S. Military.

. . . Converters have equalized gain and adjustable time
delay In each channel for better diversity performance
and interchangeability.

. + « Switching Panels provide *'local” or ‘‘remote’” se-
lection of 2-channel or 4-channel diversity modes.

. . . Combiners have adjustable gains in each channel,
for complete switching flexibility, and the combining
follows an ideally modified square law function for both
2-channel space or frequency and 4-channel space plus
frequency diversity.

. . . Keyers have adjustable “threshold’ sensitivity con-
trol and simplified input circuit selection.

. . . Dotter and Delay Indicator provides test keying
signal source for keyers and delay equalizers in all
channels,

Write for complete literature.

Pace-Setters in Quality Communicalion Equipment,

Normzzry RADIO COMPANY, inc.

147 WEST 22nd ST..NEW YORK 11, NEW YORK

In Canodo: Northern Radio Mfg, Co. Ltd., 1950 Bank St Billings Bridge, Ottawo, Ontario.
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WESTERN
ASSOCIATES

® Merchandising
& Sales Promotion

® Campaigns
® Marketing

® Manufacturers’
Representatives

® Consumer
Technical
Industrial

607 MARKET ST.
SUITE 201
SAN FRANCISCO 5, CALIF.
GA 1-8145

9735 WILSHIRE BLVD.
SUITE 129
BEVERLY HILLS, CALIF.
CR 5-5397
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@b ELecTRONICS

A

G-E CERAMIC TUBE ELECTRICAL
CHARACTERISTICS

Power output — milliwatts to 8 KW peak.

Noise figure down to fractions of db. Operation from sub-audio
to X-band.

Gain-bandwidth products up to 1600 MC.
Operation over temperature range from -55°C. to 400°C.
Nuclear tolerance 10!8NVT.

Impact shock to 3000 g's at 3-5 ms.

New General Electric ceramic tubes give
high-gaim, low-noise microwave performance
for as low as /o1 the price and o the size

Detailed value-analysis chart shows how size, cost ture and virtually eliminates tube element vibration. This
and performance advantages can be yours. Clip also results in excellent thermal coupling which allows un-
coupon, or circle reader service number, for free surpassed tube-performance at temperatures as high as
copy. 400°C. Most G-E ceramic tubes are on approved MIL-spec
lists and are available “off-the-shelf” from your local G-E
Receiving Tube Sales Representative. For more informa-
tion, clip coupon below.
Progress [s Our Most Important Product

No other microwave device can match the electrical per-
formance of G-E ceramic tubes without sacrificing either
small size, low cost, high-temperature tolerance, or radia-
tion resistance. In many UHF applications up to 10 Ge g
(KMC), General Electric ceramic tubes can perform

functions which now use TWT’s, klystrons, magnetrons G E N E R A L @ E LE CT R I c
or parametric ampl fiers. The result: component size-
znd-weight reductions up to 40:1, component cost reduc-
tions as high as $1,4C0.

G-E TIPS (Technical Information & Product Service) CErmmc !
E

General Electric Receiving Tube Department VALyg
High-gain, low-noise G-E ceramic tubes simplify cir- Room 1731A, Owensboro, Ky. "‘,}:‘T:Sts
itry and low OW i nts in h microwav . .
cuitzy and lower power requirements such microwave Please rush my free copy of ‘““Ceramic Tube Value- —

applications as: power amplifiers, oscillators, or frequency
muliipliers. Planar construction of ceramic tubes, with the

terminals as integral parts of the structure, results in low NaMe. . ottt Title.....cooovvvnnnn.
lead inductance, low nterelectrode capacitances and good ¢
. . it R . ! OMIPUNY - o vt ettt e e naenensensnsneesensesoneennesnnns
isnlation between input and output circuits. Solid brazing A

-

-
|
|
|
|
|
] Analysis Data.’
|
|
:
of the integral parts gives an extremely tight tube struc- |
|
|
|



PRODUCTION TECHNIQUES

Thin film circuit, center, and the precision metal masks used in making the civeuit: from left, conductor and capacitor
plates, resistor runs, silicon wmonoxide diclectric, top capacitor plates

Etching Precision Masks for Thin Film Circuits

By J. W. DILLON
J. C. GIOIA

Light Military Electronics Dept.
General Electric Co., Utica, N, Y,

TO MEET THE EXACTING require-
ments of thin film circuits, precise
photoetched masks are essential. If
a vapor deposited resistor, for ex-
ample, is to be within five percent

of desired value, and if the width
of the resistor is 0.010 inch, then a
simple calculation—0.010 inch times
0.05—shows that the 0.010 inch
opening in the mask cannot vary
more than = 0.0005 inch.

The 0.0005 inch figure is based
on the premise that no other errors
will occur during deposition. Actu-

Coordinatograph is used to scribe cireuit lines

128

ally, the resistance monitoring proc-
ess must be given a margin of
error, and drift in film resistivity
will also cause error. For these
reasons it is necessary to reduce the
tolerance on masks to at least
#+0.0002 inch and preferably to
#+0.0001 inch. Preliminary informa-
tion pointed to the mask specifica-
tions given in the table.

A program at LMED has led to
a repeatable precision mask-etching
process with control of etching to
within #0.0002 inch on 0.003 inch
stock. The control is obtained by a
four-step, relatively simple labora-
tory procedure.

To keep the size of the art work
to manageable limits, 40 times
scale is used for magnification for
average mask areas of one square
inch. The circuit pattern is scribed
on Mylar Scribe-Coat film using a
coordinatograph. Hand scribing is
not suitable.

Sidewise etching is a phenomenon
imherent in chemical etching. As a
result, a line will be wider in the
mask than it is on the art work and
compensation has to be made in the
original art work.

The principal reason for multi-

electronics



SCRIBES SMALLEST SEMICONDUCTORS—AUTOMATICALLY

New Philco Controlled Index Scriber embodies a host of new semiconductor scribing capabilities ® Auto-
matically scribes blanks as small as .010” x .010” = Vacuum hold-down = Separate alignment and scriking
stations ® Electronic Indexing ® Speed of 20 scribing cycles per minute ® Dial Indexing adjustment
in quarter-thousandth increments from .00025"” to 2.5 = Ideal for new mesa and planar devices.

g 2\ NEW METERED
CLEAN-UP ETCHING

New Philco Modular Chemical
Pumping System assures critically
uniform clean-up etching of all
P‘ components. Dispenses metered
quantities of the most highly
- corrosive etchants, with rapid cy-
o :'_ cling, low pressure and clean cut-
off. System No. 8.0306.

Get complete specifications. Write Dept. E51162

NEW LOW-COST
250°C. VACUUM OVEN

Outstanding quality at a budget price.
All stainless steel. Hard vacuum—
down to the 10 5 Torr range. Adjust
able shelves. Includes vacuum valve,
vent valve, and foot switch. Cylindri
cal muffle dimensions: 10" diameter,
18" depth. Model No. HB-1

EQUIPMENT DEVELOPMENT & MANUFACTURING OPERATION p H l LC(D
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i Cut-away view of typical
element-and-wiper assembly.
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Protection against

sudden open - circuit-
ing is built into the
Markite precision po-
tentiometer. Sturdy
one - piece resistance
element embodies
solid, raised track of
Markite conductive
plastic co-molded to
insulator base with
insert-molded taps
and terminals.

) = With this unique re-
sistive track . . . of large cross-section
and hard, smooth surface . .. wiper gall-
ing and bounce are eliminated. Service
continuity and performance predictability
are assured even under environmental
extremes, often beyond 50,000,000
revolutions!

Rotary or rectilinear, Markite pots offer
infinite resolution and other outstanding
electrical characteristics. Write for Bul-
letin 511 or send in your specifications.

MARRNRITE

Markite Corporation, 155 Waverly Place
New York 14, New York—ORegon 5-1384
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scaling original art work is to ob-
tain final, single-scale art work with
a minimum of error. Good process
cameras and films are a must.

Using green-blue filters to limit
chromatic aberration, only using
five degrees of the lens center for
the field, and limiting field area to
one-fifth or one-sixth the focal
length of the lens, the average
process camera will give resolutions
of 100 to 300 lines per millimeter.
Reducing this lens resolving power
to tolerances on line patterns,
errors of plus or minus 0.00013
inch are introduced; the resolution
available from mylar-supported
emulsions produces another error of
similar magnitude. The error ex-
ceeds that allowable for five percent
resistors.

Improved Cameras

T. C. Hellmers and J. R. Nall
have designed and built two pre-
cision cameras for use with spectro-
scopic plates that have a resolving
power of 2000 lines per mm.' A spe-
cial high-resolution camera using
an apochromatic lens (corrected for
both spherical and chromatic aber-
ration) with a resolution of 1800
lines per mm has been built by
Burke and James. Such precision
cameras when used with new com-
mercially developed spectrographic
plates having emulsions capable of
2000 lines per mm make possible
a heretofore unknown clarity of
photographic images.

Two single-scale positives—one
front and one back—are produced

e N ii—’g’ﬁ-?‘r—l—fiﬁ P

S

I

on these glass spectroscopic plates.
Extreme care is necessary to keep
the images of the front and back
plates in exact juxtaposition rela-
tive to points on the edges of the
glass.

The metallic mask blanks are
cleaned to remove organic and in-
organic contaminants and oxida-
tion. Kodak Photo Resist (KPR) is
applied to the clean mask material.
Copper, brass, and stainless steel
are good choices.

The KPR is applied in a con-
trolled atmosphere room or work
chamber with gold fluorescent
lights. Pure, freshly filtered KPR
is applied by dipping the metal un-
til the film is 0.001 inch thick;
spraying or whirl-coating are also
effective coating techniques.

The resist should be air dried for
at least 24 hours; accelerated heat
drying should be avoided.

The coated metal is mounted be-
tween the spectrographic plates,
with accurate registration of the
front and back plates, and exposed
to ultraviolet light tubes. (Arc
lights are not good for this pur-
pose because they are not clean
enough.) Both sides of the work
should be exposed simultaneously
and light scatter should be mini-
mized. Exposure time is determined
from a Kodak step table.

The work is developed by soaking
it in KPR developer for two min-
utes with no stirring. It is spray-
rinsed immediately with three or
four passes of a one to one solution
of KPR developer and denatured al-

o Uy

Resistor runs reproduced here about 20 times actual size. Tear drops and
line roughness are apparent on sample at left, which was made with usual
techniques. Sample at right does not have these defects

electronics
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ALL NEW

from Ingersoll Products

MODULAR
ENCLOSURE
SYSTEM

DESIGNED TO STIMULATE YOUR IMAGINEERING!

EMCOR II Modular Enclosure System provides an exclusive combina-
tion of appearance and structural features for distinct, individualized
customer identity. Recessed, flush or extended panel mountings; choice
of aluminum trim or grillwork extrusions, an assortment of customer
nameplate styles, double width frames, pontoon bases and side panels,
multi-function enclosures; superior structural strength second to none;
externally removable side panels; 13" pull-out Work Writing Surfaces
plus many more features designed to stimulate your imagineering. Your,
investigation of the EMCOR II Line will be rewarded by virtu:lly
unlimited application possibilities.

A FEW OF THE MANY ENCLOSURE STYLES TO MEET
YOUR INDIVIDUALIZED NEEDS

Desk-Type Console

Vgxul Rack Sloped Fromt Equipment Extended Arm Turret (Enclosures below work writing
‘e

2hosy: Enclosure Enclosure Enclosute Enclosure surtace can be wall-mounted)
Request New EMCOR-The Original Modular Enclosure System By
EMCOR II INGERSOLL PRODUCTS
Literature Division of Borg-Warner Corporation
PROOUCTS

1000 W. 120th ST. @ OEPT. 1242 e CHICAGO 43, ILL.

BORG-WARNER®

Mav 11, 1962

Full details available
on the ALL NEW

Emecor Il

MODULAR
ENCLOSURE
SYSTEM

from your local
EMCOR sales
engineering office

NORTHWESTERN
N. R. SCHULTZ COMPANY
Seattle

WESTERN

NEELY ENTERPRISES

North Hollywood + Sacramento
San Carlos + San Diego
Albuquerque - Las Cruces
Scottsdale « Tucson

TEXAS, OKLAHOMA
JOHN A. GREEN COMPANY
Dallas » Houston « Tulsa

SOUTHEASTERN

W. A, BROWN &
ASSOCIATES, INC.

Orlando « Alexandria » Winston-

Salem - Indian River City

Huntsville « Ft. Lauderdale

NEW ENGLAND STATES

TECHNICAL INSTRUMENTS,
INC.

Reading - Bridgeport

UPPER NEW YORK STATE

J. A. REAGAN CO., INC.

Albany - Buffalo + Binghamton

Marcellus (Syracuse)

New Hartford

METROPOLITAN NEW
YORK CITY, NEW
JERSEY AND EASTERN
PENNSYLVANIA
KENNETH E. HUGHES
COMPANY, INC.
Union City + Haddonfield
(New York City Telephone)

MICHIGAN, OHIO,
WESTERN PENNSYLVANIA
AND WEST VIRGINIA

S. STERLING COMPANY
Southfield (Detroit) « Dayton
Cleveland - Pittsburgh

NORTH CENTRAL

HUGH MARSLAND &
COMPANY, INC.

Chicago - Indianapolis

Minneapolis

KANSAS—MISSOURI

HARRIS-HANSON COMPANY

St. Louis « Kansas City

ROCKY MOUNTAIN AREA

LAHANA & CO.

Denver - Salt Lake City

CANADA

BRIAN ENGINEERING
LIMITED

Montreal « Toronto
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‘Clem,we
shoulda used

HEXSEALS &
SEELSKREWS

Do you have suggestions for car-
toons? If so, send them on to us
...A PRIZE FOR EVERY ENTRANT!
You'll get a credit line too...if you
give permission.

Cartoon above suggested by H.
Lindauer, New York, N. Y.

Incidentally... HEXSEALS are

modular seals which fit onto
switches.

SEELSKREWS are self-sealing

screws.

We also manufacture
SEELBOLTS* SEELRIVITS*
RUBRGLAS*  SILICORINGS*

OUR PRODUCTS MEET ALL
APPLICABLE MIL SPECS

Our modular seals may be new to
you; let us send you our Catalog
3598B. *Trade Mark

Write or call: MISS RIVA SOLINS

APM-HEXSEAL

CORPORATION
41 Honeck St., Englewood, N. J.
LOwell 9-5700

132

cohol. Then it is soaked in this
solution for 15 seconds and sprayed
with aerated water. Where there is
considerable developing to be done,
two developer solutions may be de-
sirable: one for the initial rinse
and one for final clean developing.
The image can be hardened further
if the next etching step requires
by baking it at 450 F or exposing
it to more ultraviolet light. The

| harder the KPR, the more diflicult

it is to strip from the finished

TABLE—-PRELIMINARY SPECITFICA-
TIONS FOR THIN FILM MASKS

1. Accuracy sufficient to etech 0.005-
inch wide resistors to within = 0.0002

inch.

2. Mask to have sharp definitions and
no ragged edges when viewed at 50X
magnification.

3. Minimization of wedge shape to
etched lines as well as tear drop appear-
ance at end of lines.

4. Mask to be sufficiently rigid to avoid
distortion in handling and 1o lie flat
against substrate material; maximum
flatness variation to be limited to
+ 002 inch,

5. Material selected for masks to with-
stand 250 C temperatures in vacuum of
10 mm of Hg.

6. Mask material to have sufficiently
low vapor pressure not to outgas during
deposition.

mask. Thus, hardening the image
more than is necessary complicates
the task.

Controlling all variables in the
process produces highly accurate
masks but the etching requires ex-
treme precision in front-to-rear
alignment of the photographic
emulsion plates. This precision has

been attained with fixturing tech- |

niques that limit misalignment to
=+0.00005 inch.

In the etching step the mask is |

dipped in a flat position into a
beaker of etchant. The work re-
mains stationary in the solution for
1 of etch time. It is then removed
and given a light water-spray rinse.
Finally, it is returned to the beaker.
and the procedure is repeated for
the reverse side until etch is com-
plete. Eetching through both sides
in this fashion reduces undercut-
ting by one-half.

Control charts predict the accu-
racy of the etching process to
within =0.0002 inch and the results

CIRCLE 132 ON READER SERVICE CARD

IN THE EXPANDING FIELD OF

PHOTOGRAPHY

THE UNIQUELY CONTROLLED
CHARACTERISTICS OF

CLAIREX®
PHOTOCONDUCTIVE
CELLS

. .. ARE THE -BASES
FOR A GROWING NUMBER OF
PRECISION APPLICATIONS

,‘l il

4

THE HEART OF THE FAMOUS
“MICROEYE” ...

in the Model 900 Polaroid® Lttt
Camera is a Clairex cell of spe-
cial design, with a sensitivity
capable of controlling the pre-
cise adjustment of the exposure
mechanism over a light range
from less than 1/10 of one foot-
candle to several hundred foot
candles.

Clairex Corporation, through:

o CAREFULLY CONTROLLED
CHARACTERISTICS

o CUSTOM DESIGN AND
 ULTRA SENSITIVITY

has pioneered the use of photo-
condutive cells in the photo-
graphic industry. A growing num-
ber of high quality still and
movie cameras, exposure meters,
enlargers-and pfojectors are now
usi% Elairex”colls. g
// /

Approximately %2 actual size

The broadest standard line —

5 Series in both glass and metal
packages plus unique abilities to
custom engineer . . . because “Photo-
conductors are our only business.”

LAIREX
ORPORATION |4

8 West 30 Street, New York 1, N. Y. ?}':‘_e~
The Light Touch in Automation and Control 77

i
\
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Becon Connectors are

The BECON
90-degree
connector provides
perpendicular board
connection, plug-in
connection, and easy
circuit pickup
selectivity.

flying in the U.S. Army's

Wi o

Pershing Missiles.

R

The BECON
180-degree
connector

provides
parafle! board
connection,
adapts to
any board
thickness
and works

on any

i printed
circuit
configuration,

Y o)

4

& S ; NO SOLDERING
‘ NO WIRING

NG HOLE DRILLING
& kR conTacT connecTION

Designed to provide the kind of shock resistant muscle needed in
eco n the air-borne equipment of the U.S. Armv's Pershing Missile,
the Becon Connector was developed by Brown Engineers not

only as a space-age item, but for practical industrial application

c as well. [} Every day new problems are sclved in tae industrial
0 “ “ ec u rs picture by the use of the Becon Connector on prirted circuits.
nEn Problems arising from vibration, thermal shock, humidity and salt
spray are eliminated with this new Becon Ccnnector that requires
no soldering, no wiring, no hole drilling for ccntact connection.
m usc e (] Whatever your problem in industrial electrcnics, the team at
Brown Engineering can help you solve it. {1 Write, wire or call
today for further information.

for missil
or Iss' e BECON PRINTED CIRCUIT CONNECTOR
|
or I“d“Str a product of BROWN ENGINEERING CO., INC.
P.O. Drawer 917, Huntsvilie, Alabama —T W X-8552

Immediate career positions available for cualified engineers in Brown
space program. To arrange confidentiat infersiew, submit resume
and salary requirements to: Personnel Manages « P. 0. Box 917-EM
* Huntsville, Alabama + An equal opportunity employer,
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ltek

Crystal Filters
do Wonderful

£e—
&

Dropping excessive components is a wonderful thing! At a receiver’s
antenna or first IF, Itek Crystal Filter 30 MH means no multiple
conversions, no desensitization, near straight-up attenuation — enough

components saved to fill a trash burner.

Perhaps you don’t need a 30 megacycle,
highly selective, 125 KC bandpass filter. But
could you use the ingenuity that built one?
Could Itek technical leadership help you?

Of course, the world’s largest and most
complete selection of stock crystal filters is
available, too. Choose from more than 3,000
Itek-Hermes designs.

\/—\m - D PSS

|

=+ ATTENUATION IN DB

mmL

I e d ||
-120 -80 -40 0 40 80 120
FREQUENCY IN KC FROM 30
MC CENTER FREQUENCY

Write for free Brochure “WEESKACFAACP” or, What Every Engineer
Should Know About Crystal Filters At A Cocktail Party. You’ll enjoy it.

Itek Electro-Products Company

75 CAMBRIDGE PARKWAY, CAMBRIDGE 42, MASS,
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A DIVISION OF Itek

are verified with a 50 X microscope.
Once the etching time in minutes
and seconds has been established, a
batch of five masks are etched at
the same time. The process is eas-
ily mechanized once the effect of
etchant life, temperature, specific
gravity, and milligrams of metal in
solution have been plotted on con-
trol charts.

Upon completion of etch, the
KPR should be removed so that it
will not interfere with the vapor
deposition process. Several proprie-
tary KPR strippers that produce
good results are available.

Process Variables

Among the principal variables in
making resistor masks are tear
drop effects on the ends of resistors,
line roughness, protrusions, and va-
riations in line width. The tear
drop effects are caused chiefly by
uneven run-off of etchant solution.
Line roughness and variations in
line width can be attributed to loss
of acid-resistant coating. Metal pro-
trusions on the etched circuit are
usually caused by the minute pieces
of dust that normally float in the
air. These dust particles adhere
to the protective acid resist and
become a part of the coating. Dust
particles as small as two microns
can be the nuclei of metallic pro-
trusions, especially if they fall
across a narrow resistor run. Im-
proved reliability and elimination
of protrusions have been obtained
by using clean-room techniques.

The science of mask preparation
has progressed to the point where
metals of higher purity and closer
tolerances are required. The accu-
racy and control of line width can
now be directly related to the crys-
tal size of the metal, grain orienta-
tion and variations in surface thick-
ness. On 0.003 inch thick stock,
thickness variations greater than
+0.0001 inch will definitely influ-
ence results.

Unfortunately, high-density met-
als (with low vapor pressure and
resistance to thermal sagging) re-
sist normal etching techniques and
better equipment is needed for these
metals.

REFERENCES

1. T. C. Helmers, Jr., and J. R. Nall,
Micrographs for Electronics, Semiconductor
Products, 4. p 37, Jan. 1961,

electronics



New

TYQ7
621J

Corning TY capacitor

gives you glass stability in a
new package

Check the TY from every angle against what you need in a
printed circuit capacitor:

High stability—You get the same type basic capacitive element
of fused glass and foil that we put in the hi rel Minuteman and
all other Corning capacitors.

Small size—~The "T” in TY is for tiny. Sce the table.

No shorts—The case and potting compound prevent inter-
component, wire, or chassis short circuits.

Easy mountlng—PamIlel leads are symmetrical with the case,
spaced uniformly on 17" grids. The standard gold-flashed Dumet
leads are welded to the conductive plates for greater strength,
and are easier for you to weld or solder. No “pants” on the TY —
it sits flat on your board—and its dimensions are stable.

Try the TY06 now, with a capacitance range of | to 560 pf,
and the TYO07, with a range of 560 to 1000 pf. These values hold
at 300 volts from —55°C. to + 125°C. with no derating. Corning

May 11, 1962

TY capacitors retain the electrical performance inherent in glass
capacitor construction as evidenced by their stability, life per-
formance, and TC.

Check these TY dimensions for your application: L T
- e
| L*.005"|W=.010"| $+.020"| T=+.005" N
TYOD6 300 .200” .200" 115"
TY07 3007 3007 2001 1157 |S
Lead diameter 0.020" +.002

For more information, write Corning Glass Works, 539 High
., Bradford, Pa.

CORNING

Electronic Components
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WIDE

RANGE
RC
OSCILLATOR

TUNES 10 CPS TO 10MC
°

BUILT-IN VOLTMETER AND ATTENUATOR
CONTROLS OUTPUT, 1MV TO 3.16V

®
SOURCE MPEDANCE SWITCH SELECTED,
75, 100, 600 ©

°
HIGH OUTPUT TO 31.6V (BELOW 100KC)
[ ]

PLUS FEATURE: SQUAREWAVES TO 100KC
®
PRICE: $770

New RC Oscillator Model 1370 tests AF/Video
Amplifiers, wide band systems, networks, and
telephone circuits with ease. Output impedance
may be set at 75, 100 and 600 ohms (or 5
ohms using accessory pad TM6454) to exactly
suit the system under test. Six decade bands
effectively expand the tuning dial to 105
inches; dual ratio drive enables any frequency
to be set with precision.

A modified Wien Bridge circuit gives excep-
tional stability and low, low distortion. Circuit
also generates squarewaves to 100Kc for tran-
sient analysis and rapid bandwith determination.

Write For Complete Technical Literature

MARCONI

INSTRUMENTS

DIVISION OF ENGLISH ELECTRIC CORPORATION
111 CEDAR LANE + ENGLEWOOD < NEW JERSEY
Main Plant: St. Albans, England

136
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AIRFRAME CABLE

MIL-W-7139

TEFLON INSULATED

A DISTRIBUTION LEAD WIRE
with superior solvent resistance

FOR AIRCRAFT AND MISSILES

= Superfo

QUALITY ASSURANCE PLUS RELIABILITY are the all-
important factors that have made Super-Temp your most
dependable source for specialized wire and cable. ..
Especially in missiles and aircraft that cost millions to
build and whose operation depends on the perfect func-
tion of every delicate component. No other manufac-
turer offers the experience and facilities immediately
available to you from Super-Temp. Why not discuss
your particular requirements with one of our engi-
neers now? For further information on our
full line of wire or cable, send for new data
folder. Address Dept. E-25,

AMERICAN SUPER-TEMPERATURE WIRES, INC.

A Subsidiary of Hoveg Industries, Inc.

8 West Canal Street, Winooski, Vt.
13151 Sherman Way, ;‘s N. Hollywood, Cal

~EET
"—)"“v
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]

Miniature Switches

Toggle Switches 125V 10A. A.C.
§-2012 (SP. DT)
$.2022 (DP. DT)
$-2025 (DP. DT>
(momentary)

PS Type Rotary Switch
125V, 30A. A.C.

Each main switch has
from 1 to 5 circuits,
from 2 to 11 contacts,
and has been design-
ed so that the mem-
ber of contacts can
be altered to suit your
purpose.

r

Push-Butten Switch

125V 6A. A.C.
$B-2061 (DP. DT)

Sub-miniature Toggle Switches
125V 15A., 250V 10A. A.C.

We will send aeatalog immediately upon inquiry.

NIHON KAIHEIKI IND.CO.LTD.

644, 3-chome, Higoshi, Mogome-cho, Oto-ku,
Tokyo, Jopon Tel: Tokyo (772) 3181/5

CIRCLE 220 ON READER SERVICE CARD
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when thinking small
becomes a BIG problem

Hi-G Inc. makes the only complete line of microminiature relays ... and our
continuous research and development is producing new products geared to the
requirements of the most technical and advanced electronic thinking.

But every Hi-G made relay, whether on the shelf or on the boards, is created for
RELIABILITY above and beyond the requirements of normal performance.

Yr NEW —TYPE H (HALF PINT) half size crystal can
v NEW_-TYPE T—10 AMP crystal can WINDSOR LOCKS, CONN.,
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the right punch & di
at your finger tips...

NEW DI-ACRO
PUNCH PAKS

Punch Pak No. 1-$139.50
Punch Pak No. 2 - $259.50

o Off the shelf delivery

@ Adapters to fit any
punch press

Di-Acro Punch-Paks save you
money, cut production delays. No
time lost looking for the right size
or waiting for special orders. Cost is
approximately 10 per cent less than
individual punch and dic sets-—with
the rugged, steel store-or-carry chest
free. All Di-Acro Punches and Dies
are precision made of quality tool
stecl.

PUNCH-PAK NO. 1 contains 30 sizes
of round punches and dies from
3/64" to 14" in increments of 1/64".

PUNCH-PAK NO. 2 contains round
punches and dies from 1/16 to 5"
in 1/16” increments, round sizes
from 13" to 2" in !." increments,
squares in 13", 547, %{" and 1" sizes,
one die holder and two die adapters.

Dic Adapter A-2 34" diameter—
114 bore, Die Adapter B-2 3{"
diameter—214" bore.

DIMENSION DATA

All Di-Acro Punches to %" have 2"
diameter shanks, 2 13/32" length.

Ali Di-Acro Punches from 2" to 2” have
1” diameter shanks, 3Y8" length.

All Di-Acro Dies to %" are 1%" dia-
meter, %" high.

All Di-Acro Dies from %" to 134" are
2%" diameter, 7" high.

All Di-Acro Dies from 14" to 2" are
2%" diameter, 15/32" high.

PUNCH AND DIE HOLDERS

which adapt Di-Acro  { & €D
Punches and Dies to Hal iz
any punch press are —7n—F
listed in literature on single station punch
and die program. Ask for it . ., . also for
literoture on new Adjustoble Punch and
Die program,

For full information consult Yellow Pages of your
phone book under Machinery-Machine Tools for
the name of your Di-Acro distributor or write us.

o.acro

' PRECISION
METALWORKING
EQUIPMENT

Pronounced die-ack-ro

DI-ACRO
CORPORATION
Formerly 0'Neil Irwin Mfg. Co.

439 Eighth Avenve
Lake City, Minnesota « U.S.A.
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ANOTHER EXAMPLE OF RIXON'S SERVICE TO ITS CUSTOMERS

SEND RECEIVE

> = DATA LINK FOR

o TwTer |
(T © ee -
’F.Q

CODE CONVERTER
<>

DATA
TRANSMITTER

DATA
RECEIVER

Tha Problem

Digital comm.unications between base stations
5f space tracking systems must frequently
depend on available voice facilities. One such
system under development must operate over
2-wire voice communications circuits. A back
and forth stacatto-like digital communication
was orogrammed for the base station compu-
ters. The camputer conversation periods were
to be at irregular intervals with lengthy silent
periods. Twa problems were obvious. The rapid
back and forth communication requirement
wa: too fast for a half-duplex or automatic
reversal system. tnstantaneous word recogni-
tion following extended periods of siience
wou'd tax even a human.

SPACE TRACKERS

S NN

2 WIRE VOICE CIRCUIT
[][][]Dz-w CARRIER @ 2500 C/S
W-E CARRIER @ 1000 C/S

BAND SPLITTING FILTER

The Solution:

Continuous bi-directional transmission of dig-
ital data with limited duration interruptions is
standard data system practice. Four wire voice
systems are employed. By changing the trans-
mitting frequency of one Sebit-24 from 2500
to 1000 cycles and developing a phase com-
pensated band splitting filter, Rixon provided
a bi-directional data system for continuous
two-way operation over a two-wire voice sys-
tem. The customers 1200 bits/second data
was medified by a code converter to produce
continuous binary reversals during silent pe-
riods and guarantee instant word recognition
as required. All camponents from this system
are available from stack.

___‘%-7
RIXOIN
==

ELECTRONICS, INC.

TELEPHONE: 622-2121

Engineers please note —
e

TWX: S§-SPG 213
are such an engineer, Rixon may be the opportunity

need more engineers with inspired solutions to you need. Write or phone our Personnel Department

problems and the abihity to carry them out. If you or Engineering Director today.

2121 IND JSTRIAL PARKWAY -~ MONTGOMERY INDUSTRIAL PARK — SILVER SPRING. MARYLAND

CIRCLE 221 ON READER SERVICE CARD

a.feeling for PRECISION

Kn-w tke satisfaction of a program flow through your plant,
fre= of problems caused by marginal engineering. Let our
specialists solve your Aerospace sensing problems. Write for

technicel literature.

SENSORS:

VOLTAGE ¢ RESISTANCE
CURRENT ¢ FREQUENCY ¢ PHASE

SPECIFICATIONS: Life Ratings: 10,000 hrs,,
nominal. Temperature Range: —65°C to
+155°C. Alfitude: 300,000 ft. Vibration:
50 G's. Shock & Acceleration: to 500 G's.

Engineering Division
HURLETRON, INC.
on, 1Hino

© N
CIRCLE 222 ON READER SERVICE CARD
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purposeful imagination....in time

The men of Aerospace apply the full resources of modern scicnce and technology in a timely manner to achieve
the continued advances in ballistic missile and space systems basic to national security. Their mission
includes stimulating the flow of the most advanced scientific information and objectively planning the technical
management programs neccessary to generate superior systems in the shortest possible time. g Chartered exclusively to
serve the United States Government in this effort and acting in partnership with the Air Force-science-industry team,
the men of Aecrospace contribute: advanced systems analysis and planning; theoretical and experimental
rescarch; gencral systems engineering and corresponding technical direction of programs. o To aid in reducing the
timetable of advanced systems, from concept through completed mission, more men with advanced degrees are
needed at Aecrospace Corporation, an equal opportunity employer. Dedicated interdisciplinary scientists and engineers
who can contribute effectively are invited to contact Mr. George Herndon, Room 110, Aerospace Corporation,

P. O. Box 95081, Los Angeles 45, California. o Organized in the public

interest and dedicated to providing objective leadership in the advancement AE RO S PACE
and application of science and technology for the United States Government. CO RPO RATION
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NEW PRODUCTS

DESIGN AND APPLICATION

— L

-

P

=

]

| LERROR
Fy) | X1,000>4+ X100

X1,000

R2

CONST— —

[—O

CONSTANT
CURRENT

]

SOURCE

Voltage-Current Reference Source
+0.0019 STABILITY, = 0.0001 %, REGULATION

ANNOUNCED by Princeton Applied
Research Corp., POB 565, Prince-
ton, N. J., are the models TC-100.2
and TC-100.2R voltage-current ref-
erence sources. Constant output
voltage is adjustable by thumb-
wheel switches between zero and
99.999 v with a resolution of 1 mv.
Output current is 100 ma. Output
impedance is less than 10 gohms at
d-¢ and less than 0.1 ohm at 100
Kc. Combined ripple, hum and noise
are less than 50 v rms. Qutput cur-
rent is also adjustable with thumb-
wheel switches between zero and
99.999 ma. Resolution is 1 pamp.
Compliance voltage is zero to 100 v.
Combined ripple, hum, noise and
spikes are less than 600 namp in-
dependent of current level. OQutput
impedance is approximately 1,000
megohms at d-c. Eight hour sta-
bility is =+0.001 percent or =*+250
uv/namp while long-term stability

PULSE VAR VOLT
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RATE- VISUAL
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Fallout Detector
POCKET SIZE

NEW on the market from Nuclear
Corp. of America, 2 Richwood Place,
Denville, N. J., is the NU-TEC
RM-100 pocket size radiation de-
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is =0.01 percent or *=2.5 mv/uamp.
Transient response is less than 25
usec to within 10 mv. As shown in
the sketch, a temperature compen-
sated Zener diode is placed in a con-
stant-temperature oven. A five digit
Kelvin-Varley voltage divider, ad-
justed by five decade thumb-wheel
switches, is across the diode de-
veloping variable compensating
voltages. Error signal is amplified
yielding a total d-c loop gain of al-
most 10". Output voltage is divided
by a factor or 12 by matched pre-
cision resistors R, and R, and com-
pared with the reference voltage.
Separate sense terminals allow out-
put voltage to be sensed and con-
trolled at point desired, cancelling
effects of lead resistance. In con-
stant-current mode, sense terminals
are connected across series resistor
R..
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tector. Used for field survey and in-
dustrial or medical monitoring ap-
plications, the device covers the
range from 0 to 10 mr/hr, 100
mr/hr, 1,000 mr/hr and 100 r/hr.
The device has a flat response for
gamma energies over range of 80
KEV to 1.2 KEV and will not sat-
urate in any field. For field inten-
sities up to 1,000 mr/hr, the G-M
tube is operated under d-c condi-
tions and an oscillator is used to
maintain off-scale readings at field
intensities normally sufficient to

produce detector saturation. For 0
to 100 r/hr field. range extension is
accomplished through statistical
sampling. D-c¢ voltage bias to G-M
tube is reduced below threshold
voltage and a low duty cycle voltage
step is superimposed on the tube
bias and raises the tube to a proper
operating voltage. The tube duty
cycle is 0.3 percent. If an ionizing
event occurs simultaneously with a
voltage pulse, an output is produced,
otherwise no output from the G-M
tube is coupled to the ratemeter cir-
cuit. This superimposed voltage
pulse also eliminates saturation ef-
fects normally encountered at high
field levels. Calibration is by ex-
ternal Cobalt 60 or Cesium 137
sources.
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STRAIN

GAGE"f’

Silicon Strain Gage
GAGE FACTOR OF 130

RECENTLY announced by the Gen-
eral Diode Corp., P.0. Box 172,
Framingham Center, Mass., is a
practical semiconductor strain gage
for small area measurements. The
strain sensitive element is a fila-
ment sliced from a silicon single
crystal, provided with high purity
gold wires. The device has a gage
factor of 130—approximately 65
times that of metallic strain gages.
The units are up to 1 in. length,
resistance of 350, 1,000, or 2,000
ohms =10 percent, temperature
range from 320 to 650 F, tempera-
ture sensitivity of 0.016 percent/
degree F, 0.125 inch minimum
radius of curvature and a maximum

electronics



“business must help
win the battle
for higher education™

“Regardless of the strengths and attributes
our nation possesses, if we fall behind in the
field of education, we will fall behind as a world
power.

“Our scientific, cultural and economic
growth—and our political strength—acill de-
pend largely upon the educational facilities we
make available to our youth. We oice it to our-
selves asa nation; we mweit to our young people
who will inherit this nation to provide the
financial aid that will make our institutions of
higher learning second to none in the world.
This is of vital importance to our business
community.

“Business must put its support on the line
to help win the battle for higher education.”

Q.\‘S‘NG Co, . . .
& Y, Published as a public service
< F in cooperation with The Advertising Council and
;‘o ‘\é; the Council for Financial Aid to Education
U se®

ALFRED P. SLOAN, JR.

Honorary Chairman of the Board
General Motors Corporation

Today many of our colleges are over-
crownded. In ten years, applications will
have doubled and we will be faced with
an even more serious crisis in our insti-
tutions of higher learning. We will need
more and better college classrooms,
manyv more well-equipped college labo-
ratories and thousands more of the most
dedicated and well-trained professors.

Only increased financial aid will pro-
vide our young people with the best col-
lege facilities. Only increased financial
aid will keep our finest minds from leav-
ing the teaching profession.

Far additional information on the
crisis faced by higher education write
to: Higher Education, Box 36, Times
Square Station, New York 36, N. Y.

‘/
.'\ HIGHER EDUCATION

Vs

KEEP IT BRIGHT

Moy 11,

1962



operating strain of over 3,000
wstrains, The simple Wheatstone
bridge shown (sketch p 140), uses a
strain gage bonded to an aluminum
channel. The bridge is balanced by
adjustment of the two variable re-
sistors and a zero center 100 ua
meter is used as readout. When sen-
sitivity is set at zero, an apparent
strain of less than 100 ustrain will
deflect meter to full scale.
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TRAVELLING ELECTRODE
OF PISTON ATTENUATOR

] |
R-F\ .
‘ i
@ SLIDING
D-C OUTPUT GROUND
THERMOCOUPLE CONTACT

Voltmeter Standard
ACCURACY =1 PERCENT

MANUFACTURED by General Micro-
wave Corp., 155 Marine St.,, Farm-
ingdale, N. Y., the model 350 A-T

voltmeter operates between 10 and
1,000 Mc measuring between 0.2
and 500 v (depending on fre-
quency) with an accuracy within
+1 percent of NBS calibration for
at least one year. Input capacitance
is nominally 4.2 pF, reference d-c
output of calibration thermocouple
is nominally 0.1 mv and the d-c
output resistance of the thermo-
couple is 8 ohms =10 percent. As
shown in the sketch, the device is
an adjustable waveguide-below-cut-
off attenuator operating in the
TM., mode in combination with a
uhf vacuum thermocouple. The car-
riage is driven by a special 2-inch
micrometer, calibrated in ten-
thousandths of an inch. The un-
known voltage signal at predeter-
mined frequency is connected to the
attenuator input. Attenuation is ad-
justed with the micrometer to pro-
duce standard reading, as specified
on NBS calibration charts, on the
millivoltmeter. Because input fre-
quency and micrometer setting are
known, r-f voltage can be derived
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from NBS charts of voltage versus
frequency as a function of micro-
meter setting, or voltage versus
micrometer setting as a function of
frequency.
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Source & Meter
HIGH ACCURACY

ABBEY ELECTRONICS CORP., 143 Old
Country Road, Carle Place, L. I,
N. Y. Dual-purpose instrument
combines the functions of a high-

electronics



resolution d-¢ voltage and current
source with a precision nulling-
type voltmeter. Operating as either
a source or a meter, the SM-4 has
an absolute accuracy of 0.025 per-
cent of reading = 500 uv from 0 to
1 v, and 0.025 percent of reading
+5 mv from 1 to 10 v. In either
mode, resolution is better than 500
uv oon the 1 v range, and better than
5 mv on the 10 v range. Price is
approximately $300.
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Servoamplifier
ALL SOLID-STATE

BOONSHAFT AND FUCHS INC., Hat-
boro Industrial Park, Hatboro, Pa.
Model 471 is of all solid-state de-
sign, including solid-state chopper

stabilization. It is used for direct
operation of servomechanisms of
all types. It utilizes a model TR-1
operational amplifier. This ampli-
fier, with a drift of less than 10 uv
in 24 hr, has a gain of 10" and lends
great flexibility to the servoampli-
fier.

CIRCLE 306 ON READER SERVICE CARD

Coaxial Switch
WITH INDICATORS

TRANSCO PRODUCTS, INC., 12210
Nebraska Ave., Los Angeles 25,
Calif. A new indicator circuit

switch option is now available for
the spdt type-Y coaxial switch. In-
dicator switch contact ratings: 28
v d-c, 7 amp resistive, 4 amp induc-
tive. The coax switch with indica-
tors weighs 8 oz and is available

with 6 different r-f connector types,
various solenoid configurations and
voltages. R-F characteristics are
good to 11 Ge. Designed to meet
MIL specs.
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Circulators

RANTEC CORP., Calabasas, Calif.
Three new three-port, Y-junction
coaxial ferrite circulators cover a
frequency range from 0.9 Ge to 2.15
Ge.
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VHF Receiver
3 I-F BANDWIDTHS

COMMUNICATION ELECTRONICS, INC,,
4900 Hampden Lane, Bethesda 14,

exciting new products

Filament winding, moldings, new materials—all engineered to specific jobs

Filament Wound Structures
Circuit Breaker Interrupter Tubes
High Performance Battery Cases
Bazooka Launcher Barrels
Underwater Assemblies

Liquid Spray Tanks

TYPICAL ENGINEERED PRODUCTS PRODUCED BY TAYLOR

Die-Stamped Circuits
Automotive

Computer

Portable Radios

Reinforced Molded Parts
Rocket Sliver Traps

Missile Nose Cones

Heat Insulation Liners

Aft Nozzles

Igniter Tubes

Taylor is a leading producer of laminated plastics and
vulcanized fibre; also a respected fabricator of these
products. But its capabilitics extend far beyond these
limits, rcaching into fields that require the engincering
of products to fit specific requirements. Filament wound
structures, reinforced molded parts, new materials, and
die-stamped circuits engincered by Taylor are serving
the acrospace, clectrical and clectronics fields in impor-
tant ways. New applications are steadily being found.

We have achieved wide product diversification by
continually enhancing our engincering competence and
enlarging our research and development staff. Creation
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of a special projects group and continuing improvement
of production facilities have also contributed to our
favorable position.

If you have a problem involving engineered rein-
forced plastics in any shape or form, call on Taylor and
be sure that an excellent solution will be found. Taylor
Fibre Co., Norristown 40, Pa.

W/or

REINFORCED PLASTICS FILAMENT WINC!NG
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ask |

MARKEM

to show you

how to -
identify

your products [EIEaes
completely e

— at
least
cost

Whether vour electrical and electronic products range from subminiature and
microminiature components to large panels and “packages”, you can identify
them all completely and clearly, at production speeds, with economical Markem
methods engineered to your particular requirements. For example: methods to |
mark odd shapes, sizes and surfaces with your complete, detailed legend, using
quick-change type flexibility and ink to meet military specifications and with-
stand unusual environmental conditions —and above all,with savings in time and

money — are offered by Markem, one responsible source for the entire process. I
|

|

For a complele in-plant analysis of all your product identification processes—or
a practical answer to a specific problem-—call in your local
Markem Technical Representative. Markem Machine Co.,
Electronics Division, Keene 5, N. H.

12-page catalog on request. Please use inquiry card.

MARKEM

HELPS YOUR PRODUCT SPEAK FOR ITSELF
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Md. Providing a-m, f-m and c-w re-
ception, type 960 vhf receiver
covers the range of 30 to 300 Mec.
With special applications in moni-
toring, telemetry, and surveillance
fields, the instrument is designed
with three i-f bandwidths, 20 Kc,
200 Kc, and 500 Kc. A feature is
the simultaneous operation of the
narrow-band i-f in the a-m or f-m
position and the wide band i-f in
a-m and f-m. Price is $2,400.
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Potting Forms
FOR CABLE CONNECTORS

STEVENS TUBING CORP., 86-88 Main
St., East Orange, N. J., announces
inexpensive potting forms made by
cutting short pieces from lengths
of glass laminated epoxy or silicone
tubing, molded with tight toler-
ances to snap fit over the connector
receptacle. The form, when filled
with RTV Silastic compound, en-
capsulates the wire connections.
The resulting cable assembly fea-
tures high resistance to moisture,
temperature, and shock.
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C-Band Tripler

500 MC WIDE
APPLIED RESEARCH, INC., 76 South
Bayles Ave., Port Washington,
N. Y. Output of 20 mw over the en-

tire 500 Mc wide region between
5.400 and 5,900 Mc is delivered by

electronics



the VM-5625/500-3 passive Var-
actor tripler. Spurious content is
held 60 db or more below the de-
sired output. Price of unit depends
upon center frequency, bandwidth
and power output requirements.
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Pressure Transducer

LUNAR ENGINEERING CORP.,, 1501
Calle Valle, San Clemente, Calif.,
has available model DSST high-
line, low-differential silicon-semi-
conductor strain-gage pressure
transducer.
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Time Display Unit
SELF-CONTAINED

METRIC SYSTEMS CORP., 736 N. Beale
St., Fort Walton Beach, Fla. Series
8729 time display unit is a digital
code format translator and visual
indicator, designed to accept one of
several standard time codes and
present a visual indication of the
time-of-day. It is completely self-
contained, including power supply
and removable indicator section.

Unit is of solid state modular de-
sign.
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Ferrite Switch
X-BAND

HYLETRONICS CORP., Burlington,
Muass. Model SX1, an X-band fer-
rite switch, exhibits greater than
100 db isolation in the ‘“off” state
and only 0.2 db loss in the ‘“on”
state over a 100 Mc band centered

at 9.375 Mec. It has a switching time
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backed by 60 years of telephone experience
...to gwe you premium performance
at production-line prices

ITT KELLOGG TELEPHONE HANDSETS
FOR INDUSTRIAL AND COMMERCIAL USE

e Lightweight ¢ Efficient ¢ Durable
For a variety of hard-use
applications

PUSH-BUTTON HANDSET

. . . for mobile radio, microwave, diz-
tating machines, other applications. An
ideal multi-purpose handset. A variety
of applications permitted with outout
leads of the push-button switch sea-
rated from the transmitter and receiver.
Ring armature gives 5 db increase in
sound output over extended frequetey
range. Completely gold-plated carlon
chamber, with improved carbon granu'es,
gives far superior transmission qual:ty.
Signal-to-noise ratio and transmission
gain increased through earefully Je-
signed housing which brings transmit er
closer to user’s mouth.

FULL RANGE OF HANDSETS
++.COLOR, TOO!

ITT Kellogg has a full line of mode-n,
tested handsets for every applicaticn.
High impact plastic housings, in a varicty
of non-fade colors with matching cords
are available in a number of models.

OTHER INDUSTRIAL SYSTEMS
COMPONENTS

ITT Kellogg designs and manufactures a
broad range of reliable, durable, mod-
erately priced electronie and electm-
mechanical components such as magnetic
data-storage drums, translation matriees,
transistorized circuit modules, industrial
relays, telephone-type hardware of =1l
kinds . . . all made to the exacting hig -
performance standards developed by
more than 60 years of design and man -
faeturing experience for the telephore
industry.

for more information, contact yowr
nearest representative, or send
coupon today.

Penwarden/Oailey Associales
14547 Titus Street
Van Nuys, California

Berndt & Klein Associales
6322 N. Milwaukee Ave.
Chicago, litinois

A Division of

REPRESENTATIVES:

Robert W. Gray
572 Washington Street
Wellesley 81, Massachusetlls

47 OeForest Street
Watertown, Connecticut

T. H. Ellis Sales Co., Inc.

7711 State Line Road

Kansas City 14, Missouri

H. Markowitz

511 Montana Street
P. O. Box 191

El Paso, Texas

KELLOGG

International Telephone & Telegraph Corporation

Industrial Sates Department - 6650 S. Cicero Ave. - Chicago 38, lll.

Albert A, Jacols
3913 N. 35th Sti-et
Milwaukee 16, Wisconsin

Land-C-Air Sales Co.
76 Main Street
Tuckahoe, New York

ITT Kellogg,

Industrial Sales Department Name

6650 S. Cicero Ave. Company

Chicago 38, lllinois

[ Please send Address
Industrial Products Catalog

[ Have representative call City.

Zone

State
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A. W. Haydon’s microminiature elapsed time indi-
cators and events counters are to electronics what
“Jo Blocks” (Johanssen gages) are to metalworking
—precisely accurate standards that are much more
reliable than what they measure. Adapted from our
earlier (and very successful) sub-miniature indica-
'tors, these microminiature timers have the unques-
tioned dependability that only A. W. Haydon’s sta-
'tistical production testing can provide...yet you
can fit 100 of them into a 5” square (0 We believe
this new ETl is the world’s smallest—only V4 cubic
inch. We know it is better than 99.9% accurate...
exceeds requirements of MIL-M-26550. .. withstands
20g, 2000 cycles vibration...weighs only 0.75 oz....
temperature range is —65° to +250°F...and runs
on a half watt, 115 v, 400-cycle power. Digital read-
out in hours, up to 999.9 or 9999. Companion events
counters also provide 4 digit readout. Both of these
units are available with a wide variety of compatible
mountings (0 For complete details on these tiny
titans of time, or on any other electromechanical or
electronic timing device to suit your special require-
ments, write The A. W. Haydon Company today.

ON

AWH==

235 North Elm Street, Waterbury 20, Connecticut
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of less than 50 usec. Designed for
maser protection, the switch also
has applications in duplexing,
power dividing, standby transmit-
ter switching and modulation tech-
niques.
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Capacitors
DRY ELECTROLYTIC

SYNCRO CORP., Hicksville, O., an-
nounces types MSP and MSM
series of dry electrolytic rotor
starter capacitors. Ratings are
available up to 708 pf for 110 v a-c
operation, and up to 77 uf for 320
Vv a-c operation, with capacitors
also for 125, 160 and 220 v a-c.
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Power Supply

KUPFRIAN MFG. DIV,, Robinson Tech-
nical Products Inc., 374 State St.,
Binghamton, N. Y., offers fre-
quency regulated transistorized
power supplies that will convert 12,
24, or 32 v d-c power sources to 400
cps 117 v a-c square wave; invert-
ers regulated to = 0.7 c¢ps are in-
cluded in the group.
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PRECISION
Fe/CEENCY SOUR: T

Oscillators
ADJUSTABLE FREQUENCY

GREENRAY INDUSTRIES, INC., 5281 L.
Simpson Road, Mechanicshurg, Pa.
Model 61,000 transistorized oscil-
lators are adjustable over a narrow
frequency range of 10 percent of

electronics



any center frequency specified.
Available at any specified center
frequency in the range of 400 cps
to 10 Mec. Applications: ser’s,
power supplies, transmitters, re-
ceivers, missile control systems, te-
lemetry systems.
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Trimming Pot

SPECTROL ELECTRONICS CORP., 1704
South Del Mar Ave.,, San Gabriel,
Calif. Measuring just } in. in di-
ameter and weighing only 1 gram,
the model 80, with single turn ad-
justment from the top, is suited for
printed circuit application.
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adme e AT

Digital Voltmeter
ONE READING PER SEC

NON-LINEAR SYSTEMS, INC.. Del
Mar. Calif., announces the V64B,
a low-cost, full four-digit, digital
voltmeter. It measures from =0.001
to =9.999 v d-c as is, and can meas-
ure ranges of +=99.99 and +=999.9
with an accessory input voltage
divider. Accuracy is *=0.01 percent
of full scale. Special heavy-duty
stepping switches in the unit are
mounted on individual plug-in
boards for ease of servicing.
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Circuit Breaker
THREE-PHASE

METALS & CONTROLS INC., 34 Forest
St., Attleboro, Mass. The Klixon
7276-1 is designed for use in aero-
space and electronic applications
for low-amp, three-phase -circuit
protection. An overload on any one
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PS§-207 7-channcl recarder

THINK DEEP

You're looking at the nztural habitat of the PI tape rzcorder. Beneath the surface, you'll
find P tape machines at work in conventional and nuclear submarines, in exploration of
the ocean flwor, in ASW sounding and detection buoys, and in oceanographic research,
You'll find them whereves there’s an exceptional premwium on reliability — cruising under
the polar ice cap, probing the darkest depths of the oceans, handling important Polaris
telemetry and computer assignments.

You needn’t go very deep to discover why Pl recorders need very little of man’s most
valuable undersea commedity — space. They pack far more performance into far less space
than conventional recorcers, require less power, genzrate less heat, need less mainte-
mance. Their rugged, light-weight, all-solid-state design offers simpler installation, easier
mobility.

Pl recorders aren’t all beneath the surface. They're veterans of orbital satellite flight, and
are familiar equipment in hundreds of lahoratory, scientific, and industrial applications.
They're made in numerous configurations, for analog or digital recording on 1 to 16 or
more tracks, in standard cpeed ranges push-button controlled from 15/16 to 60 ips, with
frequency response from 0 to over 200 kc.

Whether your recording applications are under the sea or above it, we'd like to demon-
strate PI's approach-in-depth. And whether you are presently using strip charts, punched
tape, or pad and pencil to gather data, you may find that upgrading to magnetic tape not
only provides increased flexibility and reliability, it may also mores than pay for itself
through savimgs in time and money. Ask your Pl representative for our current brochure,

PI PRECISION
INSTRUMENT

SAN CARLOS, CALIFORNIA / LY 1-4441
P.1. lwvites inquiries from senior engineers seeking a challeaging future.



ANY SIZE
panels

or nameplates

ANY TIME
you need them

with
tracer-guided
ENGRAVOGRAPH

Write for catalogue ZR-5

new hermes
ENGRAVING MACIIINE CORP.
154 W, 14TH, ST., NEW YORK 11, N.Y.
Chicago * Los Angeles » Montreal
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phase trips all three breakers and
releases the single indicating but-

ton. Unit has fast tripping response
—2 to 20 sec at 200 percent rating.
Ratings of 4 to 10 amp are avail-
able.
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LR SRS

| Miniature Resistors
SILICONE COATED

DALE ELECTRONICS, INC., Columbus,
Neb. Type RS-} has a power rating
of | w at 50 C ambient tempera-
ture. Maximum continuous operat-
ing temperature is 275 C. Maxi-
mum continuous working voltage is
12 v d-c. Resistance range is from
1 ohm to 3,000 ohms, depending on
tolerance. Tolerances: 0.5 percent
and 1 percent. Temperature coeffi-
cient 20 ppm ‘deg C.
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Temperature Recorder
ULTRASENSITIVE

ASSEMBLY PRODUCTS INC., Chester-
land, O. The compact Temprint re-
corder features: no amplification,
no drift, frictionless movement, no
ink to spill or refill, and control or
alarm contacts. Prices range from
$165 to $185.
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P-C Board Connector
MICROMINIATURE

WINCHESTER ELECTRONICS INC., 19
Willard Road, Norwalk, Conn. The
WD series consists of a tiny right
angle dip solder type plug for board
thicknesses up to % in. for use with
two boards, or a single board along
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Is it ancient history

by the time you see

electronics?

’ Get the facts while they’'re new. Don't

wait for etectronics on a route slip.
Look in this issue for the Reader Service
Card. Fill out and maii the ‘‘for subscrip-

| tions’ section. Only 715 cents a week.

electronics
A McGraw-Hill Publication, 330 West 42nd St., N. Y. 36
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with a mating receptacle. It is
available in 11 and 22 contact con-
figurations. Terminal types are:
pin, dip solder; socket, solder cup.
Contacts are: phosphor bronze, gold
plated over silver. Contact spacing
is 0.100.
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Adapter

SANDERS ASSOCIATES, INC., 95 Canal
St., Nashua, N. H., announces
mode] SK20, an adapter that per-
mits all octal base klystrons to be
plugged into coaxial circuits.
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Transformers
SUBMINIATURIZED

TOROTEL, INC., 5512 E. 110th St.,
Kansas City 37, Mo, announces
transformers that meet the speci-
fications of class R, grade 5, MIL-
T-27A. Units exhibit excellent re-
sponse, load distortion and power
capabilities and mounting is by 1
in. leads for direct printed circuit
application.
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Strip Resistors
PRECISION-WOUND

ORION ELECTRIC CORP., 108 Columbus
Ave., Tuckahoe, N. Y., announces
precision-wound strip resistors up
to 1 '10th of 1 percent accuracy.
These epoxy-impregnated wire
wound items are noninductive and

May 11, 1962

THE TERMINAL
COMMUMCATION
FOUIPMENT 1§

ROANWEL

~Because high intelligibility between
sender and receiver is a necessity in space
communications.

Since 1948 Roanwell has manufactured
and supplied high quality Headsets,
Handsets, and Noise-Cancelling Micro-
phones for use in aircraft, submarines,
with ship-to-shore single sideband sys-
tems, sonar and doppler radar, and under-
water mine detectors. Roanwell terminal
communication equipment is used in most
of the missile and space programs such as
Project Mercury, X15, the Atlas, Minute-
man, Saturn, Jupiter, Pershing and Red-
stone.

Roanwell’s high reputation in this field
comes from specialized technical “know-
how,” manufacturing integrity and prod-
uct adaptability thet permits us to meet
our customers’ most rigid specifications.
For reliable terminal communication
equipment, contact Roanwell. Write for
catalog -5

Prime authority in electro-acoustic devices

ROARWELL CORPORATION

ROANWELL BUILDING
180 Varick Street, New York 14, N. 77,
212 YUkon 9-1090 TWX NY1-478

o .f ~ 2 /\\?_.
C 7/ T
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FOR AUTOMATIC
CONTROLS

20 to 200 D.P.

Send your prints
for quotations

SPURS
HELICALS

WORM AND
WORM GEARS

STRAIGHT BEVELS
LEAD SCREWS
RATCHETS
CLUSTER GEARS
RACKS
INTERNALS

ODD SHAPES

We make gears like these for a wide variely
of gages, meters, indicators, controllers,
etc. Tell us your needs.

PUTS THE BEST IN ‘
CREATIVE ELECTRONICS

INTO YOUR HANDS

IMPORTANT

FIRST IN ANALOG

OPERATIONAL AMPLIFIER SPECIFICALLY

. | DESIGNED FOR ANALOG INSTRUMENTATION
t28 gageS_of pr?f_esk%'ona‘; E!e:é l HIGH COMPONENT DENSITY... MINIMUM
ronic equipment in kit and win VOLUME WITH NO SACRIFICE IN PERFORMANCE.

form—for Lab .. .Line...Home
Fully encapsulated advanced circuit employing

B0, 30t tree S2page cstalog & deater's mame. | most modern silicon transistor types. Versatile . ..
| O Send new 36-page Guidebook to HI-FI for § may be used in all standard analog instrumenta-
{ which | enclose 25¢ for postage & handling. | tion. Convenience of mounting ., . excellent per-
| Name ( formance .. . low cost . . . immediate availability.
t Address :
{ Ciy Zone —_ State M

3300 N. Bivd,, LIC. 1, N. Y. l

EANIEXUS

RAESEARCH LABORATORY, INC.

19 NEEDHAM STREET - DEDHAM - MASS
CIRCLE 225 ON READER SERVICE CARD
CIRCLE 150 ON READER SERVICE CARD

Export Dept.,, Roburn Agencies
431 Greenwich St., N.Y. 13, N.Y.

gE/ICOD
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are designed for applications from
d-¢ to above 10 Mc. They can be
custom-made in any shape or size.
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Solid State Choppers

RAWCO [INSTRUMENTS INC., 1400
Riverside Drive. Fort Worth 11,
Texas. Type 100 solid state chop-
pers have a noise level of 3 to 10 uv
at 1,000 ohms impedance and a
noise level of 20 to 150 pv at 10,000
ohms impedance.

CIRCLE 327 ON READER SERVICE CARD
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Connectors

MINIATURIZED

AMP INC.. Elizabethtown, Pa. Ver-
satile line of high altitude/high
voltage electrical connectors are
available in T, L and Y configura-
tions and mate with their existing
HA/HV-1 systems, Operating
specifications are 12 Kv d-¢ at 5
amp, with a temperature range of
—55 C to + 140 C at altitudes up
to 70,000 ft above sea level.
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Flip-Flop Module
FOR DIGITAL SYSTEMS

CONTROL EQUIPMENT CORP., 19
Kearney Road. Needham Heights
94, Mass, FF-521 consists of two
independent transistor flip-flops
which operate from d-c to 250 Ke.
Each circuit has a-c¢ coupled “set”
and “reset” inputs and a d-c reset

electronics



input. The flip-flops may be used as
counters by connecting the set and
reset inputs together externally.
New module is available from stock
at less than $15 per circuit.
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Multiplexer
ALL SOLID-STATE

COMPUTER SCIENCES, INC., 603 Main
St., Westbury, N. Y. Model 428 is
designed for automatic commuta-
tion of up to 100 input channels.
High-speed solid-state switches ac-
cept both positive and negative
signals with levels up to 10 v. Max
offset signal is 200 pv. Operating
speed exceeds 20 Kc with each
channel duty cycle up to 80 percent.
Multiplexing can be controlled
through an internal oscillator-
counter or by external means.
CIRCLE 330 ON READER SERVICE CARD

Winding Machine

GEO. STEVENS MFG. CO., INC., Pulaski

Road at Peterson, Chicago 46, Il NOW! from WEIdmatic_

Precision potentiometer winding

machine winds tapered flat cards up P U s H B u TT 0 N WE I_D I N G

to 1 in. wide to 0.0005 accuracy per |
4 in. length at speeds up to 1800
rpm. ‘ DEMAND ANY OF 6 PRECISE PRESET HEATS

CIRCLE 331 ON READER SERVICE CARD AT THE PUSH OF A BUTTON.

With a Weldmatic Model 1059B — 1068 you can get
a variety of precisely repeatable heat settings with
push-button ease and speed. It’s the positive way to
increase production efficiency, minimize operator
decision and error, cut rejects and wastz2.

Highest accuracy, too. Weldmatic Model 1059B
Power Supply (voltage regulated) has a dual energy
range of 45 and 9 watt-seconds. Model 1068 Weld
Energy Selector mounts on top, plugs directly in,
and becomes an integral part of the power supply.
Operator selects one of five available weld energy
settings (a sixth is obtained by depressing M Button
for return to power supply) in either of the two
ranges, as predetermined by the weld schedule.

N Button illuminates to indicate activated heat
> - ! setting. Concealed heat adjustment panel (shown

;‘:w at lef*) minimizes inadvertent settiny changes.
/ iy J— Can be used with one or two welding hcads. Ask
- - -b - VA your Weldmate representative or write to the

9@0, Weldmatic Division/Unitek, 950 Royal Oaks Drive,
= Monrovia, California.

Magnetic Modulator

HERMETICALLY SEALED WELDMATIC l)“’ISIC>N/ l ]NITEK

TRANSMAGNETICS INC., 40-66 Law-
rence St., Flushing 54, N. Y. Model
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In 196t a statistical short-fall
of world production of tin under
world consumption took place.
Experts believe an actual physical
shortage may occur in the 3rd
quarter of 1962 because, in part,
of production problems in the
Congo, Indonesia and Bolivia.

Malaya. by far the world’s
largest tin producer, believes in-
creased production to be the only
sensible long-term answer to

shortages. As a result, in 1961
its free-enterprise mining industry
set an increased goal for itself
and then proceeded to surpass it.
STRAITS TIN PRODUCTION

{long tons)

1960
51,979

1961 production was 1028 tons
over the promised increase ond
4049 tons above the 1960 total.

This is the type of direct
action and cooperation that U.S.
industry and government can
expect from Malaya’s tin miners.
Although operating, like Ameri-
can enterprise, on a profit-seeking
basis, they recognize the need
for steady market conditions and
adequate supplies for consumers
over the long term,

Write us today for a free
subscription to Tin News—a
monthly newsletter containing
accurate information on world
tin production, prices, marketing
developments, and new uses and
applications.

Specify Straits Tin—world standard
for quality, uniformity and purity

The Malayan Tin Bureau
Dept. T25E, 2000 K Street, N.W., Washington 6, D.C:

230 magnetic modulator converts
thermocouple output to 400 cps
phase sensitive a-¢ featuring a gain
of 400 into 10,000 load, drift less
than 100 uv over —55 to +105 C,
and very long life, without moving
parts. Applications include tempera-
ture feedback control systems and
linear signal conditioning and data
amplifiers.
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Wideband TWT
ALL METAL-CERAMIC

LITTON INDUSTRIES, San Carlos,
Calif., has developed a 21-0z, rugged
wideband twt providing 1 w c-w
power in the range 4,000-8,000 Mc.
The L.-3711 features 36 db mini-
mum small signal gain and excel-
lent linear saturation characteris-
ties. It is operational after 50 g
shock, 60 g vibration and at an al-
titude of 100,000 ft.
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Commutator
MINIATURIZED

COMPUTER INSTRUMENTS CORP., 92
Madison Ave., Hempstead, L. I.,
N. Y. Model 5015 is an extremely
low noise, miniaturized commutator
designed for high speed switching
applications. Only 0.530 in. in di-
ameter, it has a max starting
torque of 0,015 oz in. and will
operate to speeds of 3,000 rpm. It
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AUGAT

HEAT DISSIPATORS
FOR
SEMICONDUCTORS

Now...
an expanded line!

9016

Approx, radiating
surface
83 sq. in.

9015

Approx. radiating
surface
1.9 sq.in.

Augat's extensive line now in-
cludes these new heat dissipators.
The 9016 Scries will handle the
power requircments of the largest
semiconductors. The 9015 Series,
designed for the TO-5 and TO-9
cases. effectively increases the
surface area by a factor of six.

The Augat line includes:

Model for Semi- l Thermal Res
Number | conductor |(Natural Conv.)
9006 T0-3 6.5°C/Watt
9008 MT-1 and 52
Stud Mounts
9009 |  T0-36 5.0
9014 T0-8 and 11.0
Stud Mounts
9015 | T0-5andT0-9 | 40.6
9016 | 70-3,70-36, MT-1| 2.1
| and Stud Mounts |

Dissipators are also made to cus-
tomer specifications, Write today
for Catalog HD 462 describing
the Augat line in full detail.

AUGAT INC.
30 Perry Avenue, Attleboro, Mass.
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is available with up to 3 poles, with
+2 deg tolerance on the conductive
segments. Operating temperature
range is from —55 C to +150 C.
CIRCLE 334 ON READER SERVICE CARD
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R-F Connectors

TRIAXIAL

GREMAR MFG. CO., INC., 7 North Ave.,
Wakefield, Mass. Designed for use
with triaxial r-f cables, these con-
nectors solve ground loop problems
by providing a double shielding and
prevent random r-f noise in elec-
tronic equipment.
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 .) —:, =
: /‘C(

Pulse Amplifier
GAIN IS 8 DB

TRAK MICROWAVE CORP., Tampa,
Fla. Type 9183 pulse amplifier is
capable of 15 Kw peak power out-
put at 1,030 Mc; gain is 8 db; iso-
Jation between input and output,
greater than 50 db in the oFF con-
dition. There is negligible deteri-
oration of pulse characteristics.
The amplifier will handle a 1 psec
pulse at prf of 1000.
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Cooling Modules
THERMOELECTRIC

SEMITRONICS, INC., 63 Swanton St.,
Winchester, Mass. Models SMT-
428 and SMT42E are miniature
single and multijunction thermo-
electric cooling modules. They are
suited for applications which re-
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YOUR GERTSCH FM-3
FREQUENCY METER

CONVERTED TO MEET
FCC REQUIREMENTS

FM-3 o FM-3A 2-Way Communication

Frequency Meter Frequency Meter

— factory conversion provides direct reading
of all allocated channels in the 150-170 mc hand

All Gertsch Model FM-3 frequency meters can now be factory-
converted to measure and generate «ll assigned channels in both
150-170 me, and 450-510 mec bands ... with +.0003% (3 ppm)
accuracy. Instrument features a single 1-mc crystal which is
easily standardized against WWV,

Converted units can also be operated as standard FM-3 instru-
ments through 20 to 1,000 mc, at .001% accuracy.

Conversion includes: an all transistorized converter module, a new
front panel and carrying case, and a built-in amplifier (with
speaker). Also, a front-panel jack allows input of external audio
signals, such as those from a Gertsch Model DM-3 deviation meter.
Space for a DM-3 is provided in the case.

Compact size — only 1315”7 W x 111%” D x 1334 high.

New Gertsch frequency meters arc also available in both hattery
operated and AC power supply units. New meters incorporate same
features as converted instruments.

Send for literature on FM-3A series.

:éz'/mzé —

GERTSCH PRODUCTS, Inc.
3211 South La Cienega Boulevard, Los Angeles 16, California/UPton 0-2761 - VErmont 9-2201
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NEW 0 2% | quire cooling of temperature-sensi- —
a

tive electronic components, such as Acoustical Components

transistors and memory cores

| where the spatial requirements are Of Supe”or Quahty
. | a major consideration. Tempera- .
METER | ture differential attained at 60 C is JAPAN FIEZO" supplies 80%, of
| 25 C. Japan's crystal product require-

CALI BRATO R [ CIRCLE 337 ON READER SERVICE CARD ments.
|
R-F Calorimeter A

AC and DC ° 60 g@ 400 CPS | ELECTRO IMPULSE LABORATORY INC.,

ST 208 River St., Red Bank, N. J. Com-
V0|tage @I’l_d Current pact, lightweight calorimeter that
gives an accuracy rated at better
than 5 percent has a frequency
range of d-c to 2,500 Mc.
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Wiring Duct
SLOTTED DESIGN

TAYLOR ELECTRIC INC., Howell, Mich.
Type V wiring raceway is available.
Slots offer the benefits of easy slip-
through of large lugged wires,

MOdEI MC5400A while the closed top surface above

the slots affords necessary rigidity

Make a note of the price; compare to

your heart's content. We'll be happy to not found in open slot ducts. Type A
arrange a demonstration on request. V iz extruded from high-impact
. lf\JIHSSgalrgnges adjusted within 0.2% at rigid vinyl plastic material that will MICROPHONE
« 0.2% tracking accuracy meters not support combustion and is self- Crvstal — X-29
« 0.29% accuracy certified calibration data extinguishing. Available in sizes -
étraancde;dbsle to National Bureau of from 1 in. to 4 in., lengths to 12 ft. At 20°C, 1KC’s, Sensitivity is
For all conventional laboratory, panel and CIRCLE 339 ON READER SERVICE CARD —58+5db. Impedence: 100 KQ).

fa?rng:c'gdr;ext?zr‘ss'-xsg RS S Capacitance : 1,500 pF.
* 2 volts to 1000 volts DC

* 2 millivolts to 1000 volts AC

¢ 20 microamps to 10 amps DC

e 20 milliamps to 10 amps AC

High Power Output, Negligible Loading

Write for detailed catalog on our
complete line of acoustical products
including pickups, cartridges, record

Errors . players, phonograph motors and
No correction required for any conven- .
tional meter voltage drop or current drain | i many associated products‘
All DC supplies filtered to 0.5% or better % |
No warm-up needed. 2 controls select | e
function and range |
Fully interlocked for safety Ku-Band ISOIatOI' \
Reliable — meters in calibrator cannot be 1EZ70
GLEC |  HANDLES 1 KW PEAK -
Portable — just 55 Ibs. including walnut
IO CIGLg PRICE: $1250 l RAYTHEON CO., Foundry Ave., Wal-
’ tham 54. Mass., Model IKuL10 jAPAN PI Ezo
Know you can trust your datal iz based on the Faraday rotation

For details call or wwrite: principle and operates at 15.5-16.5
A Ge. It handles 1 Kw peak and 5 w EI.ECTRIC co., I.TD.
w l n C u inc. average power, and provides 18 db Kami-renjaku, Mitaka, Tokyo, Japan

10 Cheney Street, Boston 21, Mass. ‘ minimum isolation with less than

Phone HI 5-0180 0.5 db insertion loss. Vswr is 1.25 —
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max across the band. Mechanical
rotation is 45 deg between input
and output flanges. Price is $175
for single units or $75 in quantities
of 100.
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R-F Chokes
SUBMINIATURE

DELTA COILS, INC., 1128 Madison
Ave., Paterson 3, N. J. The 1900
series r-f Miniachokes includes 39
coils covering a complete range of
useful inductances—1.0 gh to 10.0
mhy. Coils have a 50 ma max d-c
current rating. They are wound on
0.107 in. by } in. long iron forms
except Nos. 1935-1939 which are
wound on 0.10 7-in. by I in. long
iron forms. Miniachokes feature
high permeability, high Q, easily
formed tarnish-free axial leads.
CIRCLE 341 ON READER SERVICE CARD

Switching Diodes

WESTERN SEMICONDUCTORS, INC.,
Santa Ana, Calif., announces GaAs
switching diodes that provide 0.2
nsec recovery time, 0.5 nsec switch-
ing speed, and high reliability at
well above 400 C.
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Dansssseins
N e o

Log I-F Amplifier
ACCURATE UNIT

LEL, INC., 76 Akron St., Copiague,
N. Y. Model IF2309 has a log
characteristic accurate to +=1 db
for a 60 db signal range and +2
db for 80 db range. It is useful in
instrumentation for antenna
ranges, panoramic receivers, radar

May 11, 1962
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electronics

Keep up to date with the latest developments in this fast growing,
rapidly diversifying industry.

Week by week EMI research is advancing the applications of
electronics in broadcasting, industry, commerce,

science and medicine. The following literature has recently

been added to the EMi technical information service.

Copies will be sent to you by return of post.

COUPON To: EMI ELECTRONICS LTD.
Export Division (E.C.5) Hayes, Middlesex, England
Please send me copies of literature for:—
[J Emicon Positional Control Equipment for Machine Tools.
[] New low-cost self-contained all-transistor
television camera Type 8.
[] wired T.V. Systems
[T] Everything from Camera to Aerial (broadcast
and television equipment)
[J Tape Recordzrs for Studio, Industry, etc.
[] New Instrumentation Magnetic Tape Decks and Recording Heads.
NAME
POSITION
COMPANY
ADDRESS TELEPHONE NO.

EMI ELECTRONICS LTD

Hayes Middlesex:-England
Telephone: Hayes 3888
Cables: Emidata, London

EMI

|
£E236
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What do you need to know about

PURE FERRIC OXIDES
MAGNETIC IRON OXIDES

Since the final quality of your production
of ferrites and magnetic recording media
depends on the proper use of specialized
iron oxides—you’ll find it mighty helpful to
have the latest, authoritative technical
data describing the physical and chemical
characteristics of these materials. This
information is available to you just for the
asking. Meanwhile, here are the highlights.

PURE FERRIC OXIDES—For the production
of ferrites, both hard and soft, we manu-
facture a complete range of iron oxides |
having the required chemical and physical
properties. They are produced in both the |
spheroidal and acicular shapes with aver-
age particle diameters from 0.2 to 0.8
microns. Impurities such as soluble salts,
silica, alumina and calcium are at a mini-
mum while Fe;0; assay is 99.54+%. A
Tech Report tabulating complete chemical
analysis, particle shape, particle size dis-
tribution, surface area, etc., of several
types of ferric oxides, hydrated ferric
oxide, and ferroso-ferric oxide is available.

MAGNETIC IRON OXIDES—For magnetic
recording—audio, video, computer, and
instrumentation tapes; memory drums;
cinema film striping; magnetic inks; car-
bon transfers; etc.—we produce special
magnetic iron oxides with a range of con-
trolled magnetic properties. Both the black
ferroso-ferric and brown gamma ferric
oxides are described in a Data Sheet listing
magnetic properties of six grades.

|
|
|
|

If you have problems involving any of these ma-
terials, please let us go to work for you. We main-
tain fully equipped laboratories for the develop-
ment of new and better inorganic materials.
Write, stating your problem, to C.K. Williamsé Co.,
Dept. 25, 640 N. 13th St., Easton, Pa.

M
| _COLORS & PIGMENTS |

E.ST. LOVIS,ILL. - EASTON,PENNA. - EMERYVILLE, CALIF.
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and countermeasures systems.
Center frequency is 30 Me and
available bandwidths are 4 and 7
Me. Price $675.
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Reference Tube
SUBMINIATURE

AMPEREX ELECTRONIC CORP., 230
Duffy Ave., Hicksville, L. 1., N. Y.
Types 8228/ZZ1000 stable sub-
miniature voltage reference tube
has a temperature coefficient of 3
mv/deg C over a temperature range
of —55 to 70 C. Nominal reference
voltage is 82 v at an average cur-
rent of 2 ma. Variation in regulat-
ing voltage is less than 100 mv.
Tube is guaranteed for 30,000 hr.
CIRCLE 344 ON READER SERVICE CARD

R-F Filter
MINIATURIZED

STANDARD ELECTRONICS CO., 1611 W.
63rd St., Chicago, Ill. Series 1100
filter features hermetic seal, low
pass, high attenuation and simpli-
fied panel mounting. Filters con-
form to MIL-S-15773D and are
rated at 1 amp 220 v a-¢/400 v d-c
60 db attenuation 0.150 to 1,000 Mec.
Units also available up to 5 amp
ratings and 110 db.
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Beryllia Ceramic Disks

ELECTRONIC MATERIALS CORP., 131
Lexington St., Waltham 54, Mass.
Beryllia ceramic disks are available

CIRCLE 156 ON READER SERVICE CARD

ON PW BOARDS...

STOP COSTLY
COMPONENT

PREPARATION

DYNASERT

L o )

Cards or reels of components are loaded
into self-feeding raceways and prepared
for insertion automatically . . . The Dyna-
sert Component Inserting Machine does
all the work! Components are inserted ac-
curately, uniformly at high rates of speeds.
Operators are easily trained, changes made
from one board or component type to an-
other in seconds. Let us show you how
Dynasert can actually pay for itself on
only a few hundred insertions per week.
Send for Facts. Dynasert Dept., United
Shoe Machinery Corp., Boston, Mass.

Anited.
DYNASERT.

CIRCLE 228 ON READER SERVICE CARD

Us1e72

| FINDS COLORADO

'\,
2 |
| (4
|
i

| e Companies *“‘prospecting
for plant sites”...find rich
new benefits in Colorado.
Pleasant Living, a product
of Colorado’s magic cli-
mate attracts and holds
the most competent per-
sonnel. Industry’s west-
ward migration has made
Colorado the transporta-
j tion hub serving the vast
new markets west of the
'« Mississippi. “Site-see”
§ Colorado now...right ar
your desk.

SEND FOR FREE EXECUTIVE PORTFOLIO
“INDUSTRIAL COLORADO.” Newly completed
9-booklet portfolio on Colorado's industrial
sites, assets, opportunities and weekend vacation
wonderland. Al inquiries held confidential.

COLORADO

DEPARTMENT OF DEVELOPMENT
70 Stote Copitol Denver 2, Colorodo
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metallized on both sides for easy
soldering or high temperature berasz- E L E c T R o N B E A M
ing. They can be used as heat sinks.
CIRCLE 346 ON READER SERVICE lCI\RSD E VA P o R AT o R
S,’Y STEM

Termination
25 WATT, COMPACT

COAX DEVICES, Box V, Chelsea 50,
Mass., offers a 25 w microwave
termination made of Microloss, a
lossy microwave plastic. Geometric
shape is in the form of a slide
which has a total length of 5 in.
and fits inside 3 in. by 1} in. wave-
guide tubing. Over the 2.7-4.0 Gc
region, it produces a max vswr of
1.15. Price is $45.
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Typical installation at a leading semiconductor manufacturer

High Vacuum Equipment Corporation’s newest
BEAMATRON® — electron beam evaporator — assures

Plug-In Amplifier economical production of critical thin film components for
CHOPPER-STABILIZED the electronic and optical industries.

EMBREE ELECTRONICS CORP., 993 FEATURES

Farmington Ave., West Hartford, HVEC's BEAMATRON® has . . .

Conn. Model 1502 NUVAMP is de- ® STABILIZED ELECTROMAGNETIC FOCUSING

signed VVith 5 NllViStOl‘S, has a d-¢ 5KW, 30 KV power source is eqyipped with electrostatic deflection for
R erye R evaporation of multiple sources during o single cycle. No need to focus

gain of over 50 million, and delivers through mechanical seals.

15 ma at =100 v to 50 K¢ without ® RAPID PUMP DOWN

distortion. Open-loop gain drops g g IO Sl ol gl Ao o

linearly from 160 db at d-c to 0 db hondling capacity during the deposition cycle.

at 6 Mc, with noise down to 200 pv ® NO BACKSTREAMING OF OIL VAPORS

Water cooled bofle ond large liquid nitrogen cold trap prevent back-
streaming and clear the system of condensible materials,

Single source responsibility, plus 10 years of know-how in
the design and manufacture of electronic and vacuum
equipment is your assurance of performance.

rms.
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—
You are invited to share the extensive experience of our
= electron beam specialists. Write or call today for further

information.
High Vacuum Equipment Corporation is | =

—— a subsidiary of Robinson Technical Prod- T
ucts, Inc.,” major producer of vibration R TR
damping equipment, capillary and re- -
strictor tubing, electronic sub-assemblies.

Precision ReSiStOl’S and custom-designed printed circuits.
WIRE WOUND

canavian msearcr mstrore, s | HIGH VAGUUM EQUIPMENT CORPORATION —=F

2 CHURCHILL ROAD *» HINGHAM, MASS.

Curlew Drive, Don Mills, Ontario,
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XY :
Your concept
becomes
a reality...

When it comes to ceramic capacitors
WE CAN PRODUCE ANYTHING. . .
even the smallest unit in the world!

As one of the world's leading pioneers
in the design and production of ceramic
capacitors, Hi-Q has developed proprie-
tary materials, advanced R & D facilities,
and highly specialized skills unparal-
leled in the industry.

When it comes to ceramic capacitors,
we can provide you with anything the
imaginative mind may dream of ... even
the smallest unit in the world. Because
of the many possible variations in for-
mulation, ceramic capacitors offer an
extremely broad range of properties.
In fact, we can produce ceramic units
tailored to virtually any electrical and
physical requirements. Yes, ceramics
offer the ultimate in ultra-miniature
sizes, too. Consider the following range
of specifications already available:

Temperature

Coefficients 0L30ppm/°Cto  30%, — 85%,

—55°Clo } 125°C @ OVDCW. |

Capacities Smmidto 1000 mfd. |
Tolerance | aslowas ~1%. ]

Power Factor | .1% t02.5% maximum ]

vbew | 31050,000 ] |
Size 030" square » 030" thick,

102%" 0.0. x 5% high

Call or write today for an evaluation of
your specific design concept. All re-
quests will be kept confidential, of
course. At your request, our field engi-
neer serving your area will be glad to
call on you, at no obligation. And be sure
to ask for a free copy of our new 40-page
catalog of Hi-Q Ceramic Capacitors.

ROVOX

®
AEROVOX CORPORATION
DIVISION Hi-Q Division, Myrtle Beach, S.C.

Technical Leadership - Manufacturing Excellence |
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Canada. These resistors are wound
on phenolic forms from selected
manganin and Evanohm wire in
three wattage sizes: model P-4 con-
servatively rated at 1 w, 1% in. long
by ! in. diameter; model P-2, 1 w,
3 in. by & in.; model P-1, 1 w, § in.
by i in. Resistors are available in
accuracies of =1, =0.5, +=0.2 per-
cent in values from 1 ohm up to
5,000 ohms for the P-4; 7,000 ohms
for the P-2; and 20,000 ohms for
the P-1.
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Radiation Analyzer
HIGH VERSATILITY

NUCLEAR DATA INC., 3833 West Bel-
tine Hy., Madison 5. Wisc. Model
ND150FM 1024 channel radiation
analyvzer provides two-parameter
analysis, time analysis, high resolu-
tion pulse-height analysis, scatter-
ing measurements, and Mossbauer-
effect measurements.
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Missile Battery
AUTOMATIC ACTIVATION

YARDNEY ELECTRIC CORP., 40-50
Leonard St., New York 13, N. Y.
Silvercel silver-zine primary bat-
tery consist of 4 separate units
capable of independent or simul-
taneous discharge. The 4 battery
units, and the single automatic-
activation system that makes their

THEREIS ...
A DIFFERENCE

One test tube is made of glass, the other,
Vitreosil pure fused quartz. Most glass de-
forms at low temperatures where Vitreesil will
| withstand continuous operation at tempera-
| tures up to 1100°C for extended periods of
time. Unlike glass, Vitreosil can handle most
common acid and corrosive materials in
liquid or gaseous forms, even at high tem-
peratures, with no reaction to the quartz.

VITREOSIL®

PURE FUSED

- QUARTZ

'For use in Production of Semi-
Conductor Metals

VITREQOSIL comes inbeakers, crucibles, dishes,
tubes, rods, and many other stock items in
either clear or opaque. Transparent Vitreosil
| has excellent optical and electrical proper-
| ties. Qur know how enables us to hold
close tolerances and quartz to metal seals
are available. Special fabrication to your
requirements.

SPECTROSIL®, the purest form ot quartz,
recommended where absolute purity is re-
quired in semi-conductor work. Spectrosil
has unique optical and electrical properties
and can be fabricated into standard shapes
and special forms.

For more details see Chemical Engineering
Catalog, Electronic Engineers Master or write
!for 32 page catalog and Spectrosil bulletin.
6
THERMAL AMERICAN
FUSED QUARTZ CO.

RT. 202 & CHANGE BRIDGE RD
MONTVILLE, NEW JERSEY
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energy available instantly, are con-
tained in a metal cylinder 6 in. in
diameter by 16 in. long. Battery is
maintenance-free and absence of
moving parts within activation sys-
tem makes possible very high effi-
ciency and dependability.
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Precision Capacitors

BALCO RESEARCH LABORATORIES, 49-
53 Edison Place, Newark, N. .J,, an-
nounces precision standard capac-
itors available in 37 individual
values ranging from 100 puuf
through 1.0 uf. Tolerance is =0.05
percent.
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Harmonic Generators
USE VARACTORS

PRD ELECTRONICS, INC., 202 Tillary
St.. Brooklyn 1, N. Y. The 6611
series of varactor harmonic gen-
erators are tuned fundamental and
tuned harmonic type devices. Input
frequency range is 2.0 to 4.2 Ge/sec
and input power range is 60 to 100
mw. Harmonic power output ranges
from 0 dbm to —40 dbm. A type
BNC jack is provided to monitor
the varactor bias voltage of 6 to
approximately 8 v d-¢, 22 ma maxi-
mum current.
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Substrates
GOLD PLATED

ALPHA METALS, INC., 56 Water St.,
Jersey City 4, N. J. Disks, squares,

May 11, 1952

EECo

DIGITAL

CIRCUIT MODULES
ARE

DE-BUGGED

A life test that has logged over 8.5 million
unit hours with only one degraded failure is
proving this. That's why we are able to include

the following statement in our warranty for
standard catalog items of our manufacture:

7JF AT ANY TIME a module fails in normal
service due to defective parts. workmanship. or
packaging. Engineered Electronics Company will
repair or replace the module without charge,
provided required parts are still available.”

Write today on your company letterhead for com-
plete technical data and price information on any
of our more than 200 proven catalogued digital
circuits

ENGINEERED
ELECTRONICS

ENGINEERED ELECTRONICS Company
1441 East Chestnut Avenue ¢ Santa Ana, California
Kimberly 7-5651 Cable Address: ENGELEX
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EEHESTER

Custom constructions to
meet your exact require-
ments. Any combination
of conductors, Plasti-
cote® insulations,
shields, jackets, color
coding, etc.

Send for brochure, today!

CHESTER
CABLE CORP,
CHESTER, NEW YORK

a subsidiary of
TENNESSEE CORPORATION

washers and special configurations
of gold plated molybdenum, tung-
sten, Kovar, nickel and nickel /iron
are available. Parts may be sup-
plied fully plated on both sides, or
on one side and edges as required,
in thicknesses up to 0.001 in. Plat-
ing process produces parts which
are non-porous and resistant to
etchants such as CP4. The gold
plated parts will withstand ex-
tremely high temperatures without
discoloration or blistering.
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Coaxial Isolator
EXTENDED BANDWIDTH

E & M LABORATORIES, 15145 Califa
St., Van Nuys, Calif. Model
CX101LCI measures 7% in long.
Over the frequency range of 4.0 Ge
to 11.0 Ge, this coaxial isolator pro-
vides a minimum of 10 db isolation,
a maximum insertion loss of 1.3 and
a maximum vswr of 1.25:1. Unit
has application in many microwave
areas, such as laboratory use, and
for systems and test equipment
where sweep sources are being used.
Price is $325.
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Oscillator
VOLTAGE CONTROLLED

SOLID STATE ELECTRONICS CORP.,
15321 Rayen St., Sepulveda, Calif.
Model V-510 voltage controlled
oscillator is designed for accurate
conversion or varying analog d-c
voltage to a linearly proportional
sine wave frequency. Standard
units are calibrated for operation
over a frequency range extending
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i Casting Problem?

We pay machining cost on flawed

| castings. Are you getting this guaran-

tee of quality when you buy castings?

| request free Resources &

Capabilities booklet: @
Morris Bean & Company

Yellow Springs 8, Ohio

aluminum & ductile iron foundries
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oto-Cails
for Confact Gapsules

Nom.
Nom. |Amp/
TYPE |DC.V |Ohms|Watts|Turns

6 | 100
S/ 12 | 260 | .40 | 250
J 24 1400

6| 50
M 712|175 70| 250
24 | 820

T 6 100
12 | 400

,{j g; ;g% 35| 125
18 | 4600

™~V 12 | &o9| 24/ 125
J Coil Windings

WIRE SIZES
#6 to #56
CLASSES
A B, Fand H

Write for
Bulletin and Prices

Since 1917 Coto-Coil hos wound oll
types of coils for every opplicotion.
Complete design ond engineering
service is ovailoble.

L]
| COTO-COIL CO., INC.,
0 0_ Ul 865 Pavilion Avenue
Providence 5, R. |.
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electronics



NOW

A family of
Precise
Thermistors

vsi produces a family of precise ther-
mistors which match standard Resist-
ance-temperature curves within =19,
== e
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Resistunce Temperature Characteristics
Purtinl Range=YS1=44006 Thermistors (10K).

You can now use stock YSI thermistors
interchangeably as components in any
temperature transducer or compensator
circuit without individual padding or

balancing.
DATA

Base resistances at 25° C. of:

100 Q 1K 10K
3000 3K 30K
100 K

e Each family follows the same RT
curve within =1% accuracy from
—40° to +150° C.

® Cost under $5.00 cach, with sub-
stantial discounts on quantity orders.

e Quantities under 100 available from
stock at YSI now.

® YSI can produce precise thermistors
with different base resistances and
beta’s where design requirements and
quantities warrant.

For complete specifications and details write:

N |
I8 |
i |
1
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from 400 cps to 70 Ke within IRIG
bands 1 to 18 and A to E. Stability
of the V-310 provides data ac-
curacies within 1 percent.
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Rotary Switches
MINIATURIZED

TRUCO ENGINEERING 0., 195 W.
Main St.. Avon, Conn., offers
rotary switches that require less
than 1 in. of panel space. They are
rated at 5 amp or 125 w and have
an insulation resistance of over 1
million megohms even after long
exposure to extreme conditions of
humidity. The switches have excel-
lent characteristics as far as up
to 10 Mec. Available up to 6 decks,
solid or concentric shafts, they can
be supplied with as many as 5 poles
per deck.
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Ceramic Headers

CFI CORP., Mineola, N, Y. Vacuum
tight multiterminal  ceramic-to-
metal headers with as many as 14
leads are available for high tem-
perature applications.
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Digital Relay Timer
ACCURATE UNIT

SCHMELING ELECTRONICS, 20 First
St., Keyport, N. J. Model 150 pro-
vides accurate measurements of re-
lay timing without being subject to
operator interpretation. Incorpo-
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Accepted by industry as
the quality line of Co-
axial cables.

Conform to Military
Specifications including
MIL-C-17C—aor your own
special requirements.
Send for complete Co-
axial Cable catalog.

CHESTER
CABLE CORP,
CHESTER, NEW YORK

a subsidiary of
TENNESSEE CORPORATION
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(THINNER THAN EVER!

is the thermo module newly developed by
Sanyo Electric Co. The technique evolved
by Sanyo eliminates high cost and brittle
nature of the bismuth telluride alloys used

in production of thermoelements. Qur ex-
haustive stiidy reveals possibilities of
still reducing its thinness, result-

ing in wider and more

- ,,.;_‘4/’“‘1

= X
economical

’applications to scientific
. and electronic equipment.

SPECIFICATIONS Type Thermo ‘e ent Voitage Av)vm..lo)m Ll

couple (mpy  (Volt)
sTM.1025 10 28 0.9 88 80 587x

(2. 2‘ l 09 oum
STM-1021 J10 21 09 33 30 37x43

. 2 l 09 oua
3TM-1016 10 16 0.9 33 80 37 x

{2 2‘ | 0010 393)
3TM-1012 10 12 0.9 85 80 KA}

2.3
(l ble 2l£0 374)

3TM-1008 10 & 09 88 80
(l.‘!.. l !l. 0.374),

Subject to chonge without notice
Note: (1) No heat lood: Ty, is 27°C.
(2) Voltage opplied between circuit and hot or cold plate.

. Thermo
Thermo- elom-le Electric Jar

Refrigerator

Thermo
Thermo Pac¢ Processing Tray

Apply for further details to:

SANYO

SANYO ELECTRIC INC., ELLENVILLE, N.Y.

SUBSIDIARY OF SANYO ELECTRIC CO., LTD. OSAKA, JAPAN
MAKERS OF RADIO, TV, STEREOPHONOGRAPH, ROOM AIR CONDITIONER,

REFRIGERATOR, WASHING MACHINE, SEMICONDUCTOR, THERMOELEMENT.
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Is your advertising selling
the same four key buyers your
salesmen call on? Competi-

0 = tion demands it! Only adver-
4: £ ; tising in electronics reaches
4 . L ‘ and sells the electronics man
/1 y - wherever he is: in Research,
TODAY YOU MUST SELL ALL FOUR!
ol Design, Production, and Man-
Vi b agenent. Put your advertis-
w & ) ing where it works hardest...

dd

in @electronics

rates metering and regulated power
supplies to provide relay coil volt-
age up to 120 v d-c and contact
loading up to 1 amp. Price $2,090.
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Heat Sinks
FOR SEMICONDUCTORS

ANDERSON MACHINE, INC., 50 Brook
Road, Needham Heights 94. Mass.
Models 10106 and 20107 are natural
convection coolers which lend them-
selves equally well to forced convec-
tion requirements. Natural convec-
tion thermal resistance as low as
1.5 deg C/w. Thermal resistance as
low as 0.3 deg C/w, with moderate
air flow.

CIRCLE 360 ON READER SERVICE CARD

Foil Capacitor

GENERAL ELECTRIC CO., Schenectady
5, N. Y. Tantalum electrolytic ca-
pacitor, measuring 0.438 in. long
with a 0.175 in. diameter, has rat-
ings from 6 v, 47 uf to 150 v, 1 uf
at 85 C.
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Pulse Generator
PLUS MINUS

TEXAS INSTRUMENTS INC., 3609 Buf-
falo Speedway, Houston, Texas.
Pulse generator incorporates two
independent pairs of plus/minus
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Tin Clad Nickel
Lead-Tin-Antimony Clad Nickel Iron
Tin-Lead Clad Nickel
Gold-Antimony Clad Molybdenum
Gold-Antimony Clad Nickel lron

Single or Double clad in continuous coils
NEW COMBINATIONS BEING DEVELOPED DAILY
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SANKAISHA CO., LTD.,

May 11,

o

(WO AFFILTATED COMPANIES PROVIDE A SINGLE SOURCE FOR
SEMICONDUCTOR CLAD METALS & PARTS

\ Clad Metal
Combinations .?4

>

)

Precision Parts
Fabrication

Long experience with the
electronics and allied indus-
tries plus exceptional tooling
facilities qualify to meet
semiconductor parts require-
ments at low cost with com-
plete conformity.

SPECIFY BOTH L& G AND GF

For Alloys and Clad Metals

LEACH & GARNER (OMPANY/GENERAL FINDINGS INC.

For Precision Parts

For complete information on materials and parts write 52 Pear! Street, Attleboro, Massachusetts
SALES OFFICES: NEW YORK * CHICAGO ¢ LOS ANGELES

8 R R

)

"VARIABLE CONDENSER

3 types; AM, AM.-FM, FM.
2 gang, 3 gang, 4 gang.

PLASTIC INSULATED

VARIABLE

20mm., 21mm.,
24mm.,

Single band,
2band, 3 band
and for FM only

Cavle address, SANESVARICON TOKYQ
1425, 4.chome, Higashinakanobu,
Shinagawa-Ku, Tokyo, Japan

o) §
s |

CONDENSER

. Square Sizes:
- 15mm., 17mm.,
; £
é?
;
:
g
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'MICO

DESK AND DOOR PLATE ENGRAVER

FOR

Engravung most
sizes of Desk
and Door Plates
in a single set-
up

FEATURES

. Six pantograph ratios—from 0,5:1 to 4:1.
5 Snlndle has intcgral micrometer depth controt of
250"

5 Uses standard tapered.shank engraving cutters.

. New 19~ Copy carriers hold 177 of master copy:
Permits engraving about 11” line of characters in
one set-up at the 1.5:1 ratio,

. Three sizes of coopy carriers available.
tioned senarately.

6. Work-holding fence spceds set-up and engraving

time.

P N

(2]

Each posi-

Send for illustrated Catalog

MICO INSTRUMENT CO.

77 Trowbridge St. Cambridge 38, Mass.
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ULTRA HIGH

RELIABILITY

tubular
capacitors

WITH
A NEW DEGREE OF
PRECISION

SOUTHERN ELECTRONICS CORP. has
long been a leader in the design and
manufacture of high-precision tubular
capacitors, and has pioneered in sup-
plying them for critical applications
in computers, missiles, communications
and other high-grade military and com-
mercial equipment. They are made to
the same standards as our high pre-
cision polystrene capacitors so widely
accepted for military applications.

SEC tubular capacitors are manufac-
tured under unusually critical quality
control standards, resulting in toler-
ances as low as 0.5% in most values,
and hermetic sealing guarantees accu-
racy over wide environmental changes.

SEC tubulars are available in a wide
range of tolerances to meet your needs,
from 100 mmfd. to any higher value, in
polystrene, mylar, metallized mylar, tef-
lon and dual-dielectrics.

All SEC tubular capacitors meet or
exceed the most rigid MIL-SPECS.

In addition, we manufacture a com-
plete line of tubular capacitors for
commercial applications, Let us know
your requirements,

Write today for de-
tailed technical data
and general catalog.

SOUTHERN
ELECTRONICS
%mﬁma/i(m

150 West Cypress Ave., Burbank, Caiifornia
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Immediate delivery,
improved quality,
new, low prices on
standard
beryllium
oxide diode and
transistor bases. BeO
electrically insulates
like a ceramic,
conducts heat like
a metal. It
also reduces
collector to ground
capacitance.
Write
now
o stating
requirements. Full
information and

specs available from

. THE BRUSH
l} ' BERYLLIUM
i COMPANY

5209 Euclid Avenue
Cleveland 3, Ohio

outputs. Model 6507 offers high
repetition rates plus fast rise and
fall time. Width and delay of each
pair of outputs are coincidentally
variable—the width from 20 to 1.000
nsec and the delay from 20 to 1.000
nsec with respect to the clock.
Amplitudes are independently vari-
able from 0 to 4+ 5 v and 0 to —5
v. Rise time is 6 nsec.
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Time Delay Relay

JORDAN ELECTRONICS, 121 So. Palm
Ave.. Alhambra, Calif., is market-
ing an all-purpose time delay relay
with an externally adjustable delay
time ranging from 50 millizec to
180 sec.
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Universal Counter
SOLID STATE

SYSTRON DIVISION, Systron-Donner
Corp.. 950 Galindo St., Concord,
Calif. Model 1038 is a basic 25 Mc
counter designed to meet the de-
mands of ground support consoles
for reduced power consumption,
rugged construction and remote
controlled  operation. Features:
multiple period averaging up to
10,000 periods, solid-state hetero-
dyne plug-in for frequency meas-
urements to 222 Mec, remote pro-
gramming for all functions.
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Variable Delay Line
MINIATURIZED

COMPUTER DEVICES CORP., 6 West
18th St.. Huntington Station. N. Y.
Model DV252 has a delay range
from 0 to 65 nsec with a resolution
of 0.1 nsec. Rise time is approxi-
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N EW
DC driven
RS

|

No AC!

For battery-oper-
ated portable low-
level d-c amplifiers

and

For transistorized d-c
amplifiers. Removes
stray a-c signals
from chassis wiring.
Eliminates null off-
sets,

Write for
Catalog 554

STEVENS

INCORPORATED
ARNOLD

7 ELKINS STREET
SOUTH BOSTON 27, MASS.

S/A-21-13-V
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mately 15 nsec at maximum delay.

Housed in a metal, hermeticallyl

B

sealed case 1} in. o-d by § in. thick-

ness with an “O” ring shaft gasket. |

Characteristic impedance is 330
ohms. Applicable as a delay trim
adjustment for computer, radar
and other wide band pulse delay
networks, as well as an r-f phase
shifter or trimmers for fine phase
adjustment.
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Reference Elements
MINIATURE, 10.5 V

HENRY ENGINEERING C0., 3625 W.
Pacific Ave., Burbank, Calif., has in
production temperature compen-
sated 10.5 v miniature Zener ref-
erence elements with temperature
coeflicients as low as = 0.00025 per-
cent ‘deg C over a range of 0 to
+ 50 C. Typical dynamic resistance
is 15 ohms with an operation cur-
rent of 10 ma. Noise is less than
10 pv rms.
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Miniature Resistors
METAL FILM

WESTON INSTRUMENTS DIV.,, Day-
strom, Inc., 614 Frelinghuysen
Ave., Newark 14, N. J., announces
1/10 w and 1/20 w Vamistors. They
feature Vamalloy (a low tempera-
ture coeflicient alloy), deposited

May 11, 1962

MODEL 901

Model 901 consists of a slotted disk passing a beam of light
to photo-sensitive ciiodes in what is essentially a power flip-
flop circuit. The switch can be considered as a single pole
double throw with neither output functioning or with one
conducting as a normally closed contact. It can be used as a
pulse generator for programming systems, and as a trigger
for Silicon Controlled Rectifiers. Current capacity is 75 ma
at 28 VDC at 100° C; 150 ma at 50° C. Pulse currents of
5 amps for 8 millisaconds are possible. Virtually any switch
sequence is available. Write for application brochure today.

Response Time: 10 microseconds or less

Resolution: better than 0.25°

Temperature: —65° C to +100° C with-
out use of external heat sinks.

Torque: 0.1 in. 0z. max.

Weight: 30 grams

Life: 5,000 hours min. (only wearing part

are Class 7 precision bearings)

i WHITE AVIONICS CORPORATION

<X
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ANTENNA

CAPABILITIES

The advanced design and pre-
cision construction of Ainslie
antenna systems and associ-
ated equipment bear testimony
to nearly two decades of micro-
wave communication, detec-
tion and identification expe-
rience. By virtue of complete
design-to-delivery capabilities
and facilities, Ainslie Corpora-
tion offers its customers not
only comprehensive standard
lines of mesh, spun and horn
antennas, but also the flexibil-
ity required to develop custom
designed prototypes for on:
schedule delivery.

We invite your inquiry.

CORPORATION

531 Pond Street
Braintree 85, Massachusetts
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and fused to the glazed surface of
a ceramic tube and helically
grooved to resistance value. Fire-
bonded silver conducting bands and
epoxy resin encapsulation are ad-
ded to make a resistor which is
compact, highly accurate, and
virtually impervious to weather,
humidity, and salt spray conditions.
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Oscillator Oven
SMALL, COMPACT

SUMITOMO  ELECTRIC  INDUSTRIES,
LTh.,, 60 Okijima Min:mino-cho.
Konohana-ku, Osaka, Japan. Ther-
moelectrically controlled oven accu-
rately maintains the temperature of
quartz oscillators at their optimum
operating temperature. Absence of
moving parts results in noiseless
operation. Temperature iz main-
tained at 20 C 0.5 deg in ambients
of 5 to 40 C. Max operating cur-
rent at the greatest differential
temperature is 25 amp at 0.1 v d-c.
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Delay Line
LUMPED CONSTANT

ESC ELECTRONICS CORP., 534 Bergen
Blvd., Palisades Park. N. J.. offers
a transponder delay line, with 40
to 1 delay/rise time ratio in a 6
cu in. case. Designed to meet criti-
cal weight and space requirements
in air traffic controls. radar, and
airborne equipment. model 52-44
provides a 50 percent savings in
space and a 35 percent savings in
weight over conventional designs.
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ELEGTRONICS
IN

MAINE

Excellent female labor supply
Dependable . . . highly productive

L]
QUEBEC

HONTREAL
OTTAWA ®

TORONTO

ROCHESTER

.
SYRACUSE

BUFFALO

NEW YORK (205 MILES)

@ PITTSBURGH

L
PHILADELPHIA T;ENYON

Near major research centers,
markets and sources of supply

Modern Plants
Lease-purchase for as little
as 55¢ per sq. ft. per year

An independent research organi-
zation reports that lower overall
operating costs contribute to main-
taining firms in a competitive indus-
try position. Raytheon, Dielectric,
Sylvania and other firms have large
facilities in Maine. May we give you
more facts on electronics in Maine?

Write for electronic facts:
Lloyd K. Allen, Commissioner
Maine Dept, of Economic Development
State Capitol Room 211H Augusta, Maine
CIRCLE 238 ON READER SERVICE CARD
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PRODUCT BRIEFS

WAVEGUIDE CARTRIDGE DEHYDRATOR
silica gel-filled. Belz Industries,
Div. of El-Tronics, Inc.,, 89 Union
St., Mineola, L. [., N. Y. (370)

GENERAL PURPOSE OSCILLOSCOPE pop-
ular-priced. Lavoie Laboratories,
Inc., Morganville, N. J. (371)

MICROWAVE AMPLIFIER tunnel diode.
Sylvania Electric Products Inc.,
Mountain View, Calif. (372)

TWO-PART EPOXY CEMENT easy to
mix. Epoxy Products Div., Joseph
Waldman & Sons, 137 Coit St.,
Irvington 11, N. J. (373)

SPECTRUM  ANALYZERS  480-filter.
Spectran Electronics Corp., 146
Main St., Maynard, Mass. (3741)

TEMPERATURE PROBE fast response.
Giannini Controls Corp., 1600 S.
Mtn. Ave., Duarte, Calif. (375)

TRANSISTORIZED AUDIOMETER porta-
ble. Zenith Radio Corp., 6001 W,
Dickens, Chicago, Ill. (376)

ACCELEROMETER CALIBRATOR 100 g
10 Ke. Unholtz-Dickie Corp., 2994
Whitney, Hamden, Conn. (377)

QUICK-DISCOUNT PLUG for cryogenic
use. The Deutsch Co., Municipal
Airport, Banning, Calif. (378)

POWER SUPPLY universal point
source. PEK Labs Inc., 4024 Trans-
port St.. Palo Alto, Calif. (379)

RATIO COMPUTER for industrial use.
Navigation Computer Corp., Valley
Forge Industrial Park, Norristown,
Pa. (380)

STEREOSTETHOSCOPE transistorized.
MED Electronies Ine., 1200 First
St., Alexandria, Va. (381)

SERIAL MEMORIES high-speed. Com-
puter Control Co., Inc., 983 Concord
St., Framingham, Mass. (382)

PRESET VOLTMETER 1 /5 sec response.
J-Omega Co.. 323 First St.. Los
Altos, Calif. (383)

TINY NUVISTOR TUBE for satellite tv
cameras. Radio Corp. of America,

Harrvison, N. J. (3841)

TRANSFORMER-RECTIFIER self-cooled,
solid state. Airborne Accessories

May 11, 1962

Big book for buyers in electronics

. ..and for sellers, too. Whether you want to buy or sell in the electronics
industry, chances are that information in electronics Buyers’ Guide and
Reference Issue will help you do it better, more easily, more efficiently, or
more profitably.

EBG puts key facts at your fingertips, by: Indexing more than 4,700
manufacturers; Listing all up-to-date products, components, matevials,
services; Giving vou company statistics, such as dollar volume of business,
number of employees, number of engineers; Giving you the name of the
actual man in each company to call for prices, delivery dates, specifications,
etc.

Complete information like this puts EBG away ahead in the electronic
catalog league. It pays you to know and use the EBG.

electronics BUYERS' GUIDE and Reference Issue

@

The Basic Buying Guide in Electronics déisce 7947
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you can’t beat DCS Discriminators!

168

Model GFD-3
Subcarrier Discriminator

Model GFD-4
High-Frequency Discriminator

Modular Accessories:

Model
GFD-3/TU/LSM

Model
GFD-3/TSL

Model
GFD-3/TUA

Model
GFD-3/TASL

Optimum phase lock tracking!
——Just one reason

COMPARE THESE DCS FEATURES:
o Super reliability — MTBF in excess of 5000 hours!
e Optimum phase-locked tracking —operator controlled.
o Widest frequency range —subearriers to 1 me.
® Maximum adaptability — widest variety of modular accessories.
e All solid-state — individual power supplies.
e YET — priced below many models with inferior performance!

Don’t just take our word - ask our customers, who are actually using
thousands of DCS Discriminators!

For example, consider reliability. Actual field data gathered by
users has shown MTBF in excess of 5000 hours! What's more, we
guarantee our MTBF data!

Also, DCS offers operator-controlled variable-loop tracking filters.
Unlike inferior discriminators which are limited to a pre-set loop
bandwidth and damping (claimed “optimum’), DCS Discrimina-
tors permit complete operator control in adapting characteristics
of the phase-locked loop for truly optimum data reduction. A bench
demonstration will quickly prove the superior performance possible
with operator control. Numerous comparative customer evaluation
reports attest to the superiority of the DCS operator-controlled
phase-locked loop when signals are extremely weak.

The DCS family of discriminators offers the widest frequency
ranges available. Discriminators to accommodate subcarriers in ex-
cess of 1 me, intelligence frequencies in excess of 100 ke, constant-
bandwidth, frequency translation, and predetection signals are
standard, off-the-shelf products.

For complete information on the entire family of DCS Discrim-
inators and accessories, call your nearest DCS Field Engineer or
write: Dept. E-1-8.

DCS

DATA-CONTROL SYSTEMS, INC. ;
Tnstnamentation for Researnch N

Los Angeles » Santa Clara » Wash., D. C. « Cape Canaveral
Home Office: E. Liberty St., Danbury. Conn. « Ploneer 3-9241
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Corp., 1414 Chestnut Ave., Hillside
5, N. J. (385)

SILICONE-EPOXY COATING POWDER for
resistors. Dow Corning Corp., Mid-
land, Mich. (386)

DECADE COUNTER MODULE low cost,
small size. Anadex Instruments
Inc., 7617 Hayvenhurst Ave., Van

Nuys, Calif. (387)
C-BAND DIPLEXER tunable, high
power. Antenna Systems, Inc,
Hingham, Mass. (388)

PUSH-PULL POT space saving. Carter
Mfg. Corp.,, 23 Washington St.,
Hudson, Mass. (389)

CRYSTAL FILTERS high stability.
Ortho Industries Inc., 7 Paterson
St., Paterson 1, N. J. (390)

SYNCHRO POSITIONER for quality
control tests. Theta Instrument
Corp., 520 Victor St., Saddle Brook,
N. J. (391)

LOG-PERIODIC ANTENNA for h-f com-

munications. Granger Associates,
974 Commercial St., Palo Alto,
Calif. (392)

PULSE MAGNETRON high tempera-
ture. Litton Industries, 960 Indus-
trial Rd., San Carlos, Calif. (393)

COMPONENT TEST MODULES for 2 or
3 lead devices. Gruenberg Electric
Co., Inc., 9 Commercial Ave., Gar-
den City, N. Y. (394)

HEAT SINK high volumetric effici-
ency. Astro Dynamics, Inc., Second
Ave., Northwest Industrial Park,
Burlington, Mass. (395)

CURRENT REGULATORS low voltage,

high temperature. CircuitDyne
Corp., 480 Mermaid St., Laguna
Beach, Calif. (396)

T-W PREAMPLIFIERS for the 1 to
10.75 Gc range. Applied Technol-
ogy Inc., 930 Industrial Ave., Palo
Alto, Calif. (397)

PULSE DISCHARGE SYSTEMS ultra-
high-power. Technical Operations
Inc., Burlington, Mass. (398)

TRANSLATOR and calculator system.
Picker X-Ray Corp., White Plains,
N. Y. (399)

RECTIFIERS Kilo-Potential devices.
Rectifier Division, General Instru-
ment Corp., 65 Gouverneur St
Newark, N. J. (100)

electronics



Literature
of the Week

R-F INDUCTORS Nvtronies, Inc.,
550 Springfield Ave., Berkeley
Heights, N. J. Catalog sheet covers
Essex Wee-Wee Ductors, a line of
subminiature r-f inductors. (101)

QUALITY CONTROL  Micro Switch,
Freeport. I1l. A 20-page booklet
contains descriptions and pictures
of the company’s quality control or-
ganization, (102)

MICROWAVE POWER GENFERATORS
Ravtheon Co.. 225 Crescent St
Waltham 51, Mass,  Microwave
power generators and  accessories
for a variety of laboratory applica-
tions are described in an 8-page
brochure. (103)

D-C POWER SUPPLIES Kepco Ine.,
131-38 Sanford Ave., Flushing 52,
N. Y.. has available literature on
the ADBC series. low cost, voltage
and current regulated. d-c power
suppliex, (101)

TERMINAL BLOCKS Curtiz Devel-
opment & Mfg. Co.. 3203 N. 33rd
St.. Milwaukee 16, Wise. A 16-page
catalog describes a line of more
than 373 terminal blocks. (105)

DATA  PROCESSING DEVICE Digi-
Data Corp.. 4908 46th Ave., Hyatts-
ville. Md., has published a catalog
sheet containing specifications and
applications for the model 1250
digital stepping recorder. (106)

SILICON  ZENER DIODES Interna-
national Rectifier Corp., El Se-
gundo.  Calif.  Dulletin  SR-260
covers 152 standard silicon voltage
reference diodes now in ETA 5. 10
and 20 percent preferred value
series, (107)

CAPILLARY TUBES Tempress Re-
search Co.. Inc.. 366 San Xavier
Ave., Sunnyvale, Calif., offers a -
page engineering bulletin on tung-
sten  carbide semiconductor lead
bonding capillary tubes. (108)

COMPUTER  PROGRAMMING Auer-
bach Corp.. 1634 Arch St., Phila-

O;dinary AC VTVM’s measure voltage . . . only.
"Then, too, they are “earth-bound”’—practically
tied to their case and power line. Not this one!

The Model 131-1 tells you almost everything a rea-
sonable man could want to know about an AC signal:
voltage (at or above ground), phase, phase-shift, in-
phase and quadrature components. It will measure
amplifier gain/phase characteristic and angular error
in servo devices. It’s also a feedback-stabilized, linear
amplifier, for simultaneous CRO waveform observa-
tion.

How natural for trio/lab, 8-year pioneers in “build-
ins” (the most VI'VM in the least space at minimum
cost) to put this accurate, versatile, reliable work-
horse on your lab bench for only $345!

For $100 less, you can enjoy the “floating’ sensa-
tion without the phase-discriminating feature —
Model 109-2. Both are in stock.

Triple your
measuring capabilities
with this unique
new VIVM!

Normal and Phase-Discriminating modes

. . . both ‘“floating’’ from ground.

tri(/)lab

TRIO LABORATORIES, INC., PLAINVIEW, L., NEW YORK
OVERBROOK 1-0400, AREA COOE 516, TWX HKVL 1166

delphia 3. Pa. A complete descrip-
ion of computer programming is
civen in a 4-page folder. (51)
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PEOPLE AND PLANTS

Webcor To Build $1 Million Facility

CONSTRUCTION will begin early this
summer on a $1 million plant to
house the expanded Government
Electronics division of Webcor, Inc.,
Chicago, Il

Titus Haffa, board chairman of
the diversified manufacturing firm,
said that a new 125,000-sq-ft facil-
ity is planned for construction on a
23-acre property in Berkelev, a
western suburb of Chicago.

The new structure will house all
administration, engineering, re-
search and development and produc-
tion departments of the Webcor
Electronics division, presently lo-
cated in Chicago proper, Haffa said.
The plans also provide for facilities
such as an expanded environmental

Babcock Electronics
Names Braverman

RALPH BRAVERMAN was recently
named engineering manager of
Babcock Electronics Corp., Costa
Mesa., Calif.

Braverman, who has served as
technical assistant to president
Stuart K. Babcock since joining

170

testing laboratory, cafeteria and
other features including an antenna
range for testing radar and naviga-
tion equipment.

Haffa stated that the move re-
flects the growth achieved by the
Electronics division during the past
few years. A producer of timing
controls, airborne data recorder-
reproducers, electronic counter-
measure systems, and related equip-
ment, the division had sales of
approximately $4.5 million during
the last fiscal year. Sales of more
than $8 million are anticipated for
the year ending Mayv 31, Haffa said.

The new facility will represent
the 11th plant operated by Webcor,
Inc., in the Chicago area.

the firm in June of last year, will
direct the activities of the com-
pany’s 250-man engineering divi-
sion,

Instrument Systems
Moving to New Site

GROUND was recently broken in
Hicksville, N. Y., for the new elec-
tronics manufacturing facility of
Instrument Systems Corp. The
company, less than three years old,
is presently headquartered in Col-
lege Point, N. Y., and will move into
the new building late this summer.

The 44,000 sq ft building will
contain 20,000 sq ft of air condi-
tioned space for offices, engineering
laboratories and dust-controlled

precision assembly rooms as well as
24,000 sq ft of machine shop and
electronic manufacturing area. Ex-
pansion to cpproximately 70,000 sq
ft will be possible at a later date.

Fairchild to Open
Plant in Maine

FAIRCHILD SEMICONDUCTOR, a divi-
sion of Fairchild Camera and In-
strument Corp., will soon open a
new transistor production facility
in South Portland, Maine.

The new building, now in the
final stages of construction, will
provide the firm with an additional
48,000 sq ft of manufacturing
space. The company expects to be in
pilot production by early Fall and
should employ approximately 250
persons by the end of the year.

Robert N. Noyce, general man-
ager of Fairchild Semiconductor,
said the decision to open this plant
will in no way reduce the activity of
the division’s operations in Moun-
tain View, San Rafael, or Palo Alto,
Calif., but will in fact supplement
that activity.

Jones Joins Ortronix
As Production Mgr.

ROBERT A. JONES has been appointed
production manager at Ortronix,
Inc., Orlando, Fla.

Formerly manager of manufac-
turing at Radiation-Orlando, he
will be in charge of all assembly
work for electronic and electro-
mechanical devices as well as pro-
duction engineering.

Ceramaseal Opens
Plant Addition

CERAMASEAL, INC., recently opened
a $200,000 addition to its plant in
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~ LEACH
CRYSTAL CAN.

SERIES M240

310 SENSITIVE

CRYSTAL CAN
RELAY

SERIES M2z0

1S YOUR FILE

If i cantains all you need to know about
every kind of Crystal Can Reiay, it is. As
you knew, these Leach spacification sheets
are essential if you use relays in electronic
control systems, aircraft. missifes, ground
support ‘equipment, data handling equip-

r g

RELATS

COMPLETE?

ment, printed circuit or high environ-
mental applications. If ycur file doesn’t
look like this, it should. And can. All it
takes is just one phone call to your nearby
Leach sales office or distributor. Or you
can send a postcard to the addr2ss below.

|

LOOK TO lEAC“ CORPURA TIUN 18435 Susana Rpad, Compton, Califernia

P




New Lebanon Center, N. Y.
The new section produces wet-
ASTRODATA, INC. process porcelain insulating bush-

ings, high-alumina ceramic-to-metal
seals, and sapphire-to-metal seals.
Output from the addition multiplies
ChooseWMEs manufacturing capacity nearly four
times, company says.
L]
M/Cro Sca n Borg-Warner Corp.
Elevates Executives
Relays to sample | E. SWAIN RUSSEY, president of War-
ner Gear division and chairman of
Borg-Warner Ltd., has been elected
data acquisition system. a group vice president of Borg-
Warner Corp., Chicago, Il
Alonzo B. Kight, president of
Borg-Warner International, was
l elected a vice president of the
| corporation.

300 transducer in their high speed

GI Rectifier Div.
Names Heflin V-P

APPOINTMENT of Paul S. Heflin as
vice president-Newark operations
of General Instrument Corpora-
tion’s recently enlarged Rectifier di-
vision has been announced. He will
report directly to Arno Nash, vice
president and general manager of
the division.

TRANSDUCER SWITCHING Heflin was formerly vice presi-

dent-engineering of the GI Semi-

INTERG RATOR SWITCHING conductor division.

James Micro Scan Relays in SPDT, DPDT, and 3PDT, with

Billion Operation reliability are the unique switching answer Ray Smith Joins
to low level instrumentation. Mallory Electronies
Write for Technical Literature RAY Z. SMITH has joined the West

Coast Laboratories of the Mallory
Electronics Co. in Lakewood, Calif,,

EMES as application engineering section
head. The division of . R. Mallory

ELECTRONICS INC & Co. Inc. specializes in the devel-
. - opment and manufacture of power

4050 North Rockwell « Chicago 18, lilinois + CO 7-6333 conversion equipment and solid
state timing, sensing and switching
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devices for the aerospace industry.

Smith was previously with Chris-
tie Electrie Corp., American Elec-
tronics Inc., and U. S. Electrical
Motors Inc.

Rhodes Assumes
Alphomega Post

ROBERT RHODES, formerly with Gen-
eral Bronze Corp., is appointed
manager of the microwave depart-
ment of the recently formed Alpho-
mega Research Laboratories, Inc.,
Carle Place, N. Y. The organization
is currently engaged in the basic
design of a new concept in end-fire
antennas,

Packard Bell Computer
Appoints Frady

WILLIAM E. FRADY has been ap-
pointed vice president and director
of data and industrial systems for
the Packard Bell Computer Corp.
He will direct the company’s grow-
ing penetration into the field of
computer controlled and data
acquisition systems, and will be
headquartered in Anaheim, Calif.

Frady came to PBC from the
Aeronutronic Division of Ford
Motor Co.

Rauland Launches
Expansion Program

ZENITH RADIO CORP. has announced
the start of a $4 million expansion
program for its wholly-owned sub-
sidiary, The Rauland Corp.
Construction has begun on a
50,000 sq ft addition to Rauland’s
Chicago plant, which will be
equipped with highly mechanized
facilities for the mass production of
color tv tubes. The building exten-
sion is scheduled for completion
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EASTERN @ .‘/ﬁ “ A\ -,.).

REACH A MARKET OF
60 MILLION IN MINUTES

! OETROIT
1 hour, 38 min,
CHICAGO ;

1 hour, 39 min,

>

NEW YORK
1 hour, 29 min.

- - ————

\ X
\ S
OALLAS IGEORGIA
1 hour, 55 min. ‘ \ (Y
& h \ ﬁ.

MIAMI
1 hour, 29 min.

NEW ORLEANS
1 hour, 5 min.

In Georgia, one of the world’s busiest airports offers
372 daily flights by six major airlines. Businessmen -
and their salesmen—cover enough ground in minutes to
encompass a market of 60 million. That’s why Georgia
has become the nerve center in America’s transportation system.
Today, there are many new business opportunities in Georgia —
an imposing list of projects has been summarized by Georgia
Tech's industrial research specialists. Write for a list today —
better yet, ask for a special report on your specific
industry. 1t opens the door to exciting, new potentials.

|
!
I
|
|
|
I
I
I
l
|
|
I
I
I
|
T

r 1 ’
I FREE — Opportunity Reports pre- 0@_* b |
GEORGIA | pared by Georgia Tech in(fjusltnal St

research specialists. Write for list U

DEPARTMENT I of projects, or for any specific == :q:_-:, / =
OF | industry. Dept. E-5 =l |
COMMERCE l NAME ,
100 State Capitol | ADDRESS |
Atlanta, Georgia { oY S J
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No Other Electrical Connector
Offers So Much SECURITY
SIMPLICITY
SAVINGS

Size Reference:

Four Station Camblock
Overall Length: 2.36 in,
Height: % in.

Width: %4 in.

BETTER POSITIVE LOCKING CONNECTION, both

mechanically and electrically, results from the wedg-
ing action of the cam which compresses the wire
against the busbar. Camblock construction* also
affords superior insulating characteristics and high
vibration values.

SIMPLE as . . . (A) stripping the wire, (B) inserting
it into terminal block, or binding post connector,
and (C) turning the cam,

ELIMINATION OF SPECIAL TOOLS, LUGS, NUTS,
SCREWS, AND SOLDER makes field service and
maintenance easy and quick.

SUBSTANTIAL SAVINGS IN WIRING LABOR TIME
— on the average of 759% — have been realized
by users.

ONE SIZE CAMBLOCK ACCOMMODATES A WIDE
RANGE OF WIRE SIZES . .. #10 to #22AWG (rat-
ed to 30 amps) for the medium series available
in 2 to 20 stations.

"patent pending

Write for technical data sheets and test reports.
Camblock Meets or Exceeds MIL-T-16784B. CSA

H @OG@@ || File #19143.

D
RMS.M

WALTHAM PRECISION INSTRUMENT COMPANY, INC.

221 CRESCENT STREET, WALTHAM S4, MASSACHUSETTS
Tel: TWinbrook 3-4000 TWX: WALTH 1183-X
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late this summer, with installation
of machinery to begin in Septem-
ber.

A second phase in the program
began with the purchase of 18.1
acres of land in Niles, Ill. Initial
construction here will be a 55,000
sq ft research and administration
building scheduled for completion
by the end of the year.

Third phase is the purchase of
a 45,000 sq ft building in Chicago,
to be used for storage and ware-
housing. Occupancy is scheduled
for July.

Elect Gamson
Ampex V-P

EDWIN R. GAMSON, general manager
of Ampex Corporation’s Computer
Products Co. in Culver City, Calif.,
has been elected vice president of
the corporation.

Gamson has been with Ampex
since 1960 and has managed sev-
eral product divisions. Before join-
ing Ampex, he was vice president
of Telemeter Magnetics, Inc., which
merged into Ampex in 1960.

Gaither Takes New
Sylvania Post

APPOINTMENT of Loren F. Gaither
as assistant program manager for
the AN/MPQ-32 weapons-locating
radar program now being carried
out at the eastern operation of Syl-

electronics



vania Electronic Systems, Wal-
tham, Mass., is announced.
Gaither has been senior staff spe-
cialist-systems since joining Syl-
vania Electronic Systems in June,
1961. Prior to joining the company,
he was affiliated with the Philco
Corp., as director of communica-
tions engineering for Phileco’s gov-
ernment and industrial division.

Alto Scientific
Appoints Derus V-P

RICHARD A. DERUS has been ap-
pointed vice president of Alto
Scientific Co., a Palo Alto. Calif.,
electronic systems manufacturer.

Derus was previously associated
with Lockheed Missiles and Space
Co.. Sunnyvale, Calif.,, for four
vears in research and product plan-
ning.

PEOPLE IN BRIEF

Dan A. Kimball, president of Aero-
jet-General, elected to board of
Hycon Mfg. Edwin F. Hall leaves
Diehl Mfg. to become mgr.. appli-
cation  engineering, Daystrom
Transicoil. Eugene J. Martin from
Epsco, Inc. to Silicon Transistor
Corp. as production engineering
mgr. Guy W. Numann, ex-General
Dynamics/Electronics, has joined
the engineering staff of RF Com-
munications Associates, Inc. Three
promotions at Adler Electronies,
Inc.: Abraham Rubenstein raised
to principal engineer and Olaf
Blomgren to senior engineer in the
Military Products div., and Joseph
Coleman named provisioning edi-
tor in the Operations div. Linder
C. Hobbs has left Aeronutronic to
form the consulting firm of Hobbs
Associates. Philip R. Vance moves
up to head of the tactical systems
dept. of Mitre Corp. Gary D.
Hainey advances to quality control
mgr. at Duncan Electronics, Inec.
Earl J. Seely, formerly with GE,
now an applications engineer with
Rixon Electronies, Inc. John T.
Williams and Bernard S. Parmet
elevated to director of engineering
and technical director, respec-
tively, at The Hallicrafters Co.
Leonard FFeldman, ex-Crosby Elec-
tronics Inc., now director of engi-
neering at Datom Industries’
Madison Fielding div.
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TUBING

AND

SLEEVING

MIL-1-631C, Type F, Form W, Grade A,

For GE‘“':‘:'L’!"EZ"‘;’.’:;:’ Natvar 241 Class |1, Category 1. |
MIL-1-631C, Type F, Form U, Grade A,
a Tubing Natvar 261 Class | & 11, Category 1.
MIL-1-631C, Type F, Form U, Grade B
Wide Natvar 361 Class | & Il Category 1. !
MIL-1-74448B, Type 1, 1 &1,
Range Natvar 362 Range |, 11 21 -
Natvar 363 MIL-1-22076.
Of MIL-1-631C, Type F, Form U, Grade C,
aale Natvar 461 Class | & 11, Category 1. U/L Approved
Military R for 105°C Continuous Operation.
L Extruded U/L Approved for 105°C
Electronic Vinyl Tubing Natvar 400 Continuous Operation.
Specially Formulated for Use in
and Natvar 500 Transformer Oil.,
L . MiL-1- 21557 (Grade A Only) and
Electrical Vinyl MiL-1-31908
Isolastane
Uses (Polyurethane) MIL-1-31908.
HIL MIL-1-18057A (Grade A Only).

Natvar is synonymous with quality throughout the world.
Among the many outstanding insulations now serving the
needs of the military and industry are Natvar extruded
tubings and coated sleevings.

These are made to perform in a wide range of tempera-
tures from —68°C to 180°C and above, and to meet the
electrical and mechanical requirements of applicable
military and industry specifications. In addition, most
have superior resistance to oil, alkali and flame; excel-
lent flexibility, and exceptional toughness and ability to
withstand abrasion.

The specially compounded formulations used in Natvar
extruded tubings and coated sleevings are subjected to
systematic and rigorous quality control from raw mate-
rials to finished product. The name Natvar is your guar-
antee of quality and uniformity.

Shipments of standard items can be made the same
day from distributor’s or factory stock. Samples are avail-
able on request.

Telephone
Area Code 20t —FUlton 6-8800

Did you swipe

/

RAHWAY, N.J., RAN 1134
201 RANDOLPH AVENUE « WOODBRIDGE,
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Natvar Produds
* Varnished bric—shee! ond tope
« Varnished canvas and duck — sheet

chl:.:‘d silk and special rayon—
sheet tape

Varnished popers—rope and kraft—
Veraiahed, st ished and
Varnished, icone varn: an

silicone mblnv coal Fiberglas® =

sheet and 1

SM e:ll mblnoliom, Aboglas®
as®

Aay l¢l¢|n" .:o’.nh, t0|||'l~ O'qu

Isoteraglas® * sheets, rol apes

Epoxy coated glass shaets, rolls,

“eenne

tapes
. as® and tape
“Isalastane® sheet, tope, 0ubln¢~
and sleeving
« Vinyl caated and silicane rubbor
caated Fiberglas tubing and
sleeving
} (x'rudod vinyl 0ublng and tape
» Styroflex® flexible p Y tape
“TM (ke U5, ol OFL) OCF Corp. **TH Reg. Appliod for

We will be very hoppy to supply intormation
on any of our products on requesl.

NATUAR corrorarion

FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION

TwX Cable Address
NATVAR: RAHWAY, N.J.

NEW JERSEY

this magazine?

Only 715 cents a week is the easy way! ($6 one year, $9 for two
years, $12 three years.) Just fill in the handy “‘For subscriptions'

section of the Reader Service Card in this issue . .

instant subscription.

. and you'll get

electronics: 330 West 42nd St., N. Y. 36.
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EMPLOYMENT : OPPORTUNITIES

electronics

WEEKLY QUALIFICATION FORM
FOR POSITIONS AVAILABLE

ATTENTION: COMPANY SEE PAGE  KEY #
ENGINEERS, SCIENTISTS, PHYSICISTS ATOMIC PERSONNEL INC.

Phllatlelphla Pennsylvama
This Qualification Form is designed to help you advance in the elec- WE"':G COMPA

ew Orleans Louvisiana
tronics industry. It is unique and pact. Designed with the assistance COLLINS RADIO COMPANY

. e . . Dallas, Texas
of professional personnel management, it isolates specific experience DOUGLAS AIRCRAFT CO

in electronics and deals only in essential background information. Missiles & Space Systems Div.
EITEEan'a Tomcg, (i:‘hforma
The advertisers listed here are seeking professional experience. Fill in s',,,‘ﬁ‘:,,logf’ C':Iifofnia
ESQUIRE PERSONNEL SERVICE INC.
Chicago, Illinois
FAIRCHILD STRATOS
alrcraﬂ MISSI;:S Dllv
agerstown, Mar
STRICTLY CONFIDENTIAL GENERAL DYNAMICS/ ElECTRONICS
Your Qualification form will be handled as “Strictly Confidential” by g'o:h:s‘;e?“;e':' 3:,":'"'“ Corp.

ELECTRONICS. Our processing system is such that your form will be GENERAL ELECTRIC CO.
- . . . Defense Sys'ems Dept.
forwarded within 24 hours to the proper executives in the companies Syracuse. New York
you select. You will be contacted at your home by the interested 'NTES?VANON"‘\:WBU:'TESS MACHINES CORP.
H INTERNATIONAL BUSINESS MACHINES CORP. 77*
companies. Poughkeepsie, New York
LOCKHEED CALIFORNIA €O. 22
WHAT TO DO Dlvbofklocckheetl Aircraft Corp.
Burban alifornia
LOCKHEED-GEORGIA CO. 13
. Review the positions in the advertisements. Div. of Lockheed Aircraft Corp.
Atlanta, Georgia
. Select those for which you qualify. MARTIN ORLANDO 180
d Div. of Martin Marietta
. Notice the key numbers. Orlando, Florida

. Circle the corresponding key number below the Qualification Form. MCD%’:“E';E’;:'%E::J'E 177
. Fill out the form completely. Please print clearly. MICROWAVE SERVICES INTERNATIONAL, INC. 77*
. Mail to: D. Hawksby, Classiied Advertising Div., ELECTRONICS, Denville, New Jersey

Box 12, New York 36, N. Y. (No charge, of course). CONTINUED ON PAGE 180
| N B R B R B B B B B B B R R BEE B B | . N N N N B B B B B B BB B B B |

the Qualification Form below.

(cut here) (cut here)
electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE
Personal Background Education

NAME ... i i i ittt PROFESSIONAL DEGREE(S) ........cc0nveneennnnnnnnnnncenns

HOME ADDRESS ..........co0iiuneirnncnnnenncennnnnnss. MAJOR(S) .. .o.iiiiiiiiiiiiieeesssnnnenseconncannnnnnas

aATY .., ZONE...... STATE............. UNIVERSITY ... .. iiiiiiiirneennnonnnnnenanannnas

HOME TELEPHONE .. ... ... ..............cc0vtiiennnennnn. DATE(S) .. ie ittt ittt e ittt ettt e,

FIELDS OF EXPERIENCE (Please Check) swez CATEGORY OF SPECIALIZATION
Please indicate number of months
. experience on proper lines,
D Aerospace D Fire Controf D Radar Technical  Supervisory
Experience Experience

D Antennas D Human Factors D Radio—TV (Months)  (Months)
RESEARCH (pure, .

[ asw [ intrared [ simulators fundamental, basic) ...... ......
RESEARCH

[ circuits [ tnstrumentation [Isotid state (Applied) ... e
SYSTEMS

D Communications D Medicine D Telemetry (New Concepts) 5000 -
DEVELOPMENT

D Components D Microwave D Transformers (Model) 0000 -
DESIGN

D Computers D Navigation D Other.............. (Product) oo 30900
MANUFACTURING

D ECM D Operations Research D ................... (Product) 500050 COC500

D Electron Tubes D Optics D ................... (Fslzl;eice) ,,,,,,,,,,,,

. . s . SALES
D Engineering Writing D Packaging D ................... (Proposals & Products) ......  ......

CIRCLE KEY NUMBERS OF ABOVE COMPANIES’ POSITIONS THAT INTEREST YOU
1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
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Please complete this form and forward to: Mr. D. F. Waters, Professional Placement, Dept. 62, McDonnell
Aircraft, St. Louis 66, Missouri. This is not an application for emplovment. Your jualifications will be
reviewed by our placement staff and you will be advised of positions at McDonnell for which you qualify.
You may then make application if you wish. All replies confidential,

Name. _ Home Address

City & State. Phone

Present Position
Primary Experience Area Numbsr of Yeaxs

Secondary Experience Number of Years

Additional Comments — , - e :
B 3
Education: AE._ ME Math Physics __Chemistry EE. Astronomy Ctler
Degree: BS. ____MS. ______PHD — I would like t0 receive applicazion form [J
Date Date Date

I would like to receive literature about professional opportunities at McDonnell [
My primary wnterest is:

[J Airborne Communications []Computer Development [TJReseaich
O Antenna and Microwave [[]1Thin Film Techniques [J Digita Technique and
Techniques [ Military Airborne and Solid Logic Design
[[J Automatic Test Equipment State Electronics [[JWeapcns Systems Analysis
»_’/\ b MCDONNELL £n equal opportunity employer.
o - K.' ] F4H and F-110A Fighter and Attack Adrcraft « RF-110 Photo Reconnalssaime Aircraft »

Mercury, Gemini, Asset and Aeroballistic Spacecraft » Talos and Typhon Missile Airframas and Engines
Quail Decoy Missiles » Rotorc-aft » Electronic Systers » Automafon

MCDONNELL AIRCRAFT » ST.LOU'S



A SSIGNMENTS
I M M E DI ATELY
AV AI LABULE AT

GENERAL DYNAMICS | ELECTRONICS

SR

AR PR R L
N
ANTISUBMARINE
WARFARE

SECTION HEAD—BS or MS in EE with minimum 5 years experience
in communications, good working knowledge of ASW and thorough
background in RF and audio circuit design, ASW communications
problems and signal processing.

PRINCIPAL ENGINEER—BS or MS in EE with minimum 10 years ex-
perience in ASW and Sonar including broad knowledge of underwater
acoustics and its relationship to sonar.

COMMUNICATIONS

CHIEF ENGINEER—MS in EE or equivalent with 10 to 15 years ex-
perience in data transceiver equipment design, radio transmitter and
receiver design, transistor circuit design. Must be capable of as-
suming technical and administrative responsibility for a laboratory
actively engaged in both surface and airborne application of radio and
digital communication equipments.

DESIGNERS—With experience in radio receivers, frequency synthe-
sizers, power amplifiers or radio communication systems.

ELECTROACOUSTICS

PRINCIPAL ENGINEER—BS or MS in EE with experience in design of
high powered circuitry involving use of transistors.

HYDROACOUSTICS

SENIOR ENGINEER—BS or MS in ME or Physics with 5 to 10 years
experience in industrial sonics, thorough training in the physics of
cleaning, processing and/or impact drilling, background in acoustics,
generat physics and chemistry.

QUALITY CONTROL

RELIABILITY ENGINEERS—BS in EE with minimum 1 year experience
including reliability prediction, environmental analysis, design re-
view, test planning, failure analysis etc.

FIELD S ERVICE

ENGINEERS—Degree preferred but not required. For work on installa-
tion and maintenance of communications equipment at various U.S.
locations.

m For further information on how YOU can contribute to one of the
various programs now in progress, send a complete resume to
M. J. Downey, General Dynamics/Electronics, 1451 N. Goodman St.,

Rochester 3, New York.
GHEHID

GENERAL DYNAMICLS l ELE( .=
ROCHESTER

AN €EOUAL DPPORTUNITY EMPLOYER
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NCR

ADVANCED
DEVELOPMENT
ELECTRONICS

The National Cash Register
Company’s Research and Devel-
opment Division located in Day-
ton, Ohio has opportunity for ex-
perienced Senior Engineers and
Scientists for the following posi-
tions:

NCR'’s efforts are expanding now
to meet the needs of the future
for business and government
functions. The stable nature of
our Company provides an atmos-
phere for long range planning
of personal goals and scientific
achievement.

e DEVELOPMENT PLANNING
STAFF — to conduet studies
of clectronic equipment re-
quirements for AERO SPACE
projects with background in Mi-
crowave Equipment, Digital Com-
puters Electro-Optical Devices,
Human Engineering of Controls
and Displays, or Navigation and
Guidance Svstems. Prefer M.S.
in E.E. or Physics and 5-7 years
experience in Military Develop-
ment.

¢ ENGINEER ANALYST — to in-
vestigate multipath phenomenon
relative high frequency communi-
cations. BS, EE and some gradu-
ate work in mathematies. Prefer
experience in information theory
and communications.

e ELECTRONIC ENGINEERS —
BS, EE, 2-5 years in military
electronics and familiarity with
ground based or airborne equip-
ment development.

e CIRCUIT ENGINEERS — BS,
EE, 3-5 vears in design of elec-
tronic equipment using solid
state or vacuum tube circuits.

e 1.OGIC ENGINEERS-—BS, EE,
2-4 vears in design of digital
logic circuits.

e COMPONENT ENGINEERS —
BS, EE, 1-3 years in testing and
evaluation of electronic compo-
nents.

o COMMUNICATION SYSTEM
ENGINEERS—BS, EE, 5-7 years
in the high frequency communi-
cation area. Experience in propa-
gation techniques.

To be considered for one of these chal-
lenging positions, send resume to:

Mr. T. F. Wade, Technical Place-
ment, The National Cash Register
Company, Main and K Streets,
Dayton 9, Ohio.

AN EQUAL OPPORTUNITY EMPLOYER

electronics



ENGINEERS, EE
and MATHEMATICIANS:

Reliability
begins with an
idea...

and never
really ends

The days of more-or-less passive
reliability work are ancient history

at General Electric’s Defense

Systems Department.

When potentially globe-spanning
systems such as AWCS-412-L(1} and
MISTRAMI2) are at stake, you just
don't start cranking in reliability
somewhere along the development
line. Reliability is not only “in on the
act” virtually from the first
glimmerings of a new concept...

it operates as a full, active partner
throughout the life of the program —
and beyond, as the system moves

into the field.

If you've never been exposed to
reliability work of DSD's scope and
complexity, you are quite possibly
missing out on an opportunity to cast
off the frustrations of narrowly
limited responsibilities and truly
accelerate your professional growth.
Our Reliability Group has the
responsibility for the concept, proposal
and implementation of Reliability
programs for the entire Defense
Systems Department. The implemented
programs are in accordance with such
specifications for Aero-Space Systems
as MIL-R-27542. The general functional
areas of activity are as follows:

May 11, 1962

Systems Reliability Analysis
—encompasses the establishment of sys-
tems reliability goals if not specified by
the customer's requirements. When the
customer's requirements define a
specific reliability, the allocation of this
requirement to the subsystems and
lower levels of assembly must be per-
formed. In the performance of this al-
location, previous history of similar
equipments, state-of-the-art improve-
ment and functional configuration of
the system must be prepared. From the
detailed functional configuration, the
development of mathematical reliability
models evolves. The utilization of the
developed functional and mathematical
models predictions of the system re-
liability may be made.

Evaluation of configuration changes are
performed using the established models
and with proper costs associated the
cost trade studies would be completed.

Design Review

—involves performance of detailed
analysis of electrical and mechanical
characteristics of each assembly and
component to assure optimum reli-
ability. The design reviews require close
coordination between design engineer-
ing and the reliability engineer.

Evaluation of circuit and equipment de-
signs is conducted to obtain sufficient
knowledge of performance of various
designs. This evaluation becomes a
documented report which encourages
the design engineer to utilize the more
reliable circuit and/or equipment design.

Component Parts

—includes evaluation of components for
utilization by the design engineer, and
reliability design review activity. The
evaluation takes the form of applica-
tion notes for the utilization in future
designs, with emphasis on derating con-
cepts and establishment of the mode of
failure.

Data Analysis

Establishment of data collection, analy-
sis and processing systems. The estab-
lished data system must be utilized for
data from in-plant, field and subcon-
tractors. The analysis of the data takes
the form of statistical and analytical
reports.

Failure Analysis

An intricate part of the reliability func-
tion is to perform or cause to have per-
formed those analyses of failures as are
required by applicable specification or
customer request.

Liaison and Coordination

This is an effort associated with all
previously defined functional areas and
includes communication with cus-
tomers, vendors, design engineers,
manufacturing, repair depots and all
other functions to assure the achieve-
ment of customer reliability require-
ments.

Qualifying Experience

In most cases, a BSEE with some experience in circuit design review,
experimental verification of reliability performance, circuit analysis
or failure analysis. In many instances, a BS in Mathematics with some
solid reliability experience in another field.

For more information about the opportunities immediately available
in the Reliability Group, or to apply, forward your resume in full con-
fidence. You will receive a prompt and personal reply. Address:
Mr, P. W. Christos, Div, 69-W'S,

l 0 23}

EEB DEFENSE SYSTEMS DEPARTMENT

A Department of the Defense Electronics Division

GENERAL @D ELECTRIC

NorTHERN LicHTs OrFice BuiLbiNg, Syracusg, NEw York

© AWCS-412.L is an air weapons control system of virtually global potential. It will
consist of a closely coordinated network of data acquisition stations, data processing
and display centers, and weapon bases...providing the tools for effective and flexible
air space management, continent-wide or in single point defense,

© MISTRAM is a revolutionary precision trajectory measurement system with important
ramifications in space. Basic system concept involves a geometric arrangement of 5
ground radio receiving stations. Missile position, trajectory and velocities are con-
tinuously calculated from phase differences in a beacon signal received from the missile.
Radar only orients the radio receiving antennas in the general direction of the missile.



Space Guidance
Systems

* Solid State Physicists
(Radiation Effects Studies)

* Reliability Statisticians

* Logic Designers

* Circuit Designers

* Programmers

* Quality Engineers

e Control Systems Engineers

¢ Mechanical Engineers (Heat
Transfer/Stress Analyst)

IBM SPACE
GUIDANCE
CENTER

At its Space Guidance Center in
Owego, New York, IBM is respon-
sible for vehicle guidance and con-
trol systems for manned aircraft,
satellites, space craft, submarines,
and other vehicles. Accomplish-
ments include: successtul test flights
of the rugged 1BM computer used
in the all-inertial AChiever guid-
once system that directs the TITAN
intercontinental ballistic missile to
its target; an advanced memory
system for the NASA Orbiting
Astronomical Observatory; guid-
ance computers for flight testing
with the SATURN space vehicles.

The IBM Space Guidance Center
is situated in pleasant surround-
ings with ample housing, good
schools, and fine recreational fa-
cilities, The compony-paid benefit
program features broad educa-
tional opportunities. Relocation
expenses are paid. IBM is an Equol
Opportunity Employer.

For full details on career oppor-
tunities, please write, outlining
your interests and background, to:

Fred Guth, Dept. 554 R2
Space Guidance Center
IBM Corporation

Owego, New York

INTERNATIONAL BUSINESS
MACHINES CORPORATION

Communications

Systems Scientists For Advanced Programs

Staff level openings in Orlando,

Florida, are available for outstand-

ing technical contributors in communications systems technology.

Assignments require communications systems engineers who
are experienced in circuit design and analysis, information theory,
or probability theory. Applications include airborne and ground
digital data transmission, analog and digital computer systems,
pulsed RF/IF amplifiers, and command and control display

systems.

Work with the team who developed Pershing, Bullpup, GAM-83,
Lacrosse, Racep, Missile Master and BIRDIE! Join them as they

constantly advance the state-o

f-the-art in missile and electronic

systems. Investigate these opportunities by sending your resume,
in confidence, to Mr. P. A. Miller, Martin Company, Orlando Di-
vision, Sec. 376, Orlando, Florida. (An equal opportunity employer.)

]
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A Division of Martin Marietta

C"OMPUTER APPLICATIONS SPECIALIST

$12,000 Per Year
Will investigate application for special purpose
analog and digital computers and data processing
equipment. Analyze requirements and preparc pro-
posals and estimates. Staff opportunity. Company
assumes all expenses

ESQUIRE PERSONNEL
202 South State St.. Chicago 4. 1llinois

Engineering or Science Graduates
to be trained as

INSTRUMENT SALES ENGINEERS
with
The Bristol Company

Leading manufacturer of automation equipment
and contra! systems requires men, preferably 25 to
35 ycars old, to sell high quality. nationally
accepted products *o wide variety of industrial
markets

Openings in various areas of the country. Suc.
cessful applicants take comprehensive {hree-manths
course at headquarters. Salary and expenses
All renlies confidential; every inquiry answered.

Write- Charles F. Johnson, Mgr. of Sales Training

The Bristol Company
Waterbury 20, Conn.
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MANUFACTURERS’
REPRESENTATIVES

IN THE ELECTRONIC INDUSTRY

SAMUEL K. MACDONALD, INC.

manufacturers representatives over 25 years

1531 SPRUCE STREET, PHILA. 2, PA.

Territory: Other Offices:
Pennsylvania « New Jersey Pittsburgh
Deloware ® Maryland Ballimore
Washington, D.C.

Virginia « West Virginia
District of Columbia

For professional, individuatized
fee-paid service write for confi-
dential application.

A nationa! employment agency
for the Nuclear & Scientific Fields.

ATOMIC PERSONNEL, INC.
Suite 1207L, 1518 Walnut St., Phila. 2, Pa.

| =
electronics

WEEKLY QUALIFICATIONS FORM
FOR POSITIONS AVAILABLE

#&

(Continued from page 176)

NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION 181 17
Washington, D.C.

|

l NATIONAL CASH REGISTER CO. 178 18
Dayton, Ohio

PHILCO WESTERN DEVELOPMENT
LABS. 79 19
Palo Alto, California

SPACE TECHNOLOGY LABORATORIES,
INC. 13 20
Sub. of Thompson Ramo
Wooldridge Inc.
Redondo Beach, California

*These advertisements appeared in the 5/4/62 issve,

electronics
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This is ©
NASA’s 5
Project Apollo

>~
/

. Command Module
2. Equipment Storage
3. laarth Storable
Liquid Propellants
4. Abort and Lunar
TakeolT Propulsion
5. Lunar Landing Module
. Hvdrogen Tank
. Liguid Oxygen Tank
. Lunar Landing Propulsion
. Landing Gear

-

© o ~NO

—

The men of NARA are readying for a journey
that will surely be one of the most significant
achievements of this eentury-——Projeet  Apollo,
the fanding of men on the moon and their safe
return to earth, 1t will happen before this decade
is over,

The projeet will proceed in three stages. Before
the culminating vovages to the moon. three-man
Apollo spaceeraft will first orbit the earth for as
long as two weeks, Next, spaceeraft will head
out toward the moon. eirele it and return to earth.

The end produet of Projeet Apollo and NASA s
other space programs is not just placing a man
on the moon, hut the release of a flood of knowl-
cdge and henefits for mankind through research
and development. We will ehart the last unex-
plored sea on the map—the great void of space:
we will improve weather foreeasting (where even
a 10 per eent gain in aceuraey would save the
nation billions of dollars every yvear): we have
already taken the first steps in establishing a

—
=i =

global system of communieations satellites; and
we may expeet new produets and new teechniques
that will stimulate the entire industrial speetrum.

Stilll the advanees in seientifie knowledge hold
the exciting promisc of much greater returns, far
bevond  what  earthhound man can  possibly
cnvision.

SEND JUST ONE RESUME TO NASA

ot will be reproduced and distributed to all
appropriate. NANA  facilities for consideration.
You ean be sure to play an important role in
Ameriea’s space achievements when you join
NASA Outstanding  eareer opportunities  are
available in these locales: Washington, D. C.
aren; Mountain View  and  Fdwards, Calif.;
Hampton and Wallops Island, Va.: Cleveland,
Ohio; Huntsville, Ala; Cape Canaveral, Fla.;
and llouston, Texas.

Write to: Director, Professional Slafling, Depl.
106, NASA Headquarters, Washinglon 25, 1. C.

AN EQUAL OPPORTUNITY EMPLOYER. POSITIONS ARE FILLED IN ACCORDANCE WITH AERO-SPACE TECHNOLOGY ANNOUNCEMENT 252-B,

1962

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
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Advertisement

INTERESTING
TO NOTE

NEW YORK, N. Y. Feb. 1962:—

Universal Relay Corp., 42 White
St.. New York 13, N. Y. announces
the publication of their 52 page
Spring 1962 catalog. With publica-'
tion of the catalog, they inform
their customers that *“normal in-
ventory includes over 1.500,000 re-
lays in approximately 30,000 types.
In most cases stock is sufficient to |
give immediate delivery of produc-
tion quantities.

This catalog 1is, therefore, not
just a listing of items available ‘on
order’ but, by and large, it is an in-
dication of in-stock items (either
as complete units or as ready to
assembly components).

The average shipment is made
within 48 hours. Where coils and
frames require assembly, or relays
require special testing or adjust-
ment. shipments are made within
one week to ten days.

Universal is completely equipped
to assemble, adjust and thoroughly
test any type of relay. Assembly
and test facilities have been imi-
tated by some relay manufacturers.

A personal interest is taken in
every order. This interest is main-
tained as the order is processed.
And. it continues even after the
customer receives the merchandise
until he makes sure that it satisfies
his needs.

All merchandise is guaranteed,
subject to customers’ inspection and
approval, and may be returned
within 30 days for replacement or
credit. [

The catalog is full of items to fill
everyday relay requirements”

Catalog E-162 may be obtained by
writing directly to:

UNIVERSAL RELAY
CORP.

42 White Street, New York 13, N. Y.
W Alker 5-G900

CIRCLE 460 ON READER SERVICE CARD
182

SEARCHLIGHT SECTION

Classificd

Adve

ttving

BUSINESS OPPORTUNITIES EQUIPMENT - USED or RESALE
DISPLAYED ———RATES——— UNDISPLAYED
The odvertising is $27.25 per inch for all $2.70 a line, minimum 3 lines. To figure ad-

advertising _other than on a contract basis.
AN ADVERTISING INCH is measured 78" ver'
on a column, 3 cols.—30 inches—to a
EQUIPMENT WANTED or FOR SALE ADVERTISE-
MENTS acceptable only in Displayed Style.

Send NEW ADVERTISEMENTS or Inquiries to Classified Adv.
N.Y. 36, N. Y,

vance payment count 5 average words as a line.
BOX NUMBERS count as one line additional.
DISCOUNT of 109% if full payment is made in
advance for four consecutive insertions.

Div. of Electronics, P. O. Box 12,

,,.H{T NNA PEDESTAL

= 308/584- MP 618

Full azimuth and elevation sweeps 360 degrees
in azimuth. 210 degrees in elevation. Accurate
to 1 mil. or better over system. Complete for
full tracking response. Angle acceleration rate:
AZ, 9 degrees per second squored EL, 4 degrees
per second squared Angle slewing rate: AZ
20 degrees per sec. EL. 10 degrees per sec.
Can mount up to a 20 f1. dish. Angle tracking
rate: 10 degrees per sec. Includes pedestal
drives, selsyns, potentiometers, drive motors,
control ampildynes. Excellent condition. Quan.
tity in stock for immediate shipment. Ideal for
missile & satellite tracking, antenna pattern
ranges, radar system, radio astronomy, any
praject requiring accurate response in elevation
and azimuth

Complete description in McGrow-Hill Radiation
Laboratory Series, Volume 1, page 284 and
page 209, and Volume 26, page 233,

2 MEGAWATT PULSERS

(A) 31 KV at 60 amps 002 Duty Caele Wl
tor AJ26 at 00 KW S50

BY G0 K\ at 70 amps 00)
SIZ-O w/pulse output trans
MIT MODEL 9 PULSER

1 MEGAWATT—HARD TUBE

Duty  Cyle

ourput pulse power 23K\ at 40 amp. Max
duty ratio: .2, Uses 6021 pulse tube. Pulse
duration .27 to 2 microsee. Input 1175 volts 60

cycles AC., Includes power supply in separate
cabinet and driver. Fully puaranteed asg new
vondition.  Full Dese. MIT. Rad. Lab. Series
"ulse Generators,™

500 KW PULSER

122 Iyd. Thyr. Modulator. 22KV at 28 Amps
W/HV & Fil Supplics. 3 pulse length rep rates
225 usec 3(0 pps.  1.7% usec 550 pps. .4 usee

ps. 115V 60 ev. Wil deliver nominal
5 KW X Band using 4150 magnetiron.

L BAND RF PKG.

20KW peak #90 to 104MC. Vulse width
micro sec. Rep rate 180 1o 420 pps.
vac, Receiver $1200,

! 71012
rput 11°
Incl. o

LIFSCHULTZ

FAST FREIGHT

PIGGYBACK

TO BOTH COASTS PROMPY
TRUCKLOAD RATES ‘uw»
TO BOTH COASTS Iy

oWe welcome your inquiry.

FASTEST

TO BOTH COASTS!
CIRCLE 462 ON READER SERVICE CARD

SCR 584 RADAR AUTO-TRACK
3 CM & 10 CM. Our 584s in like new condition,
ready to go, and in stock tor immediate delivery

Used on Atlantie Missile Itange, Vacific Missile

Range, NASA Wallups Island, A BM.A Write
us. Fully Desc. MIT Rad, Lah, Seiies, Vol 1,
pps. 207-210, 228, 284-286

300 TO 2400MC RF PKG.
200 to 2400MC CW, "Tuneabls, Tratsmitier 10t

S0 Watts Output, Ns new S5T5
AN/TPS—1D RADAR

WO Rw, 12204105 mes. 160 nautieal  mile
search range P.PL and A Scopes, MTI, thyia
tron mod. 5426 magnetione Complete system

AN/TPS 10D HEIGHT FINDER
230 KW X-Band. 60 & 120 mile manges to
60,000 feet.  Comwplity

AN/APS—15B 3 CM RADAR
Aithorne radar.  Hikw outgnt using 7250 mag
netron.  Model 2 inilsey a4 n. parahala sta

hilizedd antenna.  1'F'l o Complety aystenn

%1200 each. New
10 KW 3 CM. X BAND RADAR
Cowplete RI head  micluding  transoitter, 1

ceiver, modulator. 1'ses 2142 magnetron
described in AT Rad, Lal
616-625 and Vol. [, pps.
plete Radir Syatem §750

PHILCO MICROWAVE LINK
TRMC Sywtem Type CLR-6. Also in stock
Repeaters. 12 and 24 (‘hannel Multiplex
Large Quantity, Eace, Cond

CARCINOTRON
Type OM T06A T 0H0H to
Output 260 Watts uaninur
guarantee

Fully
np~.

Noevivs Vol
5. Com

171185 &a7

HION 1hies
New

VA-800 KLYSTRON
1.7 10 2,4 KMC, (continummsly tunable). 10 KW
CW. 50 b Gain outpnt UG-435 A/YV Flange
975 cach

[A\Y
with full

RADIO RESEARCH
IR INSTRUMENT CO.
§50 FIFTH AVE., NEW YORK
JUDSON §-4691

CIRCLE 461 ON READER SERVICE CARD

~~~~~~~~~~ T
Dmdend Notice From g

Waters Manufacturing, Inc. H
An initial cash dividend of five cents pei
share has been declared payable Junel, 3
1962 to stockholders of record May
5 1962

nobert A, Waters, President

UM

CARD

CIRCLE 463 ON READER SERVICE

SCHOOLS

LEARN MATHEMATICS
Today. to get ahead as a technical man, you must
understand basic mathematics—logarithms, slide
rule, algebraic notation and laws, various equa.
tions. progressions and serics, ete. Grantham School
has just recently developed an unusual home study
course which can bring you up_to date in these
subjects, Oon’t let inadequacy in math hold you
back. Write today.
GRANTHAM SCHOOLS. INC.. Dept. 272.A

1505 N, Western Ave. Los Angeles 27, Calif.

CIRCLE 464 ON READER SERVICE CARD
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can deliver Amphenol

Bendix

gﬁﬁi Cannon

CONNECTORS
FITTINGS & CLAMPS

We stock more than 5,000,000 MS/AN
CONNECTORS . . . of 50,000 variations!
In PRODUCTION QUANTITIES . . . we sell
BELOW “O.EM.” PRICE . . . and offer
IMMEDIATE “‘OFF-THE-SHELF* DELIVERY!

FREE Send for latest brochure
+ « « and list price chart
WILGREEN INDUSTRIES, Inc.
102 Warren Street, New York 7, N. Y.

WOrth 4-2490-1-2  Wire: FXK

|
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CIRCLE 465 ON READER SERVICE CARO

FOR RESEARCH-—
DEVELOPMENT &
EXPERIMENTAL WORK
Over 10,000 different electronic parts:

waveguide, radar components and parts,
test sets, pulsers, antennas, pulse xmirs,

magnetrons, IF and pulse amplifiers,
dynamotors, 400 cycle xmirs, 584 ant.
pedestals, etc.

PRICES AT A FRACTION OF ORIGINAL COST!
Visit or Phone—
COMMUNICATIONS EQUIP CO.

343 CANAL ST, N. Y. 13, N. V.
(Formerly at 131 Liberty St.)
CHAS. ROSEN, WOrth 6-4045

CIRCLE 466 ON READER SERVICE CARD

SMALL AD but BIG STOCK
of choice test equipment
and surplus electronics
Higher Quality—Lower Costs
Get our advice on your problem

ENGINEERING ASSOCIATES
434 Patterson Road Dayton 19, Ohio

CIRCLE 467 ON READER SERVICE CARD

MICROWAVE ANTENNAS

6’ Spun _aluminum dish, Parabolic, Andrews
#2006 W/T4 Mounting brackets, de-icer and dipole
radiator. New crated for export. $100.00 complete.
One hundred available. Also Rigid Line. Hangers
& Fittings.

SIERRA WESTERN ELECTRIC

1401 Middle Hurbo'ERgc;t; Oakland 20, Calif.

CIRCLE 468 ON READER SERVICE CARD
TUBE & COMPONENT

FREE...CATALOG

BARRY ELECTRONICS

512 BROADWAY WAlker 5-7000
NEW YORK 12, N.Y. TWX* NY 1-3731

CIRCLE 469 ON READER SERVICE CARD

“SEARCHLIGHT”
IS
Opportunity Advertising

to help you get what you want—to
help you sell what you no longer need.

Take Advantage Of It

For Every Business Want
“THINK SEARCHLIGHT FIRST”

SEARCHLIGHT SECTION

SPECIAL PURPOSE TUBES

OA2....... ...

OA2WA
OAl....
OB2....

2K25. .
2K26
2K28
2K29
2K 30.
2K33A .
2K 34
2K 35
2K 39
2K41
2K42. .
2K43
2K44 |
2K45
2K47 .
2K48 . .
2K50. .
2K54 . .
2K55. .
2K56 . .
2P21
2X2A.
JAS.
3JAPY.
3B24W

IB2AWA .. .

3IB25
3B26 . .
3B28
3B29.
3JBPI1A.

3C/4B24.
2.

3c23
3C24/246
3C33. ...

3C45. . .
3CXI00AS. .
ID21A ..
3D22.
3DPIA ..

TWX:ELKGRCAL)23

TEL: 916
Mail:

17.50
2.50
. 8.00
. 5.00
7.50
. 1.50
. 7.50
9.50
"35.00
100.00
. 5.00
125.00
125.00

4.65A. . .. ... 10.00 25Z6WGT. .. .. .
4-125A. . ... 20.00 26Z5W.... :
4-250A ... .. .. 32.50 FG-27A.. .
4-400A . ... .. 30.00 28D7W...... .
B FG-32. .. ... .
35T .. .
I5TG .
FP-54 8
FG-57 .. 5
RK-60/1641 5
. BL-75 .
4434, 100,00 TG-77 .
4J50. . 100.00 HF-100 5
4J52. . 35.00 100TH d
4PR6DA 50.00 100TL o &
4X150A 15.00 FG-105 . .
4X150D 15.00 F-123A . 5
4X150G 25.00 FG-172 .. 8 5
4X2508B 25.00 211 5 5
4X250F 30.00 212E.. . .
58P1A 9.50 FG-235 . S
5C22. 17.50 242C : 5
5CP1A 9.50 244A 5 5
5CP7A 9.50 245A 5 S
5021 7.50 2498 : S
526 50.00 249C . 5
s5JP1 7.50 250R . 5
5LPY B 7.50 250TH. . . :
5R4GY . 1.10 251A . :
S5R4WGA 5.00 254A 5 .
5R4WGB . . 6.00 FG-258A . 8
5R4WGY 2.25 259A 3. 4
S5RP1A 9.50 2628 5 :
S5YIWGT. . . 1.25 2678 . 3
5YIWGTB. 3.00 271A 8 .
6ACTW . . .50 274A 5 .
6ACTWA 2.00 283A 5 5
6AG5WA. 1.50 287A . 5
6AG7Y . . 1.00 QK-288 5 :
6AK5W . 1.25 HF-300 . .
6AKS5 (WE) .75 3008 . .
6ALSW. .. .60 304TH . 3
6ANS. 1.75 304TL . 5
6ANSWA . 3.50 307A 5 .
6AQS5W. . 1.00 310A 5 5
6AR6 75 3MA 5 10007 :
6A56 .85 3N3c 5 R"SOB 10,
6A56W. ... 1.00 323A 6.00 15007.. 150.00
6A57G. 2.50 328A 350 1611, 2.00
6AULWA . 1.25 329A . 4.50 1614, 275
6B4G 3.35 336A 2.50 1616 1.00
6BAGW .75 337A 3.50 1620... 4.00
6BE6W 1.50 347A 1.00 1624 .. 1.00
6BH6W 2.75 348A 4.50 1 1625. .. ... . .50
6BL6. . 20.00 349A 3.50 1635, ... .. 2.00
6BM6 . . 25.00 350A 3,50 1 1846..........50.00
6BM6A | 30.00 23508 2.50 1855..... 250.00
6CaW. 2.50 352A 8.50 2050.. . . 1.25
6CAWA 1.00 354A 12,50 ZB-3200. . 100.00
6C21 17.50 355A 12.50 5528/C6L. .. 3,50
6D4 1.50 3718 2.50 5545. 20.00
6F4. . 3.50 388A 2.00 5550.. 30.00
C6J. ... 10.00 393A 5.00 5552/FG235. ..50.00
C6l/A 15.00 394A 3.00 5553/FG258...75.00
C6J/K. 20.00 395A 2.25 ' 5557 /FG17. . 5.00
6J4 aaa 1.50 396A /2C51 1.50 5558/FG32. . 6.50
6JaWA ... 2.50 398A /5603 3.00 5559/FG57. . 6.00
6J6W. ... ... .60 401A '5590 1.00 5560/FG95....20.00
6J6WA . .. 1.00 403B/5591 3.00 5561/FG104...40.00
6K4 . 2.00 404A /5847 5 5 1150.00
6L6GAY. . 75 407A . 3 2.25
6L6WGA . .. 1.50 408A 6028 . 2.00
6L6WGB. . .. 2.50 409A '6A56. B 3.00
6Q5G. ... 2.50 410R .00 5647.......... 3.50
65JTWGT . . 1.25 4168 '6280 .| 75
65K7W. .. .75 417A '5842 9.50 5654 /6AK5W. . 1.50
65K7WA . 2.00 418A 9.50 5656.. 5.00
65L7WGT .. .. 1.00 420A '5755 . 5.00 5663.. .00
65N7W. . .. .50 421A 5998 7.50 5665/Cl6J..... 35.00
65N7WGT . . 1.00 429A 6.50 5667.. 125.00
65N7WGTA. 2.50 GL-434A 10.00 5670........ 1.00
65U7GTY. .. .85 450TH 40.00 5672... .
6V6GTY. .. 1.00 450TL 40.00 5675... .
6X4W. .. .75 575A 15.00 5678... .
6X4WA 1.50 578 5.00 5686. B
6X5WGT . 1.00 Ku-610 5.00 5687. .
5RL7F ..100.00 NL-623. 8.50 5691... .
5RL7H 100.00 631-P) 5.00 5692 .
TAK7 2.50 673 15.00 5693. . .
TMP7 .. 22.50 676 30.00 75
10KP7 . 1500 677 ... 40.00 57‘10 /FGI3. .
12AT7WA . . 1.50 701A 5.00 5721 .
12AU7WA. 1.50 703A 1.50 5725/6A56W.. 1.50
12AX7W 1.35 7078 2.50 5726 /6ALSW... .75
12AY7 1.00 NL-710 9.75 ' 5727 /2D2\W. 1.25
C16J). 25.00 715C 15.00 | 5728 /FG67 . 10.00
FG-17 5.00 719A 12.50 5749 /6BA6W. 75
HK-24 5.00 7218 5.00 | 5750 /6BE6W... 1.50
25T7.... 10.00 723A'B 3.50 5751/12AX7W. 1.35

S5751A. ... W 2,00
5763.... 1.75
5777.... 150.00
5778.... 150.00
5783.... 2.25
5784.. .. . 2.50
5787..... 2.50
5796 8.00
5800/VX-41 7.50
5803/VX-55... 5.00
5814A . 1.35
5829. .. 1.00
5830/FG4Y. . 100.00
5836.... .50.00
5837.... 50.00
5840.... 2.50
5845. ... 6.00
5852.. .. 5.00
5876.... . 8.50
5879.. .. 1.25
5881/6L6WGB.. 2.50
5886. ... 4.00
5894. . .. 18.85
5915.... 1.00
5931 ,5U4WG . 4 00
5933/807W. 2.50
5948 /1754....100.00
5949/1907.... 50.00
5963. ... 1.10
5964. . .. .85
5965. ... 85
5976. ... 50.00
5992. 5.00
5993 5.00
6002/QK221. 250,00
6005/6AQ5W. 1.50
6012. . 4.00
6021A . 2.00
6027/‘11421\ 100.00
6032. 10.00
6037 /QK243.. 50,00
6045 . 115
6072..... 1.50
6073, ... 1.50
6074 . ... 175
6080. . 3.35
6080WA .. 5.00
6080WB. ..12.50
6082. .. 2.50

6087 /5YIWGTB 3.00

6101 /6J6WA .. 1.50
6106 1.50
6115/QK 351, 50.00
6130/3C45. . .. 6.50
6136 /6AUSWA . 1.25
6146 . .. 3.00
6159 3.50
6161, ....35.00
6186 /6AGSWA . 1.50
6189 /12AU7WA 1.50
6197 ... 1.75
6201 /12AT7WA 1.85
6202 /6 X4WA . . 1.50
6216 3.00
6233 100,00
6236 125.00
6248 500.00
6263 . 9.00
6265/6BH6W.. . 2.75

...... 37.50
6316 /BLBOOA . 100.00
6322/BL25.....15.00
6336. ... 8.75
6336A. . .. .. 12,75
6344 /QK235.. 500.00
6352. ... 7.50
6385.. .. 6.00
6390, ... 125.00
6394 ... 10.00
6438 . . 5.00
6463 . 1.00
6485 1.50
6517 /QK358. . 500.00
6533, . 5.00
6542 575
6550 .. 3,00
6807... .. 20.00
6883, . 3.50
7034 /4X150A. 15.00
7044 . 1.50
7580. . 35,00
8002R. . . 25.00
8005. ... 7.50
8008. ... 7.75
8013A . . 5.00
8014A . . 30.00
8020. 4.50
8025A 7.50
9003.......... 2.00
9005.......... 3.00

ALL TUBES ARE NEW, INDIVIDUALLY CARTONED, FULLY GUARANTEED

western engineers

-685—9582
Box 520

ELK GROVE, CALIFORNIA

SUPPLIERS OF ELECTRON TUBES SINCE 1932

Prices FOB
shipping point

Min. order
$10.00

May 11,

1962

CIRCLE 470 ON READER SERVICE CARD

183



OF RELIABILITY
IN

RF BROADBAND

AMPLIFICATION

I

LEL's new line of Octave Amplifiers
reflects the same outstanding design
and quality manufacturing techniques
that have made LEL the ‘“reliability”
leader in Microwave System Compo-
nents.

Utitizing multipole networks to achieve
maximum band coverage, LEL's new
Octave Amplifiers provide more power,
greater dynamic range and better VSWR
for such vital field and laboratory ap-
plications as surveillance radars, spec-
trum analyzers, high definition radars,
multiplexing systems and broadband
communications systems.

The New Octave Amplifiers are avail-
able as self-contained mounted units,
including solid state regulated power
supplies, or as amplifiers only.

Featuring:

* Higher Qutput Power

» Greater Dynamic Range
e VSWR: 1.5-1.7

» Solid State Power Supply

CHARACTERISTICS
(Model OCX-5-160)
Passband 160-320 mc
Gain 37 db
Dimensions 93/1" L x 31«2” W x 133" H

*Amplifiers only: designated OMX- or

CX-. Mounted amplifiers complete
with  power supplies: designated
OMP- or OCP.,

Send for descriptive folder
and 48 page Equipment Catalog.

/| Y AR

75 Akron St., Copiague, L. I, N. Y
AMityville 4- 2200 » PYramid 9-8200
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This Index and our Reader Service Numbers are pub-
lished as a service. Every precaution is taken to make
them accurate, but ELECTRONICS
responsibilities for errors or omissions,

assumes no

report
on

Northern
Plains
research
complex

Firms looking for areas offer-
ing outstanding features for
research and development
activities will be interested
in a series of Special Reports
describing the attributes of
Northern Plains locations.
Prepared by Northern these
studies provide objective
information on specific ques-
tions meaningful to manage-
ment. Additionally, North-
ern’s staff can help you fully
investigate these locations
with reference to your par-
ticular requirements — on a
confidential basis. For copies
of these Special Reports or
further information on these
related professional services,
write Perry Roys, Area
Development Department,
Northern Natural Gas Com-
pany, Omaha, Nebraska.

Ask the Man from the

Northern Plains

CIRCLE 185 ON READER SERVICE CARD

185



PRINTED CIRCUIT

DRILL for versatility
at
T Low cost

{

NEwo..Spindle feed control

provides infinite range of con-
trolled feed rates.

For prototype panels or high production
work, drill quickly and easily without
specialized labor or expensive tooling.
The Green D2 Pantograph Engraver
with D2-201 Pneumatic Attachment
provides manufacturers with a Printed
Circuit Drill having unlimited applica-
tion flexibility. Check these features:
® Spindle speeds to
26,000 R. P. M.

@ Drill speeds and feeds
independently adjustable

¢ May be used for
profiling and engraving

up to
©® Boards can be stacked

Ioo 4 deep for fast production

hUIES/mm, @ Operates on ““In Plant”

compressed air or

tank air (very small

volume required)
Whatever your requirements, the Model
D2-201 is the answer —complete and
ready to operate. Write or call today
for full details.

GREEN INSTRUMENT

drills

COMPANY, INC.

Dept. 63 « 295 Vassar Street
Cambridge, Mass. - ELiot 4-2989
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Audit Bureau
of Circulations

Associated Business
Publications

Audited Paid Circulation

JAMES T. HAUPTLI

Advertising Soles Manager

R. S. QUINT:
Assistant Publisher Buyers’
Guide and Business Manager
FRED STEWART:
Promotion Manager
B. ANELLO:
Market Services Manager

RICHARD J. TOMLINSON:
Production Manager

GEORGE E. POMEROY:
Classified Manager

HUGH J. QUINN:
Circulation Manager

ADVERTISING REPRESENTATIVES

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

{area code 212)
BOSTON (16}:
William S. Hodgkinson, Donald R. Furth
McGraw-Hill Building, Copley Square,
Congress 2-1160 (area code 617)

PHILADELPHIA (3):
Warren H. Gardner, William J. Boyle
6 Penn Center Plaza, LOcust B-4330

(area code 215)
CHICAGO (11):
Harvey W. Wernecke, Robert M. Denmead
645 North Michigan Avenue, Mohawk 4-5B00

(area code 312)

CLEVELAND (13):

Paul T. Fegley

55 Public Square, Superior 1-7000

{area code 216)

SAN FRANCISCO (11):

R. C. Alcorn

255 California Street, Douglas 2-4600

(area code 415)
LOS ANGELES (17):
Peter S. Carberry, Ashley P. Hartman
1125 W, 6th St., Huntley 2-5450
(area code 213)

DENVER (2):

). W. Patten

Tower Bldg., 1700 Broadway,

Alpine 5-2981 (area code 303)
ATLANTA (9):

Michae! H. Miller, Robert C. Johnson

1375 Peachtree St. N.E., Trinity 5-0523

(area code 404)

HOUSTON (25):

Joseph C. Page, Jr.

Prudential Bidg., Holcomb Blvd.,

Jackson 6-1281 {area code 713)
DALLAS (1):

Frank Le Beau

The Vaughn Bldg., 1712 Commerce St.

Riverside 7-9721 {area code 214)

LONDON W1:
Dennis McDonald
34 Dover St.

FRANKFURT/Main:
Matthee Herfurth
85 Westendstrasse

GENEVA:

Michael R. Zeynel
2 Place du Port

"Headquarters for Business Information’’

McGraw-Hill Technical and Business Publications

American Machinist/Metal-
working Manufacturing

Aviation Week and Space
Technology

Business Week

Chemical Engineering

Chemical Week

Electrical World
Electronics

Markets

Coal Age
Construction Methods and Factory
Equipment Fleet Owner

Construction Daily
Contro! Engineering
Electrical Construction

and Maintenance
Electrica) Merchandising Week
Electrical Newsletter
Electrical West Power

Nucleonics
Nucleonics Week

Electrical Wholesaling

Engineering Digest
Engineering and Mining Journal
E & M) Metal and Mineral

Engineering News-Record

Industrial Distribution
National Petroleum News

Platt’s Oilgram News
Platt’s Oilgram Price Service

Product Engineering
Purchasing Week
Science Week
Textile World

Overseas only:
Automobile International
(English, Spanish)
Ingenieria Internacional
Construccion (Spanish)
International Management
(English, Spanish
Portuguese editions)
Metalworking Production
{Great Britain)

Available by subscription only — to qualified persons actively engaged in the field of the publi-
cation. For subscription rates and information describing the editorial coverage of any of the
above publications, write to: Subscription Manager, Circulation Department, McGraw-Hill Pub-
lishing Company, 330 West 42nd Street, New York 36, N. Y.
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Training Console for POLARIS Navigation Control
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in recording = =
reliability

O

... without the dimension of time. Performing to standards month after month,

year after year, is the true measure of reliability. It is, in fact, the true measure of

Brush Recording Systems that have documented much of the information from vehicles and satellites

since the beginning of the space age. That’s why Brush is able to design Recording Systems that
originally meet MIL specs . . . Analog Recorders. . . 120 channel Operations Monitors and the combination
AN/SEQ Recorder that simultaneously records both analog data and sequential events. Vital components
in every standard Brush system conform to these rigid requirements: pen motors, transmissions,

circuit boards, hardware and wiring. This capability and experience is unmatched in the industry.

Before prototype design becomes a problem—write Brush for complete details.

b""ﬁh INSTRUMENTS

DIVISION OF [CLEVITE 37tn AND PERKINS, CLEVELAND 14, DHID
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CONFIDENCE LEVEL

100%

80%

60%

50%

40%

20%

FAILURE RATE- PER THOUSAND HOURS

RCA-7586 FAILURE RATE IS:

0.36% OR LESS PER THOUSAND HOURS WITH A 95% CONFIDENCE LEVEL

...and at a 50% confidence level, the failure rate is only
0.084% or less per 1,000 hours. These extremely low
failure rates shown with corresponding confidence levels
on the chart above, are based on more than 1,000,000
tube hours of acrual life testing. Many of the life tests
have been run beyond 5000 hours with no sustained
downward trend in transconductance observable in the
distribution.

This data indicates you can be 95% sure that RCA-
7586 nuvistor triodes, operated under conditions equiva-
lent to those described, would have less than 4 failures
out of cach 100 tubes after 10,000 hours of operation.

These life test results demonstrate conclusively the
extra reliability the tiny nuvistor tube brings to your
electronic systems.

FIELD OFFICES:

EAST: 744 Broad St., Newark 2, New Jersey
HUmboldt 5-3900

MIDWEST: Suite 1154, Merchandise Mart Plaza
Chicago 54, tllinois
WHitehall 4-2900

WEST: 6801 E. Washington Bivd.

Los Angeles 22, Calif,

RAymond 3-8361

1838 El Camino Real, Burlingame, Calif.
OXford 7-1620

\
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Tests were conducted under two sets of field conditions
as shown:
NUVISTOR LIFE TEST CONDITIONS

Test Test
Conditions  Conditions

#1 #2
Heater Volts 6.3 6.3
Heater-Cathode Volts 100 0
Plate Volts 100 -
Plate-Supply Volts -~ 75
Grid Volts —1.85 -
Cathode Resistor—QOhms - 100
Grid-Circuit Resistance—Megohm 0.5 0.5
Metal-Shell Temperature—°C 150 150
Plate Dissipation—Watts 1 0.75

Start now to give your circuits the extra advantage of
nuvistor reliability and performance. For technical data
on the 7586, get in touch with your RCA Field Repre-
sentative or  write Commercial Engineering, Section
E-19-DE-2, RCA Electron Tube Division, Harrison, N.J,
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PROVEN NUVISTOR RELIABILITY
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