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Electronic Engineering Profile-1965

IN our MARCH 1939 issue we published our first
“Profile of Today’s Electronic Engineer.” This infor-
mation was extremely valuable to the industry at large
because it was the first time that any magazine had de-
veloped such data. This report included engineering
income by age groups, experience, education and geo-
graphical location. Other data covered family status,
car ownership, insurance and net worth.

As editors, the data was especially important to us
hecause it gave us guidelines on which to develop the
most significant and interesting editorial material for
our readers.

Three years later, in our March 1962 issue, we up-
dated and supplemented this information. Another
three years have passed, and we are now preparing a
new electronic engineering profile. We earnestly solicit
your cooperation.

We all know that during the past two years our in-
dustry has undergone considerable change. There has
been a shift in government procurement objectives. As
a result, there have been notable cutbacks in electronic
hardware production. Research and development ac-
tivities are expanding. New programs emphasize higher
reliability as well as cost reduction.

With the rapid onrush of integrated solid-state cir-
cuitry, the role of the circuit design engineer will be
altered considerably.

There is now a noticeable effort on the part of many
manufacturers to diversify their activities. Some are
developing new products for commercial-industrial mar-
kets. Others are entering into merger or acquisition
agreements. Component suppliers may turn to systems
development work. For the electronic engineer this
can bring reassignment or relocation.

Rapid technological changes are forcing the engineer
to continue his education in order to avoid obsolescence.
As editors, and being aware of these changes, we
are naturally concerned with the effects that you, our
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reader, have personally experienced. Our questionnaire
for the Electronic Engineering Profile-1965 has been
especially designed to take these changing times into
consideration. It is included in this issue on page 145,
We ask that you review it, fill it out, and send it back
to us. Your return will be completely anonymous ex-
cept for the geographical location information requested
in question 36. This we need in order to develop a true
national statistical sample.

You will note in some cases the questions are num-
ber coded. These are only to facilitate future computer
processing. There are no “right” or “wrong” answers.
Other questions give you an opportunity to express
your own opinion. Perhaps question 37 is the most
important part of this questionnaire. Your coniments
here will enable us to know more about your problems
and assist us to be effective as your spokesman to the
industry. If you need more space please attach addi-
tional sheets.

For those who plan to attend the IEEE International
Convention in New York City this mouth, our booth
number is 4201-4203. ALL ELECTRONIC INDUS-
TRIES’ editors will be there. We would like to dis-
cuss any or all of these industry conditions with you
personally.

For our ‘pass-along” readers we will have addi-
tional questionnaires available at our booth. For those
who cannot attend and who wish to participate, simply
send us a postcard with your name and address along
with the words Electronic Engineering Profile-1965. A
questionnaire will be forwarded you by return mail.

Through your cooperation we can develop interesting
and meaningful data of mutual benefit. We can deter-
mine the effect of these new developments on our in-
dustry. We plan to review and analyze your question-
naire as it is received and to publish compiled results
in our “State-of-the-Art Reference Issue” next June,
Many thanks for your help!



New from Sprague!

For extreme size reduction and unusval capacitance stability . . .

COMPARE!

FILMITE ‘K’ POLYCARBONATE FILM CAPACITORS

® New Filmite ‘K’ Polycarbonate Film Capacitors are
more than 13 times smaller than paper capacitors of equiv-
alent capacitance value and voltage rating!

® Polycarbonate film dielectric provides exceptionally high
capacitance stability over the entire temperature range, due
to inherently low coefficient of expansion of polycarbonate
film and a dielectric constant which is nearly independent
of temperature.

@ Filmite ‘K’ Capacitors exhibit almost no capacitance
change with temperature—dramatically better than poly-
ester-film types, they even surpass polystyrene capacitors.

® Low dissipation factor (high Q) makes these capacitors
extremely desirable where high current capabilities are re-
quired, as in SCR commutating capacitor applications.

@ Low dielectric absorption (considerably lower than that
of many other commonly-used film dielectrics) over a
broad frequency/temperature spectrum makes Filmite ‘K’
Capacitors ideal for timing and integrating.

® Extremely high insulation resistance, especially at higher
temperatures. Superior to many other commonly-used
film dielectrics.

® Close capacitance tolerances—available to *+0.25%!

® Filmite ‘K’ Capacitors are excellent for critical appli-
cations including tuned circuits, analog and digital com-
puters, precision timing and integrating circuits because of
the unusual properties of the polycarbonate film dielectric.

Type 260P Filmite ‘K’ Capacitors are metallized, utiliz-
ing non-inductive construction. They feature special self-
healing characteristics, in the rare event of capacitor
dielectric breakdown. Designed for operation at full rated
voltage over the temperature range of —55 C to +105 C,
these metal-clad capacitors are hermetically-sealed and are
available with both standard and weldable wire leads or
solder tabs in a variety of mounting styles.

Types 237P and 238P Filmite ‘K’ Capacitors are of
high-purity foil construction, and are hermetically sealed
in metal cases. Operating temp. range, —55 C to +125 C.

For complete technical data on Type 260P and on Type 237P and 238P Capacitors, write
for Engineering Bulletins 2705 and 2700, respectively, to Technical Literature Service,
Sprague Electric Company, 233 Marshall Street, North Adams, Massachusetts.

SPRAGUE COMPONENTS

CAPACITORS PULSE TRANSFORMERS
TRANS ISTORS INTERFERENCE FILTERS
RESISTORS PULSE-FORMING NETWORKS
INTEGRATED CIRCUITS TOROIDAL INDUCTORS
THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS

2 Circle | on Inquiry Card

CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
BOBBIN and TAPE WOUND MAGNETIC CORES
SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS

SPRAGUE

THE MARK OF RELIABILITY

"Sprague’ and * (@' are registered trademarks of the Sprague Electric Co.
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A typical application of reed relays is in automatic test equipment. Here we show Clare Reed Relays being
used in the Philco Automatic Circuit Tester (PACT) which checks out integrated circuit wafers at Philco’s
Lansdale, Pennsylvania microelectronic manufacturing plant. For more on PACT, see page 107. For more
on reed relays, see ‘1965 Survey of Reed Relays & Sensitive Relays” on page 40.
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pability in each area of electronic technoiogy
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AIGRLIGHTS

1965 SURVEY OF RELAY SPECIFICATIONS 40

The first of a series of special reports giving key commercial and military
type relay specifications as compiled by El editors from information sup-
plied by 230 relay manufacturers. This part covers reed relays and sensitive
relays.

IEEE SHOW AND CONVENTION 60
Technical papers program highlights four-day meeting at New York’s Coli-
seum and Hilton Hotel. Medical Electronics is featured among technical
sessions.

WHAT ENGINEERS SHOULD KNOW ABOUT PLASMA 90
Plasma is gaining increased attention from researchers. A large number of
the devices and applications are tied directly to electronic engineering. This
article describes plasma, how it is controlled, and some of its applications.

PERFORMANCE OF SILICON REFERENCE ELEMENTS 95
A mathematical model of a typical reference element is presented here and
its terms analyzed. The result is a method of determining the best volitage
reference element for the least cost.

APPLYING POLES AND ZEROS TO NONLINEAR NETWORKS 98

The parameters of the network determine the locations of the poles and
zeros. In a nonlinear network the parameters may be functions of voitage
or current, in which case the poles and zeros also will be functions of volt-
age or current.

CHOOSING THE RIGHT SOLDER ALLOY 102
The designer must think of soldering in broader terms than conventional
tin-lead alloys. Here is a logical step-by-step method for considering all
parameters involved in an alloy choice.

PROFILE OF TODAY’'S ELECTRONIC ENGINEER—1965 145
Every three years, ELECTRONIC INDUSTRIES conducts a survey of elec-
tronic engineers to determine the latest changes in the employment picture,
in the relative financial position of engineers, and other details of their
professional and family life. When the results are compiled and analyzed,
we have a very graphic picture of where the engineer stands. In this issue,
we include the questionnaire, and ask all our readers to cooperate by filling
it out andEreturning it to us. The results will be published in a forthcoming
issue of El.

* A REPRINT of ANY ARTICLE in this issue is available
from ELECTRONIC INDUSTRIES Reader Service Depart-
ment, 56th & Chestnut Streets, Philadelphia, Pa. 19139
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New from Spraguve!

* DUET" 29vouroust-emrrree

OXIDE
PASSIVATION

COLLECTOR

. | . a
| T0-18 CASE | | e b "' FOURLEAD 'J }T0-18 CASE
for maximum protection... /'l

J tlmes the emitter voltage previously available!

Sprague DUET* low level dual-emitter chop-

COMPARE THESE PARAMETERS pers are fully passivated PNP silicon planar

epitaxial transistors. They feature guaranteed

wn'H THOSE OF emitter voltage of up to 50 volts, three times the

emitter voltage previously available.

ANY OTHER DUAl- EMITTER! The Sprague DUET* is ideally suited for appli-

cations such as low-level chopping, multiplexing,

commutating, etc., where low leakage current,
TypeNo.| BVeo leeo Vo low saturation resistance, and close matching are
required. The DUET* is a product of Sprague’s
3N93 50V 1nA 50.V extensive research effort in silicon planar epi-
taxial and silicon based microcircuit technology.
3N94 50V TnA 100+V The high emitter voltage ratings mean circuit
3N95 50V 1nA 200.V design simplificafion, improved circuit reliability,
and reduction in the number of components re-
3N90 30V 1nA 50,V quired. When designing chopping circuits where
maximum voltage is required, do it with DUET*.
3N91 | 30v | 1nA | 100.v A

For complete information, write to Technical
3N92 3oV TnA 200,V Literature Service, Sprague Electric Company,

233 Marshall Street, North Adams, Mass. 01248

*Trademark

SPRAGUE COMPONENTS

CAPACITORS INTERFERENCE FILTERS PACKAGEO COMPONENT ASSEMBLIES

TRANSISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTEO NETWORKS
RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES

F IABILITY
INTEGRATEOQ CIRCUITS TOROIOAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF REL i

THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

453019

*Sprague’ and ‘@' are regi of the Sprague Electric Co.
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...Nnew
connective
dimensions

“PITCH”

a new manufacturing
technique!

announces

SPREAD-
PITCH .
MICRO-PITCH!

See for yourself what we mean
by “spread-pitch" and
“micro-pitch” as part of “new
connective dimensions' at aci's
Booth 1005, IEEE Convention

. new
connective
dimensions

ADVANCED CIRCUITS INTERNATIONAL
_ DIVISION OF KENT CORPORATION
208 CENTER, PRINCETON, N.J. 08540 PHONE 609/924-3800
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Sierra’s 129A
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OLTM

MAIN TUNING KNOCYCiES
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PHILCO  vouwmrr
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MOOEL 129 A

10 cps to 100 kc Wave Analyzer

The Sierra 129A low frequency wave analyzer
provides excellent stability at all frequencies
Py from 10 cps to 100 kc. In addition, it can be
used as a signal generator or tunable voltmeter.

This wide range low frequency wave analyzer
features: Wide AFC (=300 cps) . . . restored sig-
nal output at identical frequency to input signal
. . . extremely close tracking . . . excellent IF re-
jection characteristics. Input sensitivity is from
—110 to +32 dbm referred to a 600 system.
A unique benefit of the 129A is that it operates

on either 110V or up to six hours on its recharge-
able built-in power source.

Whether you figure on total cost or cost per
band, the Sierra Model 129A Wave Analyzer is
your best buy, Price: $1,675.00,

Contact Sierra today!

Voltmeters/Wave Analyzers/Signal Generators/
Transistor Testers/Fault Locators /Power
Monitors/Power Sources/Calorimeters/Loads/
Couplers/Power Amplifiers

SIERRA ELECTRONIC DIV.

oF
PHILCO
A SUBSIDIARY OF %@%'/W%Wa"y)

3879 Bohannon Drive, Menlo Park, California
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e RADARSCORE

Developments and trends affecting the State-of-the-Art
of technologies throughout the electronic industries

INDUSTRIES

N

AIR TRAFFIC CONTROL

Eight of these new Alpha Numeric Simulation Display Systems
will be used by the FAA to study methods of controlling dense
air traffic. As many as 60 aircraft can be superimposed on this
400 sq. mi. airway map. Specific map sections can be enlarged
and unwanted information erased in this Radiation, Inc., system.

FUEL CELLS operating directly from powdered
coal are being developed by Westinghouse research-
ers. An experimental 100 watt unit was demon-
strated. It consists of a fuel cell battery having
400 thimble-sized cells, plus a chemical reactor
for producing volatile gases from the coal. Reactor
and battery operate at 1800°F. Ceramic electrolyte
in the cells does away with liquids and paste-type
chemicals normally used. Output was 100 volts at
1 ampere.

SENSING THE MASS of an object at a distance
is the basis of a contract awarded to Hughes Air-
craft Co. by NASA. The sensor will consist of an
aluminum cruciform about 5 inches in diameter
that rotates within a vacuum chamber. When the
sensor is rotated within the gravitational field of
an object, the pull on the ends of the cruciform
varies with the change in position caused by rota-
tion. This sets up vibrational modes that can be
read by sensitive piezoelectric strain transducers,
and measured in terms of the object’s mass.

8

BETTER LASER MATERIALS are the subject
of a research project at General Precision’s Aero-
space Research Center. The work is concerned
with the influence of chemical environment on the
fluorescence or light emitting of the atoms of rare
earth compounds. Large increases in the light in-
tensity emitted from europium, terbium, and samar-
ium have been noted as a result of varying the
molecules and chemical groups immediately sur-
rounding the rare earth atom.

MICROCIRCUIT containing 576 light-emitting
diodes on a single chip of silicon has been developed
by Fairchild Semiconductor’s scientists. The silicon
rectangle is 3§ inch on its longest size. There are
32 rows of 18 diodes. The diodes can be flashed on
one at a time or in various combinations. While the
light emitted can be seen by the unaided eye in a
dimly lighted room, the main purpose is to expose
film. The first application will be in a photographic
reconnaissance camera system. Many other appli-
cations are possible.

FAILURE MECHANISMS at metal-dielectric in-
terfaces have been studied by Motorola’s Semicon-
ductor Products Div. Research shows thermal or
electrical stress may induce diffusion of electrode
metal into the dielectric material of a thin-film
capacitor. This can alter resistivity and other
electrical and physical properties, hence leading
to high leakage or complete failure. Details are
contained in AD 609 066N, price $3.00, available
from Clearinghouse for Federal Scientific and Tech-
nical Information (formerly OTS).

HIGH TEMPERATURE BATTERIES can op-
erate at 250°F. without affecting their operation.
Developed by Astropower Labs., Douglas Aircraft
Co., they can operate for months in high tempera-
tures. Batteries have special inorganic separators
between silver and zinc electrodes. Separators re-
sist swelling and other deformation from high heat.
Batteries can be recharged many times more than
current silver-zinc models. They can be recharged
by solar energy.

SYSTEMS ELECTROMAGNETIC COMPATI-
BILITY is a critical problem coming under sharp
focus. The basic approach to a solution lies in the
adoption of an adequate systems point of view,
recognition of the differences between intra-system
and inter-system compatibility problems, and an
understanding of the basic scientific principles
involved. A two-week seminar covering this will
be given in June by the Moore School of E. E,,
University of Pennsylvania.

ELECTRONIC INDUSTRIES <+ March 1965



MICROWAVE POWER TUBES have been im-
proved by Litton Industries Research Dept. Noise
figure has been cut to one-third by using a low
diocotron gain factor within the electron beam and
a special “noise transformer” electrode in the elec-
tron gun. The results are most significant in
crossed-field amplifiers. But, gains will occur in
other types also.

SAFER JET takeoffs and landings has been the
subject of a computer simulation program con-
ducted by Battelle Memorial Institute. The find-
ings lead to an advanced control system providing
predictive information to the pilot. The system
can be built from existing instruments.

MAGNETIC TAPE can now withstand up to
600°F for prolonged periods of time. The tape has
a magnetic coating over a non-magnetic stainless
steel substrate. Also, because of its packing den-
sity, twice as much information can be stored in a
given area as on current tapes. The tape was
developed by Whittaker’s Narmco R & D Div. in
San Diego.

TEST PACKAGE

lon engine ballistic flight test package is adjusted by Jack
Davis, Propulsion Systems Mgr. at Electro-Optical Systems, Inc.,
Pasadena. The Air Force recently flew such an engine success-
fully for the second time. The candidate for the job of propelling
future space vehicles is about 5% in. in dia. and 8 in. long.

ELECTRONIC INDUSTRIES <« March 1965

MISSILE CONTROL

Targeting and firing of the Air Force’s Minuteman 1CBM is
being simulated by Sylvania Electric Products Inc., Waltham,
Mass. Here, engineers check elements of the company’s ad-
vanced ground electronics system which assures that the mis-
siles are poised at the ready and, when necessary, fires them.

FREQUENCY MULTIPLIER CIRCUIT that
multiplies three, four, five, seven or more times
is the basis of a patent received by TRW Space
Technology Labs. The Kaufman “idler circuit,”
along with semiconductor frequency multiplier
systems, replaces methods using klystrons ani
TWTs for generating signals up to 30xmc. It has
applications in uhf and microwave regions. Com-
plete information is available to prospective li-
censees.

TITANIUM CARBIDE wears better than tung-
sten carbide in the manufacture of parts for receiv-
ing and color TV tubes. The new material, devel-
oped by Adamas Carbide Corp., lasts at least six
times longer in its wse as a wear part.

DEVELOPMENT WORK is under way at Mel-
par to make a package to reveal if there is any life on
Mars. The system will be used on the Voyager flight
in 1971. By passing a beam of polarized ultraviolet
light through a solutien in which a sample of Mars soil
has been dissolved, it is hope to learn if “life” does
exist. Life could mean just the lowest form of plant
life.

COLOR PICTURE TUBE sizes are starting to
become as varied as black and white tubes. Starting
out with a round 21 inch tube, we now have a 25
inch rectangular tube, with work being done on
19 and 16 inch sizes. Foreign competition is work-
ing on a 12 inch tube, with a 9 inch tube to follow.
U. S. companies are rapidly expanding facilities to
meet the demand for color tubes.
(MORE RADARSCOPE on Page 11)



VOLTAGE

——
1ERO
tRAOR
N1
O SHAFT ANGLE s
INDEPENDENT LINEARITY , .2 .
,«‘{
—
7 Ve
4 7
/, /’
’
4
Y /’
Vi 4
, 7’
y; 7’
e
rd
// 4
7 rd
’ ,’
VOLTAGE .’ e
/, 4
/, ’,
2 ’
d
,I
,,
=
0 SHAFT ANGLE

ZERO-BASED LINEARITY

A new pot with .15% zero-based linearity

This new Amphenol 7/8” pot
costs less than other brands with
only +0.25% independent line-
arity. (As little as $7 in produc-
tion quantities.) Yet our new 2170
potentiometer comes to you pre-
calibrated from the factory with
=+0.15% zero-based linearity.

ZERO-BASED POTS CUT PRO-
DUCTION COSTS. As you can
see in the chart, a pot with just
independen: linearity actually
gives an output signal even when
it is in the zero-stop position.
This condition is called zero-
error. It means your production
people may be spending needless

Circle 5 on Inquiry Card

for only s7

time and money to phase in elec-
trical zero or buck out residual
voltage—exira expense in cali-
bration time, trimmers, and re-
sistors that adds up to more than
the price of the Amphenol 2170!

AMPHENOL EXCLUSIVE EXTRAS.
The 2170 also gives you other
hidden advantages you won't find
anywhere else. For example:
ZERO BACKLASH. The wiper
drive mechanism is especially de-
signed to hold precise, repeat set-
tings. WELDED TERMINA-
TIONS. Strap terminations to the
resistance element and lugs are
all solidly welded. Absolutely no

delicate, heat-sensitive wire con-
nections. LONG LIFE. Guaran-
teed for 2,000,000 revolutions
rotational life—up to 100% more
than many competitive models.

CHOOSE FROM 33 POTS. The
2170 is just one example of the
better buys you can get from
Amphenol in military, industrial
or commercial pots. We make
pots by the hundreds-of-thou-
sands. All shapes, all styles.
That’s why our prices are lower.
So call your Amphenol Sales En-
gineer or distributor today for
the best potentiometer values. Or
write us in Janesville, Wisconsin,

CONTROLS DIVISION
®

AMPHENOL-BORG ELECTRONICS CORPORATION

Specify Amphenol . . . the leading name in cable, connectors, RF swi:ches, potentiometers, microelectronics




RADARSCOPE

A LASER SYSTEM that pro-
duces smooth, rectangular-wave sig-
nals, variable in duration from 2 to
50 psecs., has been announced by
Westinghouse Electric Corp. The
new high-power system has a mini-
mum power of 20 joules which can
be raised to 44 joules. At 44 joules,
however, there is a slight degrada-
tion of the output pulse. A new type
of electro-optical oscillator and an
improvement in laser amplification
made possible the new system. The
oscillator produces a pulse that has
no “spike’” but rather a smooth, rec-
tangular waveform.

COMPRESSIVELY - STRESS-
ED RHODIUM that stays that
way has been made for printed
circuits and other where
thick deposits are needed for high
corrosion resistance. Rhodium
X-Less has been developed by
Technic, Inc., Providence, R. 1.

uses

CRYSTAL STANDARDS have
been adopted for NATO use. All
equipment using frequency con-
trol crystals must contain only
those listed in STANAG No.
4032. The U. S. Armed Forces
will observe this standard as

much as possible.

THYRISTORS for power con-
trol is a feature of 20 silicon
rectifier locomotives recently or-
dered by the Swedish State Rail-
ways. Purchased from ASEA
(Vasteras, Sweden), the locomo-
tives will follow a new ASEA
principle—the electrical equip-
ment will be installed as fully
assembled units. Total value of
the contract, which includes an
option to purchase 40 more loco-
motives, exceeds $20,000,000.
ASEA subsidiaries in the U.S.
are ASEA Electric, Inc., Armonk,
N.Y.,, and STAL-LAVAL, Inc,
New York, N.Y.

ELECTRONIC INDUSTRIES -
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INTERNATIONAL RECTIFIER
FEATURES ADVANCES IN

HIGH POWER

RECTIFIER TECHNOLOGY

Al = SHOW
BOOTHS 2633-2637

EPITAXIAL CONTROLLED RECTIFIERS —

INFINITE dV/dt WITHOUT TURN-ON AT
OPERATING VOLTAGE

HIGH TEMPERATURE EPITAXIAL CONTROLLED RECTIFIERS —

.FOR OPERATION AT 175°C JUNCTION TEMPERATURE
.HIGH POWER EPITAXIAL CONTROLLED RECTIFIERS —

1600 VOLTS BULK AVALANCHE

. ALLOYED POWER RECTIFIERS —

UP TO 1600 VOLTS PEAK PER JUNCTION

POWER DIODES AND CONTROLLED RECTIFIERS —

INTERMETALLIC CONTACTS — REVOLUTIONARY CONCEPTS
IN HEAT TRANSFER AND MOUNTING

NEW PROCESS SELENIUM RECTIFIERS —

QUADRUPLE DENSITY — HIGHEST CURRENT

DENSITY AVAILABLE

HIGHEST SAFE POWER RATING PER GIVEN STACK SIZE
UP TO 50 VOLTS RMS PER PLATE

SUPER COMPACT HIGH VOLTAGE COLUMNS —

REDUCED 509% IN SIZE —TESTED TO
WITHSTAND 20 G’s VIBRATION

WORLD'S LARGEST RECTIFIER SPECIALISTS

=== INTERNATIONAL RECTIFIER

INTERNATIONAL RECTIFIER CORP., EL SEGUNOO, CALIF,, PHONE OR 86281 + CABLE RECTUSA
. REGIONAL OFFICES IN NEW YORX CITY, CH 4.0748 - FORT LEE, N. J., W) 7-3311 - SYRACUSE, N. Y.. HE 7.8495
« CAMBRIDGE, MASS., UN 4.6520 + AROMORE, PA., MI 9.3667, GR 3.3932 - SILVER SPRING, MO., JU 9:305 + MIAMI,
FLA., 445.5201 + CHICAGO, ILL., OR 64090 - CLEVELAND, OHIO, 734.4100 + OAYTON, OHIO 223.7691 » HUNTING.
TON WOODS, MICH.. LI 8:1144 + ST. LOWS, MO., TE 8-6633 » MINNEAPOLIS, MINN.. 920-1200 - RICHAROSON, TEX.,
AQ 1.2504 + LOS ANGELES, CALIF. 750-0550 « IN CANAOA: TORONTO, ONT .421.5970 + MONTREAL, QUE . 8610562

EUROPEAN GENERAL SALES OFFICE: 38 AVENUE OES ARTS, BRUSSELS 4, BELGIUM + TELEPHONE : 111774
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Wear this glorious medal

Everybody craves recognition . .. you
do, and so do we. So let's help each
other. We're asking you to display a
certain kind of engineering courage
that is the mark of a Crusading Engi-
neer. In return we'll award you this
glorious medal with our deepest and
sincerest appreciation.

Here’s our problem. We've got a line
of electronic counters that, by spec
and performance, are better buys
than anything Beckman or Hewlett-
Packard make. We just figured that
would automatically get us the big
share of the business. We were
wrong. Oh, we're doing all right (an
easy third in sales) but we haven't
exactly pushed those other two big
companies into complete bankruptcy.

We don’t want your sympathy. .. just
a bit of recognition. Sure, we know
it takes a little extra courage to con-
sider CMC when there are those two
other ‘‘big name’ brands around.
So all we ask is that you have the
guts to compare our specs and per-
formance against those other guys’.
If you do, there’'s a good chance
you'll see why we honestly believe we
make the world's best counters. ..
and maybe next time you need a
counter you'll buy a CMC counter.

T A~ 1T 1
© @

To honor your courage we'll decorate
you with this Crusading Engineers’
medal to bolster your morale during
battle. If more men follow your lead,
soon it won't take courage to recom-
mend CMC.. .. it'll take courage not to.

Now that you know we exist, keep
your eyes and ears open. As one of
the ‘‘hottest’” young electronics out-
fits in the business we're making
big plans. We are going to compete
with high-powered H-P and big, bad
Beckman right up and down their
full line. But that’s news for later.

Right now, act! Join the crusade.
Write for our stimulating technical
catalog and earn your medal. Just
think how proud your kids will be.

12976 Bradley * San Fernando, California * Phone (213) 367-2161 » TWX 213-764-5993

COMPUTER MEASUREMENTS COMPANY IS A LEADING DESIGNER AND MANUFACTURER OF ELECTRONIC INSTRUMENTATION TO COUNT, MEASURE, AND CONTROL.
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World’s largest selection — longest record of reliability

TRIMPOT®
POTENTIOMETERS—-UNSEALED

General-Purpose Wirewound
Model 200. Max. temp. 105° C /
L, S, P terminals / 0.50 watt at
70°C / 10 ohms to 100K.

General-Purpose RESISTON®
Carbon Element Model 215. Max.
temp. 125°C / L, S, P terminals
]0.25 watt at 50°C /20K to 1 Meg.

T3

High-Temperature Wirewound
Model 260. Max. temp. 175°C /
L, S, P terminals / 1.0 watt at
70°C / 10 ohms to 100K.

TRIMPOT
POTENTIOMETERS —
HUMIDITY PROOF

General-Purpose RESISTON
Carbon Element Model 235. Max.
temp. 135°C / L, S, P terminais
/0.25 watt at 50°C / 20K to 1 Meg.

General-Purpose Wirewound
Model 236. Max. temp. 135°C /
L, S, P terminals / 0.8 watt at
70°C / 10 ohms to 100K.

Micro-Miniature High-Tempera-
ture Wirewound Model 3000.
Max. temp. 175°C / P terminals
/ 0.5 watt at 70°C / 50 ohms to
20K.

amd

Micro-Miniature High-Tempera-
ture RESISTON Carbon Element
Model 3001. Max. temp. 150°C /
P terminals / 0.20 watt at 70°C
/ 20K to 1 Meg.

T,

Sub-Miniature High-Tempera-
ture Wirewound Model 220. Max.
temp. 175°C / L, W terminals /
1.0 watt at 70°C / 10 ohms to
30K / Mil-Spec style RT10 and
meets MIL-R-27208A.

High-Temperature Wirewound
Model 224. Max. temp. 175°C /
L, S, P terminals / 1.0 watt at
70°C / 10 ohms to 100K / Mil-
Spec stgle RT12 and meets MIL-
R-27208A.

Ultra-Reliable High-Temperature
Wirewound Model 224-500. Max.
temp. 150°C / L, P terminals /
0.5 watt at 70°C / 100 ohms to
20K. Performance and reliability
statistically verified to customer.

ance RESISTON Carbon Element
Model 3051. Max. temp. 150°C
/ L, S, P terminals / 0.25 watt
at 50°C / 20K to 1 Meg / Mil-
Spec style RJ11 and meets MIL-
220978B.

High-Temperature High-Resist-
ance PAL/RIUM® Film Element
Mode! 3052. Max. temp. 175°C
/L, Pterminals / 1.0 watt at
70°C / 20K to 1 Meg.

High-Temperature, Low-Resist-
ance PALIRIUM Element Mode!

|
| High-Temperature, High-Resist-

3053. Max. temp. 175°C / L, P

| terminals / 0.5 watt at 70°C / 2

ohms to 100 ohms.

R ="

High-Temperature Wirewound
Model 3010. Max. temp. 175°C
/L, Pterminals / 1.0 watt at
70°C / 10 ohms to 100K / Mil-
Spec style RT11 and meets MIL-
R-272C8A.

High-Temperature RESISTON
Carbon Element Model 3011.
Max. temp. 150°C / L, P termi-
nals / 0.25 watt at 50°C / 20K
to 1 Meg / Mil-Spec style RJ11
and meets MIL-R-22097B.

High-Temperature High-Resist-
ance PALIRIUM Element Model
3012. Max. temp. 175°C / L, P
terminals / 1.0 watt at 70°C /
20K to 1 Meg.

LU

3%"-Square Wirewound Model
3280. Max. temp. 175°C / L, P,
W terminals / 1.0 watt at 70°C /
10 ohms to 50K.

e
3%4"-Square RESISTON Carbon
Element Model 3281. Max. temp.
150°C / L, P, W terminals / 0.5
watt at 50°C / 20K to 1 Meg.
8

v4,“-Square, High-Temperature
Wirewound Model 3250. Max.
temp. 175°C / L, P, W terminals
/ 1.0 watt at 70°C / 10 ohms to
50K / Mil-Spec style RT22 and
meets MIL-27208A.

V;".Square High-Temperature
RESISTON Carbon Element
Model 3251. Max. temp. 150°C /
L, P, W terminals / 0.50 watt at
50°C / 20K to 1 Meg / Mil-Spec
style RJ22 and meets MIL-R-
220978.

BOURNS?
SINGLE-TURN
POTENTIOMETERS

a2 @

¥,"-Diameter Micro-Miniature
High-Temperature Humidity-
Proof Wirewound Model 3300.
Max. temp.175°C /W, P, S termi-
nals / 0.5 watt at 70°C /10 ohms
to 20K.

+"-Diameter Micro-Miniature
High-Temperature Humidity-
Proof RESISTON Carbon Ele-
ment Model 3301. Max. temp.

150°C/ W,P,S terminals / 0.25
watt at 70°C / 10K to 1 Meg.

0 T

Sub-Miniature Wirewound Mode!
3367. Max. temp. 105°C / P, S
terminals / 0.5 watt at 70°C / 10
ohms to 20K / meets steady-
state humidity.

:ji’
Sub-Miniature RESISTON Car-
bon Element Model 3368. Max.
temp. 105°C / P, S terminals /[
0.25 watt at 50°C / 20K to 1

Meg / meets steady-state hu-
midity.

LOW-COST
COMMERCIAL
POTENTIOMETERS

Wirewound TRIMIT® Potentiom-

eters Models 271, 273, 275. Max.

temp. 105°C / L, S,P terminals /

ng watt at 25°C / 50 ohms to
K.

TR
P W

RESISTALOY® Carbon Element
TRIMIT Models 272, 274, 276.
Max. temp. 105°C / L, S,P termi-
nals / 0.2 watt at 25°C /20K to
1 Meg.

wirewound E-Z-TRIM® Potenti-
ometer Mode! 3067. Max. temp.
85°C / S, P terminals / 0.5 watt
at 25°C / 50 ohms to 20K /
Priced under $1 in production
quantities.

Carbon Efement E-Z-TRIM Poten-
tiometer Model 3068. Max. temp.
85°C / S, P terminals / 0.2 watt
at 25°C / 20K to 1 Meg.

SPECIAL-PURPOSE
POTENTIOMETERS

High-Power (2 watts) High-Tem-
perature Wirewound Model 207.
Max. temp. 175°C / L terminals
| 2 watts at 50°C / 100 chms to
100K. As Rheostat Model 208,
available 100K to 200K.

High-Power (5 watts) Humidity-
Proof Wirewound Model 3020.
Max. temp. 200°C / L terminals
/ 5.0 watts at 25°C / 100 ohms

Dual-Element Wirewound TWIN-
POT® Potentiometer Mode!l 209.
Max. temp. 135°C / L terminals
| 0.50 watt (each element) at
70°C / 10 chms to 50K.

o mren Fr® Gl
L

15 watts, High-Temperature
Wirewound Model 3030. Max.
temp. 265°C / L terminals / 15
watts at 25°C / 10 ohms to 10K.

B s )
T y”

Radiation - Resistant, High-Tem -
perature Wirewound Model
3040. Max. temp. 350°C / W ter-
minals / 150 megarad [/ 5X 10"
neutrons per sec. [/ 5.0 waus at
70°C / 500 ohms to 20K.

PANEL-MOUNTED
POTENTIOMETERS

7 A

===p

Most models are available
with panel mounting. Unique
design permits quick factory
assembly to “on-the-shelf’’
units. In addition, mounting
screws, brackets and clip
brackets are available to
meet almost any mounting
requirement.

KEY TO TERMINAL TYPES
L=1nsulated stranded leads
S—Solder lugs (includes panel-

mounting bushing on Mod-

els 3367S, 3368S, 3300S and
3301S only)
pP—Printed-circuit pins
W=Uninsulated wires (edge-
mounting 3250, 3251, 3280
and 3281).

Write TODAY for detajled speci-
fications on any model in the
large BOURNS:®  Potentiometer
and TRIMPOT®  Potentiometer
line AND a list of factory
representatives,

TRIMPOT®means BOURNS,
BOURNS means QUALITY, so
remember...

Oon’t MIL-SPECulate . . . SPECify
BOURNS.

TRIMPOT is a registared
trademark of Bourns, Inc.

i BOURNS

—

OURNS. INC.. TRIMPOT DIVISION

1200 CO_UMBIA AVE . RIVERSIDE. CALIF
PHONE 884:1700 - TWX, 714:682 9582

CABLE: BOURNSINC

MANUFACTURER: TRIMPOT® & PRECISION POTENTIOMETERS, RELAYS; TRANSDUCERS FOR PRESSURE, POSITION, ACCELERAT!ON. PLANTS: RIVERSIDE, CALIFORNIA; AMES, IOWA; TORONTO, CANADA |
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PROOF
V-O-M

FACTS MAKE FEATURES: '‘RANGES ”"”m'"w_—‘_j
- 4

i e DC Volts: 0-2.5-10-50-250-1,000-5,000 at 20,000
1 Com prehenswe overload protectlon. ohms/volt. 0-0.25 at 100 microamperes.

AC Volts: 0-3-10-50-250-1,000-5,000 at
2 o T itch minimi h fi t setti 5,000 ohms/volt.
r
ne selector switch minimizes chance of incorrect se ngs Decibate: —20 to H11, +21 435, 449, 461,

+75; 0" DB at 1 MW on 600 ohm line.

3 Polarity reversing switch DC Microamperes: 0-100 at 250 Mv.
DC Milliamperes: 0-10-100-1,000 at 250 Mv.

Additional protection is provided by Model 630-PLK’s new transistorized relay circuit. 5T D 0-10 at 250 Mv.
Transistorized overload sensing device does not load circuit under test, eliminating : 0-1,000-10,000(4.4-44 at center scale).
the possibility of damaging circuit components. A special meter shorting feature on Megohms: = 0-1-100 (4,400- 440,000 at center scale).
“off'” position offers high damping when moving tester. The exclusive patented Bar Output Voits (AC): 0-3-10-50-250-1,000 at 5,000 ohms/volt;
Ring Movement provides self-shielding and is not affected by stray magnetic fields. Jack with cond e e e 1o 2

Wider spread scales, and unbreakable clear plastic window assure maximum read-

o s " . ; CARRYING CASE
ability. Diode network across meter protects against instantaneous transient voltage. Model 639-0S biack leather carrying case,

TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO  eie o cue Stisotr usa. o

L




COMING EVENTS

March

Mar. 10-12: Particle Acceleration Conf.,
APS, |EEE, NBS, AEC; Shoreham
Hotel, Washington, D. C.

Mar. 18-20: 2nd Southeastern Symp.
on Gov. Contracts, NAPCA; Ramada
Inn, Cocoa Beach, Fla.

Mar. 21-24: 19th Annual Broadcast Eng.
Conf., NAB; Sheraton-Park & Shore-
ham Hotels, Washington, D. C.

Mar. 22-25: Int’l Conv. IEEE; Coliseum,
New York Hilton, New York, N. Y.
Mar. 29-Apr. 1: 1st Nat’l Conv., Assoc.
of Electronic Mfrs, AEM; New York

Hilton Hotel, New York, N. Y.

Mar. 31-Apr. 2: 7th Annual Electron
Beam Symp., Alloyd Corp.; Penn
State Univ., University Park, Pa.

April

Apr. 6-8: Railroad Conf., IEEE, ASME;
Penn-Sheraton Hote!, Pittsburgh, Pa.

Apr. 13-15: Nat'l Telemetering Conf.,
IEEE, AIAA—ISA; Shamrock Hilton,
Houston, Tex.

Apr. 14-15: Electronics & Instrumenta-
tion Conf. & Exhib., IEEE & I[SA;
Cincinnati Garden, Cincinnati, Ohio.

Apr. 19-21: 3rd Nat’l ISA Biomedical
Sciences Inst. Symp., 1SA; Statler-
Hilton Hotel, Dallas, Tex.

Apr. 20-22: Symp. on System Theory,
IEEE, USDRA, SIAM; Polytechnic Inst.
of Brooklyn, N. Y.

I
'65 Highlights

IEEE Int’l Conv., Mar. 22-25; Coliseum,
New York Hilton, New York, N. Y.
WESCON, Western Electronic Show &
Conv., Aug. 24-27, |IEEE, WEMA; Cow
Palace, San Francisco, Calif.

Nat’l Electronics Conf., Oct. 25-27; Mc-
Cormick Place, Chicago, Ill.

NEREM, Northeast Research & Eng.
Mtg., Nov. 3-5, IEEE; Boston, Mass.

e —

Apr. 20-22: 19th Annual Freq. Control
Symp., Army Electronics Labs.; At
lantic City, N. J.

Apr. 21-23: Inst. of Environmental
Sciences Mtg. & Expos., IES; Sher-
man House, Chicago, lil.

Apr. 21-23: Southwestern IEEE Conf. &
Elect. Show, IEEE; Dallas Memorial
Audit., Dallas, Tex.

Apr. 21-23: Int'l Nonlinear Magnetics
Conf., IEEE; Sheraton Park Hotel,
washington, D. C.

Apr. 27-29: American Power Conf., IEEE;
Sherman Hotel, Chicago, .

Apr. 27-30: Spring Conv. Audio Eng'g
Soc., AES; Los Angeles, Calif.

May

May 4-6: 5th Annual Packaging Ind.
Conf., |EEE; Milwaukee Inn, Milwau-
kee, Wisc.

May 5-7: Microwave Theory & Tech.
Symp., IEEE; Americana Motor Hotel,
Atlanta, Ga.

ELECTRONIC INDUSTRIES -«
<«—— Circle 9 on Inquiry Card

(4

March 1965

tape
recorder?
=

E

|
!

Not A tape recorder. SIX tape recorders!
Stacked inside a KRS DATA-Stact™
Portable Instrumentation Recorder, six
magnetic tape cartridges perform the
functions of six tape recorders, giving
you 12 fuli channels of data-logging
capacity. The cartridge-stack is fitted
into a single 1Y%2-foot cube.

Loads like
a toaster?

J Y

Slide six continuous-loop, reversible
STACTape™ Cartridges into a DATA-Stact
Recorder. Ease them down guide rails
with fingertip pressure. You've just
loaded six tape recorders in less than
20 seconds. And you never need to han-
dle factory-loaded tapes during opera-
tion or storage.

Reproduce?
While recording?

A

Nothing to it, when your recorder is
Stact. While recording data on one or
more tapes, you can reproduce them
simultaneously on the remainder with
automatic synchronous start-stop opera-
tion of the six cartridge stack.

Write for Instrumentation Division
Bulletin DR-2 giving the vital statistics.

T™ Trademarks of KRS Electronics

Who puts S. A.*
into
Data Recording?

=.

Only KRS offers * Stack-Able design.
Based on units thoroughly tested in
broadcast and professional applications,
DATA-Stact recorders are all-solid-state,
use only two moving parts, and require
virtually no maintenance to keep in top

operating trim.

DATA TECHNOLOGY— KRS

2370 Charleston Road, Mountain View, Calif.

Circle 10 on Inquiry Card
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Now
you can specify
world
famous™

lower
longer

Allied
Cradle

Relays.. ..

The most versatile relay in the industry today

*KWith this ad we commemorate 10 years of close affiliation and cooperation
with Siemens & Halske of West Germany, the originators of the Cradle relay.
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SOME OUTSTANDING
FEATURES OF THIS
POPULAR SERIES

T-154—One of the most
widely used commercial
relay styles in the worid.

Sensitivity—As low as 50
mw. (SPDT)

Made in up to 6PDT

T-163—Similar to the T-
154 but with bifurcated
contacts designed for
maximal reliability under
low-lever conditions.
Sensitivity—As low as 180
mw. (DPDT)

Made in up to 6PDT

T-255—The AC version of
type T-154. Plugs into the
same socket, although a
bit greater in height.
Sensitivity—As low as 1.2
va.

Made in up to 4PDT

T-351—A magnetic latch
relay in the same format
as the T-154. Made with
single and double wound
coils for set and reset.
Beyond initial pulse, re-
quires no holding power.
Sensitivity—As low as 300
mw.

Made in up to 4PDT

TAP—The T-154 mecha-
nism with splayed termi-
nals for use in printed
circuit boards. This type
can also be furnished with
bifurcated contacts.
Sensitivity—As low as 50
mw. (SPDT)

Made in up to 4PDT

® LOW COST—Unusually modest prices for features
offered

® VERSATILE—Up to 6PDT, standard contacts are gold
plated for low level up to 2 amps.

® FLEXIBLE—Most of these relays plug into the same
style socket

® DUST COVER—At no extra cost

® SMALL SIZE—The smallest 6PDT telephone type
relay made in the U.S.

® DURABLE—Life expectancy—100 million or more
operations

® ADAPTABLE-Standard plug-in terminals are pierced
—can be soldered to directly

® CONTACT OPTIONS—Five amp. or bifurcated (for WRITE FOR NEW ALLIED RELAY CATALOG
extreme low level) SAMPLE ORDERS HANDLED PROMPTLY

TFMDO—Similar to the T-
154, but motor is encased
in larger dust cover. Base
is standard, popular octal
plug-in connector.
Sensitivity—As low as 50
mw. (SPDT)

Made in up to DPDT

ALLIED CONTROL COMPANY, INC.

2 EAST END AVENUE, NEW YORK, N. Y. 10021 Area Code 212 BUtterfield 8-7403
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*Technological Obsolescence

WITH THIS SCOPE AND THOSE PLUG-INS...

Your oscilloscope applications change with the work you’re doing and the state-of-the-art. Over the years, you could
buy a lot of special purpose scopes for that reason. But you don't have to. There are now 20 plug-ins available
for the Fairchild Series 765H main frame (and more are on the way). The versatility not only helps you beat the
high cost of T.0. —Technological Obsolescence; it lets you add new capabilities at low cost if and when you need
them. Other factors that contribute to Fairchild value are . . . all solid-state circuitry for long term reliability . . .
all deflection circuitry in the plug-in. .. four main frame configurations (bench, rack, portable, and dual gun).




\RUTOMATIC DiSPUAY
i Npual TIME Base/
3, o et W

...WHO NEEDS COSTLY SPECIAL PURPOSE SCOPES?

Ask your Fairchild Field Engineer for a cemonstration of the Series
765H. Judge it on performance and by your own standards of value
analysis. For a new catalog describing the Series 765H and other
Fairchild scopes write Fairchild Scientific Instrument Dept., 750
Bloomfield Ave., Clifton, N. J. Visit Fairchild at the !EEE Show —
Booth Nos. 2701 thru 2717.

Circle 12 on Inquiry Card

Py e e
FAIRCHILD
LA e | T
DU MONT LABORATORIES
SCIENTIFIC INSTRUMENT DEPARTMENT




ELECTRONIC

INDUSTRIES

LB] PUSHES DISARMAMENT—Pres. Johnson
is asking Congress for $55 million to run the Arms
Control and Disarmament Agency (ACDA) for
the next four years. ACDA is now spending about
$9 million a year. It’s prime reason and aim: search
for ways to disarm and study probable effects re-
sulting from disarmament. Studies range from
effects of disarmament on U.S. economy to ways
of inspecting military establishments of nations
that promise to disarm.

FCC VS NETWORKS—Commercial TV net-
works will be barred from owning more than half
of the programs on evening “prime time” if a
proposal now bhefore the FCC is approved. The
Commission wants to break up the solid mass-
appeal programs that fill such time. While not com-
menting on the low calibre of many programs, the
nets reply that they need an uninterrupted flow of
mass-appeal to hold viewers. FCC contends that
prime-time programs will never improve unless
the networks are barred from owning most or all
of prime-time shows.

CHECKING COST-CUTTING—Defense Depart-
ment has issued rules for verifying cost reductions
claimed by contractors and sub. Purpose of the
cost-cutting program, in effect since May 1964, is
to encourage firms handling defense contracts to
achieve meaningful cost reductions. Firms with de-
fense business valued at $5 million or more, and who
have accepted the invitation to report cost-cutting
accomplishments are covered by the new rules.
Text of the rules (Instruction No. 7720.12) is avail-
able from the Secretary of Defense.

RCA PRESIDENT HEADS BOND DRIVE

Pres. Johnson praises aims of Industrial Payroll Savings Bond drive;
1965 chairman is RCA’s Elmer W. Engstrom (right) succeeding Frank
R. Milliken (center) Kennecott Copper President. In rear, Treasury
Secretary Dillon (right), and A. ]. W. LeBien (left), Eli Lilly & Co.

WASHINGTON TRENDS

COMSAT CONTRACT—Communications Satellite
Corp. (COMSAT) has filed notice of a plan to
award a contract for $14 million to Hughes Aircraft
Co. for 24 satellites capable of handling military
communications. The contract is to be executed
after DOD decides whether it will use the system
offered by COMSAT. The Hughes contract con-
templates a 100% leasing of new satellite network
by the military.

CONGRESS IS CRACKING BOOKS — National
legislators are boning up more on science and tech-
nology than at any time in history. More congressmen
are now aware that it is almost impossible to debate
and legislate effectively on bills related to electronics,
space and the advanced sciences without some under-
standing of technical fundamentals in each proposal.
Congress, therefore, is taking on and sending more staff
experts to the Library of Congress.

BRIEFINGS FOR INDUSTRY—The Pentagon
is sending some of its top procurement brains to
a series of briefings for industry, sponsored by the
National Security Industrial Association. The brief-
ings are intended to provide management and
labor with a long-range view of Pentagon develop-
ment and procurement needs. Briefings are set for:
Los Angeles, March 3, 4; New York, March 16, 17;
Chicago, March 31, April 1; Dallas, April 14, 15;
Washington, D.C., April 28, 29. To register, write
NSIA, 1030 15th St., N.W., Washington, D.C,,
20006.

COMPUTER STANDARDIZATION—The Pen-
tagon is pressing for standardization of computer
systems. The Air Force is studying its airborne
systems toward this goal. Advantages: speedier
results, less error, lower cost. Space systems divi-
sion of the Air Force Systems Command wants
standardization of space guidance computers. The
trend toward a single, common-language EDP sys-
tem seems inevitable.

FASTER TECHNICAL DATA—Technical infor-
mation is now moving faster from government reposi-
tories to firms that need it. A new Department of Com-
merce program now employs state manufacturers’ asso-
ciations and state universities as distributors in making
the government’s vast fund of scientific and engineering
data available to firms that can use it to expand and
improve business. More information is available from
Institute for Applied Technology, National Bureau of
Standards, Washington 25, D. C.



IN ELECTRONICS...AVIONICS...ASTRIONICS

STIMCO
THERMOSTATS

RANK FIRST
IN
PRECISION TEMPERATURE CONTROL

In today’s military and commercial projects, you
can’t afford to overlook any one of these important areas:
Reliability, Size, Availability, Economy.

And because Stevens is in production now on the
largest number of different types and styles of bimetal
thermostats, all these advantages are yours automatically
when you specify Stemco thermostats.

1st in Reliability. Proven designs, latest production
techniques, most stringent inspection procedures.

1st in Size. Stemco thermostats score in compactness
and lightness without sacrificing performance.

1st in Availability. Tooling for most types is in existence.
Flexibility of design cuts lead time on other types.

1st in Economy. Mass production of many standard
Stemco types with hundreds of terminal arrangements
and mounting brackets cuts your costs.

*Refer to Guide 400EO for U.L. and C.S.A. approved ratings. TYPE A* semi-enclosed. Bimetal disc type snap
A:Bu4 action thermostats; give fast response to
temperature changes. Can be made to open
on rise or close on rise. Single-throw with
double make and break contacts. Operation
from -20 to 300°F. Lower or higher tempera-
tures on special order. Average non-inductive
rating 13.3 amps, 120 VAC; 4 amps, 230 VAC
and 28 VDC. Various mountings and termi-
nals available. Bulletin 3000.

TYPE A hermetically sealed. Electrically similar to
semi-enclosed Type A. Various mountings,
including brackets, available. Bulletin 3000,

TYPE MX hermetically sealed. Snap acting bimetal
disc type units to open on temperature rise.
2 to 6°F differentials as standard. 1 to 4°F
differentials available on special order. De-
pending on duty cycle, normal rating 3 amps,
115 VAC and 28 VDC for 250,000 cycles.
Various terminals, mountings and brackets
available. Bulletin 6100.

TYPE MX semi-enclosed. Construction and rating
similar to MX hermetically sealed type.
Bulletin 6100.

TYPE M hermetically sealed. Bimetal disc type,
snap acting thermostats. Also available in
semi-enclosed. Operation from -20 to 300°F.
Lower and higher temperatures available on
special order. Depending on application,
rated non-inductive 10 amps, 120 VAC; 3
amps, 28 VDC. Various terminals, wire leads
and brackets available. Bulletin 6000.

TYPE C hermetically sealed. Also semi-enclosed
styles. Small, positive acting with electrically
independent bimetal strip for operation from
~10 to 300°F. Rated at approximately 3 amps,
depending on apptication. Hermetically sealed
type can be furnished as double thermostat
“alarm’’ type. Various terminals and mount-
ings. Bulletin 5000.

THERMOSTATS

Circlo 13 on Inquiry Card BB manufacturing company, inc.
P.O. Box 1007, Mansfield, Ohio



ELECTRONIC
SNAPSHOTS

The Changing
STATE-OF-THE-ART
in the electronic industries

<4 NEW BONDING DEVICE

Method for assembling intricate microelectsonic equipment has been
developed at Honeywell’s Minneapolis aeronautical division. The new
device, a thermocompression bonder, combines heat and weight for a
diffusion bond. Operating the device is metallurgist Dr. Ken Solie.

HIGH POINT )

Heavy duty Pitman aerial platform rented from New York World’s Fair
by NBC was used at the inauguration of Pres. Johnson to simulate
aerial television. Located at the East Plaza of the Capitol, the
platform, able to support 700 lbs, was the highest vantage point.
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4. WORLD'S SHORTEST TV CAMERA

A seven-inch miniature television camera made by Cohu Electronics, Inc., is teamed up
with one of the world’s longest telephoto lenses (500 mm) at San Diego. Pat LeRoy aims
mighty little system designed te cover sports, troop movements and satellite tracking.

4 FAULT LOCATOR

New underground fault locator can determine
course of buried cable and pinpoint defects
from surface. Introduced by Delcon Division
cf Hewlett-Packard Co., entire portable sys-
tem weighs 15 Ibs., including signal trans-
mitter and power supply, receiver, inductive
probe (photo) and conductive probe to pin-
point defect within fraction of an inch.

WAFER SORTER p

Germanium wafers for transistors are sorted
at rate of 3,000 per hour into 10 grades of
thickness by this machine at British subsidiary
of ITT Corp. The machine, used at ITT’s
Standard Telephones and Cables Ltd., detects
thickness difference of 0.0001 inch.

SUPER
MAGNET

First superconduct-
ing magnet for use
in 3 commercial nu-
clear magnetic reso-
nance (NMR) spec-
trometer is shown
being used at the
Rice Institute Chem-
ical Engineering De-
partment. The West-
inghouse magnet is
rated 25 Kg and has
a tield uniformity of
better than 1 part
in 10", The magnet
weighs 200 Ibs.
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Serving the entire field of electronics
and nucleonics, the Siemens Group is
one of the world’s most diversified
electrical engineering organizations.

The particular strength of the Siemens
Group is in its all-round capabilities—
both in the overall handling of large-
scale technical projects, from planning
to final delivery, and also in the quantity
production of electrical components
and electronics devices. Distribution
companies and agencies in 80 coun-
tries, backed by Siemens factories and
hundreds of depots maintained in all
parts of the world, guarantee customers
a maximum of service. In cooperation
with their central offices, they provide
or arrange for every conceivable form
of service that may be required in
connection with electrical installations.

i
W
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Siemens & Halske AG
Components Division
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SIEMENS

Siemens ferrite

pot cores

Precision-engineered for
adjustable, high-stability, high-Q. coils

These pot cores meet the most critical require-
ments for filters used in multiplex and other
carrier-frequency applications. They're unique in
performance because of these built-in advantages
—easy adjustment to precise inductance, high
stability, high Q, low distortion, plus self-shielding
that allows compact component density without
regeneration or coupling.

Unique manufacturing controls Siemens pot
cores offer uniform electrical characteristics
month after month—complete dependability to
close standards.

Wide range of materials 7 different types pro-
vide optimum properties for frequency ranges up
to 40 mc/s for oscillating and filter coils—up to 400
mc/s for transformers.

Wide range of sizes Diameters range from 0.22”
to 2.75” including all International Standard Sizes.
Most of the listed pot core sizes, materials, and
Av. values are stocked for immediate shipment
from White Plains, N.Y.

Stability Less than 0.2% change in permeability
in 10 years at temperatures up to 70° for typically
gapped cores used in filter coils.

Temperature coefficients are closely controlled.
High Q value with high stability is typical. For ex-
ample, a 26 x 16 core of N22 or N28 material A. 315
at 100 kc/s shows a Q value of approximately 950.

ADJUSTING | J YOKE MOUNTING
KEY

Complete line of “hard-
ware” includes coil formers
with one to four sections,
mounting assemblies for chas-
sis or printed circuits, adjust-
ment devices and keys.

WRITE NOW for complete information on Siemens pot core application

ELECTRONIC INDUSTRIES + March 1965

SIEMENS AMERICA INCORPORATED
350 Fifth Avenue, New York, N.Y. 10001

A Corporation of THE SIEMENS GROUP IN GERMANY
Berlin « Munich « Erlangen

in Canada:

SIEMENS HALSKE SIEMENS SCHUCKERT (CANADA) LTD.
407 McGill Street, Montreal 1, P.Q.
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KLEIN PLIERS Speed up electronic wiring

When the crystal set was a seven-day wonder, Klein
long nose pliers were used to adjust the cat’s whisker.
Through the era of B and C battery sets, Klein kept
pace by providing pliers specially adapted for elec-
tronic wiring.

Today, more than 100 different styles and sizes of
Klein pliers are available to provide the exact tools
needed for any job. Klein engineers have developed a
special plier for wiring printed circuits; a high hardness

plier for cutting nickel ribbon wire; a transverse end
cutting plier for cutting closely in confined spaces; ex-
tremely small pliers for wiring midget assemblies—and
many others.

Klein has also developed special pliers to do special
jobs requested by electronic manufacturers.

For better work done more quickly and at lower cost,
be sure the pliers you use are exactly suited to the job

. . made by Klein, of course, “Since 1857.”

m

204-6C Transverse End Cutting Pli-
er, 6-in. long. Supplied with coil
spring to hold jaws open.

D209-5C Lightweight, Pointed Nose,
Flush Cutting Plier. Supplied with
coil spring to hold jaws open.

203-5C Long Nose Side Cutting
Plier. Available in 5%-, 614- and 7-
in. sizes. Supplied with coil spring,

3/

D307-56%4C Slim Long Nose Plier for reaching into confined spaces. Yel-
low plastisol handles. Supplied with coil spring tc hold jaws open.

202-5C Oblique Cutting Plier with
narrow nose. Available with coil
spring. 5%-, and 6-in. sizes.

314-8 8-in. Long Nose Plier.
Jaws have knurl.

301-5C Long Nose Plier.
Available in 5%-, 6%- and
7-in. lengths. Coil spring.

D310-6C Slim Long Nose Plier. Handles are yellow plastisol covered.
Supplied with coil spring to keep jaws open.

oz BCILIE AN ez

See Your Distributor

Foreign Distributor: ITT Export
Corporation, New York

INCORPORATED
7200 McCORMICK ROAD, CHICAGO 45, ILL.
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THE
HALL
EFFECT
and its
applications*

The Hall effect is the generation
of a voltage across opposite edges
of an electrical conductor which
is carrying current and is placed
in a magnetic field.

B -

The Hall phenomenon may be
expressed by the equation:
Vi — Kioe (Ic x B)

Vu is the Hall voltage,

Kuoc is the open circuit
sensitivity constant,

Ic is the control current,

B is the component of the
magnetic flux density
perpendicular to the
device

Kroc is @ constant determined
by the Hall element material and
geometry. lc and B may be d-c or
time-varying. If Ic is held constant,
the output, Vi, is proportional to
B. The Hall effect can be applied
to a gaussmeter, linear transducer,
non-contact switch, d-c and a-c
non-contact current measure-
ments, angular transducer and
many other applications. Placing
the Hall device in the air gap of
a magnetic circuit results in a
Hall Multiplier which opens up an
entirely different area of applica-
tions. In the air gap of a mag-
netic structure, the magnetic flux
density, B, is a function of the
field current, l.. Therefore, the
Hall voltage output is proportional
to the instantaneous product of
the field current, I, and the con-
trol current, lc. Ir and Ic may be
d-c or time-varying. The Hall Mul-
tiplier may be used as a modula-
tor, chopper, power transducer,
analog multiplier, and in many
other applications where an out-
put voltage, V., is desired as a
function of the instantaneous
product of two independent inputs,

le and Ic.

*Send for complete
booklet.

SEE IT ALL AT THE IEEE SHOW — BOOTH 3948

V

| / Vi
V4
7

|

Cirele 32 on Inquiry Cord

Model BH-700
“Hall Pak”
(actual size) one
of 12 off-the-
shelf devices

Now an
Invaluable
Laboratory
Instrument

F. W. Bell's Model 240

INCREMENTAL
GAUSSMETER

ABSOLUTE MEASUREMENTS: 12 ranges
from .1 gauss (1/5 of earth’s field) to
30,000 gauss full scale.

STRAY FIELD MEASUREMENTS: Down
to 100 gammas (.001 gauss) full
scale.

INCREMENTAL MEASUREMENTS: Res-
olution of 1 part in 10,000. See a
.01 gauss variation in a 100 gauss
field.

DIFFERENTIAL MEASUREMENTS: A
difference of 1% between two points
produces a full scale reading.

HALL DEVICE PROBES: Measure flux

density in gaps only .006” long and

solenoid fields down to .065” in diam-
eter. Active areas can be as small as

.0002 square inches for high resolution.
If the Model 240 doesn’t meet your

requirements, send for information on

the other 5 Bell Gaussmeters. Also com-
plete instrumentation for production
testing and inspection of magnets.

Foo——

Circle 33 on Inquiry Cord

1356 Norton Ave,
Cotumbus, Ohio,

Phone 614-294-4906
TWX 614-759-0193



STRONG MARKET GAINS SEEN,
BUT THEY ARE CONDITIONAL

George S. Dively, chairman of the
Harris-Intertype Corp., observed re-
cently that current business activity,
well into the fourth consecutive year
of strong growth, continues remarkably
well balanced.

He said that still further gains are
likely—if industry maintains effective
planning and avoids excessive inven-
tories and unsound credit extensions,
if labor assumes its share of economic
responsibility, and if the government
pursues sound monetary policies with
timely action when required.

in new business strengths, Mr. Dively
remarked that the continuing accelera-
tion of technological developments, for
consumers and for industry, could
create stronger market demands. This
in turn could give our national economy
impetus well beyond present levels.

EDP NETWORKS MAY SPEED
RETAIL SALES DATA

The gathering of retail sales infor-
mation will one day be speeded by
computer networks linking all phases
of distribution, predicted Bryce S.
Durant, President of RCA Sales Cor-
poration.

He observed that the improvement
of communications in all consumer
product industries between the point
of sale and the manufacturer will cer-
tainly lead to more efficient production
and distribution and lower consumer
prices.

“A consumer who buys a TV re-
ceiver will in the not too distant future
start a computerized flow of data that
will directly benefit the dealer, distrib-
utor, manufacturer and even local
banking sources."”

TV SALES, PRODUCTION
RISE IN NOVEMBER

Distributor sales of monochrome TV
sets for the first 11 months of 1964
were 13.3% ahead of 1963, reports
the Electronic Industries Association.
Black and White production in Novem-
ber was up 22.3% from November
1963, and production for January
through November was up 13.7%,.

Radio distributor sales (excluding
auto) were up 8.1% for the first 11
months of 1964. Radio production for
the first 11 months of 1964 was up
4.3% from 1963.

Monochrome distributor sales totaled
711,243 units in November, and 6,-
873,514 units for the first 11 months
of 1964. Total TV production for the
11 months was 8,638,812 units. Of
these, 7,321,508 were monochrome.
The 11-month 1964 total for color was
1,317,304 units.

28
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STEREOPHONIC ASTROVISION

oy

MARKETING

Stewardess instructs American Airlines passenger in use of Astrovision, airline’s four-
part entertainment system. Astrovision, using Sony equipment, allows passengers to see
motion pictures, live TV, local terrain, takeoffs, landings, and also has stereo music.

JAPAN NIBBLES AT MARKETS STILL DOMINATED BY U.S.

Increased international electronic
competition is shaping-up between U.S.
and Japan. Leveling and shrinking de-
fense markets have encouraged U.S.
companies to explore industrial mar-
kets at home and abroad.

The Japanese, with virtually no de-
fense market, have based their elec-
tronic industry on consumer products.
But, since most domestic markets are
satisfied, except for color TV, the Jap-
anese are turning to industrial items.
In 1963 sales of Japanese computers,
starting from a low base, have nearly
doubled. But sales of industrial test
and measuring instruments dropped by
5%.

While trying to export industrial
products, the Japanese are aware that
their industrial lines still compete
poorly against many U.S. products.
Moreover, of electronic products Japan

imports, better than 909% comrprise in-
dustrial computers, measuring instru-
ments and other equipment.

Japan’s bright hope continues to be
exports of tiny, smart, unique transistor
radios and TV sets. Still later, they p'an
to export special color TV sets.

NEMA SEES $30 BILLION
FOR TOTAL MARKET IN 1965

A record high of $30 billion was
forecast by the National Electrical Man-
ufacturers Association as value of ship-
ments of all eiectrical and electronic
manufactured products in 1965. (Pre-
viously forecast electronic component
of the total is about $17 billion.)

The predicted total for all electrical/
electronic products is 4.89% above the
1964 record of $28.7 billion.

DISTRIBUTION of R&D FUNDS by SELECTED INDUSTRY and SOURCE
FOR 1963

(Based on National Science Foundation Figures)

INDUSTRY

COMPANY FUNDS %
100

FEDERAL FUNDS
75 S50 25 o 25 50 75 100

AIRCRAFT — MISSILES

ELECTRICAL~ COMMUNICATIONS
AVERAGE — ALL INDUSTRIES
PROFESSIONAL/ SCIENTIFIC INSTRUMENTS
MACHINERY

CHEMICALS — ALLIED PRODUCTS

PETROLEUM REFINING — EXTRACTION

————

[}
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SEE US AT IEEE

BOOTHS 1420-1422

Single Readout

Approx.
1.45 Actual Size

Dual Readout

Contacts Available with .031" x 062"
or 045" Square Talls

il

TO SPECIFY NEW ELCO
SERIES 5430 CARD-EDGE
VARIPLATE*/BIFURCON*
MINIATURE CONNECTORS!

I

Reason No. 1: Is the only connector of its type offering the choice of .031" x
.062" or .045" square contact tails for programmed back-panel wiring at .200”
spacing B Reason No. 2: Provides the option of single or dual readout contacts
for single or double-sided circuitry M Reason No. 3: Contact noses are Erco
Birurcon® double-cantilever, bifurcated design, each having 2 contact points;
permit maximum deflection without taking a set B ReasoN No. 4: Modular poly-
carbonate insulators hold up to 4 contacts each B Reason No. 5: Connectors
mate directly with !{¢” cards, eliminate necessity for mating connector half B
Reason No. 6 10 14,406: As many as 14,000 contacts may be installed in our
24" x 36" metal plates (maximum recommended practical size) W Reason No.
14,407: Offers the proven reliability, versatility and production efficiencies asso-
ciated with every ELco product—reason enough in itself to write, wire, phone
or TWX at once for Bulletin 5400.

if it's new ... if it's news.. . it's from LE

Main Plant and Offices: Willow Grove, Pa. 19090; 215.659.7000; TWX 510-665-5573. ELCO Pacific: W. Los Angeles, Cal. 90064.
ELCO Midwest: Chicago, Ill. 60645. Representatives, Branches, Subsidiaries, Joint Ventures and Licensees Throughout the World TRADE-MARF
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TWO GREAT
NEW CHAMPS

See them at IEEE
March 22-25
Booth 3038

NEW COAX

Recording 1.5 mc on as many as fourteen tracks,

Mincom’s new Portable Coaxial Recorder offers
the industry’s highest performance per cubic foot.
Stands under two feet high. 14-inch NAB precision
reels. 173 to 120 ips. Two playback channels.
RFI1-shielded, this new system is unequalled for
van, shipboard and similar installations.

NEW PCM

Digital data in an improved parallel format at
120,000 bits per second per track —that's the
story of Mincom’s newest solid-state system. Six-
teen channels for NRZ digital input, clock, timing
and voice. Seven push-button speeds from 17%; to
120 ips. Controls and adjustments front-access-
ible for CRT display and digital electronics.

Mincom Division 3mmm

300 South Lewis Road, Camarillo, California

Circle 16 on Inquiry Card
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- ACOOL 400V

Delco Radio’s new DTS 413 and DTS 423 power transistors, are conservatively fated RATINGS OTS a1 TS 423
at 75 and 100 watts. Our standard TO-3 package assures low thermal resistance (junc- F— 5 v ace
tion to heat sink 1.0°C per watt) for cool power. The silicon element gives you high | vceo 400 V (Max) 400 V (Max)
. s . | Vceo(Sus) 325 V (Min) 325 V (Min) |
voltage protection, high frequency response and low saturation voltage. [ Ve (sa 0.8 (Max) 08 (Man
The price is low (less than 3¢ a volt for sample quantities) for two reasons: special CURRENT 03 (Typ) 0.3 (Typ)
inter-digitated geometry of the devices and our unique 3D process for high yields. | comy 2.0A (Max) 35A (Max)
i i i Ic (Peak) 5.0A (Max) _ 10.0A (Max)
P'low you can .red!we cum'anl, the snze'ot other components, and increase efficiency G YT Don (M
; in high energy circuits. Vertical and horizontal TV outputs, for example. POWER
Your Delco Radio Semiconductor distributor has these two new power transistors |—— LR ALL ) LR L)
on his shelf. Gall him today for data sheets, prices and delivery. LSRRl
*Triple sequential diffusion t 6 MC (Typ) 5 MC (Typ)
UNION, NEW JERSEY* DETROIT, MICHIGAN PALO ALTO, CALIFORNIA General Sales Office:
FIELD Box 1018 Chestnut Station 57 Harper Avenue 201 Town & Country Village 700 E. Firmin, Kokomo, Ind.
SALES (szlxor%:ﬁ:r::& CALIFORNIA® g::cﬁg-zsszozw YORK éﬁfc)AzZ:-olisL‘r:NOIS‘ Q7 dsa-821 Bt 50
OFFICES ol g ,
awn e Gywae  apwim DELCO RADIO
*Office includes field lab and resident engineer for applicati ist Division of General Motors
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Definition:
ower

supply

modules

e all sllicon
e 71°C rated

e independent of
external
heat sinks

o fully maintainabie

e highly reliable -
MTBF)60,000 hrs.

only Trygon
gives you all 6!

33 models in a complete range of
voltage and currents. Send for cata-
log today to Dept. EI-29.

TTRYGON |

POWER SUPPLIES

Roosevelt, L. 1., N.Y. (516) FReeport 8-2800
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LETTERS

to the Editor
A Suggestion . . .

Editor, ELECTRONIC INDUSTRIES:

We have enjoyed and found useful
your Marketing and Applications type
articles printed under “Professional
Guidelines.”

May we request more of these and
request some market and application
studies in depth.

Saul Padwo
Manager Marketing & Sales

Yardney Electric Corp.
Yardney Building
40-52 Leonard St.

New York 13, N. Y.

Ed. Note: Thanks for the suggestion, we’ll
certainly take it under consideration.

Toy Inventors

Editor, ELECTRONIC INDUSTRIES:

I read with great interest your
article, “New Market Looms in Elec-
tronic Toys,” published in the January
issue of ELECTRONIC INDUSTRIES.

Having built several toys of various
types for my own children I would be
very interested in procuring the name
of companies or individuals who
would evaluate the feasibility of pro-
ducing and marketing what I consider
the “best of the lot.”

The family has dubbed the unit
“Hand-hula”—it combines simple
dexterity exercise with the wonder of
motion and color. The addition of a
simple battery circuit provides illumi-
nation of the colors for fascinating
patterns in the dark.

Centrifugal force provides the oper-
ating motion and the unit can be siz'ed
to meet the difficulty index of the
various age groups.

The marketing potential would seem
limitless as the unit would not be
seasonally or environmentally orient-
ated. It’s interesting indoors or out;
in the dark or in the light; in the heat
or in the cold. Additionally, in states
such as ours which prohibit fireworks,
the lighted models would provide the
color and excitement of the celebra-
tion without the hazards.

Simplified working models are
available and will be submitted on
notification of interest.

Robert L. Schwantz
11601 Norway St.
Coon Rapids, Minn.

ELECTRONIC INDUSTRIES -

Editor, ELECTRONIC INDUSTRIES:

I am quite interested in toy in-
ventions but have been frustrated by
not knowing how to pursue the ideas
I have. Your article on toy inventions,
“New Market Looms in Electronic
Toys” in the January issue of ELEc-
TRONIC INDUSTRIES was therefore well
received until [ read it, and found
the one thing I was interested in
finding out, was missing. How does
a person who feels he has a toy in-
vention proceed toward getting his
idea to the right people? Perhaps you
can tell me whom I can contact for
guidance along these lines.

Ronald A. Orland
56 Hamlet Road
Levittown, N. J.

Ed. Note: We suggest that you contact Mr.
Ned Strongin, Ned Strongin Associates, 128
32nd St., Brooklyn, N. Y. He shouid be able to

help you. If he can’t use your idea himself, he
can suggest avenues for you to explore.

A Service . . .

Editor, ELECTRONIC INDUSTRIES:

It might interest you that Prototype
Electronic Engineering Company pro-
vides exactly the service you mention
in your December 1964 editorial. We
are engaged in commercial electronic
research, design and manufacturing.
The idea is, that an enormous number
of companies are not electronically
oriented at all, but nevertheless can
use, once in a while, advice on how to
improve their production with elec-
tronic aids.

The big problem is how to reach
this enormous diversified market. Ad-
vertising in electronic magazines only
attracts people already working in the
electronic field. We will design and
build commercial electronic equipment
by the customer's specifications and
submit drawings, schematics, parts and
price lists to the customer who wants
to mass produce the particular prod-
uct, or we build small quantity equip-
ment for customers with a limited need
of a particular special item. This way
a company does not need to maintain
a full time electronic engineering staff.
Even though a prototype of any prod-
uct costs a considerable amount of
money compared to the final product
price, a company can save engineering,
overhead, time, and thus money by
using such a service,

R. van Kreuningen
President PEECO
Prototype Electronic Engineering Co.
2005 Magnolia Ave.
Manhattan Beach, Calif.
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Polaroid Color Pack camera shutter control cir-
cuit includes typical Allen-Bradley 4-watt hot
molded resistors—because they are top quality.

LAND CAMETA ALTOMAT(C 10O

=2

hir new'CoIor Pack Camera

the automatic electronic shutter of t

B The new shuttersystens for the Polaroid Color Pack Camiera has
a remarkably small transistorized electronic circait that measures

the light —from the sp.lil sccond burst of a flash to the qlg\\' of a i = —_ =
candle —and automatically closes the shutter when the film has TYPE BB 1/8 WATT NEw
been properly exposed. Respense to this wide range of light Ievels 4351 >
: . . TYPE CB 1/4 WATT MIL TyPeE RC O7
demands dependable performance . .. summer or winter . . . rain
or shine. For this reason. Allen-Bradley Type CB Y-watt fixed
resistors are used in the timing circuit. X 10
0 TYPE EB /2 WATT MIL TyPE RC 20

The uniformity of Allen-Bradley resistors which results from
the exclusive hot molding process— perfected and used only by
A-B—is so consisient that long term resistor perforimance can he ¢ S — —cm—— —
. e . I TYPE GB 1 WATT MIL TyPE RC 32
accurately predicted. In addition, their stable characteristics and
conservative ratings assure superior performance in the most
critical circuits.
Join the rapidly growing list of leading clectronic and instru- < <‘ z" — :
ment manufacturers who guard the reputation of their products TYPE HE 2 WA MILIYEEIRS 22
by standardizing on Allen-Bradley hot molded resistors. By the

o Bl .-\llen-Bradley of.Tcrs S only one quz.llll)t of resistor —your HOT MOLDED FIXED RESISTORS available in all standard
customers will recognize this mark of qualitv in your products. EIA and MIL-R-11 resistance values and tolerances,
For complete specifications, please send for Technical Bulletin plus values above and below standard limits.

5050: Allen-Bradley Co.. 222 W. Greenficld Ave, Milwaukee,
Wis. 5320+ In Canada: Allen-Bradley Canada Lid., Galt, Ont.

(3 ALLEN-BRADLEY

) QUALITY ELECTRONIC COMPONENTS

39-10-4E



RODGERS 36-E
CUSTOM THEATRE ORGAN

“Allen-Bradley ferrite cores
have made an important
contribution to our

electronic organ”
—Rodgers Organ Company

B Since the permeability of Allen-Bradley Type W-03 ferrite
material remains constant over a practical working range of
flux values, this enabled the Rodgers Organ Company engineers
to design stable inductors for use in a simplified tone gencrator
that “stays on frequency’”” —one of the basic requirements of an
clectronic organ. In addition, proper grinding of the center air
gap surfaces ol the cup core and matching cover assembly
permits the inductance and the resulting {requency to be adjusted
by simply rotating the cover.
Allen-Bradley ferrite materials offer a wide choice of character-

istics to meet the design requirements of such applications as:

1. TV flyback transformers

2. Broad band transformers

3. T\ deflection yokes

4. Transistorized inverter power supplies

5. Pulse transformers

6. Ultrasonic frequency transformers

Allen-Bradley engincers will be pleased to work with vou in
the sclection and application of an Allen-Bradley ferrite with
the exact properties o fit your design requirements. Please let
us hear from you. Write: Allen-Bradley Co., 222 W. Greentficld

Ave., Milwaukee, Wis. 53204. In Canada: Allen-Bradley Canada

L.ud., Galt, Ontario.

Rear view of Rodgers organ with panel doors open showing extensive use of Allen-Bradley Typical Allen-Bradley ferrite cup core and cover. These
Type W-03 ferrite material in the form of cup cores and covers for tone generators. are available in sizes from 0.368" to 2.400" in diameter.

42-11-4E

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS
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SEE THE WORLD OF ELECTRONICS

at the International Exhibition of 55

(oX
b
Paris, Porte de Versailles,
April 8 to 13 1965.
All components,
tubes, semi-conductors,

instruments and controls

and |nternati0na| EXhihition Of For all information and documentation,

S.D.S.A., 16 rue de Presles, Paris 15°*.

Tel : 273-24-70.

Oftticial Carrier to the Show :

Air France overseas Trade Show Department,
683 Fifth Avenue - New York - N.Y. 10022,

Monumental Hall of the Exhibition Area

Sponsored by the F.N.L.E.

INTERNATIONAL SYMPOSIUM ON TECHNIQUES OF MEMORIES

Organized by the Société Frangaise des Electroniclens et Radio Electriciens
UNESCO Building, 125 Ave. de Suffren, Paris. April S to 10 1965
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PROVIDE ONE

PANEL PLUGBOARD PROGRAMMING

—_—

F |

SOURCE FOR RELIABLE, FLEXIBLE PROGRAM CONTROL

tlIGIEERED
10 MEET YouR
[1EEDS

MAC Panel’s Plugboard Programming Systems
range in size from 200 to 5120 positions, and
are designed and engineered to assure rugged
construction, flush mounting capabilities and ease
of plugboard insertion. Each system consists of a
precision engineered receiver, lightweight molded

phenolic or diallyl phthalate plugboard and a
complete line of plugwires. Whether your require-
ments call for special design applications or for a
system to fit standard racks, MAC Panel assures you
of quality and guaranteed satisfaction. See your
MAC Panel representative or write for specifications.

MAC PANEL COMPANY, Ef=SIHigh Point, North Carolina

ELECTRONIC INDUSTRIES <« March 1965
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SEE AT

IEEE
SHOW

3801-3812

A portable, Solid State,

908 analyzer

| Ve
N

| T ] ! :
| : ‘@
| L m——— ol C’._ f
& " - . Pasacasit
‘ N ah . UNYERSAL SPECISUM ANALYZER
c

= P

NupfL 1A-2

5!

)

22998

n

a’

-~
:

.

Panoramic SSB-50 (2—40 mg) zuew

IDEAL FOR MOBILE AND ON-BOARD SIGNAL TESTS

A —————————————— —

PANORAMIC* Mode! SSB-50, rugged, fully modular, provides the stable, high-resolution
spectrum analysis and two-tone generators needec tor monitoring and checkout of mod-
STANDARD UF THE |NDUSTRY ern SSB transmitters and receivers. Uses of the comprehensive SSB-50 include:

A Sin R COAST Pasoramic ARALY 4 OR

T O O

W Distor:ion, interference, unwanted sidebands, carrier levels, and noise measured to
—60 db at a glance.

W 10 cps resolution and skirt selectivity for hum sidebands 60 db down.

W Audio, I-F, and Multiplex analysis to 1C cps with REC-2 Extender.

a . TR SSB-50 =olid state construction ras telescoped size anc weight into a compact, easily
mobile equipment with no compromise in performance. Ogperation is simple and self-

checking at all steps. Battery ooerated portable or rack mount main frames are avail-

. ab e. SSB-50 system elements ara:

L | ! Q \ ® TA-2 {portable) or rack mount RTA-50 Main Frame witk bright, calibrated readouts.

) ~ -I' 2 2-40 me M CA-5 Panalyzor Module. Preset and variable sweep widths to "00 kc. 60 db dynamic

renge. and self-checking markers.

m RF-8 Tuning Head Module, with jitter-free single knob tuning from 2 mc-40 mc.

Search and ‘ine tuning modes provided.

B REC-2 Range Extender, 10 ¢ps - 2 mc — without image response problems.

Panoramic SSB-3b Aﬂﬂ'YZEI’ B Two-Tona AF and RF Generators — TTG-2 (100 cfs - 19 kc) and TTG-5 (2 - 30 mc).
(Equivalent to AN/URM-1344) Performance and design of the SSB-50 reflect the lzadership in the communications anal-
_ ] o ysis field established by the well known Pancram:c Mocel SSB-3b (AN/URM-134A) now
$$B-3b is continuously specified in sys- used in Fundreds of military and commercial applications — the standard of the industry!

ters not requiring solid state compact.
ness It is standard in several Air Force

> and Navy programs, Delivery is off-the- Frequency Range: 2 -40 mc, (10 cps opt. with REC-2), useable to 160 mc. B Sweep Width:
shelf. Optional capabilities available as Adjustable, 0 - 100 kc, plus five preset scans with autamatic optimum resolution. ® Resolu-
mocules. Major performance specifications tion: 10 cps -3 kc adjustable. M Skirt Selectivity: to 50 cps at —60 db points. M Readout

Scales: Frequency, linear, ten divisions. Amplitude linear and 40 db (extendable to 60 db).
B Dynamic Range: Resicual distertion is at least 60 cb down. M Sensitivity: Less than 20
uv {.s. Flatness: =—0.5 cb over scan range; =3 db overatl. B Self Checking: Xtal cont. 2-tone
IM test to —70 db; dispersion murkers, 5 kc. ® Tuning Head Accuracy: 1%, sets to 0.01%
with 2t. markers. Stability enables 10 cps resolution all freq. bands. QC per MIL-Q-9858A.

are similar to above $SB-50, Conformance
to specifications and reliability are welt
- established. Write for complete information.

WRITE FOR FULL DATA ON ALL PANORAMIC COMMUNICATIONS ANALYSIS SYSTEMS AND ACCESSORIES

Panoramic: | THE SINGER COMPANY
e | METRICS DIVISION S e

Design and production of PANORAMIC « SENSITIVE RESEARCH « EMPIRE « GERTSCH instruments for measurement



Now-from AE
Printed Gircuit Correeds
with 5 new features!
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AE has developed a new Correed
that overcomes the principal
mechanical and electrical
shortcomings of conventional
dry-reed switches designed for
mounting on printed circuit
boards. The result: new 1-, 2-,
3- and 5-capsule PG Gorreeds*
and a single-capsule magnetic
latching type, all incorporating
the five advanced features...

1 Separate Terminals—The capsule

leads are not used as terminals. Sep-
arate terminals provide superior electrical
contact and eliminate strain on the glass
capsules.

2 “I-Beam” Strength — The terminals
are longitudinally “ribbed” for added
strength and rigidity. This facilitates in-
sertion into printed circuit boards.

3 Welded Connections — The contact
terminals are welded—not soldered
— to the capsule leads, assuring service-
able connections. Capsules can be re-
moved without having to remove the entire
package.

4 Moisture Resistance — AE uses glass-
filled plastic bobbins for greater
strength and to eliminate electrical failure
due to moisture absorption.

5 “Standard” Measurements — Meas-
urements between terminal centers
are multiples of 0.200 inches, in accord-
ance with industry standards for circuit
boards. Standardized terminal size and
spacing also allow for greater package
density.

These new PC Correeds have magnetic
shields surrounding the coils, to avoid in-
teraction between adjacent Correeds; also
provisions for soldering diodes directly to
the upper side of the terminals.

For the full facts on how these new AE

Printed Circuit Ccrreeds meet the require-
A”’”MA”& [l[g”lc ments of modern electronic circuitry, write
to the Director, Electronic Control Equip-

SUBSIDIARY OF ment Sales, Automatic Electric C 5
GENERAL TELEPHONE & ELcTRONics (T I&ES e e T

[*U. S. Patent applied for.]
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1965 Survey of Relay Specifications

First of a series cf special reports giving key commercial and military type relay speci-
fications as compiled by El editors from information supplied by 230 relay manufacturers.

AN ELECTROMECHANICAL RELAY 1§
basically simple, consisting of an elec-
tromagnet and a moveable armature to
actuate one or more sets of contacts.

Indeed, its very simplicity can lead
the engineer into grossly misapplying
the device. Proper selection requires a general under-
starding of the important relay parameters and the
variations that can take place with changes in condi-
tions such as temperature and voltage. This information
is usually contained in the manufacturers’ product
literature. With it, the designer will find it possible
to optimize a given characteristic important to his
design. MIL-R-5757, Mil-R-6106, Mil-R-9221 and
other published military specifications outline important
parameters of military relays, and provide the basis
for specifying most general purpose military relay re-
quirements.

For those interested in thorough technical discussions

STATE-OF-THE-ART

Watch future issues for more in this

RELAY SURVEY

Part 2: STEPPERS & COUNTERS
H. V. RELAYS

Part 3: POWER RELAYS

Part 4: SPECIAL & G. P. RELAYS
(Incl. Telephone & Subminiature Types)

40

of relay design and application characteristics, a wealth
of material is available from the National Association
of Relay Manufacturers (NARM), P. O. Box 7765,
Phoenix, Ariz. 85011. Also, a document, ‘“American
Standard Definitions and Terminology for Relays,”
may be purchased from the American Standards Asso-
ciation. Inc., 10 E. 40th St.,, New York 16.

Relay Classifications

Part 1 of this survey presents reed relays and sen-
sitive relays, two unrelated classes which make up a
large segment of the more than 2,000 different relay
types that are available.

Relays may be classified in a number of ways, by
size, contact rating, input power, by application, such
as high speed, military, printed-circuit, or by design,
i.e.,, mercury wetted, hermetically sealed, latching, d-c
operated, etc. Depending upon the classifications used,
many relays could conceivably fit into several or perhaps
all the categories, with great duplication for so com-
prehensive a listing as this.

Relay classifications selected for the EI survey (sce
note on future relay issues) are based on those used
most by relay suppliers in describing their products.
For example, types listed as “sensitive” relays are
those referred to as such in the manufacturers’ litera-
ture. The range of power sensitivities of those listed

ELECTRONIC INDUSTRIES -+ March 1965




Fig. 2: Sensitive con-
tactless meter relay :33237\‘ /nxcn CONFER
is available in styles o ~

and sizes to match HF L 2009
standard panel me-
ters. — Weston In-
struments.

PERMANENT
MAGNE T g
MECHANISM |

s MOVING COIL

Part 1. Reed Relays

and Sensitive Relays

in this class is quite wide, so the coil power column
should be consulted to see if the relay listed answers
your requirements as a sensitive relay.

Reed Relays

The reed relay is one that by design at least is in
a class by itself. The switch capsuie consists of two
identical nickel-iron reeds sealed in either a vacuum
or inert gas atmosphere within a glass tube. A coil
surrounding the tube generates a magnetic flux which
magnetizes the reeds, causing them to flex (as little
as .006 inch) and make contact. Gold, silver, tungsten,
rhodium and molybdenun, as well as mercury-wetted
contacts are available for various applications. By using
a permanert magnet bias with the capsule and coil, a
normally closed, or Form B contact is formed. When
the Form B switch is actuated, current through the
coil creates a magnetic field that opposes the bias
magnet, allowing the switch to open. Form B contacts
are also made by using a Form C and clipping off the
normally-open terminal. Form A and Form B contacts
can be combined to provide one or more Form C
(make before break) contacts in a single tube. Up
to six or more contacts are common in a single relay
package.

With operating speeds ir: the tenths of a millisecond,
the dry recd relay is faster than any electromechanical

ELECTRONIC INDUSTRIES <« Mearch 1965

Fig. 3: Four-channel resonant reed relay designed for printed circuit
mounting. Tone sensitive decoder is used in selective calling, the
telemetry and industrial control.—Bramco, Inc.

Fig. 4 (below): Ministure mercury
wetted reed relay.—Grigsby-Barton, Inc.

Fig. 5: Sensitive
SPDT relay for 5
amp switching her-
metically sealed and

all welded in TO-5 e S

case. — Teledyne \-:

Precision, Inc. TN

Fig. 6: (below) Sen-

sitive relays to cover
wide resistance and
voltage ranges. —
Terado Corp.




B Break

Make
SPSTNO

SPSTNC

C  Break,

make

{transfer)
SPDT

D Make,

break

{continuity
transfer}

€ Break,
break

F  Make,

make,

make

o—o0——

ELECTRICALLY  MAGNETICALLY
HELD BIASED

FORM 8
(Normolly Open! (Normally Ciosed |

FORM A

PERMANENT
MAGNET

Fig. 7: Ueft) : Simple
Form A reed be-
comes Form B by
use of bias magnet
to hold contacts
closed. Current cre-
ates opposing mag-
netic field to open
contacts.

Fig. 8 (right): Key
switch in Bell Sys-
tems new central of-
fice is bi-stable
“Ferreed” which re-
mains closed in
either position with
short current pulise.

REMENDUR

6 Break, break

H  Break, break,

make

| Make. break,
make

J  Make, make,
break

K Single pole.
double throw.
center off.

SPDTNO

L Break, make,
make

U Double make.
contact on
arm

¥V Double break,
contact on
arm

%%[[Mﬁfﬁgilwﬂ Mmlfi fil il [

W Double make,
double break,
contact on arm

g

X DOubieomale Y
SPSTNODB A ,
Y Double break
sstNcDs. O X T ?
Z Double make, o.ﬁ ﬁo
g:EE;IB bre:lx
B
o—b | o
Nomenclature for basic contact forms
— American Standards Association.
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REED RELAYS (Continued)

relay. Like other relays reed switch
life is a function of contact load and
actuation frequency, being billions
of operations for dry circuit levels
and in excess of 100 million for
the mercury capsule at rated re-
sistive load. Special reed contacts
must be used for high inrush cur-
rents; otherwise reed contacts may
be damaged. Electrical noise levels
are somewhat higher in reed relays.

Reed relays together with crystal
can and solid state relays perform
the great majority of all low level
switching operations today. The
comparative advantages of each of
these switching devices is detailed
in the chart.

Resonant Reeds

A resonant reed relay, commonly
called a decoder, is an electrome-
chanical device that acts as an audio
frequency filter, detector and ampli-
fier switch. It has one or more steel
reeds suspended in a magnetic cir-
cuit produced by a permanent mag-
net for bias and a field coil that
receives the exciting AC signal.
Each reed has contacts which close
intermittently when the reed vi-
Dhrates at its resonant frequency. The
intermittent contact closure supplies
low levels of pulsating DC which

ELECTRONIC INDUSTRIES -

can be integrated with a capacitor
to switch light loads or sensitive
relays.

An audio tone to excite the reson-
ant reed can be generated by an
electronic oscillator or another res-
onant reed encoder.

Compared to other types of tone
filters, resonant reeds are small and
inexpensive. Bandwiths are in the
order of 1%, corresponding to an
LC filter with a Q of several hun-
dred. Also, power gain is high. A
typical resonant reed relay operating
at 20 milliwatts input is capable
of switcliing one watt—a power gain

of 50 to 1.

Sensitive Relays

Many plate circuit and instru-
ment, or meter relays, are consid-
ered sensitive relays. The most
sensitive type of electro-magnetic
relay is the meter relay. Operated by
microwatt energy levels, it can be
used to sense either current or volt-
age and has found wide-spread ap-
plications for control and alarm re-
quirements. There are meter relays
with power gain factors in excess
of 500,000.

The first meter relay designs,
known as the sensitive contact type,
depended solely upon the current
flowing through the moving coil to
maintain contact pressure. To im-
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NOW...P&B QUALITY IN A FULL LINE OF

soun stare tilme delay relays

FAST
ACCURATE
RELIABLE

A wide range of time delay require-
ments can be met with these accurate,
easy-to-use solid state relays. All built
to P&B’s exacting standards of reli-
ability, this new series offers a multi-
tude of advantages, including timing
repeatability of = 2%; nearly instan-
taneous (milliseconds) reset; a choice of
sizes, mountings and terminations; long-
life inherent with non-mechanical solid state
switching. Three modes of timing are available—
knob-adjustable, resistor-adjustable, and fixed.
Most standard relays provide time delay on operate but
relays with time delay on release are also available.

CD-38 HAS RELIABLE P&B DPDT RELAY MOUNTED INSIDE CASE
An internally mounted DPDT relay has contacts rated to 10 amps,
115V AC, resistive. Fixed time delay can be specified or relay can
be adjusted with knob or external resistor.

CD-21 TIME DELAY PAIRS WITH POPULAR P&B KRP SERIES
RELAYS

Compact AC or DC units available to time in increments from 0.1 to
180 seconds. For use with popular P&B KRP relay which provides
up to 3PDT switching. Delay time may be fixed or adjusted with knob
or external resistor.

USE CD-45 WITH PR RELAY FOR HEAVY DUTY APPLICATIONS
Designed for use with PR power relay in elevator controls, machine
tools and other industrial applications. Contacts will switch up to
25 amps at 115V AC non-inductive, or 1 HP at 115/230V AC single
phase. Heavy-duty screw terminals. Time delay: fixed or knob-
adjustable.

CD-31 USED WITH KH RELAY PROVIDES 4PDT SWITCHING
Only slightly larger than one cubic inch. Available with fixed or
resistor-adjustable time delay. Match with KHP relay for up to
4-pole switching capacity. Plug-in convenience when used with
socket having solder or printed circuit terminals.

Now available at leading
electronic parts distributors

ELECTRONIC INDUSTRIES <« March 1965

SOLID STATE TIME DELAY RELAYS
ARE EASY TO APPLY IN ANY CIRCUIT

Typical Applications

For CD Series Time Delay Relays

Machine tool sequencing e Motor starting

circuits e Vending machines ¢ Container-

filling control ¢ Data processing opera-
tions « Warm-up or turn-on delay o
Photographic process control e Re-
corded message repeater ¢ Heat seal-
ing e Induction heating e Elevator con-
trols e Die casting e Alarm circuits o
Vacuum processing e Injection molding
« Conveyor control

THESE STANDARD TIME DELAY RELAYS ARE AVAILABLE
FROM ELECTRONIC PARTS DISTRIBUTORS

Time Sugg.

Delay in Input Resale

Type Seconds Voltage Notes Price
CDB-38-70003 0.1t0 10 115V AC 1 43.80
CDB-38-70004 0.6 to 60 115V AC 1 43.80
CDB-38-70005 1.8 to 180 115V AC 1 43.80
CDD-38-30003 0.1t010 24v DC 1 41.55
CDD-38-30005 1.8 to 180 24v DC 1 41.55
CDB-21-70003 0.1to0 10 115V AC 2 38.70
CDB-21-70001 1.8 to 180 115V AC 2 38.70
CDD-21-30003 0.1t0 10 24v DC 3 38.35
CDD-21-30001 1.8 to 180 24v DC 3 38.35
CDH-31.30005 180 (note 5) 24V DC 445 38.90
CDB-45-70002 0.6 to 60 115V AC 6 37.05
CDB-38-70012 0.6 to 60 115V AC 1&7 52.45
CDD-38-30012 0.6 to 60 24v DC 1&7 49.50

NOTES

1. Has internal relay with DPDT contacts rated at 10 amperes, 115V
AC. 2. Use with Potter & Brumfield relay KRPSAG—115V AC, KRP11AG
—115V AC or KRP14AG—115V AC. 3. Use with Potter & Brumfield
KRP5DG—24V DC, KRP11DG—24V DC or KRP14DG—24V DC relay.
4. Use with Potter & Brumfield KHP17D11—24V DC relay. 5. Resistor-
adjustable. 6. Use with Potter & Brumfield PR11AY—115V AC relay.
7. Provides delay on release; all others have delay on operate.

POTTER s BRUMFIELD

Division of American Machine & Foundry Company, Princeton, Indiana
In Canada: Potter & Brumfield, Division of AMF Canada Ltd., Gueiph, Ont.
1. 261 Mad

Export: AMF internati , New York, N.Y.
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CRYSTAL CAN & REED RELAY COMPARISONS

MERCURY-
CRYSTAL | MINIATURE | STANDARD WETTED | TRANSISTOR
CAN REED REED REED SWITCH
"~ OPERATE TIME (INCL. BOUNCE) 5 ms 0.7 ms 2.0 ms 2.2 ms <10 s
RATED RESISTIVE LOADS 2A,52W. | 0.12A.4W. 1A,15W. 2 A, 50 W. <0.5W.
SUITABILITY FOR INDUCTIVE LOADS Best | Good Good Poor Poor
CONTACT ISOLATION High High High High | Low
INTTTAL C-C CONTACT RESIST. (OHMS) .05 0.1 .05 .03 1.0
0-C RESISTANCE (OHMS) I 108 1012 1013 108 106
POWER CONSUMPTION TW. 0.125 W. 0.15 W. 0.15W. | .05 mw
TEMPERATURE STABILITY High High High High Low
SPACE & WEIGHT SAVINGS Good Excellent Fair Fair Excellent
RELATIVE CIRCUIT COSTS Low Low Low Higher Highest
AUX. CIRCUITRY Simple Simple Simple Simple Complex

Fig. 9:

Information compiled by Wheelock compares the characteristics of reed and crystal can relays.

prove reliability and increase scope
of applications, additional contact
force was obtained by design of the
magnetic contact relay which used
magnetic contacts or magnets. Then
came the use of an additional wind-
ing on the moving coil called an
aiding coil, to provide a design
known as a “load current contacting
aiding” (I.CCA) relay. Because DC
is required by the aiding coil, this
type relay is necessarily a DC relay.
A new concept in the field of
meter relays is the contactless type.
This relay operates when a vane at-
tached to the pointer interrupts light
being directed from an internal lamp
onto a photocell.  The change in
photocell resistance in turn operates
a power relay or SCR circuit. Mi-
croampere sensitivity is obtainable.
Of course, the load current to be
switched can he quite high.

Dry Circuit Switching

Dry circuits, or low level circuits,
are generally in the millivolt and
microampere region and have been
defined as circuits carrying values
of voltage or current that are too

* A REPRINT of ANY ARTICLE
in this issue is available from
ELECTRONIC INDUSTRIES
Reader Service Department.
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low to cause any physical change
in a relay contact.

Physical change in the contact
surface is important to continued
low contact resistance. In a relay
switching under normal rated load
conditions at current values of, say,
an ampere, current density in the
contact area is sufficient to provide
constant cleaning or burnishing ac-
tion, keeping the contacts free of
insulating contaminants caused by
dirt particles or corrosive gases. At
current values less than a half am-
pere  (“minimum” current values
are considered to he hetween 25 and
500 ma), the action is reduced and
contact resistance can rise. How-
ever, in low level circuits (for which
the NARM has established 50 mil-
livolts and one milliampere as max-
imum values for testing purposes)
there is insufficient voltage to break
through the barrier film and insuf-
ficient current to produce arcing
and heating to cleanse the contact
area, causing the contact resistance
to become very high. For this rea-
son the contacts of the relay are of
noble metal to resist corrosion and
are manufactured to maintain op-
timum cleanliness.

Higher contact resistance, to as
high as 500 ohms, is usually per-
missible for low level switching. It
is common practice in certain appli-

ELECTRONIC INDUSTRIES -

cations, however, for the relay man-
ufacturer to provide a run-in miss
test of a few thousand operations
to determine the alility of the relay
to perform its low level switching
function. Detailed information on
dry circuit contacts and testing
methods was the subject of a paper

presented at the NARM symposium
in April, 1964.*

“Survey of Relay Specifications’’
starts on page 48

‘““Recommended Techniques and Specifications
for Low level Switching” by J. A. Garratt,
available from Hi-G, Inc. Windsor Locks, Conn.

REED SWITCH MANUFACTURERS

Automatic Electric Company, North-
lake, [l

C. P Clare 3101 Pratt Blvd., Chicago,
t.

Coto—Coxl 65 Revillion Ave., Providence,

R.

Electromc Specialty Co., 4561 Colorado
Blvd., Los Angeles, Calif.

General Reed, 174 Main St., Metuchen,
N. J

General Electric, Specialty Control
Dept., P.O. Box 812, Waynesboro,
Va,

Gordos Corp., 250 Glenwood Ave.,
Bloomfield, N. J.

Hamlin, Inc., Lake and Grove Sts., Lake
Mills, Wisc.

Hathaway Instruments, 5800 E. Jewell
Ave., Denver, Colo.

IBM, White Plains, N. Y.

ITT, Distributor Prods., 20 Broadway,
N. Y, N. Y.

Line Electnc Co., 229 River St., Orange,
N.

New Products Engineering, Wabash,
Ind.

RBM Controls, 131 Godfrey St., Logans-
port, Ind.

March 1965



If you think
the BR-16
(half size) is

a )

small Hy-Rel

relay

Ii%ﬁiiil 1!%%!
I

units shown actual size

ELECTRONIC INDUSTRIES

L
Check our BR-10

(1/6 size)

March 1965

Babcock’'s new BR-10 1/6-size crystal can
relay will switch dry circuit to 1-amp loads
with the same sensitivity as DPDT types
many times its size. Designed for low profile
mounting, it exceeds MIL-R-5757D require-
ments and withstands severe environmental
conditions encountered in airborne ap-
plications. Available both single pole and
double pole.

For 2-amp contact requirements, the Bab-
cock BR-17 (latching) and BR-16 (non-
latching) half-size crystal can relays provide
the same reliability and, like the BR-10, in-
corporate the exclusive Babcock Vycor getter
to adsorb outgassed organic contaminants
after production degassing. Various mount-
ing arrangements and either plug-in or solder
hook terminals can be supplied as standard.
Write for complete details in our new 24-
page catalog.

BR-16 I BR-17 BR-10T BR-10W
|

.
T

Operation Non-Latching Latching Non-Latching [ Non-Latching

S

Contact |  pppT DPDT DPOT DPDT

Ar

Construction | All Welded All Welded | Solder Seal | All Welded

L s —

Sensitivity 175mw 175mw 100mw 100mw

Gomtact |20 @ 26VDC/| 2A @ 26VDC | 1A @ 26VDC | 1A @ 26VDC
Size .131 cu. in. .131 cu. in. | .046 cu. in. | .046 cu. in.
Weight .25 oz. .25 oz. .15 oz. .15 oz.
. 30¢ 30¢ 30 30¢
Vibration | 30 200 o | 30-2000 cps | 40-3000 cps | 40-3000 cos
50g 50g 150g 1508
iz g 11'msec. | 11'msec. | 11msec. | 11 msec.

See us at Booth 2927 IEEE

BABCOCK
o REIAYS

A DIVISION OF BABCOCK ELECTRONICS CORPORATION
3501 HARBOR BLVD., COSTA MESA, CALIF. - (714) 546-2711

Circle 26 on Inquiry Card 45
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| ‘ CLAREED |

CLAREED RELAY
CR127-1058

e
C.P.CLARES CO.

‘ Ctansto

E. | ‘ Cl!}lll

Circle 27 on Inquiry Card

CHICAGO, itL.

THESE
are reed relays...

But make no mistake.
Don’t confuse them with ordinary
reed type relays. These are

CLAREED® relays...built by Clare from start to finish. Every step
in the manufacture of every part—nickel iron reeds, contact plat-
ing, encapsulation in glass, coil winding, final packaging, testing—
is performed by Clare in Clare plants, under Clare supervision to
one high quality standard.

Every CLAREED switch is tested so that every switch always
operates consistently with proper characteristics every time. Relay
assemblies are tested 1009, for coil breakdown, operating charac-
teristics, contact resistance and CLAREED switch seal integrity.

Try CLAREED relays. That’s the real way to know how this
careful control Clare exercises over every single CLAREED relay pays
off in longer life, consistent performance and greater reliability for
you and your products.

CLAREED relays provide the switching capability needed for
practically every type of control function. For wired assemblies,
for printed circuit application, or as complete switching units in
functional printed circuit board assemblies, look to CLAREED relays.
Want to know more? Call or write C. P. Clare & Co., Group 3D,
3101 Pratt Boulevard, Chicago, Illinois 60645.

ELECTRONIC INDUSTRIES

March 1965




EXACTING controlled mass production begins with nickel-iron rﬂcds o}

carefully-determined melaliurgical characteristics. Blades are nre—slrazghr-
ened. Conlact areas are flaitened to assure precise mating in the “closed”
position, then gold-plated (above) for consisien! contact resistance.

CLEAN pcrts assure CLAREED cleanlmess Ultra—sonw
cleaning removes all conlaminants from contact surface.

ph Jstcal tests and 100% elec-
trical checks...including her-
metic seal checkout, micro-vis-
ual inspection and len automat-
ic eleclric tesls.

1 enrRARAR
e

CONTINUOUS in-process qualily control proce-
dures assure careful adherence to standards..
resulting in long switch life.

|
PRECI SION, automatw, clean-room assembly provzdﬁs
consistent, same—cha*acterzstw CLAREED swilches..
every lime.

AND this means you get
buslt-in reliability when you specify
CLAREED relays or control modules.

CLARE

® rela ys and

related contro/
components

ASSEMBLIES are 100%
tested for coil breakdown,
operating characteristics,
contacl resistance, and seal
integrily.

ELECTRONIC INDUSTRIES -

CLARE production controls

..from switch parts to
printed circuit board assem-
bly...are to one high quality
standard.

March 1965

FINAL tests of printed cir-
cuil board assembly, relay
operalion, and circuil func-
tion assure CLAREED
quality .. .everglime.

-r
7




48

ELECTRONIC

INDUSTRIES

REED RELAYS

SPECIFICATIONS OF REED RELAYS
& SENSITIVE RELAYS
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RELAY
MANUFACTURER

ALLEN-BRADLEY CO.

136 W. Greenfield Ave.
Milwaukee 4, Wisc.

North Lake, 111,

AUTOMATIC ELECTRIC CO.

3101 Pratt Bivd.

C. P. CLARE CO.
Chicago, ).

COMPUTER COMPONENTS

88-06 Van Wyck Express

Jamaica, N. Y,

65 Pavillion Ave.
Providence, R. |.

coTo-colL

Cape Girardeau, Mo.

DAVIS ELECTRIC CO.
230 Spring Ave.

ELECTRONIC

INDUSTRIES

+  March
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OORMEYER INDUSTRIES 4000 X X X X 1-4 A 250 125 6-48 100'-2 XiX
3418 Milwaukee Ave: 1000 X | x X 2 DT 500 |15 648 |1 | |2 X
Chicago 41, Ili. 3000 X X X X 1-2 DT 200 .25 6-24 E2 X X| X
FISHER AKIN CO. 101 X X B 250 | .5 (12 |15 Is 2
1005 Sepulveda Bivd. 101-1 X X 6 A.B,C 3 15
Manhattan Beach, Calif. |
GENERAL AUTOMATIC CORP.! 400 X X X | 1 A,B,C| 250 125112 6-48 1
111 33d St. 420 X X l X 1 A,B,C| 250 1 15 6-48 1
Union City, N. J. 421 X X X 1 ABC|250 |3 50 6-48 1
4
GENERAL REEO 400 X X X X 1.3 AC 120 |1 15 6-28 1501 X|X| X{ly |l12*
174 Main St. Cc X X X 1,2 bT 115 15 6-28 150 |1 X 8*
Metuchen, N. J.
GRIGSBY-B8ARTON GB21 i X X X | X A/B 250 .5 12 6-24 2001 X| Xfx|x|.25
107 N. Hickory Awe. GB31C X X X Cc 28 .25 6-32 25011 X X
Arlingron Heights, I1f. GB3lA X X Xi X A 28 3 6-32 2501 X X
GB41 x| | x l I | | |x| AC 3 6-24 25011 X
GB70 X X X 2 ST/DBT|28 .25 6-32 250 |1 X Xix|.13
GB80 X X| (14 size crystal can) X 2 pT 28 .25 6-32 250 {1 X X|X|.064|6grm
GB31HW X X 1 X X 1 A 28 3 6-32 25311 X XX
HATHAWAY INSTRUMENTS J K X X 1-4 ST,DT 6-26 l 200]1 X
0iV., LIONEL CORP. R X X to 12 A,B,C 6-28 ] | X
5800 E. Jewell Ave.
Denver, Colo. l
INOUSTRIAL 832 x| | x[x| | X X w00 |5 12 |12 | 2
ELECTRONICS, INC.
8060 Wheeler St. Detroit, Mich.
JAIOINGER MFG. CO. = X A 250 .5 6 40 |1
1921 W. Hubbard St.
Chicago, IlI.
LEOEX, INC. RD7 X X X 1-2 2-4T 15 5 1.2
123 Webster St. RD10 X NO 12 1 XX
Dayton, Ohio REl X 12-24 { 018 XX
RD1 X 12 1 24 .03 XX
LINE ELECTRIC CO. FR X X XX 4-6 A,C 110 15 10 | 6-24 3 X (XiX|X
OlV., INO. TIME CORP.
229 River St., Otange, N. J.
MAGNECRAFT ELECTRIC CO. {132MPC X X 1 A 400 50 6-48 500 {2 XXX
5575 N. Lynch Ave. 133MPC X X 1 o] 400 50 6-48 500 (2 X|X[x
Chicago 30, 111, 133LMPC X X X 1 C 400 2 50 6-24 150 (3 XXX
102vPC X X 1 A 250 1 15 6-48 500 {3 X|X{X
103MPC X X 1 Cc 250 .5 10 6-48 500 {2 XXX
103LMPC X X X 1 c 200 ¥ 10 6-24 150 |2 XXX
102vMPC X X| X 5K SOW. X
MAGNETIC Cl-12 X X X 1 A 200 .5 12 4-12 XX .1 X
COMPONENTS, INC. Clc X X X 1 [ 28 .25 3-12 1 X|X 1 X
Garden Grove, Calif. Dl/pol X X X 1 A,B 200 | .5 |12 4-24 1 X |X X
D2/D02 X X X 2 A,B 200 .5 12 4-24 1 X iX X
D3 X X X 3 A 200 .5 12 4-24 1 XX X
RD X X [(Magnetic Bias) X 1-4 ST 200 .5 12 4-24 1 X | X X
El/EOL X X | {(Magnetic Bias) X 1 A,B 200 .5 12 4-24 1 X |X X
MALLORY TIMERS CO. RS X X|to6 X 12 .1 XX to 2
OIV, OF P. R. MALLORY RRA X X X|1-2 X 1 A 110 1 150 XX
& CO., INC. RRB X X Xil2 X 1,2 A,B,C 2 225 XX
3029 E. Washington St. RRC X X X|1-4 X 1 A 2 150 XX
Indianapolis, Ind. RRD X X Xjl-4 X 1 A 2 150 XX

14V-3H1-10-11VIS
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MKC ELECTRONICS - X X'(Vacuum Contacts) SPDT
454 E. Donavan Rd. - (Coaxial Reiay) SPDT to 25 |[3-24 100 X
Kansas City, Kans. = X X 1 A,B 12 25
PERRY LABS, INC. WC252 X X X 150 | .001 50
83 Perry St., Buffalo, N. Y. DR5U X X 1.5
'PMIPPS PRECISION  |PC I xi [ xtx| x| |x |x| [x] [x]7 AM (250 |.5 [iow
PRODUCTS OF xf | x X [x x| |1 AC (250 |.5 jlow [6-24 |.02
17100 Ventura Bivd. RC x| | x x| |x |x 1-2 AC 250 |.5 [low [6-24 |.02
Encino, Calif.
'POTTER & BRUMFIELD 1m x| x| x x| x 14 lcp (500 |5 (100 5
DIV. OF AMERICAN
FOUNDRY CO.
Franklin, Ky.
'OOUGLAS RANDALL, INC.  |DR4 X X AB,C [5K 50 125 400
6 Pawtucket Ave. DR3 x| {xi | x X 1-4 AB.,C 250 |.5 [12-50 [115 10
Westerly, R. I. x| |x X X ABC (400 |3 |25
X ABC [500 |1 |15
RBM DEVELOPMENT CORP. |BRSR X X X 1,2,46 {NO  [250 15 6-28 300 X
174 Main St. BRMR X X X 12,4 {NO 250 12 6-28 150 X
Metuchen, N. J. TRMR X X X 1,2 oT (125 15 6-28 200 X
SARGENT & GREENL EAF, INC.|M510 X X X 150 |.002 2 X
24 Seneca Ave. X 150 | .002 10 X
Rochester 21, N. Y.
SOLID STATE ELECTRONICS |9000 x| | x X 1 A (250 |5 |12 |68
15321 Rayen St.
Sepulveda, Calif.
'STEVENS, ARNOLD, INC.  |RR290 | X|(avail. in freq. range 50—1565 cps) X 50 |.05 3 20
7 Elkins St., S. Boston, Mass.
STRUTHERS-DUNN, INC.  |RRLM X x| | x X to 12 6-48 X
Lambs Rd. RRL x| X X X
Pitman, N. J. RR4 X X 4 A 250 (1 (415 [6-48 X
TEL EX/AEMCO DIV, 152R X X |2 c % |5 250 X
TELEX, INC. MD20 X XIx|1 ST/DT {250 | low k)
10 State St., Mankato, Minn.
THERMOSEN, INC. A X X |x 48 c 2% |1 |50 6-48 850 x| x 4
375 Fairchild Ave. B X3 X |x 3 2¢ 250 (1 |s0 6-48 W x| x 4
Stamford, Conn.
WHEELOCK SIGNALS, INC.  |330 X X X 250 |.12 324 150 | X| X[ x
Long Branch, N. J. 262 X X X 25 |.12 6-48 125 . X| x| X
3002 X X 250 |3 6-48 X X|x
3002HG X! X 1-5 AC (400 |3 (50w |6-120 160 X{x|x
267 X 1-4 A.B,C 10w [6-48 200 X
3015 X X| x 250 (3 6-120 200 X
360 X X |x x| {4 250 | .12 6-24 150 . x| x| x].

G96T uydiep
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GO DGO

Now you can quick-connéd wires to each
socket terminal of the Class E relay

Here’s new design flexibility—more
than you’ve ever seen in plug-in Class
E relays. The bottom view of our new
ETP terminal* shows why.

For each terminal, the mating
socket provides two taper pin recep-
tacles. This is an AE exclusive, and it
can double circuit capability: two
wires on each contact terminal!

Connecting these wires is quick and easy. Just insert a
taper pin—and get a connection that's even more secure
than with conventional terminals.

And every time you make a circuit change, the ccnnec-
tion is as good as the first one.

You can prewire the mating socket and later insert a
standard Class E taper-tab relay. Add a plastic snap-on dust
cover, and you've got a complete Series ETP assembiy.

ELECTRONIC INDUSTRIES <+ March 1965

Sound interesting? Get some helpful details. Write for
AE’s Product News on the ETP socket.

Widest Mounting Choice
Besides this new ETP (taper pin) and the EIN (integral
socket) versicns, Class E relays are availab'e with conven-
tional solder, taper tabs, or v apped-wire terminals, or pirs
for plug mounting. This is the widest selection of Class E
relay connections in the industry —another good reason
to check Automatic Electric for a/l your relay needs. Write
the Director, Relay Contro! Equipment Sales, Automatic

Electric, Northlake, lllinois 60164. *patent applied for

AUTOMATIC ELECTRIC

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS GrlElE

Circle 28 on Inguiry Card 51
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ADAMS & WESTL AKE Mws X X X 1 |c to 500 |2 15-60* [to 11 x[x [x
1025 N. Michigan *Ampere-Tums
Elkhart, ind.
ACOPIAN TECHNICAL CO. K101C1 X X| (thyratron-operated relay) X SPDT |115 2 115 X X 24
927 Spruce St., Easton, Pa.
ACROMAG, INC. 301370 (Electronic Relay) X DPDT 10 .001 .001
15360 Telegraph Rd.
Detroit, Mich. L |
i
AIRBORNE ULTRELAY X| X (tight/temp. sensitive relay) X SPST (115 400VA (nom. input: 25 pw) X X 40 |
ACCESSORIES CORP. |
1414 Chestnut Ave.
Hiliside, N. J. I
't -
AIRPAX ELECTRONICS, AMS45 X| (metering sensitivity: X X| X DPDT {115 2 (input signal: 0/1 ma.) X i
INC., SEMINOLE DIV. (1 microampere}
Ft. Lauderdale, Fla. 1 |
ALLIED CONTROL CO.,INC.{RSH Xi X 1,2 |{DT 115 1 30 to 28 |.025 X | X 2 X X
Plantsvilie, Conn, Sw X| X 1,2 |oT 115 2 to 32 10 to 14 X ] X X X
JSH X| X 1,2 |DT 115 1 X X 2 X X
WJS X| X 1,2 |0T 115 1 30 .015 X X 1 X X
CHI12 | X[ 1 X X 4 DT 7-12 X ; o) 'X X
e '
AMERICAN 453001 | x x| | x| transformer retay comb.) x!12 [sTDT[500 [to30 |230 4 x | |39 712 |
INSTRUMENT, INC. 4-5303 XX SPDT 125 2 6-12 10 tol X X173 [12 X
8020 Georgia Ave.
Siiver Spring, Md.
foen L
ARTESIAN PE x| x X [ 113 |oT |15 |5 130 |to 10 XIX | X 2.5
ELECTRONICS CORP.
171 Ridgedale Ave. '
Mortistown, N. J. | t
| BABCOCK RELAYS BW2 [ x| x X ‘ =3 2 3.7 jto25]1.3 | |x |x i
3501 Harbor Blvd. BW3 X| X X 1 C 2 6.3 |to 14 (1.3 X X {
Costa Mesa, Calif. Bw4 X| X X 1 [ 2 100 ,to3 |1.9 X X i
BW5 'BW6 X| X X 1 Cc 2 100 02 (19 [X|X X
BR1/'BR2 X| X 1 Cc 115 2 to 110 540 : to 25 X X 1.2 X
BRS X} X l SPDT tol 118 100 ‘12 004 .048/.1 X
i I !
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BARBER COLEMAN CO. AYLZ X X X X C,KM |26/115(1 .04 .01 X X|6.5 |8 X X

ELECTRONIC

COMPONENTS DIv.

Rockford, ii.

BOURNS, IND., 3100 X X X SPDT |26 1 4-26 100 to2 |4 X 48 .1 X X

TRIMPOT DIV. 3101 X| X X DPDT |26 1 6-33 160 to2 |4 X 48 .1 X X
1200 Columbia Ave.

Riverside, Calif.
CONTROL DATA CORP. 70 X X| (Meter Monitor; X X| X 12 14 g X 3
CONTROL SYSTEMS DIV. sens-lyA)
4455 Miramar Rd. 77 X| (Meter Monitor, sens-1pA) X X| X 12 50 1 A,
La Joila, Calif. 80 X l | | Xl (Comparator; X X SPST 1 30 30 4
sens-1pA)
82 X| (Comparator) X X SPDT
175 X| (Hot Metai Detector) Xi3 DT 100 10w

COOK ELECTRIC CO. 646 X Xt X X SPDT 1 15

WIRECOM DIV. 645 X X 4PDT |200 3 28/115(3 .01 X * X
2700 N. Southport Ave. *Mil-R-6106C
Chicago, 111,

COUCH ORDNANCE, INC. 2R 202 X[ X X 2 C 30 1 26 2 25 to 10 X X .66 X X
3 Arlington St. 2R X| X X 2 [of 30 1.5 to 48 40-100| to 10 X | X .66 X X
N. Quincy, Mass.

CUTLER HAMMER, INC. TF X X X (Electronic Relay) | X X[X|2 DT 115 10 10 2 .010 X
411 N. 12th St. TH X X (Electronic Relay) | X X! X|1,2 [NO/NC|600 10 8 4.5 025 X
Milwaukee, Wisc. RS X (Electronic Relay) X| X}1,2 |ST/DT|(550 10

EAGLE SIGNAL CO., 20BA X| X X SPDT |[115 S 6 150 to 10 2

DIV. E.W. BLISS CO.

736 Federal St., Davenport, la.

EBERT ELECTRONICS EM8 X X X* X 1 NO/NC| 115 35 230 12 X

CORP. HD8 X X 1 NO/NC| 115 60 230 12 X
130 Jericho Tpk. A.B X X X| (Electronic Relay) | X 1 NO/NC| 115 to 60 .002 X
Floral Park, N. Y. *Mercury Plunger

EDISON, THOMAS A. 219 X| X X A-B 115 7 025 |to 23(.15 X [ X X

INDUSTRIES
45 Lakeside Ave.

W. Orange, N. J.

ELECTRONIC SPECIALTY 41,R400 X X 2 DT 115 2,5 to 40 |40 to 12 |.035 X X 3 X X

co. 71R,80 X| X X 2 DT 115 2,3 to 36 |40 to 10 |.015 X X 1 X X
4561 Colorado Blvd. 90 X{ X X ) DT 115 2 to 56 {80 to 10 |.020 X | X 1.7 X X
Los Angeles, Calif. 55R,77R X X X 2 DT 115 2 to 44 {90 to5S X | X .5 X X

92N X X X 4 DT 115 2 to 36 |80 to 5 {.009 X | X 1.7 X X
100N X X X 6 DT 115 2 to 72 | 150 to 10 {.018 X | X X X

FILTORS, INC. S X} X X* X} 1,2 | DT 2 to 120 to 21].006 X 11X 7 X X
65 Daly Rd. Y X| X X* X} 1,2 | DT 2 to 40 to 40 |to 10[.015|X|X | X 1.1 X X
E. Northport, L. 1., N. Y. [AV X| x X* 1,2 | DT 2 40 to 10[.015)X| X | X e Ix X

*Micromini ature

GENERAL AUTOMATIC 162 x| x 1-4 |C 115 S 1 01-.5 02 X X X

CORP. 100 X X| X 1-4 (ST/DT| 115 S 1 to 30 X |X 4.5 X
111 33rd St. 300 X X| X 1-4 |C 115 5 1 to 30 X X 4.5 X
Union City, N. J. 150 X X| X 1-4 |C 115 S 2 to 20 X |X X

GENERAL ELECTRIC CO., |AT x| X X 1 Cc 115 1 25 01 |X|X .95 X

SPECIALTY CONTROLS AT X| X X 2 o} 115 1 40 01 X [x .95 X

DEPT.

P.0.B. 812, Waynesboro, Va.l | |
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GLOBE ELECTRONIC Q X X X 1-6 |ST/DT 115 3 to 230 X X X
MFG. CO.
1729 W. 134th St., Gardena, Calif.
GUARDIAN ELECTRIC 120 X X SPDT to 12{ 230 1.5VA| to 3 X X 38
MFG. CO. 125 x| X | SPDT | to 12| 110 1500 |to5 X |x 38
1550 W. Carroll 625 X (Time Delay) [ to4 (DT | to 8 6 | .2w to 11 X X 5.2
Chicago, IIi. 405 J XX | X ! X to 10| DT |l to 3 to 115 .005 X X 9
1
HI-G, INC. BA [ Tx]x [ ] [ ]2 [or o [z to 26 100 006 | [x [x B [ XX
Spring St. BK X| X 1,2 |DT 130 2 to 32 25/40 | to 7 |.005 X X l 1 X X
R&E 75 BC X| X ‘ 1,2 |DT 30 2 to 32 25/40 | to 10 |.01 X X 1 X X
windsor Locks, Conn. ABC X| x 2 |pT [30 |2 to 150 |12 lto15]012 | [x [x | 95 | X X
$ . —
LARSON INSTRUMENT CO. | — | | X} | X1 (Contactless | X XX 115 10 .015..5 to5 |.15 X |X 21
Greenbush Rd. ’ | Microammeter) ' |
Orangburg, N. Y, = X X{ (Contactless X XX 115 10 to .5 15 X |X 21
| Microammeter) |
= X X| (Contactless | X | XX 115 10 to 1K .15 X X 21
) Milliammeter) |
- X X| (Contactless X XX 115 10 to 1K .15 X X ' 21
| Voltmeter)
X X| (Contactiess X XX l115 10 to 1KA. 15 X X 21
Ammeter)
4
LEACH CORP.,RELAY DIV. | 200 fx1x 1,2 DT 115 8 32
$915 Avalon Bivd. 300 X X 115 8 115
Los Angeles, Calif. 600 X| X 115 2/8 115 X X
700 X X 115 2'8 115 X X
4
MAGNAVOX CO. 87 X[ X ! 1-3 (DT 115 5 75 .02 X X
2255 S. Carmelina Ave. 66 X SPDT (115 2 6-24 1.2 35 to 26 X X X
Los Angeles, Calif.
MAGNETICO, INC. MA72 X X DPDT (28 2 26 1 X |X
6 Righter Ct. MA143 X X 2 Cc 28 2 115 X
E. Northport, L. 1., N. Y. T194 X| X 28 X |X
MANOSTAT CORP. 4 X X* (Electronic Relay) SPST |115 35 7 .002 | 1w
20-26 N. Moore St. *Mercury Contact
New York, N. Y.
MINIATURE ELECTRONIC MR2A X| X X 1 (v} 28 .05 6-28 |6 140 002 [X |X 075 | X X
COMPONENTS CORP,
Holbrook, Mass.
—_—
MOSSMAN-ELLIOTT CORP. | C X X[ X X | A-E to 250 32/C .002 X
204 So. Larkin Ave. F X[ X X X A-E to 150 40/C .001 X
Joliet, 1ii. S X[ X X | A.B,C to 175 11/C | to 10 |.002 X
1
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50% more display area
s plus

capabilities

for the
same price

TN - 2O qteom vi4.

& But to hear the complete story, call
545 B your Tektronix Field Engineer. He will
‘ { know if a Type 545B offers the best
e solution to your measurement problem.
c Ilo c If the Type 545B appears to be the
os I s ope answer, try it. Use it in your own
application—with one of your letter-

series plug-ins or one of the new
spectrum analyzer or dual-trace

IMPROVE

The Type 545B is an improved version of the Type 545A, which has proved itself plug-in units.

of great service to a. multitude of Iaboratoru.as and ind ustrues throughout th.e years Type 5458 Oscilloscope

and has been considered a standard by which other oscilloscopes can be judged. (without plug-ins) . . . . $1550
Type L-20 Spectrum Analyzer

- - x . Plug-ln Unit . . . . . . .. $1995

plus plug-in unit adaptability

. accepts one of 17 letter-series plug-ins

disnia el o for differential, multi-trace, sampling,
. S , [ other laboratory applications, or
m Small spot size, U

"u

® Internal no-parallax Il
illuminated graticule

M Bright 6-cm by 10-cm

e o E accepts one of many new spectrum ana-
- :illle(c)jr-t noe(c:iujela - 2 lyzer plug-ins (L-10A, L-20, L-30, others) L
ine u y — for frequency-based displays, or e v it
: ; f 2 new dual-trace plug-ins
- m Triggering beyond 3 accepts one o p Rack Mount Model Type RM545B . . $1650
30 !%A%: 8 8’ g (1A1 or 1A2) for 50 mv/cm at dc-to-33 Mc Type 1A2 Dual-Trace Plug-In Unit . $ 325
—with the Type 1A1 also oftering 5 mv/icm Type 1A1 Dual-Trace Plug-In Unit . § 600

W Sweep Delay

Sinale S at de-to-23 Mc dual-trace, and approxi- SRSl o't [PeavertonOreg
u smge N;Neegf\ " mately 500 pv/cm at 2 cps-to-14 Mc,
® Sweep Magnifier | i o
{  sinoletrace. Tektronix, Inc.
= = = == == = S
P O ECX 500 - BEAVERTON. OREGON 97005 - Telex' 036-691
TWX 503-291-6805 « Phone’ (Area Code 503} 644.0161 - Cable
i i i TEKTRONIX - OVERSEAS DISTRIBUTORS IN OVER 30 COUNTRIES
Price at $1550 is the same as the Type 545A and includes two probes. T TRowx FoELD OFFICES i amaipel cities. i United States.
Full field-engineering services back up every instrument. Consult Telephone Directory.

Circle 29 on Inquiry Card
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NEW PROOUCTS, INC. 162 X[ X|[X X 4w 6 10 60 008 .25 X
Cameron Viilage Sta.

Raleigh, N. C.

OHMITE MFG. CO. DOSY X X 1,2 |DTDB 15 120 7 to 10 X |X L X
3601 Howard St. Doy X X 4 DTDB 10 115 7 to 10 X X 8 X
Skokie, 1H. TT X X X 4 DT 115 150 X 2 X

TO X X X 115 to 5 to 220 100 to 20 X 3.5 X

PENN KEYSTONE CORP. = X| X X X SPDT |28 2 28 3 X X
P.0.Box 350, Derby, Conn.

PHAOSTRON INSTRUMENT | PR9100 X| X X 1.2 |A,B,C | 115 to 5 20 to 40 12 X X

& ELECTRONIC CO. PR9300 X X 2 DT 115 3 40 to 40 X X
151 Pasadena Ave.

S. Pasadena, Calif.

PHILLIPS-AOVANCE 80 X X DPDT (26 3 2-40 40 to 10 {.010 1 X X
Controi Cortp. NM X X SPDT |26 .25 4-24 100 to 2 (.004 .09 X X
Joliet, Hi. VGS X X DPDT |26 5 4-170 120 .005 1.5 X X

sV X SPDT 1 .35 5 to 40 6.5

PHOTOBELL CO. — (Photo, sound, capacity and vibration-sensitive electronic relays)

12 E. 22nd St., New York, N. Y.

POLLAK CORP., JOSEPH I RL2600 X| X SPDT |28 1 to 120 50
81 Freeport St., Boston, Mass.

POTTER & BRUMFIELO MDP X| X X 115 .15 2-50 X X
1200 E. Broadway SS SPDT |28 2 to 110 2.5 to 60 X 3.7
Princeton, Ind. ML X| X X 6 Cc 115 3 to 110 20 to 33.03 X [X 2.5

BS X X X 6 D 115 4 to 230 25 .005 X X 10
LM X X 2 [ 115 5 5 15 X X 5

PRECISION THERMOMETER | T699 X X to 50 10 .05

& INSTRUMENT CO. T681 (Thermo Relay) X SPST | 115
Southampton Industrial Park | T689 X| (Thermostat Relay) X .005 110
Southampton, Pa.

PRICE ELECTRONIC CORP.|6B X| X X 2 DT 28 2 to 120 40 to 25 |.015 X X g X
323 Chwrch St. 1000 X XX 1 DT 26 1-3 to 120 | 3 50 to 13 X X 1 X
Fredetick, Md. 5300 X[X X X 1,2 |DT 115 2 20 to 18 |.015 X X

RBM CONTROLS OIV. MS25 XX X SPDT | 115 2 6-24 40 to 15 |.02 X X

ESSEX WIRE CORP. MSS50 X|X X DPDT | 115 2 6-24 125 to 15 X X
131 Godfrey St., Logansport, Ind. 3PDT | 115 2 6-24 200 to 15 X | X

SCHERMA, F. A, MFG. CO. |50 X X 1,2 |A,BC| 115 3 to 24 100 to 4 X X
424 Broome St., 60 X|X 1,2 |ABC| 115 3 to 230 X X
New York, N. Y.

(penunuo)) SAVT13Y JAILISNIS




This Is Not the First 1'% 10-Turn
Precision Potentiometer. Just the Best.

Bourns Model 3400 is the rugged result of a fresh design
approach. In punishing side-by-side environmental tests, it per-
formed dependably long after competitive units had sagged,
sogged or snapped under the strain. In rotation-life tests, it dis-
played a longer useful life than any other unit. In vibration and
shock tests, it kept operating after fragile terminations had put
competitive units out of commission.

This sturdy newcomer has a molded, all-plastic case for superior
humidity performance...sliding contacts to eliminate fragile
pigtails... an extra-thick slider block for high stability ... a shaft
supported at both ends...a husky dual-collector pickoff. And it
has the exclusive, virtually indestructible SILVERWELD® termi-
nation that replaces vulnerable single-wire terminations to
overcome the chief cause of potentiometer failure.

Model 3400 undergoes 100%, in-process and final inspections,

i\

¢ :
" A

and is subjected to the famous Bourns Reliability Assurance
Program. In reliability and performance, it is a premium poten-
tiometer. One of its best features is that there is no premium
in price.

Write today for complete technical data.

Model 3400, 1'%,” Diameter, Bushing Mount

LINEARITY: =:0.15%, STANDARD
Resistances: 100¢? to 1 Meg., standard
Temp. Coeff.: 20ppm wire over entire

resistance range

Power rating: 5.0W at 40°C

Humidity: Steady state

Operating temp. range : —65 to 4-105°C
Resolution: 0.005 to 0.045%

Body length: 1.75” (12% shorter than

competitive units?)

ONE-HALF ACTUAL SIZE

i BOURNS

* T

BOURNS. INC., TRIMPOT DIVISION

1200 COLUMBIA AVE.. RIVERSIDE, CALIF.

PHONE 684-1700 . TWX: 714-682 9582
CABLE: BOURNSINC.

JANUFACTURER: TRIMPOT™ & PRECISION POTENTIOMETERS. RELAYS; TRANSDUCERS FOR PRESSURE, POSITION, ACCELERATION. PLANTS: RIVERSIDE, CALIFORNIA; AMES, IOWA; TORONTO, CANADA

Circlel30: ot tnquity /Cord
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SCHRACK ELECTRICAL CMDSD XX SPDT | 115 2 5-20 40 9.6 |25 X [ X

SALES CORP. CMD11D X[ X DPDT | 115 2 5-21 60 7.3 |30 X X
1140 Broadway CMD5A X SPDT | 115 2 to 47 80 6.9 |10 X X
New York, N. Y.

SIGMA INSTRUMENTS, INC. 4 XX X X SPDT 2-3 6-24 45 to 10 X X XX
170 Pearl St. 5 XX X X SPDT | 120 253 |tol2 2 to 16 X X X[ X
So. Braintree, Mass. 22 XX X X X oT 2 3-48 45 to 12 X X X[ X

26 XX XX X SPDT 1 12 X X XX
33 XX X DPDT | 28 2 26 100 X X X[ X
23 XX X DT 28 2 10 X X X
72 XX X SPDT | 28 2 75 X X X
73 XX X SPDT | 28 1.5 40 X X X

SIMPSON ELECTRIC CO. 3324XA (Contactless) DT 150 10 to .05

5200 W. Kinzie St.

Chicago, Il1.

STRUTHERS-DUNN, INC. 112 X SPDT | to 230 | 2 to 225 | .6 15 to 34
f.ambs Rd., Pitman, N. J. 29 SPDT {t0 230 | 6 to 270 to 23

- X X cC,D 2,5 2
TELEDYNE PRECISION,INC. |430/431 X SPDT to .5 28 40 .003 .14
3155 W. EI Segunda
Hawthoine, Calif.
TERADO CO. 106-110 X|[X X SPDT | 24 .5-1 1.5 7-120 .03 X [.73 X
1068 Raymond Ave. 116-120 XX X SPDT | 24 5-1 3 7-120 .03 X |.73 X
St. Paul, Minn. 126-130 XX X SPDT | 24 51 6 7-120 .03 X [.73 X
136-140 XX X SPDT | 24 51 12 7-120 .03 X |.73 X
146-150 XX X SPDT | 24 .51 24 7-120 .03 X [.73 X
156-160 XX X SPDT | 24 51 7-120 |to 19 |03 X [.73 X

WARD, LEONARD 250 X 125 1-2 to 48 14 to 31

ELECTRIC CO.

Mt. Vernon, N. Y.

WESTON INSTRUMENTS DIV.| 534 X XX 6 .05 1-1 X 32
614 Frelinghuysen Ave. 730 X XX 6 .035 1-2 X 15
Newark 14, N. J. 813 X X XX 6 .035 1-1 X 3.5

1081 X XX 6 .035 X 1.1
1091 X XX 6 2 -1 X 35
705 X XX .74 X 24
1085 X X X {X 115 1 50-100 1 14
1092 X XX 120 1 .006 5
1930/40 X |(Non-Physical Contact Relay) X |X SPDT | 115 )

G961 yodsenw

(panunuo)) SAVTIIY JAILISNIS




3-sectlon filter

Why does this! Io -power 1030-Mc TRF amplifier...

g

3.stage RF amplifier

work so well...
yet cost so little?

here’s why..£

Score another success for the remarkable RCA nuvistor: the integral-cavity RF
amplifier shown above with accompanying band-pass filter, designed for use in
airborne transponders and IFF beacons. Weighing only 7 ounces, the amplifier
is a 3-stage modular unit with an average gain of 16 db per stage.
Thanks to nuvistors (three RCA-8058 high-mu double-ended triodes...
stage), the amplifier:

= Qutperforms units using comparably priced components

= Performs as well as units using higher priced components
Nuvistorized small-signal integral-cavity RF amplifiers can be designed with 1,
2 or 3 stages covering Lp through Ly frequency band (390 Mc—1,200 Mc). Ad-
vantages of nuvistorized amplifiers include:
Wide dynamic range: permits amplifier to accept strong or weak signals.

one in each

\
ml i ) The Most Trusted Name in Electronics

GAIN: 45 db minimum, including RF filter loss
NOISE FIGURE: as low as 11 db, RF amplifier noise only
DYNAMIC RANGE: 56 db
BANDWIDTH: 7 Mc minimum at =6 db points,

0 Mc maximum at =60 db points
PACKAGE SIZE: 3 -stage amplifier—17 dlameter, 9 long

Much less than comparable amplifiers
using solid-state or other ceramic
electron-tube amplifying components

actual size

Low power input requirement « Small size and light weight = Low cost = Low roise

Long life and exceptional reliahility: based on over 2,000,000 tube-hours of
actual life tests, the RCA general-purpose nuvistor triode has an observed failure
rate of less than 0.3% per 1,000 hours during the first 10,000 hours of operation.
Latest data taken to 20,000 hours of operation indicate no significant change in
failure rate.

Nuvistors in integral circuits or as individual tubes may be able to solve a prob-
lem for you, as they did in this airborne amplifier, Why not call your RCA Repre-
sentative at the nearest District Office for more information on the nuvistorized
amplifier, And, for technical data on the standard commercial line of nuvistor
tubes, write to Commercial Engineering, RCA Electronic Components and Devices,
Harrison, New Jersey.

RCA DISTRICT OFFICES: EAST: 32 Green St., Newark, N.J. 07102, (201) 485-3900 - MID-
ATLANTIC: 605 Mariton Pike, Haddonfield, N.J. 08034, (609) 428-4802 « MID-CENTRAL:
2511 East 46th St., Bldg. Q2, Atkinson Sq., Indianapolis, Ind. 46205, (317) 546-4001
CENTRAL: 446 East Howard Ave., Des Plaines, 11l. 60018, (312) 827-0033 - WEST: 6363
Sunset Bivd., Hollywood, Calif. 90028, (213) 461-9171




THE NEW YORK HILTON AND THE COLISEUM will be

the sites for the 1965 IEEE Convention. The meeting
this year will run five days, commencing March 22nd.
The additional day has been added because of the
expanded papers program. The exhibits, however,
will be open only four days—2March 22-25.

Papers Program

The technical program will consist of over 400
papers—an increase of 25% over last vear. On Tuesday
evening, March 23rd, a special symposium will be
held on the subject “The World oif Communications—-
Below the Sea, On the Surface, and In the Sky Above.”
This will be given in the Grand Ballroom of the Hilton
from 8:00 to 10:30 P.M.

The IEEE Convention offers the engineer a rare
opportunity to bring himself up-to-date on the latest
technical developments. But too often it ends up as
a foot race through the Coliseum and the Hilton. The
reason? Many companies, especially in the Phila.-New
York area, altlow their engineers only one day at the
Convention. It is too much to expect that a man see
and evaluate new equipment and also attend papers
sessions in one day. It appears to Eiectronic Industries
that the extra money spent to ailow an engineer at
least two days at the Show would be more than re-
paid by his increased technical awareness.

60

)
_ Technical papers program highlights five-day meeting
~at New York’s Coliseum and Hilton Hotel.

~ Medical electronics is featured among technical sessions.

Show & Convention

In New York, March 22nd

Medical electronics is bheginning to emerge as a
real force in the industry. This year two sessions are
scheduled as a symposium on artificial organs, pros-
thetic devices, and sensory aids. In a paper entitled,
“The Challenge of Replacing Human Parts and Func-
tion,” E. F. Murphy will discuss the problems in de-
sign of artificial organs, surgical implants, and pros-
thetic and sensory aids. Yukihiko Nose of the Cleveland

New President of IEEE is Ber-
nard M. Oliver. Dr. Oliver, who
is also V.P. in charge of RGD
for Hewlett-Packard, was
elected a fellow of IRE in 1954,

Clinic Foundations will describe a mechanism that ap-
proximates the human heart shape and size, and pumps
eight liters of blood per minute.

Although all the papers to be presented are truly
state-of-the-art, particular attention will be paid to
those on integrated and microelectronic circuits. More
and more equipment is emerging using these devices.

Convention Record

For the first time a Convention Record will be
available at time of registration. This Record will con-
tain all available convention papers. This should be
invaluable to engineers “back in the office” who are
unable to attend the convention with you.
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VOLUME PRODUCTION
OF SMALL PRECISION [:)003J:)8” CERAMICS

AlSiMag ceramics * % % NLT #.0005"” on certain electrical insulction characteristics and conducts heat
critical dimensions in sizes up to %A’ O.D. and in a away from sensitive devices, has “‘no-fire capabilities”’
wice range of designs are being produced in volume that help in certain missile-ordnance applications and

without grinding. Production has risen stzadily and is

has demonstrated some advantages in microcircuitry,
now several million precision ceramics each week.

especially where high reliability is most important.
The availability of small precision AlSiMag alumina

ceramics in volume may be the key to advances in your HAND MADE SAMPLES

product. These precision ceramics are finding increasing

use as substrates, in packages and in a variety of ap- A separate department handles expedited sample

plications in microminiatures. The natura surface has orders. It is usually possible to furnish prototypes

electrical characteristics suvited to a wide range of ap- promptly. The cost is reasanable. While you are run-
» plications. ning life tests on new designs, plans may be developed
3 Volume production of precision AlSiMag 754 beryllia to schedule volume deliveries to match your needs. Our

ceramics is now well established. Beryllia has excellent sales engineers will be glad to discuss your requirements.

L] - P
American Lava Corporation m €
0 3}d
PHONE 615/265-3411 CHATTANOOGA, TENN. 37405 A SUBSIDIARY OF COMPANY YEAR
0F

For service, contact Amarican lava representatives in Offices of Minnescta Mining and Manufacturing Co. in these cities (see CERAMIC
your local telephone directory): Birmingham, Micnigan ® Boston: Neednam Heights, Mass. ® Chicago: Bedford Park, lllinois
Cleveland, Ohio ® Laurens, S. C. ® Los Angeles, Calif. ¢ Minneapolis, Minn. ® Metropolitan New York: Ridgefield, N. J. LEADERSHIP
Up-State New York: Phelps, N. Y. ® Philadelphia, Penn. ® Richardson, Texas ® Roanoke, Va. ® South San Frarcisco, Calif. V }
All export except Canada: Minnesota Mining and Mant fazturing Co., Internationa Division, 700 Grand Ave., Ridg=field, N. J. (L___,__,_,Qz{

Circle 144 ¢n Inquiry Card




TUNABLE MAGNETRON

Model BTO-20 voltage-tunable mag-
netron is a low noise magnetically shield-
ed tube. It delivers at least 10w. over any
600>»c¢ range specified between 2.6 to
3.7cc. It weighs 19 oz. with heat sink.
Sce this tube at the Varian Center.

Circle 259 on Inquiry Card
i?f_?é%“‘”

WHEATSTONE BRIDGE

Model 4232-3B measures resistances
from 1Q to over 11KQ. It gives precise
readout to 6 figures. Guarded construc-
tion eliminates chance of leakage currents
causing errors. Sensitivity is 0.001% from
102 to 10meg. Leeds & Northrup. Booths
2824-26.

Circle 260 on Inquiry Card

SWEEP GENERATOR

Model 890 is a 500kc to 1200Mc sweep
generator. The unit supplies a sweep sig-
nal with center at any freq. from 500kc
to lac and with sweep-widths as broad
as 200Mc or as narrow as 100kc. It
should have production-line uses. Jerrold
Electronics. Booths 3822-24.

Circle 261 on Inquiry Card

NEW PRODUGTS

At LLE.E.E.

LASER PROJECTOR

This laser projector permits the dem-
onstration of single slit diffraction, mul-
tiple slit interference, and airy disc pat-
terns. Qutput is a linearly polarized mono-
chromatic beam at 6328 A. Bausch &
Lomb Inc. Booth 3312.

Circle 262 on Inquiry Card

LINEAR GATE

The LGI100 high-speced linear gate
achieves high-speed gating of linear sig-
nals up to 200mc in the range of =+lv.
with 1% linearity. It can be gated at
rates up to 75Mc by —700mv logic pulses.
IEdgerton, Germeshausen & Grier, Inc.
Booths 3132-33.

Circle 263 on Inquiry Card

METERING RELAYS

These solid-state metering relays pro-
vide input signal triggering setpoints to
within 0.1za or 0.1% full scale. Standard
metering relays are available for 0-5ua,
0-10pa, 0-50ua, 0-100xa, 0-300ua, 0-1ma,
and 0-5ma signal input ranges. Airpax
LElectronics Inc. Booth 2902.

Circle 264 on Inquiry Card

EXPLOSION-PROOF SWITCH

The Seal-X switch is a spsT, Form A
reedcapsule actuated by the movement of
a permanent magnet. Operating speed is
up to 100 crs. Open switch capacitance is
0.2 pf (max.). Switching voltage is 150v.
James Electronics Inc. Booth 2100.

Circle 265 on inquiry Card

CARTRIDGE RECTIFIERS

The silicon NTD series offer peak in-
verse voltage ranges from 4kv to 30kv.
Forward currents are from 200 to 250ma.
They are encased in an insulated tube.
Units meet the requirements of Mil-S-
19500. Electronic Devices Inc. Booth
1435.

Circle 266 on Inquiry Card

o

CERAMIC CAPACITORS

Modutrim variable ceramic capacitors
have delta C ranges to 5 to 50pf. Other
features are Q of 500 @ 1aic, nominal
temp. coefficient of —250 =250 ppm/°C,
and capacitance drift not above 0.75%.
Working voltage is 50vdc. JFD Elec-
tronics Corp. Booth 1515.

Circle 267 on Inquiry Card
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Sub-miniature coax, standard ma-
chined or formed strip contacts can be
intermixed instantly in the same con-
nector block.

You can begin wiring your breadbourd
or prototype with standard wire. If noise
develops, just switch signal leads to sub-
miniature coax without changing the
connector block.

Here’s a twist. You can also convert
standard leads to twisted pair. In case
we forgot to mention it, the sub-minia-

Circle 145 on Inquiry Card

ture coax contacts take twisted pairs as
well as coax cable.

And the formed contact is a big moncey
saver in initial and installed costs. Throw
in the automatic Burndy Hyfematie)”
and crimp up to 3000 cortacts per
hour. Blocks available for 14 to 132
positions.

Now put it all together. Contact inter-
mixing, cconomy, universality. Get in
touch with Burndy for all the details.
Hurry.

Norwalk Connecticut

See more at IEEE Booths 1733-1737
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DIGITAL PHASE METER

Type 524A2 requires no freq. adjust-
ment from 20 cps to 500kc; no amplitude
adjustment from 0.3 to 50v. with accuracy
of *0.03°. It presents direct representa-
tion of phase angle in 4 or 5 digits. Ad-Yu
Electronics, Inc. Booths 3707-09.

Circle 268 on Inquiry Card

NEW PROUDUCTS

At LLE.E.E.

CARD MEMORY

Model 120 punched card memory en-
ables preprogramming and eliminates idle
time when nonlinear functions are being
programmed. Functions are composed of
10 or 20 contiguous line segments. General
Computers Inc. Booth 3933.

Circle 271 on Inquiry Card

MICROWAVE ABSORBER

Type RF-HT high-temp. resonant type
microwave absorber provides continuous
performance at 500°. The material is 3
lightweight, flexible silicone foam. Band
width at X-band is greater than 1.11:1 at
the 20db level. B. F. Goodrich. Booth
3041,

Circle 269 on Inquiry Card

REPEAT CYCLE TIMERS

Over-all cycle time and on-off time are
controlled with this unit. Both are ad-
justable over a wide time range: 0.5 sec.
to 10 sec. and 5 sec. to 100 sec. The range
desired can be selected by simple jumper
connections on the unit. A. W, Haydon
Co. Booths 1405-07.

Circle 270 on Inquiry Card

TROPOSPHERIC SCATTER

The 2600 Series is used as a multi-pur-
pose tropospheric scatter equipment that
has a line-of-sight application. Capacity
is 300 voice channels. Intermodulation for
a receiver-transmitter combination is 55db.
Radio Enginecring Laboratories. Booths
1301-05.

Circle 272 on Inquiry Card

MAGNETIC SHIELDS

These shields allow high density pack-
aging by enclosing magnetically sensitive
components in shields which are easily,
quickly cut to shape. Permanently pre-
annealed Netic and/or Co-Netic foil al-
loys are used. Perfection Mica Co. Booth
4405.

Circle 273 on Inquiry Card
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TIME DELAY GENERATOR

Model A10 features 3 outputs for each
input trigger. Repetition rate for trigger
signal is 1mc. Delay is 0 to 999999.9usec. ;
incremental delay is 100nsec.; delay ac-
curacy is 0.001% of set delay —+2nsec.
Rutherford Electronics. Booth 3702.

Circle 274 on Inquiry Card

l gt )

e -

DIRECT WRITING SYSTEM

With the Mark 200 Series 1707 units,
hundreds of recording system configura-
tions can be made up from all-solid-state
subsystems. System accuracy is 0.5%.
Chart speeds in 12 steps are pushbutton
controlled. Brush Instruments. Booths
2616-26.

Circle 275 on Inquiry Card

LEAK DETECTOR

The MS-U15 Leak Test Station has a
response time in the mid-10"" std. cc/sec.
range of approx. 6 sec. Leaks in the 107
or 107 std. cc/sec. range have a shorter
response time. The leak rate meter gives
the leak rate directly in std. cc/sec. Vac-
uum Electronics Corp. Booths 3406-08.

Circle 276 on Inquiry Card
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It makes all kinds

...only today, ‘‘cranking out’ ice cream in a
variety of flavors is easy because you can ‘‘crank
in”’ coded information to control the exact ingre-
dients for each production batch. In fact, if you
are concerned with mixing foods or chemicals,
operating a rolling mill, automating teaching de-
vices, programming test equipment and ground
support equipment, or controlling production lines
—this A-MP » Card Programming System is the
answer. It routes up to 960 individual circuits
with one flip of the actuating lever.

This Card Programming System is available in
rack-mounted or desk-top models and accepts
standard punched tab cards. Any number of pro-
grams can be punched on cards and programs
can be changed as quickly as you can remove
and insert cards.

Al cantacts are gold-over-nickel plated and,
coupled with AMP's exclusive double wiping ac-
tion, long life and reliable performance is assured.
Electrical interlocks determine proper card orien-
tation and an AMPILLUME = Indicator light tells
you that the card is in the *‘read’’ position.

In fact, everything about this unit is precision

engineered to give you built-in quality. To name

afew...

e two-way electrical interlocks prevent false
output

@ semi-automatic card ejection

e gold-over-nickel plated contact springs and
board pads

@ unique double-wiping action—contacts return
from point of maximum travel on printed circuit
board to pre-cleaned contact areas, assuring
reliable sensing

@ unit can be used for data read-out

@ A variety of prewired models available

More information is yours for the asking. Why

not write today.

*Trademark of AMP INCORPORATED

r 1 1
AMP [~
| SALES |

INCORPORATED | DIVISION

Harrisburg, Pennsylvania

A-MP% products and engineering assistance sre svailable through subsidiary companies in:
Austraha o Canada o Eagland e France o Holland o italy @ Japan o Mexico o West Germany

Meet us at the IEEE Show, Booths 2527-31 and 2438, March 22-25, 1965
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make‘room for || the newest from
REEVES-HOFFMVMAN

P oot

——

|

Reeves-Hoffman’s newest series of crystals, packaged in cold-welded T0-5 tran-
sistor cans, are designed for operation at frequencies from 3 to 125 mc. Frequency
tolerance over the temperature range from —55°C to +105°C is ==0.004%.
(Upon special request, 0.0025% can be provided.) Shock and vibration ratings
exceed the requirements of MIL-Spec 3098D. Aging at 65°C is 6 parts in 108 per
year. Cold welding eliminates solder and attendant flux and heat, removes un-
desirable damping and corrosion, solves problems of thermal isolation. Leak rate
is better than 10—9 cc of helium per second. The results: substantial increases in
the reliability and stability of crystal units. oscillators and filters; further oppor-
tunity for miniaturization; faster delivery; lower cost. Write for data.
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Does
Mallinckrodt
really know
your dopant
needs?

Look at our TransistAR line

More semiconductor devices
have been processed with
TransistAR® dopants than any
other brand in the world.

That record reflects a lot of dig-
ging into your electronics pro-
cessing problems: spiking, soft
junctions, caking, crusting, trace
impurities.

First hand digging—right in your
own plants.

(We've got a big edge in produc-
ing dopants because we know
how you use them.)

See if these don’'t answer some
of your needs.

Phosphorus Pentoxide TransistAR

Animproved N-type anhy-
drous diffusion dopant in
charge-size bottles. No

weighing, no moisture

ﬁ pickup. Consistent rates

3 of vaporization and phos-
s Phorus concentration.

Phosphorus Nitride TransistAR

An N-type dopant ideal

for microcircuitry de-

vices. Will not penetrate

a 0.4 micron Si02 mask.
Doesn’t pit or discolor f——
wafer surfaces. Permits
unusually low doping
levels.

Phosphorus Oxychloride TransistAR

1 A liquid N-type dopant for
vapor-phase diffusion.
Exceptionally free from

™ moisture and particulate

. matter. Constant liquid

- surface area reduces
variables.

Boric Anhydride TransistAR

A P-type dopant, perfect

for paint-on diffusions on

silicon and germanium.
Assures sharp junctions ﬁ
and uniform, reproduc- .
ible doping levels. ——
Dopants, etchants, silicon crys-
tals, solvents—we make them all.
And we make them expressly for
the electronics industry. Write us
for prices and specs.

 Haltinckrodt” >
Mallinckrodt Chemical Works

Industrial Chemicals Division
St. Louis « New York « Los Angeles
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HOW DO YOU DESIGN
PEACE OF MIND?

When Value Analysis confirms your selection

of transistors ... and you know your design will
work, you’ll appreciate the low cost of Sperry’s
industrial PNP silicon planars even more

=

\'/ Send for Sales Circle 57 on Specification Sheets Circle 58 on

Representative Inquiry Card Inquiry Card

Low cost PNP Planar Transistors, Sperry’s industrial types, provide quality...and a heads-up
method of reducing cost. You get the proven reliability of the planar process in a hermetically sealed
TO-46 package. Which of these features will provide your peace of mind...low noise figure for minimum
error signal detection; a typical gain bandwidth in the 50 mc¢ range to provide design

ease in broad band amplifiers; BV, of 40 V and 60 V compatible with commonly

used industrial power sources. Circuit designers and systems designers in many

industries are turning to Sperry's industrial transistors to preserve their own econ-

omy. Makes sense. Here are our new types: 2N3579...2N3580...2N3581...2N3582. SEMICONDUCTOR
O Try a little peace of mind for yourself ... write for the technical data on Sperry’'s g;la\épla?a:(o;‘;:\gg

industrial types...now. (] SPERRY SEMICONDUCTOR, Norwalk, Connecticut 06852. CORPORATION

See us ot IEEE—Booth 1712-14
68 ELECTRONIC INDUSTRIES -+ March 1965




If you want it done right,
do it YOUTSEH...SO we do!

We make the reed — — we process

the tube —==—=— we make the switch
—e—===— we make the coil bobbin @;_3@7

. v
we make the coil %> we make the case

H we carefully assemble all of them

into arelay (=% you can depend on-

t h e RBM BI-REE D® Re | ay (both Standard and Miniature)

If you want it done right, specify RBM BI-REED Relays...every component manu-
factured, matched, and tested by RBM CONTROLS. Single source responsibility
that means total reliability. Please write for Bulletin 2020 “BI-REED Miniature

and Standard Switches and Relays.” RBEM CONTROLS DIVISION

ESSEX WIRE CORP., LOGANSPORT, IND.

In products, performance, purpose . . . Essex measures up!

See us at the |IEEE Show—Booth 2423
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RCA 3301 REALCOM COMPUTER RELIES ON

| S [ | nd ' CONNECTORS

® The RCA 3301 Realcom derives its name from the real-time and communications capabilities which it adds to conventional data proc-
essing. It brings users functional modularity—a new computer concept which enhances function, as well as capacity and speed. RCA
called on U. S. C. REMI sleeve-fitted, closed-entry, crimp type contact plug and receptacle connectors and U. S. C. RPCR printed circuit
receptacles for its 3301 Processor and Control Module. REMI male and female spring phosphor bronze contacts snap into same special
heat-treated beryllium copper sleeves at 7 Ibs. max.—do not ride in bare plastic. Permanently assembled sleeves in strong plastic
body mean outstanding retention repeatability. High-reliability U. S. C. RPCRs, in tough polycarbonate plastic body, use with (1/8” or
1/10”) special heat-treated beryllium contacts and take wide tolerance (1/16” nominal) printed boards.

® REMI® connectors are available in 7, 14, 18, 20, 21, 26, 34, 41, 42, 50, 75, 104, 123, 150, 225 contacts; meet applicable MIL-C
8384B provisions. Wire sizes A. W. G. #14 to #30 and MIL-W-16878A #16 to #32. Crimping by MIL-T-22520A (WEP) Class | or i tools.

®m RPCR’s are available in 26 contact (13 on a row) and 52 contact (26 on a row) sizes with either wire wrag, solder eyelet or half
eyelet terminations. Plating both series as desired. WRITE NOW FOR DETAILS ON BOTH SERIES.

U.S. COMPONENTS, INC

| 1320 ZEREGA AVENUE - BRONX, N. Y. 10462
or use TWX: 212-824-6990: TEL: 212-TA 4-1600

b TELEX: 01-2411: or Cable: COMPONENTS NYK.

70 Circle 37 on Inquiry Card ELECTRONIC INDUSTRIES <« March 1965

U.S.C. REMI Connectors U.S.C. RPCR Connectors

LOOK US UP IN U. S. COMPONENTS IEEE BOOTH NO. 2805




THUMBWHEEL SWITCH

Series LR is a space-saving modular
tab-type binary or decimal thumbwheel
switch with pushbutton lock/releasc. It
is available in 8, 10, 12 or 16 positions
and with up to 12 PC wafer modules.
Chicago Dynamic Industries. Booth 2114.

Circle 277 on Inquiry Card

NEW PRODUCTS

At LE.E.E.

CARD PRINTER

Moduprint D electrical data printer/
counter accommodates a punched card on
its long side: 734 in. It can print any-
where in line on such a card, or others,
to 814 in. wide, up to 20 digits in line.
Presin Co., Inc. Booth 3037.

Circle 280 on Inquiry Card

SWEEP GENERATOR

Solid-state Model VR-50M covers the
500 to 1000»Mc ranges. It eliminates the
need for backward wave oscillators or
heterodyned output using solid-state hy-
brid and nuvistor circuits. Telonic In-
dustries. Booths 3110-11.

Circle 283 on Inquiry Card

HALF-SIZE RELAY

The type 64 four-pole, double-throw re-
lay features all welded construction. It
is available in various coil resistances and
all popular header styles. It meets the
reliability standard of Mil-R-5757/12A.
Phillips Advance Control Co. Booths
2432-34.

Circle 278 on Inquiry Card

5 g
e

READER/SPOOLER

Model RRS-302 includes a medium
high-speed photocell reader with a spooler
on 1 panel. The spooler features push-
button or remote control rewind at a
speed of 40 in./sec. The reader features
reading speeds up to 300 characters/sec.
Remex Electronics. Booths 3829-31.

Circle 279 on Inquiry Card

B

ELECTRONIC INDUSTRIES -

FREQUENCY SYNTHESIZERS

Model 5102A uses the direct synthesis
principle to translate the basic stability
and purity of a single quartz oscillator
into 19 million instantly selectable output
freqs. Ranges to 1mc; it allows incre-
mental changes as small as 0.01 crs. Hew-
lett-Packard Co. Booths 3502-14.

Circle 281 on Inquiry Card

SILICON POWER SUPPLY

The RS series features precision reg-
ulation at high power levels in a 314 in.
rack mount. Temp. range —20°C to
+71°C. It features 0.01% regulation at
power levels up to 500w. Units are avail-
able in a series of models up to 160v.
Trygon Electronics, Inc. Booth 2216.

Circle 282 on Inquiry Card

March 1965

ELECTROMAGNETIC INDICATOR

The 26000 series indicators operate di-
rectly from any of the 2 out of 5 codes
which are commonly used in communi-
cation equipment. This eliminates decod-
ing and driving circuits. The new series
is offered in a 10-position unit. Patwin
Electronics. Booth 3050.

Circle 284 on Inquiry Card

DIGITAL VOLTMETER

Model 355 measures dc voltages from
0 to 1kv in 5 decade ranges, and ac from
0 to lkv in 6 ranges. IFreq. may be 30
cpPs to 250Kkc. Accuracy is 4% full scale
up to 500v. and for mid-band frequencies
on ac. Ballantine Laboratories. Booths
3402-04.

Circle 285 on Inquiry Card
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NICKEL-CADMIUM BATTERY

This rechargeable nickel-cadmium bat-
tery can be used as a line filter, voltage
regulator, and standby power supply. 1t
will be demonstrated by Sonotone Corp.
at Booth 2540.

Circle 286 on Inquiry Card

NEW PRODUCTS

At L.E.E.E.

DATA TRANSLATOR

Model 800 data formatter translates
parallel digital data into time serial form
necessary for output to various printing
and recording devices. Input capacity is
30 digits. Cubic Corp. Booths 3102-03.

Circle 289 on Inquiry Card

REED ELECTROMETER

The Model 474 Picometer is designed
for everyday tests and measurements of
current in the 10™a. range, and voltages
from 10mv. Operates on line or battery.
Victoreen Instrument Co., Booths 2301-03.

Circle 292 on Inquiry Card

SOLDERLESS TERMINAL BOARD

Connecto-Blok is a high density wiring
block which accommodates solderless
snap-on terminals, wire wrapped connec-
tions, or soldered installations. By using
commoning bus connectors and jumper
terminals, a complete circuit can be built
up on the board. Thomas & Betts Co.
Booth 2338.

Circle 287 on Inquiry Card

POWER METER

With the Microline® 66A3 peak power
meter, microwave peak power measure-
ments over the range of 3mw to 300mw
can be made directly. Four full scale
ranges of 10, 30, 100 and 300mw peak
power are provided. Accuracy is *5%
of full scale. Sperry Microwave. Booth
3605.

Circle 288 on Inquiry Card
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DIGITAL VOLTMETER

Model 5005 features 4-digit display of
dc voltages from =+0.001 to *£9999v. in
ranges of +9.999/99.99/999.9v. Accuracy
is *+0.01% of full scale -1 digit. It has a
fully floating input circuit, 10 to 1000
megohm input resistance, and min. speed
of 2 sec./reading. Non-Linear Systems
Inc. Booths 3047-49.

Circle 290 on Inquiry Card

MINIATURE FUSES

The subminiature Picofuse is designed
for multi-purpose uses in single and multi-
pin connectors, rack and panel connectors,
PC connectors, terminal strips, and ter-
minal boards. They can be used where
conventional fuse posts or holders cannot
due to space limitations. Littlefuse Inc.
Booth 2931.

Circle 291 on Inquiry Card

s

SELENIUM RECTIFIERS

SD-7 series are said to have a 25% in-
crease in the voltage and a 20% reduction
in cu. volume over previous devices. Cur-
rent-handling is 1.3a./sq. in. Standard
density plates are rated to 50v.; double
density to 36v., and the triple density to
40v. International Rectifier Corp. Booths
2633-37.

Circle 293 on Inquiry Card

1998 G-

MECHANICAL FILTER

The F455IF-60 is packaged in an i-f
transformer case for uses in which it re-
places the first i-f transformer in a circuit.
It offers 6xc @ 3db, 20kc @ 60dD, and
freedom from aging breakdown or drift
from extreme temp. or long continuous
service. Collins Radio Co., Booths 2818-
20.

Circle 294 on [nquiry Card

(More I.E.E.E. New Products on page 159)
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DON'T try

all these tests
on any other
resistor!

"molded” in vitreous enamel
...a new development in protective coatings.

DB AR AR

SOAK =T IN SC-‘-—':NT' Soak a Series 99 resistor in any

organic solvent used in degreasing and flux removal. Then try
to rub off the markings. You can't; they're part of the coating.

TORCH IT! Withstands temperatures of 1500°F without a sign
of deformation. No other vitreous-enameled resistor will stand
1500°F without burning, softening, or dripping away. There's
absolutely no effect on markings either,

BRADE IT! Use a glass fiber eraser, for example, on the
markings. Rub them hard. Nothing happens. The markings
don't come off, because they are vitreous ceramic, fired into
the molded vitreous coating.

ELECTRONIC INDUSTRIES <+ March 1965

BEND THE LEAD at the resistor body! There's no damage.
Conventional (dipped) vitreous-enameled resistors have a
meniscus at this point which ruptures, damaging the coating.
Series 99 (molded) have no meniscus.

CLIP IT! Insert a mo!ded Series 99 resistor into a metal clip.
Don't baby it. The hard coating which provides 1000 VAC
insulation won't cut, chip, or scratch. On a metal chassis, heat-
sink action may increase wattage rating as much as 1009,

OHMITE

MANUFACTURING COMPANY

3662 Howard Street, Skokie, lllinois 60076
Phone (312) ORchard 5-2600

RHEOSTATS o POWER RESISTORS o PRECISION RESISTORS « VARIABLE TRANSFORMERS
TANTALUM CAPACITORS o TAP SWITCHES o RELAYS o R, F.CHOKES o SEMICONOUCTOR O100ES
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Let’s talk facts
about trimmer capacitor

reliability

Only JFD gives you these design advantages...in the industry’s
broadest product line—over 500 standard models

Widest choice of drive mechanisms—

All seven are engineered for

greatest tuning linearity without reversals
and for the ultimate in repeatability.
Anti-backiash designs exceed
Mil-C-14409B requirements.

Versatile choice of five
dielectric materials to satisfy the
most varied design parameters, |

\
|
|

Matched metalizing—Exclusive '
JFD metalizing processes form a

homogeneous bond between dielectric and

metal parts. There are no air gaps to widen

tolerances and distort actual capacitances.

That’s why more JFD trimmer capaci-
tors meet or exceed Mil-C-14409B than
all other mahes combined. JFD trimmer

c=Es

Industry's most comprehensive
and advanced construction
variations assure you the degree of
reliability your application requires,

High level shock and

vibration resistance—A plateau of
90 g's is common . . . by far the
industry’s highest. This is insured by

Actual size continuous monitoring in JFD's
ol szc shock and vibration laboratories.

High reliability of each individual
unit is assured through the industry’s
most exacting quality control program.

capacitors have been specified in the
Apollo, Gemini, Minuteman and L. E. M.
programs where high reliability is a must.

SEND FOR JFD CATALOG C-64

Components Division

JFD ELECTRONICS
CORPORATION

THE 3 AMERICA KNOWS BEST!

JFD ELECTRONICS CORPORATION, 15th Ave. at 62nd St., Brooklyn, N. Y. 11219
JFD NORTHEASTERN, Ruth Drive, P. 0. Box 228, Marlboro, Mass. 07152

JFD NEW YORK-NORTHERN, Damiano Pi., P. O. Box 96, New Hartford, N. Y. 13503
JFD MID-ATLANTIC, 313 E. Broad St., Palmyra, N. J. 08065

JFD MID-ATLANTIC-MARYLAND, P. Q. Box 7676, Baltimore, Maryland 21207

JFD MIDWESTERN, 6330 W. Hermione St., Chicago, l{linois 60646

JFD MIDWESTERN-OHIO, P. O. Box 8086, Cincinnati, Ohio 45208

JFD WESTERN, 9 Morlan Place, Arcadia, California 91006

LCC STEAFIX, 128 Rue de Paris. Boite Postale 51, Montreuil-sous-Bois, Seine, France
JFD ISRAEL LTD,, Industrial Area B, Bidg. 23, Azur, Israel

DUCON CONDENSER PTY., LTD.. Christina Road, Villawood, N.S.W., Australia
MURATA MANUFACTURING CO., LTD., Nagaoka Otokuni, Kyoto, Japan

STANDARD TELEPHONE & CABLES LTD., Footscray. Sidcup, Kent, England

Variable Trimmer Piston Capacitors m Metalized Inductors ® LC Tuners m Ceramic Fixed and Variable Capacitors m Fixed and Variable Distributed and Lumped Constant Delay Lines
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This is the
world’s smallest
rotary switch
for military
applications.

This is the
world’s smallest
rotary switch
for commercial
applications.

We make both.

Take your choice! Daven now offers two subminiature switches
—Series G for military applications and Series K for commer-
cial applications.

The renowned Series G has been redesigned to give in-
creased reliability, higher dielectric strength and longer life.
Manufactured in clean room environment, it meets applicable
Mil specs on temperature, humidity, corrosion, vibration, ac-
celeration, shock and immersion, as well as being explosion-
proof and waterproof.

Now the new Series K gives you the same size, quality and
electrical specifications as the Series G—but at a much lower

cost—from $4.85 to $3.85 each, depending upon quantity. It
was developed to meet instrument and commercial applica-
tions where low cost is important and the most exacting Mil
specs need not be met. Yet it is a completely enclosed unit,
offering such quality features as long life, low contact re-
sistance, high dielectric strength, wide operating temperature
range, positive detent action and resistance to corrosion, shock
and vibration.

Both Series G and Series K switches are available in single
deck, shorting and non-shorting. They may be obtained in
various combinations up to 4 poles and 10 positions.

For complete details on either, write today!

DAVEN/{

LIVINGSTON, NEW JERSEY

(201) WYman 2-4300 & TWX 201 992-7358 o Cable: DAVEN LIVINGSTON N )
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CABLE TYING AND CLAMPING PRODUCTS

Samples available on letterhead request

NEW TY-RAP™™ METHOD SIMPLIFIES HARNESS MAKING AND CABLE TYING
Fabrication costs are reduced, reliability factors improved

If you have a volume of harnesses or many ties to in-
stall you can immediately reduce costs by incorporating
the TY-RAP METHOD. It simplifies all the steps in
harness making and cable bundling. A step by step
time and materials evaluation including the planning,
fabrication, inspection and installation, will show you
that the TY-RAP METHOD is easier and less costly
than any other way. In fact, users of this method have
saved over $8,000,000 in cost reductions of harnessing
and point-to-point wire bundling. You will not only
record cost savings but the packaging job gains in
reliability which is evident with
the high degree of inspectability.

To help you evaluate the TY-RAP
METHOD, a fully illustrated 40
page brochure is mow available. It
describes tying, clamping and iden-
tifying techniques.

NEW ADJUSTABLE CLAMP FOR MOUNTING COMPONENTS OR WIRE BUNDLES

clamps install quickly in equipment and
cabinets because they are prepositioned
on the harness and
eliminate extra com-
ponents. Over 20 dif-
ferent catalog num-
bers are contained in
the clamping section
of the new 40-page
brochure.

tReg. TM of Dupont I

You can eliminate over 60 various sizes
of plastic and metal clamps with only
one size TY-RAP strap. It is infinitely
adjustable over a range from 1/16”
to 3-3/4” diameter. The TY-RAP clamp
is a TY-RAP tie with the addition of
a mounting hole. It is molded of DuPont
Zytelt 101 (nylon). Since it is a tie as
well as a clamp, it can be used as one
of your ties during harness fabrica-
tion. Harresses which include TY-RAP

[1.6] TOOLS FOR HIGH SPEED TYING

Greatest savings and efficiencies can
be obtained with the TY-RAP Method
by using the manual or semi-automatic

a neat tie, an operator with only a few
minutes training can achieve complete
tying uniformity.

tools. Speed in tying wire bundles
ranging from 1,/16” to 4” is accom-
plished in only two operations. One
operation positions the ties. Speed tying
with the aid of a tool completes the job.
Because the tool has a tension control
for tying and semi-automatically com-
pletes the other functions necessary for

SOLD COAST-TO-COAST THROUGH AUTHORIZED T&B DISTRIBUTORS
The Thomas & Betts Co., Incorporated « Elizabeth, New Jersey
in Canada, Thomas & Betts Ltd. ¢ Montreal

THOMAS & BETTS

SEE US AT IEEE—BOOTH 1105
76 Circle 41 on Inquiry Card ELECTRONIC INDUSTRIES -
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eature for feature
you'll find the

N EW

hetter than any other pot availabie today!

m improved design w upgraded performance

SPECIFICATIONS: True compatibility, carbon-to-carbon
and metal-to-metal moving contacts, giving you longer life,
greater stability, and a lower noise level. High tensile, stress-
relieved beryllium-copper contact spring. Strong metal stops
eliminate non-metallic material failures. Power rating: 0.5
watt @ 70°C. Derated to 0 power @ 125°C. 350 VDC across
end terminals. Resistance range 100 ohms to 1 megohm, lin-
ear. Mechanical and electrical rotation 295° (+ 3°). Voltage

breakdown 750 VAC between terminals and ground for 1
minute. Torque: standard bushing 0.5 to 6 oz. in. Locking
type, 20 oz. in. minimum with jam nut tightened to 8 Ib. in.

Feature-for-feature the new Clarostat RV is designed to
work better and last longer. And most important . .. they’re
in stock at your local Clarostat Military Products Distributor
for IMMEDIATE DELIVERY. Call him today for your RV6
requirements at factory prices.

CELAROSTAT

CLAROSTAT MFQ. CO., INC. DOVER, NEW HAMPSHIRE
Visit Clarostat Booth 26, N. Y. HILTON

ELECTRONIC INDUSTRIES <+ March 1965
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Astrodata’s New Astrolock-loop
FM Subecarrier Disceriminator

Within + 0.01% of center frequency for
24-hours after a 5-minute warm-up.

The Astrodata Model 402-201, all
solid-state FM subcarrier discrimi-
nator utilizes the new Astrolock
phase-frequency detector, crystal-
referenced, FET chopper-stabilized
VCO, and current mode loop filter,
which are proprietary developments
of Astrodata, Inc.

This completely new and different
type of locked-loop discriminator
gives performance exceeding that of
both conventional phase-locked-loop
and pulse-averaging types of discrim-
inators.

The new crystal-referenced, FET
chopper-stabilized VCO provides
state-of-the-art performance in sta-
bility and linearity, without a tem-
perature controlled oven.

The Astrolock detector, with its com-
posite phase-frequency characteristic,
assures positive lock-in at any signal

*Trademark

78 Circle 45 on Inquiry Card
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Linearity

Better than +0.02% of full
bandwith, best straight line.

level within the 66 db dynamic range.
True locked-loop performance is pro-
vided for deviations up to *+40%,
with specified linearity. A quadrature
detector mode of operation, selected
by a switch on the front panel, pro-
vides correlation detection for ex-
tremely low S/N signals.

The Model 402-201 introduces a new
method of tape-speed compensation in
which the reference frequency is
processed in the frequency domain.
As a result, tape speed compensation
is perfect at any fixed frequency from
lower bandedge to upper bandedge,
and is better than 30 db for intelli-
gence frequencies up to a modulation
index of 4. Deviations of more than
+3% anywhere in the band can be
accommodated. No adjustments are
necessary.

With this new Astrodata Tape Speed
Compensation system, the over-all

stability for a given data channel is
that of the data discriminator alone,
whereas in a conventional system the
over-all stability is the sum of the sta-
bilities of both the data discriminator
and the reference discriminator.

A complete line of accessories is avail-
able for use with the Model 402-201.
Channel Selectors and Low Pass Fil-
ters are provided for all standard
IRIG and Constant Bandwidth center
frequencies up to 300 ke¢. Six discrim-
inators and one common power sup-
ply mount in a rack adapter which
occupies a panel space of 7-in. x 19-in.

For complete technical information
on Astrodata’s unique Astrolock -
loop FM Subcarrier discriminator
and full line of telemetry components,
call your local Astrodata engineering
sales representative or write to us
directly.

é ASTROIDA'TA ITINC.

P. O. Box 3003 » 240 E. Palais Road + Anaheim, California 92803

TEL. (714) 772-1000 ¢« TWX 714-776-3760 ¢« FAX +» TELEX 06-78828 « CABLE ADDRESS » ASTRODATA, Anaheim
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The Navy's Approach

to Telemetering

By T. BURR JACKSON

Head, Instrumentation Div.
Naval Ordnance Lab.
Corona, Calif.

Tine NAvy’s APPROACH to coordinated and standardized
instrumentation for use in its missile programs involves
hoth the airborne transmitting system and the receiving
and data handling systems for ship, shore and aircraft.
Emphasis is being placed on R&D leading to a com-
plete series of modular units and subsystems designed
to work together in many combinations.
* * *

The modular approach to the telemetry transmitting
system will eventually result in a set of “building blocks.”
Although standardized, these will provide for any rea-
sonable data transmission format covered by the pres-
ent IRIG Telemetry Standards, including FM/FM,
ppM/FM, PAM/FM and pcyM/FM and several combina-
tions thereof.

Modular assemblies will make maximum use of
miniature high packing density. This will lead to a
second generation of equipment where size and weight
will he greatly reduced and reliability increased by the
use of microcircuits. Modules will be such that they
may be arranged to fit the many and varied spaces al-
located to telemetry without repackaging. Also, any
module may be refined and improved, when necessary,
without affecting others in the system.

Receiving and Processing

The above can be said for receiving and processing
facilities. These units will allow operation in the new
vk bands and will handle standard data formats such
as FM, PAM, PDM or PCM on FM or PM modulated car-
riers. Only the units needed to handle a particular type
of data, such as Fi/rM need be acquired for any given
installation. Other basic units may be added at any
time for one or more additional modes, such as PAM or
ppM. The original units will not become obsolete when
other units are added.

As in the case of the transmitting system, the re-
ceiving design approach will make use of replaceable
circuit cards. These may be readily mounted in different
cabinets, depending upon whether the equipment is to

ELECTRONIC INDUSTRIES <« March 1965

The Navy’s view is that units must be modular, capable of any packaging
configuration, operate in the new UHF bands, and not become obsolete.
These requirements will probably be those of other groups also.

he installed in a ship, plane or shore facility. The de-
sign concept will also permit microcircuitry without
the need for redesigning the basic systent. Provisions
will he made for accommodating improved ancillary
equipment, such as high-speed electrostatic plotters,
digital-data display boards and automatic alarm equip-
ment. Optional auxiliary equipment for automatic sys-
tem checkout will also be considered in the design
concept.

Present Developments

The basic transmitter must provide for operation in
either of the two vmF bands, handle any of the 1riG
telemetry formats, and operate from bhoth types of
prime power sources used in Navy missiles. The mod-
ular units should fit many configurations typical of the
space allocated. Three approaches to the basic trans-
mitter have been investigated and compared through
models, These include all solid-state and hybrid de-
signs using frequency multiplier techniques, and the
modulation and stabilization of unr power oscillators
by control loops. In each instance, the operating fre-
quency band could be changed by changing one or two
modular units. Performance requirements and physical
limitations are listed in Table 1. Table shows the orig-
inal design objectives, results obtained with models and
results expected from advanced and preproduction
models. An example of the modular approach is shown
in Fig. 2. The all solid-state experimental transmitter
was designed and developed hy Electronic Commu-
nications, Inc. under a Navy contract.

R-F Power Amplifiers

Although a power output level of 2 to 3 watts is ade-
quate for many Navy missile programs a level of 8-10
watts, 18-20 watts, or even higher may be needed for
some long-range missiles. By combining the basic 2
watt modules with a uHF power amplifier (P. A.) and
power supply, the useful operating distance of the
transmitter may be greatly increased. Here again, the
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RECEIVER TAPE
(VHF ) RECORDER

CHART
RECORDERS

COMPUTER

PRESENT DAY TELEMETRY DATA FACILITY

“A collection of many uncoordinated systems and subsys-
tems for FM/FM, PDM/FM, PAM/FM/FM and PCM/FM"

PAM
DECOMMUTATOR

>

COMPUTER

PCM DIGITAL

PROCESSOR RECORDER

Fig. 1a: Diagram illustrates a present day telemetry facility which is a collection of units to do a specific job.

NAVY TELEMETERING (Continued)

modular approach to the power amplifier and its power
supply provides flexibility.

It is considered practical for one basic P. A. to pro-
vide for various power output levels by simply chang-
ing power supplies. The P. A. now under development
for the Navy by Eitel-McCullough, Inc. will provide
the following: maximum dimensions 4x214x1%5 in.;
maximum weight 1.5 bs.; tuning range 2200-2300 mc
(alternate unit for 1435-1535 mc) ; 20 mc bandwidth ; 2
watts drive power; 8-20 watts minimum output power
range (depending on supply voltages) ; 30% minimum
operating efficiency ; maximum phase jitter 2.5° peak
and gain stability 0.5 db. An associated set of power
supplies is under development for operation from
either 28 vdc or 115 vac 400 cps prime power sources.

Miniature Transmitter

Some missile programs will require very compact
transmitters so that instrumentation may be provided
and mounted in spaces like the hase of a control fin or
in a cable raceway. Such a transmitter is bheing de-
veloped under a Navy contract at the General Electric
Co. in Oklahoma City. The transmitter, in its present
form, is in a 1x1x6 in. module. A matching power supply
is provided in a similar package.

The transmitter will provide at least 2 watts of power
and is tuneable from 2200-2290 mc. R-F stability is
within 0.001% of the assigned carrier frequency for
*+125 kc deviation. The frequency response is flat
with 1db from 100 cps to over 100 kc. The device op-
erates from a 28£4 vdc prime power source. Spurious
and harmonic emissions are at least 60 db down from
the carrier. The unit-is expected to operate for at least
500 hours without service or adjustment. The model
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is designed with the general requirements of MIl.-t:-

5400 and MIL.-1-26600.

Multiband Receiver

An all solid-state, multi band telemetry receiver has
been developed under Navy contract by Radiation, Tne.
for general-purpose use at shore facilities and limited
use in ship and aircraft. The receiver is provided with
plug-in modules to operate with FM, PDM, PAM, or PCM
telemetry formats on FM, PM or amM modulated carriers
in the 215-315Mc, 1435-1535mMc and 2200-2300 mc
bands. Modular construction is used throughout. Pro-
visions are made for mounting in a standard 19 in.
cabinet rack with 5%4 in. panel height. The frequency
response, stability factors and tuning ranges are de-
signed to match the transmitters described.

I-F and video filters provide selectable bandwidths
from 12.5 kc to 1.5 Mc. The receiver was designed for
a noise figure of 7 db for the vuF band and 9.5 db for
the unF bands. In the models completed at this time
some redesign is required to achieve these goals, and
at the same time provide better front-end selectivity.

Models of the receiver have successfully completed
the environmental tests per MTI.-E-16400, plus the vi-
bration requirements of MIL.-E-5400. The same re-
ceivers were given the full series of interference tests
per MII.-1-26600, and with minor exceptions satisfied
all requirements.

Several manufacturers have been developing and
producing general-purpose multi-band receivers that
meet many of the outlined requirements. But in general,
these equipments have not been designed to maintain
performance under the rigorous environmental condi-
tions set forth in military specs.

* A REPRINT of ANY ARTICLE in this
issue is available from ELECTRONIC IN-
DUSTRIES Reader Service Department.
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FUTURE TELEMETRY
DATA FACILITY

“An integrated modularized sys- |2
tem for FM/PDM/PAM/PCM” == 8

b

3
Y
- [vd”

RECEIVER (MULTIBAND)
PREDETECTION
RECORDER

FUTURE TACTICAL TELEMETRY
RECEIVING SYSTEM

= g

- DIGITAL
COMPUTER

=

CHART
RECORDER

FM/PDM/PAM/PCM

MICROMINIATURE
RECEIVER
(MULTICHANNEL )

“An integrated micromodular-
ized system for FM/PAM/PCM"

HIGH -SPEED DIGITAL DIGITAL
DATA PROCESSING DIGITAL RECORDER DISPLAY

EQUIPMENT PRINTER BOARD
PP 000000000000 N stitninisniss i s i nninitntonnnninnisrtssinsstnsstnsetosetsstinseltstissotiss sssetisiiiietiiiiiiiissetiiiiiieisssssssssssvvss
:& N o ::';Ii
MICROMODULAR MINATURE SPECIAL
FM/PAM/PCM RECORDER DISPLAY

DATA PROCESSOR BOARD

Fig. 1b: Future telemetry systems will be flexible, modular and eventual ly, micromodular using microcircuitry as much as possible.

UHF Airborne Receiver

A special-purpose miniature receiver, suitable for use
in high performance aircraft, missiles and special instru-
mentation pods; is now being developed, under Navy
contract, by R-S Electronics. The receiver is of the
superheterodyne type with 3 basic modules; an r-f

head, an i-f/video unit and a

power supply. The units

are contained in a single package 3x4x8 in.

Modules may be interchanged to operate in either
the 1435 nc or 2200 »c bands, 150 xc or 300 xc i-f
bandwidths and 115 vac 400 cps or 27 vdc input power.

Noise figure will not exceed
be at least —113 dbm for

10 db and seunsitivity will
150 xc bandwidths, and

—109 dbm for 300 k¢ bandwidths. The receiver is de-
signed to meet the MIL-E-5400 and MIL-I-6181D.

TABLE 1: CHARACTERISTICS OF BASIC UHF TRANgMITTER

Characteristic

Total Volume:
Total Weight:

No. of modules:
Max. Module Size:
Tuning Range:

Frequency Tolerance:
R-F Output Power:
FM Deviation Capability:

Linearity for +250 «c dev.
Linearity for +500 xc dev.
Linearity for +1.5 mc dev.

Incidental FM:

AM Modulation:
Frequency Response:
Warm-Up Time:
Max. Input Power:
Prime Power:

ELECTRONIC INDUSTRIES -

Design
Objective
50 cu. in. (max.)
8 Ibs. (max.)
50r6
5x2.5x2.5in.

1435-1535 mc
22002300 mc

0.0019%
2 watts (min.)

0.5%
1%

5%
5 k¢ (max.)
1% (max.)
100 cps to 800 xc (1db)
120 sec. (max.)
40 watts

27 + 3 vde
115 + 12 vac
(350--850 cps)

March 1965

Automatic Data Reduction

The modular approach is also being used in the de-
velopment of an all solid-state telemetry data handling
svstem at the U. S. Naval Ordnance Lab., Corona, Calif.
The preliminary design has been completed for a series
of basic units or “building blocks” from which many
different types of receiving and data processing systems
may be assembled. The rm, ppy, rax and rcum data
formats as set forth in 1r1G Telemetry Standards may
be handled individually or in reasonable combinations.

Only those hasic units required to handle a particular
type of data need be acquired for any given installation.
Other units may be added at any time for one or more
additional modes. The original units will not be incom-

(Continned on page 182)

Obtained With
Experimental Model

42.9 cu. in.
2 Ibs. 15 oz.
6
5x2.5x1.25in.

1435-1535 mc
2200-2300 mc

0.0039%
2.6 watts (min.)

0.5%
1%
2%

3 xC
1%
100 cps to 800 xc
60 sec.
39 watts

27 + 3 vde
115 + 12 vac
(350-850 cps)

~Expected From
Advanced Model

30 cu. in.A )
11b. 12 oz.
5 1
"2.5x2.5x1.25in.

1435-1535 mc
2200 2290 mc

0.0019
3.0 watts (min.)

0.5%
1%
2%

2 ke
0.5%
10 cps to 1.2 mc
10 sec.
30 watts

27 + 4vde
115 + 15 vac
(350-850 cps)
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REALLY
SMALL

TYPE 18
SUB-SUBMINIATURE
SWITCH

Double-break switches don't come any
smaller than Licon's Type 18 Sub-Sub-
miniature Switch. Measuring an incredible
.200” x .500” x .350%, this rugged mite
packs all the reliability and precision per-
formance of Licon's famous Type 16 Sub-
miniature Switch. And despite its small-
ness, the Type 18 offers a big switch rating
and a 20 million cycle life.
ELECTRICAL RATING
125/250 v AC: 10 Amps
30vDC: Form X or Y—10 Amps Res.
Form X or Y— 5 Amps ind.
Form Z— 10 Amps Res,
Form Z— 3 Amps Ind.

82

PROBLEM SOLVING
PRECISON SWITCHES
AND CONTROLS

| GENERAL
PURPOSE

TYPE 11 BASIC SWITCH

Ideal for a wide range of military and in-
dustrial applications. The Type 11 Basic
Switch combines high electrical rating and
long mechanical life into one compact
package. Exceeds standard requirements
of precision snap-action contro!, and is
especially adaptable for direct cam actu-
ation. Over 20 million mechanical cycles.

ELECTRICAL RATING

125/250 v AC: 10 Amps

125 v AC: ¥ HP

250 vAC: % HP

30vDC: Form X or Y—15 Amps Res.

Form Z—
Form Z—

ACTUAL

h SIZE

Form X or Y—10 Amps Ind.
10 Amps Res.
7 Amps Ind.

L

DOUBLE-POLE
MIDGET!

TYPE 26 DOUBLE-POLE,
SUBMINIATURE SWITCH

This subminiature double-pole switch util-
izes two Licon Butterfly double-break
mechanisms in one case. A special linkage
between the mechanisms insures simul-
taneous operation of both poles. Type 26
simplifies control of muitiple circuit appli-
cations by eliminating the need for dual
components and complicated actuating
mechanisms. Provides over 20 million
cycles mechanical and pilot duty life.
Rated for electrical life of 100,000 cycles.
ELECTRICAL RATING
125/250 v AC: 10 Amps
30vDC: Form XX or YY—10 Amps Res.
Form XX or YY—7.5 Amps Ind.
Form ZZ— 10 Amps Res.
Form 22— 5Amps Ind.

- e —
ACTUAL

—_— SizE

— P -

IEEE SHOW: Booth 1617—Coliseum

ELECTRONIC INDUSTRIES -
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utterfly
double-break switches

The Exclusive Licon® Butterfly® double-break switch line sets a
new standard of reliability in switch performance. In operation
the contact blades flex like a butterfly’'s wings. Actuating pres-
sure applied to spring-held blades provides a positive *‘snap”
with a corresponding linear wiping action at each contact point.
The result is simultaneous opening and clasing—and no contact
welding. Licon Butterfly switching is incorporated in a full line
of double-break switches. Whatever your electro-mechanical
requirements, Licon has the switch you need.

For complete information on the
Licon line of Butterfly double-break
switches, write for this new 8-page
book. It contains complete data,
specifications, and dimensions.

HEAVY
DUTY!

TYPE 14 BASIC SWITCH

Here's the switch to use for industrial and
machine tool applications where rugged
dependability and precision performance
are required. The Type 14 Basic Switch
features extremely long mechanical life—
exceeds 20 million eycles without failure.
The snap-action switch mechanism is field-
proven—assures positive contact, high vi-
bration resistance, large contact surfaces
and high electrical current capacity.

ELECTRICAL RATING

125/250/480 v AC: 20 Amps

30v DC: Form X or Y—25 Amps Res.
Form Z —10 Amps Res.

N

ACTUAL
SIZE

"Remember, you're never more than o

RATING
DOUBLED!

TYPE 16
SUBMINIATURE SWITCH

Offers twice the electrical rating of most
conventional subminiature switches—a bi%
10 Amps at 30 v AC resistive. The Type 1
Subminiature Switch features two circuit
control, direct cam operation with double
bearing guided button plus high shock and
vibration resistance. Consistently achieves
20 million mechanical cycles, even at ex-
treme over-travel. Minimum switch life of
100,000 cycles at a futl 10 Amps, or 750,000
cycles at conventional 5 Amps,

ELECTRICAL RATING
125/250 v AC: 10 Amps

30 v DC: Form X or Y=10 Amps Res.
Form X or Y=7.5 Amps Ind.
Form Z— 10 Amps Res.
Form Z— 5 Amps Ind.

A-CIRCUIT
CONTROL!

TYPE 22 DOUBLE-POLE,
DOUBLE-THROW SWITCH

Positive electrical control of four inde-
pendent switches—with one snap. That's
what you get with the Licon Type 22 Switch.
Type 22 insures exacting double-break
switch performance for 3-phase motors,
permits simplified controls for muitiple
circuit applications. Extra long and de-
pendable operation (over 10 miliion cycles).

ELECTRICAL RATING

125/250 v AC: 10 Amps

125v AC: Y2 HP

250 v AC: 3% HP

30 v AC: Form XX or YY—15 Amps Res.
Form XX or YY—10 Amps Ind.
Form ZZ— 10 Amps Res.
Form ZZ— 7 Amps Ind.

— ACTUAL
SIZE

[TT]

J0 LLICON

few feet away from a product of ITW"™ 1 DIVISION ILLINOIS TOOL WORKS INC.

6615 W. IRVING PARK ROAD e CHICAGO, ILLINOIS 60634

IN CANADA: CANADA ILLINOIS TOOLS, LTD.~67 SCARSDALE ROAD—DON MILLS, ONTARIO ,CANADA
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Report from

BEL

LABORA

Chemist W. G. Guldner examines appa-
ratus for “flashing” thin-film samples to
remove gases for analysis. Helical tube
is xenon flash surrounding vacuum cham-
ber indicated in drawings below.

“FLASHING” THIN FILMS FOR QUANTITATIVE ANALYSIS

In making tantalum thin-film cir-
cuits, the tantalum is deposited on a
substrate. Nitrogen is added during
the deposition to form tantalum ni-
tride, which helps stabilize resis-
tance and capacitance values. After
a film is formed, one then needs a
quantitative analysis of the amount
of nitrogen and other gaseous ele-
ments it contains.

A new technique has been devel-
oped at Bell Laboratories to perform

. VACUUM
CHAMBER
®

)
TANTALUM
FIiLM

SUBSTRATE

this analysis quickly and accurately.
As shown in the photograph above and
in highly simplified form in drawing
A, a sample of a film on its substrate
is placed in a glass vacuum chamber.
This chamber, surrounded by a xenon
flash tube, is then subjected to a one-
millisecond flash of light. As indi-
cated in drawing B, the light energy
is selectively akbsorbed by the film
and has little effect on the substrate
or on the walls of the glass chamber.

XENON

The film is vaporized, and the temper-
ature is high enough to dissociate the
tantalum nitride.

Drawing C illustrates the chamber
after the flash. Tantalum atorms have
been driven to the inside walls of the
chamber and are there condensed.
Most of the released nitrogen and
other elements are now in gaseous
form within the chamber. These are
pumped out for analysis by gas
chromatography or other means.

DEPOSITED
TANTALUM

Bell Telephone Lahoratories
Research and Development Unit of the Bell System
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Purity plus protection...

certified
ultra-clean

Genesolv® D Electronic Grade Solvent reaches the
packaging stage 99.99% pure. Less than 1 ppm un-
dissolved and dissolved residue. And it stays that
pure all the way to your door.

We package it in plastic-lined steel drums under
“class 100” clean room conditions. Our quality con-
trol inspectors analyze each drum’s contents. . . mark
the analysis on top . . . certify the contents ultra-
clean. Finally, the drums are topped by snap-on

|lied

hemical

ELECTRONIC INDUSTRIES <+ March 1965

plastic protectors that safeguard this purity.

Genesolv D Electronic Grade is signed, sealed and
delivered ultra-clean. As a precision-cleaning agent,
it offers you selectivity, low toxicity, nonflammability,
low surface tension (increased wettability, with min-
imum dragout), quick drying . . . and certified purity.

Got a precision cleaning problem? Write or phone
your nearest General Chemical office.

GENERAL CHEMICAL DIVISION
P.0. Box 353, Morristown, N.J.
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SILICON AVALANCHE
INTEGRATED BRIDGE RECTIFIERS

The problems of space, cost and re-
Hability in full-wave rectification are
being solved for industriai OEM’s by
Varo's IBR".

The IBR* meets your small space and
competitive cost requirements by giving
you a full-wave bridge in a single, mini-
mum-size package with circuit-to-case
insulation of 2000 V min. Three versa-
tile mounting methods simplify and
even further reduce installation time.

In design considerations, SAR* (silicon
avalanche rectifier) characteristics aliow
decreased PRV safety factors by con-
trolling avalanche voitages and eliminat-
ing junction perimeter destruction from
transient overvoltages.

The 1N4436 (250 V BVx min.) and
1N4437 (450 V BVr min.) are designed
for 140 and 280 V RMS operation. They
feature 10 amps DC lo at 100°C (Tc)
and 100 amp, one-cycle current surge.

Available in press-fit, single stud and
T0O-3 mountings. Write for complete
information and low OEM prices.

SIZE

il ’
__ it
Il

ACTUAL

Actual size: TF flip-fiop

Improves performance
and reduces the cost of
thin film conversions.

Varo’s TF* process can con-
vert most existing circuits or
systems to thin-film with no
redesign required. Technologi-
cal superiority and years of
experience in thin-film conver-
sions mean Varo’s TF* circuits
outperform the full-size ver-
sions.

Low tooling costs and several
standard packages, including
an epoxy-filled aluminum case
for power applications such as
servo amplifiers and memory
drivers, make TF* circuits a
very economical method of
microminiaturization.

Successful Varo TF* conver-
sions include IF strips, DC am-
plifiers, audio amplifiers flat
from 10 cps to 100 KC, high
frequency amplifiers, VCO’s to
200 MC, and memory drivers.

Write for complete information.

‘T.M. VARO, INC.

Also from Varo: High voltage silicon rectifiers with PIV from 1.5 KV to 20 KV. Fast recovery time silicon rectifiers
with 1500 volts PRV and 300 nanosec recovery time. Low capacitance rectifier multiplier bank modules for elec-

trostatic power supplies.

Don't miss Varo at IEEE — Booth 1527-1529

varo inc

SPECIAL PRODUCTS DIVISION
2201 WALNUT ST. @ GARLAND, TEXAS 75041
AREA CODE 214 e 276-6141
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If you're

not

working at
state-of-
the-art...
don't pay for
planar

power

transistors

Simpler systems just don’t deserve the extra
investment for triple-diffused silicon planar
power transistors.

But designers at work near the limits of
today's technology are finding Honeywell triple-
diffused power planars ideal for their needs ...
and worth the money.

When you specify Honeywell you get flat
gain, lower drive requirement, minimum drift,
fast switching and high frequency response.

Honeywell has triple-diffused power planars
from 1 to 30 amps. One of them is probably
just what you need. Write today for specifica-
tions . . . and remember, nobody has been
building triple-diffused planar power transistors
longer than Honeywell.

Honeywell

SEMICONDUCTOR PRODUCTS

1177 Blue Heron Boulevard Riviera Beach, Florida
HONEYWELL INTERNATIONAL: sales offices in all principal cities of the world.
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FOR 400 cps and higher Irequency...

radio and TV (ransformers
molor and servomechanisms
magnetic amplitiers
reaclors

pulse generators

.

»

B B A T

g )
\

Armco Thin Electrical Steels offer you cost-cutting “selectivity”

Armco Thin Electrical Steels provide optimum selec-
tivity because they are produced in three different grades
—nonoriented (TRAN-CoR® T), oricnted (ORIENTED T),
and super-oriented (ORIENTED TS)—as well as a wide
range of thicknesses. You can meet your design needs
precisely at minimum cost. For example, you can punch
large laminations from 6 mil oriented for converter ap-
plications. At the other extreme, you can fabricate high-
performance pulse transformers from | mil oriented
material. You can always find the right combination of
grade and thickness witan Armco Thin Electrical Steels.

In addition, each of these special Armco Electrical
Steels provides you with uscful combinations of these
exceptional magnetic and physical properties that are

88 Circle 51 on Inquiry Card

assured by precise processing and control:

— Exceptionally high permeability

— Low hysteresis loss

—High lamination factor

—Minimum interlaminar loss

— Properties fully developed at the mill

Learn more about the valuable advantages of these spe-
cial Armco Steels for design and fabrication of your 400
cps and higher frequency equipment. Write us for a copy
of our design manual on Armco Thin Electrical Steels.
It includes detailed design curves, information on stress-
relief anncaling, and other pertinent data. Armco Steel
Corporation, Steel Division, Dept. E-1125, P. 0. Box 600,
Middletown, Ohio 45042,

L R )
ARMCO

ARMCO STEEL ' \/
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Telonic has 5-plug-in heads sweeping audio to
3000 MC plus 14 for special application, so who's

| ]
E:'I] : [ﬂ]”
n D
The Telonic SM-2000, the control chassis for 19 interchangeable plug-in heads, extends the application range of sweep
generators without re-investment of new, basic equipment. The instrument operates in four modes with all plug-in
heads: Sweep, Modulated Sweep, CW and Modulated CW. Accurate laboratory and production line testing within
frequency ranges from audio to 3000 MC is possible using only 5-plug-in heads. An additional 14 heads are used for
special applications. All heads have continuously variable center frequencies and sweep widths. Sweep rate is variable
at 0.01 to 100 cycles per second on L head series. The signal frequency is precisely indicated by a built-in “birdy-by-pass”
marker system. This system includes provision for a variable marker and 8-plug-in crystal-controlled markers, each with

individual gain controls and on-off switches. Built-in turret attenuators provide attenuation of 0-60 db in 1 db steps.
For a complete description of the SM-2000 Sweep Generator and plug-in heads request catalogue 64-A.

680 North First Avenue, BEECH GROVE, INDIANA

Representatives in: Baltimore, Boston, Chicago, Cleveland, Dallas, Dayton, Denver, Huntsville, Indianapolis, Los Angeles,
New York City, Otlando, Philadelphia, San Francisco, Seattle, St. Louis, Syracuse and principal cities throughout the world.
o SWEEP GENERATORS e RF ATTENUATORS ¢ CW OSCILLATORS e COAXIAL SWITCHES

TTINDUSTRIES INC.
§ Lo A
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What Electronic Engineers

Should Know About Plasma

Plasma is gaining increased attention from researchers.
A large number of plasma devices and applications are tied
directly to electronic engineering. This article describes

- -
- -

- -

- -

- = =

L} [ ]

By Dr. LEON W. ZELBY

- = -

Fig. 1: Collisionless plasma.

A prasMa may be defined as an ionized gas, electrically
neutral, in which the interactions hetween the con-
stituents are important 3. In other words, plasma is
an aggregation of neutral molecules, ions, electrons,
and photons, overall electrically neutral. of relatively
low densities. By low densities it is meant here that
the constituents are relatively free, as distinct from
bands in solids. Strictly speaking, this definition of
plasma, without the restriction of low densities, also
includes solid state plasmas. These will not be dis-
cussed here. Solid state plasma represent a separate
topic not only in their properties and applications but
also in methods of analysis.

* * *

The most important interactions hetween the plasma
constituents are collisions hetween the electrons and
neutral molecules, and coulomb interaction between the
ions and electrons. The former result in ionization in
the case of very energetic electrons; the latter, in
plasma oscillations and/or recombinations, generally
without emission of radiation.

Different regimes of plasma are described by their
respective electron densities, frequently referred to as
electron number densities. Dilute, or low density plas-
mas contain electron densities up to about 10® m3,
Higher densities constitute dense plasmas, with electron
densities varying up to ahout 10* m-3. The division
of plasma into these regimes is based not only on its
applications, but also on the methods of analysis. The
behavior of low density plasma is analyzed by con-
sideration of the statistical average of its constituents.
High density plasma behaves like a conducting fluid,
and its behavior is analyzed in terms of hydrodynamic
equations.

Low density devices have been in use for a long
time. Among those are the mercury pool rectifiers, thy-

90

plasma, how it is controlled and some of its applications.

Assoc. Prof., Moore School of E. E., Univ. of Pennsylvania, 200 So. 33rd St., Phila., Pa. 19104

ratrons, ignitrons, glow tubes, TR tubes, and others?, all
quite familiar to engineers. Some of the newer devices
are less familiar, e.g. thermionic plasma diodes used
for direct energy conversion; plasma amplifiers, TWTs
using plasma to enhance microwave amplification;
plasma propulsion devices for driving space vehicles.
Of the high density region devices, the MHD generator
received much publicity and is well known. Thermo-
nuclear fusion plasma devices received much less
public notice. It is nearly impossible to describe all
aspects and uses of plasma in an article of this length.
Hence, only those are presented which give a reason-
able description of plasma properties, and some of the
more common uses.

Physical Description

Consider the electrically neutral arrangement of
electrons (—) and ions (+4) shown in Fig. 1.

Assume that there is no magnetic field and neglect
collisions. If the electrons are displaced from this
equilibrium position, coulomb forces will act on them
to restore equilibrium. In the absence of friction, the
situation is analogous to spring-connected masses and
will result in electron oscillations. The ions are as-
sumed, essentially, stationary. The frequency of these
oscillations is given by § o, = m’ff’_, where n is the
electron (ion) density; ¢ the electronic charge; m,
the electron (ion) mass; and ¢ the permittivity of
free space. Clearly, the frequency of oscillation of
plasma electrons is higher than that of the ions by the
square root of the ratio of their respective masses. It
is evident that plasma is polarizable. Since, in absence
of collisions, the only restoring force is of electrostatic
nature, the permittivity of the plasma will be the same
as that of any dispersive dielectric without the effects
of “quasi-elastic” forces which bound the electrons in

ELECTRONIC INDUSTRIES -+ March 1965




an atom to their rest position. The
permittivity of a dispersive dielec-
tric is

- (1 + n ¢
L m e (wo? — w?)

where ©2, = (f/m) expresses the
effect of the “quasi-elastic” forces.

When o, = 0,

wp?
e = 61 —
w?

is the permittivity of plasma in ab-
sence of collisions (cold plasma).
This result can be calculated very
simply by considering electron oscil-

lations about the ions. The presence
of collisions modifies ¢, very slightly
mathematically (w? is replaced by
w? (1—iv/w), where v is the collision frequency) but
very significantly physically : the plasma is now dissipa-
tive since the permittivity is complex.

Magnetostatic field impressed upon the system of
Fig. 1 will strongly affect its properties in a direction
transverse to the direction of the field. This will bhe
due to the rotation of the charged particles ahout the
lines of magnetic induction. The plasma will now be
anisotropic, and the permittivity must be .represented
by an antisvmmetric tensor. This is evident from the
following observation: The charged particle motion
along the field lines will be unaffected hy the magnetic
induction. In the plane transverse to the field line, the
particles will rotate. Putting the origin of a coordinate
system in the center of an orbit, the particle motion is
antisymmetric about the origin.

Theory

There are several mathematical techniques which
are used to describe and analyze plasmas 13- 5 6. The
simplest of these is the orbit theory ; the most detailed,

Fig. 2: Orbits are shown in B field with curvature and gradient.

Minus “q” are electrons and positive “‘q” are ions in orbit.

B
CURVATURE
FORCE
+q
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(
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Fig. 3: The simple mirror machine is one of the newer plasma devices. It reflects par-
ticles and can be used to contain plasma. This device is called a ‘‘magnetic bottle.”

the Boltzmann equation; the most convenient describ-
ing average properties, the hydrodynamic equations.
All these, as well as Maxwell’s equations, are shown
in Table 1.

In spite of rather severe limitations, the orbit theory
is very useful in explaining, qualitatively, a large num-
ber of phenomena. The hasic assumption of the orbit
theory is that the behavior of all particles of one type
is the same, and that there is no interaction hetween
them. Thus, it is enough to calculate the motion of an
electron, and an ion, and to multiply the results hy
the respective densities to obtain the description of
the behavior of the plasma. Sometimes it is convenient
to relax the requirements of this theory to plasmas in
which the collision frequency is small, not zero. In
such cases. the results of calculation must be interpreted
as some sort of average.

The important result of the orbit theory is that the
magnietic moment of the charged particles is constant
i magnetic induction field, B, which, relative to the
total strength, has a small spatial or slow temporal
variations. Orbits of an electron and ion in a static
magnetic induction, with a slight curvature and trans-
verse gradient, are shown in Fig. 2. Electrons (—q)
and ions (4q) rotate in opposite directions. By def-
inition, however, the direction of current is that of
motion of a positive charge. Thus the magnetic mo-
ments, m, are in the same direction for both. Noting
that these are in the direction opposite to that of the
magnetic induction, it can be concluded that plasma
1s diamagnetic.

The constancy of the magnetic moment of the
charged particle implies that the flux through the
orbit is constant. This, in turn, implies a greater den-
sity of particles in regions of higher magnetic field

91




PLASMA (Continued)

T eaesasres sl

intensity. Furthermore, the constancy of the moment
implies that the motion of plasma constituents can be
studied by consideration of the motion of the guiding
center, the center of the orbit. The drift velocities of
the guiding center, and the forces causing them. are
given in Table 1.

It is worthwhile noting that only in the case when
the external force field is electric, i.e., F. — q E, the
drift velocity is independent of the sign of the charge.
Thus, drifts due to an external electric field result in
no currents in a direction normal to E and B.

The Boltzmann equation describes the behavior of
a system of particles in six-dimensional  space  (so-
called phase space) in terms of a distribution fimetion.
The six-dimensional space comprises three spatial and
three velocity coordinates. The derivation of the equa-
tion is based on the consideration of the net rate of
change of the number of particles in an clementary
volume. This rate is due to changes in velocity distribu-
tion of the particles within the volume, drift of the
clementary volume under the influence of forces, and
collisions within the volume. The force term in the
Joltzmann equation (see Table 1) includes gravita-
tional as well as electromagnetic, forces. Thus, the
Joltzmann equation provides the most accurate de-
scription of plasma. It is also the most difficult to
solve, except in a few simple cases.

The hyvdrodynamic equations for plasma describe the
average hehavior of the particles under the assumption
that plasma is composed of three non-viscous fluids:
electron, ion, and neutral particle. The total fluid is

|
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WORK WORK
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viscous, however, hecause of collisions between particles
belonging to different fluids, i.e. electron-ion, electron-
neutral, and ion-neutral collisions. There are three
sets of hyvdrodynamic equations, one for each specie,
which are coupled through the collision terms. Each
set consists of a momentum transfer equation, con-
tinuity equation, and equation of state. These are shown
in Table 1. The hydrodynamic equations are generally
used to describe high density plasmas.

Each of these theories has heen used extensively in
plasma work, and lead to a more accurate description,
to a prediction, or use, of one or another phenomenon.

Plasma Devices

There are many useful plasma devices: Some men-
tioned earlier, are well known to electrical engineers.
Some are rather new and developed within relatively
specialized areas. These escaped general recognition.
The principles of operation of some of them will now
he discussed.

The mirror machine® is among the better known of
the “new” devices. As the name implies, it reflects
particles and can be used for plasma containment. The
principle of the simple mirror machine is based on
the constancy of the magnetic moment (orbit theory)
and on force due to the gradient of magnetic induction,
which is in the direction of the less intense fields (sce
Table 1). The shape of the magnetic field lines is
similar to that of a Dottle, hence its common name
is “the magnetic bottle.” A sketch of the field lines,
and an electron trajectory are shown in Fig. 3, All
particles entering the field at an angle 8 such that
sin2922|B,|/|Bu| will be reflected. [f the velocity distri-
hution of the entering particles is isotropic, the reflection
co-efficient is R = 1 — |B,|/|Bul.

The thermionic plasma diode is a direct converter of
heat to electricity?. Actually, it is only a simple diode
with plasma to reduce space charge, and thus to in-
crease efficiency and output. An electron potential
energy diagram for such a diode is shown in Fig. 4.
Ilectrons leaving the emitter obey the Richardson
emission equation. On leaving the surface of the emit-
ter, they encounter an accelerating field of the sheath
(sheath will be discussed later) and enter the bulk

Fig. 4 (above): An electron potential energy
diagram for a plasma diode. It is used as a
direct converter of heat to electricity. INPUT IONIZATION POTENTIAL
SIGNAL OUTPUT
_I SIGNAL
-
/S 9
Fig. 5 (right): Electron beam plasma ampli- . ggg) l 0 ke :
fiers are like modified traveling wave tubes.
The region between electron beam modulat- N\ \ Ei(;‘TION OLLECTOR
ing and demodulating is filled with plasma ELECTRON
to enhance electronic gain in this device. GUN
MODULATING DEMODULATING
STRUCTURE
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plasma. Before reaching the collector, the electrons
are slightly decelerated by the sheath. Finally, they
convert their potential energy to current in the ex-
ternal load. The efficiency of these devices is less than
20%, with current densities in excess of 10 amp/cm?.

Electron beam-plasma amplifiers are modified TWTs.
In these, the region hetween the electron heam modulat-
ing and demodulating structure is filled with plasma.
The addition of plasma enhances the electronic gain.
Gains of 30db/cm have been measured in such devicesS.
The amplification in the plasma is the result of inter-
action of the wave on the electron beam with the plasma
electrons. If the plasma electrons velocity distribution
is suitable (at least double humped®) amplification
occurs. A sketch of the device is shown in Fig. 5.

Plasma propulsion devices are considered for deep
space probes. Operation is based on interaction of
plasma with crossed electric and magnetic field™ 10,
This interaction ejects plasma in a preferred direction.
One such device is shown in Fig. 6. It consists, es-
sentially, of a length of a coaxial transmission line
immersed in a magnetic field. A dc potential is estab-
lished hetween the inner and outer conductors. Plasma
is ejected from an annular opening in the inner coax.
The electric field attracts electrons to the outer coax,
and ions to the inner. The v x B force ejects both
species, and the change in momentum propels the ship.
Even though the ejected mass is small, quite high
velocities have heen-obtained (about 107 cm/sec.).

The plasma device that received the most publicity
is the M1D power generator. Whereas the devices men-
tioned above are low density devices, the MuD genera-
tor is a high density device in which plasma behaves,
essentially, like a conducting fluid''. A diagram of
MHD generator is shown in Fig. 8. Plasma flows into
a region of magnetic induction. Due to the v x B forces,
the electrons and ions are driven to opposite sides of
the generator. This creates a difference of potential
which can be connected to an external load. Although
such devices are operative, their efficiency is low bhe-
cause of the high internal impedance. A substantial
increase of the plasma conductivity will greatly en-
hance the efficiency of such generators.

The newest, and the most publicized plasma device
is the CW gas laser'2. It consists of a glass tube ter-
minated by special end plates at Brewster’s angle to
the tube axis. The gas is ionized by r-f coils placed
along the tube. Transitions within the gas molecules
produce a nearly monochromatic, narrow heam whose
frequency depends upon the types of gases used.

Problems

The large number of overational plasma devices may
give the impression that plasma properties and its be-
havior are well understood. This is not quite the case.
The problems are two-fold: theoretical and experi-
mental. The theoretical problems lie in the complexity
of the Boltzmann of hydrodynamic equations for a

(Continued on following page)
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Table 1.

I. Orbit Theory Equations

Type Forces
Gradient F=—-myv |B|
2 0.
Curvature F. = — g (B-v)B

External field F, = F,
Polarization Fp = g Eg (¢)

Velocities
m
¢ |BJ?
2 W
Curvature u, = ——— B X [(B - %) B]

g |B|*
F. X B
q B2
m oE;
g B2 ot

Gradient ug = -B X v, |B

External field u, =
Polarization wup =

IT. The Boltzmann Equation for a Specie

of

) collisions
ol

F
Fu- S+ - -v.._f=(af
m ot

= f(r, u, ) distribution function

111. Hydrodynamic Equations for a Specie

momentum transfer equation
dv vp VA
= - Y L %9 B4 vxB) -y

dt nom nom

continuity equation

on
v-(nv) + =0
ot
equation of state
p=nkT
1V. Maxwell’s Equations
oB D
v XE-= vXH=J+ 0>
ot ot
v-D =p v-B =0

Constitutive relations
B=uH; D =¢E

List of symbols

B = magnetic induction v = average velocity of

D = cleetrie displace- a number of par-
ment ticles

E = clectrie field W.. = kinetic energy of
intensity particle due to

F = force motion along

H = magnetic field magnetic field
intensity lines

J = current density Z = number of charges

k = Boltzmann’s e = permittivity
constant p = permeability

m o= mass v = collision frequency

m = magnetic moment p = charge density

n = number density v, = gradient with re-

p = pressure specet to spatial

y = charge variables

T = temperature V. = gradient with re-

u = particle velocity spect to veloeity

variables
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Fig. 6: Plasma propulsion devices are considered tor deep
space probes. Shown is a plasma propulsion gun device.
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Fig. 7: The MHD power generator has been receiving much
attention. These are high density devices in which the
plasma behaves essentially like a conducting fluid.

PLASMA (Concluded)

realistic plasma model. As is usually the case, theoreti-
cally, to obtain some sort of solution the practice has
heen to solve rigorously an approximate model, or to
solve approximately a realistic model. The experi-
mental problems center, generally, about the sheath
hetween the plasma and a foreign body in contact with
it.

The sheath interferes with measurements of plasma
properties — whether by probes, or interferometric
methods—in the following way. When plasma is in
contact with an object, the electrons, having higher
mobilities than the ions, diffuse from the bulk plasma
toward the object and charge it negatively. After equi-
librium is established there is, effectively, a surface
dipole layer at the boundary. This layer, the sheath,
interferes strongly with plasma parameter measure-
ments and interpretation of the results since neither
the thickness of the layer, nor its composition, are
known accurately.

This situation will not persist very much longer
hecause of the attention of many investigators to some
of these problems. It is hoped that some of the new
diagnostic methods?!?® will lead to a hetter understanding
of the properties of the sheath, and a more accurate
evaluation of electron density distribution. Be it as it
may, plasma devices have been very useful, and it seems
that the use of plasma in many areas are far from being
exhausted.
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FETs as Voltage-Controlled Resistors

WiTit sMALL VALUES of drain voltage, a field effect
transistor (FET) behaves as a voltage-controlled, hi-
polar variable resistor. However, its resistance exhibits
a considerable degree of nonlinearity for anything hut
the smallest voltages.

In Fig. 1, the FET is operated in a balanced circuit
with the control voltage applied to the drain connection
and the inverse of the control voltage applied to the

source connection. This results in a condition, at the

Isolation Amplifier

Gate

input Output

Gate Control Bias

FIGURE 1 FIGURE 2
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midpoint of the FET in the region of the gate, of virtual
ground potential. The result is linear response of the
FET over a wider range of control-voltage levels.

In Tig. 2, one-half of the control voltage appearing at
the drain connection is capacitively coupled to the gate,
thus cancelling the bias change that would otherwise
result from a change of internal current resistance drop.
This method results in linear response of the FET
over a wider range of control-voltage levels than does
the method previously outlined. The isolation amplifier
may be removed from the circuit but maximum circuit
resistance will then be limited by the sum of the resistors
in the divider network.

These circuits would be useful in a variety of control
and monitoring applications, i.e., audio and video AGC
stages and bias drift monitors in precision imput/output
equipment such as analog-to-digital converters.

For further information contact: Technology Utilization Officer, Mar-
shall Space Flight Center, Huntsville, Ala. 35812. Ref: B64-10163.
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A mathematical model of a typical reference element
is presented here and its terms analyzed.

The result is a method of determining

the best voltage reference element for the least cost.

Optimizing the Performance
of Silicon Reference Elements

DEVELOPMENTS IN THE MILITARY, computer and instru-
mentation fields push the “state-of the-art and cost” of
highly stable dc reference voltage sources. R ference
voltage sources designed about silicon reference elements
(sre) offer the best compromises between overall volt-
age stability and environmental capabilities. This article
discusses how a designer can optimize the performance
of any voltage reference circuit.

Xk %

Semiconductor manufacturers have expended much
effort and expense in developing reference elements to
cover most needs of the circuit designer. Premium
type elements which have been aged and monitored over
extended periods of time, and are certified, can cost
over $100/device. At the other extreme, there are
“fallout” units, i.e. out of specification as to voltage or
T.C., which are available at about $2/device. With such
a price range to select from, the designer’s problem be-
comes one of balancing circuit performance against cost
and/or obtaining the maximum performance from the
unit selected.

In actual use, the SRE is much more than just a tem-
perature compensated zener diode. This article offers a
mathematical model of a typical reference element. The
equation developed in this article is compared with those
implied in sales specs. This reveals that insufficient data
is supplied by the manufacturer to allow maximum use
of the sre's inherent thermal stability.

The introduction of SRE’s to industry was accom-
panied by an oversimplified classification and manufac-
turing selection procedure. This procedure has not kent
pace with the growth of the device applications. The
device designer did not foresee that srRE's would be used
at stability and accuracy levels where non-linear terms
would be significant.

By CLARENCE L. WALLACE

Director of R & D
Viking Industries, Inc.
21343 Roscoe Blvd.
Canoga Park, Calif.
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The Problem

The typical manufacturer specifies his SRE as if its
performance was described by

Ve = Vro + @ (T, — T) when Ig, = specified current. (1)
where Vi = Reference voltage

Vre = Reference voltage at standard temperature 7,

and standard current /g,
= temp. coefficient (9,./C°)
= actual temp.

R
!

~
I

2

Fig. 1: Silicon reference element.

EVET
V]

The general classification scheme consisted of establish-
ing types of references. These were based on their
voltage, such as I N430 at 8.4 = 5% v. or Type 1N800
at 6.2 = 5% v. Grades were then established within
type by their temp. coefficients, temp. ranges, and dy-
namic impedance, Table 1. This system reflects the
nature of the manufacturing problem wherein a lot of
devices are produced, then segregated into groups by
later grading.

TFor srE’s, limiting of the grading operation for the
total population to one test current has heen costly
This artificial limitation resulted in lower yields of
higher performance referenecs because a new distribu-
tion results with a different test current. Each winnow-
ing of the device population with a different test current
would have resulted in some extended yield of the
tighter performance devices. The improved yield would
result in lower prices to the user. It would enable the
manufacturer to meet the demand for top performance
devices. This was because, in some cases, the yield of
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SILICON REFERENCE ELEMENTS (Continued)
L

the top devices was not enough to meet the demand.
This procedure is still available to the designer. It offers
him the opportunity to use lower price devices in tight
applications by searching out the optimum current for
a given SRE,

To help understand the behavior of sre’s, a descrip-
tion of their basic components follows. A SrRE is as-
sembled using a zener diode and a number of silicon
diodes in the forward conduction mode, Fig. 1.

Zener Diode

The zener diode is a non-linear device. It has a
nearly constant voltage drop (/) for a wide range of
current (/) when biased in the reverse direction, Fig. 2.

Actual V' of a given zener diode over a range of
reverse currents and ambient temperatures is a function
of several factors. A simplified model of a typical zener
diode is given in Eq. 2. This empirical equation is lim-
ited to the following conditions, as generally found in
actual reference uses.

Vie = forward voltage of each diode under
standard conditions of /p, and 7T,

defined by deviee manufacturer. vde

Iz0 = 1, = Ip = standard current. ma
Iz = Igx = Ir = actual current ma
iz =1ir=1ir = (Ip ko) ma
T, = standard temp. °C
T = actual temp. °C

{t=(T-1T,) °C

ar = lincar thermal coefficient %/ °C

N = number of forward diodes in series.

Combining Egs. 2 & 3 and collecting like terms we
have an equation (Eq. 4) which is useful in understand-
ing the various mechanisms contributing to the per-
formance of SrE’s in circuitry use.

Vz+ Vi = (Vzo + NVio| + i %2, + NZr,)
+ Ve (Z + ki) = NV F — V1] )
which is approximated by
Vi = Vio = iZpo + Vio [ lar + ki) U] — Vi 82 (48)
Vi 1s the actual reference voltage at a particular tem-
perature T and at a specific operating current .
Vro 1s the actual reference voltage at a reference

Table 1
Reference Classifications

Type Vi Iro Z; (Impedance) (T.C.) Temp. Range
1N430 8.4 + 59 vdc 10 ma < 150 + 0.0029%,/C° — 55°C to 100°C

IN‘soA “ “ “ i o.ml%/co “ “
1N430B . “ o # — 55°C to 150°C
1N821 6.2 + 5% vde 7.5 ma 150 + 0.019,/C° — 55°C to 100°C

}“5;‘ “ “ }g‘l “ “ “

“ “" n i .m% co " .

1N323A “ “ 100 i “ / “ “

S5ma < Iz < 20 ma —20° < T < 80°C

Vz=Vzo +iz%z0 + Vzo [ (az + kiz)t — 8217 2)
Vz = actual zener voltage vde

Vzo = actual zener voltage under standard
conditions of Iz and T, defined by

device manufacturers. vde
Iz, = standard current ma
Iz = actual current ma
iz = (Iz — Iz,) ma
T, = standard temperature °C¢
T = actual temperature o
=T =T, °C
a = lincar thermal coefficient at /4,
and Vg, “%/°C
B = 2nd and order thermal coefhicient
at Iz, and Vg, Y%/(°C)?
k=AalZlAaly, Y/ma °C
Zzo = AVy,/0 1z, Ohms

Eq. 3 is the mathematical model of the forward diode portion
of a reference element.
Vi = N[Vie + irZre — Vi, (art) | (3)
V¢ = actual forward voltage vde
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temperature 7T, and at a reference current [,. Zxe

i1s a voltage generated when the operating current [
differs from 1,. i = (I, — I)This variation in current
i through the reference impedance Zg, produces the
voltage iZ ..

Vio [ (ar + ki) t] is the Ist order thermal term
and the area in which most of the controllable variables
operate. Vg, 1is a known value (above). ¢ is the
difference between the standard temp. 7, and actual
temp. T. ¢t = (T, — T). ap is the linear thermal
coefhicient in %/C° and is only approximated by the
manufacturer’s figure. In most cases the manufacturer’s
1.c. figure is implied as a limit error criterion and has
little mathematical value. % is a proportionality constant
that relates the variation of « to a variation in I. This
figure has to be empirically developed for each physical
device type. The device package is of significance to
this particular constant in that it establishes the thermal
impedance of the actual junction to the thermal in-
vironment. The relationship involved is that of the
device junction temp. being varied independently by
variations in I dependent on the thermal impedance.
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Effect of this localized resistive heat-
ing is to offset the effect on a of the
change in [ because of contributions
from a later {* term in the overall
reference equation. Suffice it to say
from a design standpoint % is larger
for metal packaged references than
for glass diode types. With large k's
a greater portion of a diode popula-

tion can be adjusted to a tighter V
thermal performance. With small &’s
a diode population will have its
thermal performance less sensitive
to variations in its operating current.

Vzeptt is the 2nd order or non-
linear term of Eq. 4a. Its chief
interest is that this term establishes
the limit of accuracy that can be
obtained over a specified thermal
range. 8 can he obtained only by
population sampling.

Z(‘volts)' r '

Applying the Equation

The steps to take in applying Eq. 4 depend upon
whether the solution will involve large numbers of
similar circuits using identical components or whether
only one or two test circuits are heing contemplated.
If a production run is to be made of a reference based
circuit, it is worthwhile to evaluate many types of
SRE's and attempt to establish the constants of Eq. 4 for
each type, particularly & and 8. Tha* device family,
which has the largest average & and smallest average 8,
other performance being satisfactory, would e the best
production choice. Establishing optimum I, should be
made part of the receiving tests with each SRE being

Temperature-Sensitive Multivibrator

CONVENTIONAL ASTABLE MULTI-

(amps)
15}
- +
1 0. =«__
0.5 | e
4 3 2 J
T i 0.5 1.0 1.5 Fvolts)
4o
+ l' - -%-10
gl -.-15
—1I;
120
Z (ma)

Fig. 2: Voltage current characteristic of typical zener diode.

tagged for the appropriate I;. 8 can be found from the
same body of data which established I, and the tested
SRE reclassified as to maximum thermal stability it can
provide.

There are other equally important features of SRE’s
that have not been made part of this discussion because
good expositions have been published elsewhere. Tran-
sitron publication AN-1352B 3-63 (Ultra Stable Semi-
conductor Voltage Reference) covers the subject of
long term stability in depth. International Rectifier
Corp.’s Zener Diode Handbook provides the necessary
plotted parameter curves and theory from which Eq. 4
is synthesized.

temperature range of —10° to
+40°C.

vIBRATORS exhibit frequency insta-
bility in the presence of tempera-
ture variations. A simple network
consisting of two zener diodes
and five resistors to provide a
temperature-sensitive voltage to
drive the astable multivibrator is
a solution.

The two zener diodes are ref-
erenced to a point held relatively
stable at +9 volts by R; and R,
which act as a conventional volt-
age divider. Acting together, the
two zener diodes provide a volt-
age which, when referenced to
ground, is inversely proportional
to temperature because the zener
diodes have a breakdown voltage

ELECTRONIC INDUSTRIES -

that is inversely proportional to
temperature. Under test this cir-
cuit yielded an output square
wave at 2400 cps varying from

With adequate shielding of the
zener diodes, the circuit should
exhibit an output constant to
within 0.2 ces. Potting should

23985 to 2401.1 cps over a improve regulation even further.
+ 18% Regulated < g

R >

CR, CR, g % g %
> > 5
R, - —| (—4— Output
=55
97
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- The parameters of the network determine the locations of the poles and zeros.
. In a nonlinear network the parameters may be functions of voltage or current,

& in which case the poles and zeros may be functions of voltage or current.

Applying Poles and Zeros to Nonlinear

THE THEORY OF POLES AND ZEROS
has been applied to linear networks
with notable success. This article
will show the application to nonlinear
networks.

X k%

The pole and zero locations of a
network are functions of the param-
cters. If the parameters are func-
tions of time, the pole and zero lo-
cations are also functions of time.
In a nonlinear network the param-
cters may be functions of voltage
or current, in which case the pole
and zero locations may be functions
of voltage or current.

Linear Circuit

In linear circuit theory it is said
that the poles and zeros determine
network response. The poles and
zeros are implied to be fixed. How
then can the current in a network
vary as a function of time? The
answer is that the zero locations of

Table 1:

Zero Locations
as a Function of TAU

T zero located at s =

— 0.
—B. 0.0025
—4. 0.0187
—2. 0.159
-1. 0.582

-.693 1.
—.405 2
—.2875 3

0 + =

0.1054 —10.

0.223 —5.

0.693 -2.

1 —1.58

3 —1.052

5 -1.007

@ -1.
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the response may vary as a function
of the response. Consider the net-
work in Fig. 1.

Let the switch close at time r when
the initial current is

T

p=1—c¢ (1)
The transform equation is

-Ts

_"_s_ =6+DI-e"0-¢) @
Solving for I:

_ [(l —e7)s+1]¢' 7‘_

I s+ 1) @)
[S-i- ) 71 ) ]2_7.
, N 11—
=(1—¢ —s(s+l)___ 4)
This has poles at ¢ = 0 and at
s = — 1, and zeros at s = o and
at s = — 1/e.

Notice that, as ¢ changes, the zero
locations shift. The zero locations
as a function of r for this network
are shown in Table 1.

For r = — =, the zero at the
origin cancels the pole at the origin.
IFor r+ = + =, the zero at s = —1
cancels the pole at s = —1. In
general, when a zero cancels a pole
in the right half plane (including
the origin), the response function
is unstable and will vary, causing
the zeros to shift. But, when a zero
cancels a pole in the left half plane,

the response function is in a stable
equilibrium and does not vary there-
after.

We can also write / in partial
fraction form (from Eq. 3):

(5)

1
I==-
S

so that
t=1-—¢t (6)
fort = .

Thus, identical networks with ex-
act driving functions will have ex-
act responses after the switches are
closed. This is provided initial con-
ditions of the network, whose switch
was closed last, are the same as those
in the other net at the time the last
switch was closed.

Poles and Zeros Shift

Poles and zeros of a response
function may shift as time goes by
if the poles and zeros of the driving
function shift. This may happen if
it takes several functions of time to
describe the driving function during
several different time intervals. lFor
example, if

v=0 fort <0 (7)
v=1 for0 << (8)
v =c¢tiorl <t )

Then v will have no poles or zeros
during the first interval, a pole at

By ARDEN THOMAS MOSES

Electro Mechanical Laboratories,
White Sands Missile Range,
Las Cruces, N. M.
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Networks

Fig. 1: A simple linear network.

the origin during the second interval,
and a pole at s = —1 for the last
interval.

Nonlinear Circuit

In nonlinear networks the pole

and zero locations move as functions
of voltage or current (and thus of
time). Let’s investigate a simple
nonlinear circuit, IFig. 3.
I.et NLR he a nonlinear resistor
whose resistance is equal to the cur-
rent through it. Note that the re-
sistance may be negative. Let the
initial current he zero. At time O+,
the circuit reduces to that shown in
Iig. 4.

The equation is 1 = 7 4 di/dl.
Taking the Laplace transform:

I/fs=sl+1=(6+1)1

or
1
!l = :
s(s + 1)
This gives poles at the origin and at
s = —1, and zeros at s = *cc,

At 0.1 sec., the current is 0.09486
amps. The circuit reduces to Fig. 5.
The equation is

1 = 1.09486 ¢ + di/di
with Laplace transform
1/s = sl — 0.09486 + 1.09486 1

which can be solved for I :

ELECTRONIC INDUSTRIES -

(s + 1/.00486)

I = 0.00486 S —

s (s 4+ 1.0948¢6)
This has zeros at s = —10.542 and
at s = =%, and poles at the origin

—1.09486. Table 2
shows the shift of poles and zeros.
Now let us consider the same cir-

and at s =

cuit with initial current of —1.0
amps, [ig. 0.
Writing the equation
1 = 067 4+ di/d
whose transform is
/s = sl + 1.6 — 061
Vv
| _IS‘
- t

Fig. 2: v as a discontinuous function of t.

Solving for I:

s — 1/1.6)
I = —16
s (s — 0.6)
This has poles at the origin and at
s = 0.6, and zeros at o and at

s = 0.625. Note that there is a pole
in the right half plane. This pole
will move to the left so that this cir-
cuit will eventually hecome stable.

At t = 2 secs,, i = —1.096 amps..
Iig. 7.

The equation is now
1 = —0.09 ¢ + di/di

Fig. 4: Circuit for zero current.

Fig. 6: Circuit for current of —1.6 amps.

with transform
1/s = sl 4+ 1.096 — 0.096 [
Solving for [:
I = — 1096 (s — 1/1.096)
s (s — 0.096)
There are now poles at the origin
and at s = 0.096, and zeros at
s = 0912 and at =. The pole in
the right half plane has shifted from
s = 0.6 to s = 0.096, while the zero
has moved 0.625 to
s = 0.912.
Table 3 shows the pole and zero
locations for initial current of —1.6a.

from s =

Fig. 3: A simple nonlinear circuit.

After ¢ 298 secs. the results
are identical with Table 2 with 2.98
secs. added to ¢ in Table 2.

In general, for this circuit there
will be poles at the origin and at
s = —1 —i. There will be zeros at
o and at s = —1/1.

If the initial current is —1.618 a.,
the circuit is shown in Fig. 8.

The equation is
I = - 0.6181 + di/di
and its transform is
1/s = sl 4+ 1.618 — 0.618 /
Solving for I:

Fig. 5: Circuit at 0.1 second.

Ih

1.09486 n.

Fig. 7: Circuit for current of —1.096 amps.
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NONLINEAR NETWORKS (Concluded)

t sec

/= _—_1_018 ( SIS O()IS) = 1_.(_iI-8 0
s s — 0.618 s 0.1

The pole and zero at s = 0.618 can- gg‘
cel each other. Since this occurs in 1:
the right half plane, the current is §
in unstable equilibrium. Any noise @

will cause the current to drift, and,
once it departs from the unstable
equilibrium, it will change until it
reaches stable equilibrium, if ever.

On the other hand, if the initial t sec
current is 0.618 a., Fig. 9 is the 0
equivalent circuit. 2:
The equation is gg

1 = 16187 + di /dt
with transform
s — 0.618 + 1.618 /
Solving for [:

8 =

0.618 s + 1.618 0.618
T (.\-+|.ms)= s
In this case, the pole and zero at
s = —1.618 cancel each other.

Since this occurs in the left half
plane, the current is in stable equi-
librium.

CIRCUIT=ISE

Protecting Multiloaded Power Supplies

PREVENTION OF POWER Loss in parallel branches of a
multiload circuit, should an overload occur in one of
the branches was needed. The protective device must
be self-resetting, capable of handling short-duration
transients, and must withstand shock and vibration.

A PTC (positive-temperature-coefficient ) thermistor
was placed in series with each branch load. The thermis-
tor should be selected so that (1) its nominal resistance
is negligible compared to the branch load, (2) its re-
sponse time is long enough to endure switching tran-

@ & Py

Power
Supply
Load 1 Load 2 Load 3
- - wvz—-—====
100

Table 2: Pole and Zero Locations

pole pole zero zero
0 -1.0 - ®
0 —1.09488 —10.542 =
(1] -1.21723 —4.6034 £
0 —1.36980 —2.7042 @
0 —1.53033 —1.8858 ®
0 —1.60833 —1.6438 @
0 —1.61700 —1.6207 ©
0 cancel each other at —1.,61803

Table 3: Pole and Zero Locations for initial Current of —1.6a.

i amps pole pole zero zero
—1.6 0 0.6 0.625 L
—1.096 0 0.096 0.912 @
-1. 0 0 1. «©
0 0 -1. — @ @

Fig. 8: Circuit for current of —1.618 amps.

I h

Fig. 9: Circuit for current of 0.618 amps.

lh

sients, and (3) its critical (Curie) temperature is well
above the ambient temperature range in which the
equipment operates.

An overload condition in any hranch will cause exces-
sive current to flow through the thermistor in that
branch, and the I2R increase will raise the temperature
of the thermistor. The increase in resistance accom-
panying the temperature rise decreases the current flow-
ing through the branch load to an equilibrium value.
When the overload is corrected, the reduction in cur-
rent will cause the PTC thermistor to revert to its
nominal resistance.

To minimize the effects of ambient temperature on
the thermistor, vacuwm encapsulation is suggested. In-
dividual uses will determine the thermistor parameters.
These devices are available with the following charac-
teristics: (1) nominal resistance values from about 1Q
to 10KQ: (2) resistance change at the critical tempera-
ture from about 2.5 to 5 times nominal resistance;
(3) response time from less than a second to 100 sec.:
and (4) power dissipation from a few mw to 2w.

For further information contact: Technology Utilization ()fﬁcer God
dard Space Flight Center, Greenbelt, Md. 20774. Ref: B64-1028
ELECTRONIC INDUSTRIES <« March 1965




The demand for increased accuracy
has brought significant improvements
in the design of meter movements.
The limiting factor now is the scale.
Here is a unique automated method
for accurate scale calibration.

ANALOG READOUT METERS have inherent limita-
tions on accuracy. Three basic types are in general
use:

The most familiar analog meter is the double pivot
moving coil type. It is used in most of the switch-
board and service type instruments. Inaccuracies
in this type are caused by the fit of the pivots in
the jewel bearings and the balance of the coil-pointer
assembly. Eventual wear of pivot or bearings reduces
the initial accuracy. Such bearing troubles show up
generally as tap shift, wherein the pointer comes to
a reading that changes slightly if the instrument is
given a light tap. This tap overcomes the bearing
friction.

The amount of inherent tap shift affects the scal-
ing of an instrument. A small meter with a 1% tap
shift may be scaled to a 2% accuracy and still allow
for production variations between instruments.

A second type of meter is the unipivot type. This
type has been carried to a high degree of development
in Europe and subsequently in this country. It has
an inherently high degree of accuracy, because the
single pivot construction makes it imperative that
the meter be mounted on a level bench. In transport,
lifting of the pivot protects the meter from coil or
pivot damage. The meter is not particularly sensi-
tive and is generally used as a laboratory standard.
An accuracy of 0.1% 1s attainable. In production, a
scaling accuracy of 0.25% 1is readily achieved.

A more recent meter development is the taut band
meter. In this meter, the moving components are
mounted on a metal band or wire suspension system
completely eliminating all pivot trouble. But, this
meter has other sources of inaccuracy. No matter
how small the torsion on a material, there is some
“set” to it. This results in a small amount of hys-
teresis which cannot be taken out of the reading by
tapping the instrument.

improving Scale Accuracy

In both the first and third types of meters dis-
cussed, the instrument scale has been a common
source of error. A good meter, checked for repeat-
ability, is inherently more accurate than the readout
from commercial scale markings. Cost of individual
scale markings has heen prohibitive. A new approach
to scaling was needed.

The first requirement in any instrument scaling
is to establish a precision source of current or volt-
age. This is readily done by potentiometer techniques

ELECTRONIC INDUSTRIES +« March 1965

Improving

Meter Accuracy
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Typical meter scale calibrated by the unique method described.

using a standard cell reference. In the CAL-O-
MATIC™ system to be described, the reference
source has been automated so that the desired volt-
ages or currents are stepped through a predeter-
mined sequence corresponding to each scale division.

The second requirement is to determine the me-
chanical position of the meter pointer for each scale
increment. This is the first of the unique features of
this system. The pointer is scanned by a roving light
source consisting of two pulsed paths, one looking
for the leading edge, the other for the trailing edge.
These are electrically servo connected to the po-
tentiometer source so that an absolute null results
when the pointer is exactly hetween the two sources.
By this means, the pointer position may be located
mechanically to about 0.001 in., which is far in ex-
cess of the readability of the meter. A third light
source marks this position on a photo-sensitive scale.
The whole process is then advanced to the next di-
vision and repeated, and so on. The longer lines,
which comprise the major scale divisions, are se-
quenced into the system so that any number of minor
divisions may be programmed.

This system produces a finished scale calibrated
for an individual meter. Precision photographic
control in the development of the master assures
minimum error. Meter and scale are permanent as-
sociates from this point on.

This process, applicable by making suitable jigs,
can be used on any meter. Thus, it may be made
available as a service to a user having sufficient
quantity of calibration to justify it. The meter, thus
scaled, is limited generally by its repeat accuracy,
which is 0.25% on a high quality meter.

By WILBURT H. COOK,

Mesur-Matic Electronics Cor