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“SPECIAL”

TO YOUR
SPECIFICATIONS

Exceptional quality and reliability is provided in all UTC
designs. Over 30 years of engineering knowledge and ex-
perience backed by complete environmental testing and
life testing facilities assure the highest standard in the
industry. Full analysis and evaluation of materials are
conducted in UTC's Material and Chemical Laboratories.
Rigid quality control measures coordinated with exhaustive
statistical findings and latest production procedures results
in the industry’s highest degree of reliability. Range cov-
ered in Power Transformers is from milliwatts to 100 KVA.
Some typical applications include: Current Limiting, Fila-
ment, Isolation, Plate, Transistor Inverter, Transistor Supply.

MILITARY AND COMMERCIAL TYPES FOR ‘
EVERY PHASE OF THE ELECTRONICS ART :
®
POWER TRANSFORMERS e AUDIO TRANS-
FORMERS e INDUCTORS e PULSE TRANS- |
FORMERS e ELECTRIC WAVE FILTERS e |
LUMPED CONSTANT DELAY LINES e HIGH {
Q COILS e MAGNETIC AMPLIFIERS e SAT-
URABLE REACTORS e REFERENCE UNITS

Write for catalog of over
1,300 UTC HIGH RELIABILITY
STOCK ITEMS
IMMEDIATELY AVAILABLE

VEERS IN

Low capacity current
limiting filament trans-
former. Primary 118
V. 60 cycles to 6.3
V.at 3 A., 8A. at short
circuit. 25 MMFD ca-
pacity. 30 KV hipot
and 200:1 capacity di-
vider; 5 x 334 x 414",
9 Ibs.

Commercial type mold-
ed power transformer.
Primary 115/230 V.,
50/420 cycles to 680

1.2 A, 6. .-.6A.
Size: 215 x 3 x 278",
weight: 1.6 Ibs.

I

I

I
e

" MINIATURIZATION

POWER TRANSFORMERS
& INDUCTO

MIL-T-27B ultraminia-
ture Scott connected
power transformer,
5/16 Dia. x 13/32”
H., 1/10 0z. Primary
28 V. 400 — with taps
@ 50% & 86.6%.
Two units provide 28
V two phase from
three phase source.

Molded Power Trans-
former 3 Phase. Input
200V, 380-420 cps.
Electrostatic Shield, 8
output windings. 26
terminals. MIL-T-27B,
Grade 2 Class S. Max.
Alt. 50K Ft. Size 6 x
212 x 5”, 8 Ibs.

———--—-+---_--

Three phase high volt-
age power transform-
er. Primary jumper
hardware for easy con-
version from delta to
wye inputs. Made to
MIL-T-27B specifica-
tions. Primary: 440 V
60 cycles delta or wye
3 phase input. Sec-
ondary: 2100 V line
to line or 1215 V line
to line @ 242 ma.

N
e

High current filament
transformer. Primary
140/156 V., 47/63
cycles to 1.8 V.-1070
A. Current limiting
through separate pri-
mary reactor, MIL-T-
278B; 10 x 10 x 112",
150 Ibs.

UNITED TRANSFORMER CORP

150 VARICK STREET, NEW YORK 13, N.Y.

»

v

PACIFIC MFG. DIVISION: 3630 EASTHAM DRIVE, CULVER CITY, CALIF.

1
1
I
1
I
I
I
I
I EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLE: "ARLAB"

from your local distributor.

Circle 900 on reader service card
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STARY/STOP PHASE

EXVESRAL AN

MANUAL TRIGOER

First Plug-in

+ WPUT PHABE ~
i‘“‘t{v
INPUT

o G
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New hp 3300A Function Generator

, APPLICATION

-.m{s?

oot H‘ e

3302A Trigger Phase Lock Plug-in

Function Generator to offer variable phase, phase-lock
capability. . .plus these useful features:

HEWLETTW

PACKARD

An extra measure of quality

Versatility finds a real definition in the new hp 3300A
Function Generator, $570, with its 3301A Operational
Plug-in, $20, and its 3302A Trigger/ Phase Lock Plug-
in, $190 . .. with more plug-ins to come!

Any two of the three waveforms selectable by a
front-panel switch, amplitude individually adjustable,
over the entire frequency range. Frequency adjustable
by front-panel dial (=1%) or by external voltage (+0.3
to 10 V will control frequency approximately 50:1).
With the 3302A Plug-in, you also get single- and
multiple-cycle operation with variable start/ stop phase.
Trigger input lets you phase lock onto fundamentals,
harmonics, lock indicated by front-panel meter.

Output is dc coupled, fully floating, with an internal
shield that reduces radiated interference and provides
high CMR. Apply any dc offset voltage, up to £250 V,
using circuit, shield and power line rear-terminal
grounds. You can use Channel B to invert the signal
from Channel A, useful for driving balanced systems
and other applications. 40 DB dynamic range, each
amplifier, up to 35 V p-p into an open circuit, output
impedance 600 ohms.

Here is an instrument that has to be seen to be
appreciated: ideal for servo, medical, analog simula-
tion, geophysical, subsonic and audio, vibration and
frequency response applications. Explain your require-
ment to your Hewlett-Packard field engineer . .. and
ask him for a demonstration. Or write for complete
specifications: Hewlett-Packard, Palo Alto, California
94304, Tel. (415) 326-7000; Europe: 54 Route des
Acacias, Geneva.

Data subject to change without notice. Prices f.0.b. factory. 861
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Accurate sine, square, triangular waveform output, amplitude controlled

Test signals 0.01 Hz (cps) to 100 kHz (kc), constant amplitude

Linear voltage programmability

Single-cycle, multi-cycle, free-run modes, with external trigger capability

Dual output amplifiers, uniquely isolated for maximum versatility

Sync pulse output for scope or recorder

All this for just $760...and plug-in capability to let you buy what you need,
add extra versatility later

A A B g§§g§gz;.§gg?ev”:x:.‘

-

Voltage programming; frequency upper trace, programming voltage below.

Single cycle-—mmultaneous triangular
and sine outputs.

AR

Phase lock; output from function
generator (upper trace) locked to ex-
ternal fundamental (lower trace).

Multiple cycle—bursts of simultane-
ous sine and square-wave outputs.

Phase lock; output from function
generator (upper trace) locked to ex-
ternal harmonic (lower trace).

Circle 1 on reader service card 1



INSTRUMENTATION SPECS
in 250 KC tape recording

...now start at under $9966

SANBORMN

representative specifications

DIRECT MODE

Frequency |S/N Ratio [Minimum RMS
Tape Speed| Bandwidth | Response | Filtered Unfiltered
60 ips  [300-250 KC| =3 db 35db 29 db
15ips |100-62.5 KC| =3 db 32 db 27 db
300-44 KC 38 db
178 ips | 50-7 KC +3db 30 db 26 db
300-5 KC 39.db

“Measured with bandpass filter at output with an 18
db/octave rolloff

FM MODE

FM Center |S/N Ratio*
Carrier Without Total
Tape Frequency |Frequency| Flutter |Harmonic
Speed |Bandwidth|Response |(Nominal) | Comp. |Distortion
60 ips [0-20 KC |40, —1db| 108 KC 45 db 1.5%
15 ips | 0-5 KC +0, —1db| 27.0 KC 45 db 1.5%

178 ips| 0-625 cps |+0, —1db| 3.38 KC 40 db 1.8%

“Noise measured over full bandwidth, min. rms at zero
freq. dev., with lowpass filter placed at output. Filter
has 18 db/octave rolloffs.

TAPE TRANSPORT

Maximum Interchannel Time Displacement Error: =1 microsec-
ond at 60 IPS, between two adjacent tracks on same head.

Tape Speeds: 60, 30, 15, 7Y2, 334, 17 ips standard; 0.3 to
120 ips optionally available.
Tape: 3600 feet, 1.0 mil, 12” (7 channel), 1” (14 channel).

Controls: Line (Power), Stop, Play, Reverse, Forward (fast) and
Record are pushbutton relays. A receptacle at the rear of
the transport is provided for remote control operation.

Drive Speed Accuracy: *.25%.

FLUTTER
Speed Bandwidth Flutter (p-p)
0-200 cps 0.2 %
60 ips 0-10 KC 0.6 %
0-200 cps 0.2 %
30 ips 0-5 KC 0.8 %
0-200 cps 0.25%
15 ips 0-2.5 KC 0.6 %
0-200 cps 05 %
72 ips 0-1.25 KC 0.65%
0-200 cps 0.5 %
3% ips 0-625 cps 0.8 %
0-200 cps 0.8 %
178 ips 0-312 cps 1.2 %

HEWLETT
PACKARD h’SANBORN

DIVISION
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Electronics Abroad

A better PAL 241 Boost for computers
Low-cost Nadge 241 The biggest order
Broader 242 Contraband market
communications 243 Around the world
Technical Articles

Integrated circuits replace the electro-
mechanical resolver

In analog computers, IC resolvers are smaller
lighter and consume 909, less power
Hermann Schmid, General Electric Co.

Diode lasers that operate continuously

By refining material and improving fabrication
researchers expect to get continuous-wave operation
of gallium arsenide lasers within a year

Michael F. Lamorte, RCA

Designer’s casebook

® Two unijunction transistors produce three-
state circuit

® FElectronic thermostat controls temperature to
within 0.1°C.

e Breadboarding IC systems with color-coded
modules

e Curves speed design of multiplier circuits

Tunnel-diode oscillator expands f-m system’s
channel capacity

With high-speed devices, the voltage-controlled
oscillator performs at frequencies to 200 Mc

Electronics markets 1966
A statistical analysis of estimated electronics
consumption in 1965, 1966 and 1969

Faster growth in 1966
Electronics’ editors examine the technological
trends and market opportunities in 1966
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Readers Comment

A minute error

To the Editor:

You said that the Perkin-Elmer
Corp.’s laser tv scanner [Nov. 29,
p. 29] uses a prism rotating at “60,-
000 revolutions per second.” Didn’t
you mean 60,000 revolutions per
minute? The latter figure equates
to 1,000 rps, which, when multi-
plied by 16, yields the correct line
rate.

Besides, a point on the periphery
of a two-inch diameter cylinder
rotating at 60,000 rps, would be
subjected to an acceleration of 366
million G’s. If your statement is
correct, your headline should read,
“Perkin-Elmer develops new super-
strength prism material.”

Warren E. Dion
Bristol, Conn.

= Reader Dion is right. The figure
should have been 60,000 rpm, not
rps. In fact, any known material
would be torn apart long before it
reached 60,000 rps.

In case of accident

To the Editor:

In the voltage regulator with
short-circuit protection, [Nov. 1,
p. 68] I question if this “protection”
will be in time. First, it must be
noted that the output voltage must
drop to approximately 1.5 volts be-
fore Q4 will go out of saturation
sufficiently to turn on Q5 and turn
off the regulator. As the output
drops toward the approximate 1.5
volt turn-off output voltage, the
base drives for the Q; and Q. regu-
lator transistors increase very
rapidly in an attempt to maintain
the output voltage.

By the time the 1.5-volt limit is
reached, the pulse current ratings
of both Q; and Q. will probably be
exceeded. If the output short cir-
cuit is not of sufficiently low re-
sistance (~ 0.2 ohms) to cause the
output to fall below the turn-off
voltage level with this increased
regulator current, then no turn-oft
will occur and Q; and Q. may
casily burn up due to excessive
power dissipation.

Further, for space applications
I would expect that the failure
mode for this circuit would be un-

Electronics | Januarv 10. 1966
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Now from Sprague!

DIFFERENTIAL AMPLIFIERS
IN FLAT PACKS!

IN3043  2N3044 2N3046 2N3047 2N3049
IN3052 2N3520 2N3524

2N3050 2N3051

PNP or NPN * BETA MATCHING to 10%
Ve MATCHING to 3mV * VOLTAGE CAPABILITY to 60 VOLTS

TEMPERATURE COEFFICIENTS to 5.V/°C
ALSO AVAILABLE IN 6-LEAD TO-5 OUTLINE PACKAGES!

For complete information, write to Technical
Literature Service, Sprague Electric Company,
35 Marshall Street, North Adams, Mass. 01248

SPRAGUE COMPONENTS

TRANSISTORS PULSE TRANSFORMERS
CAPACITORS INTERFERENCE FILTERS
RESISTORS PULSE-FORMING NETWORKS
INTEGRATED CIRCUITS TOROIDAL INDUCTORS
THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS
455-5129

Electronics | January 10, 1966

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

THE MARK OF RELIABILITY

Circle 5 on reader service card

‘Sprague “and ' (2)" are registered trademarks of the Sprague Electric Co.
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scope... o i

and you have everything you need for ‘
Quantitative Frequency-Response Measurements

The Type 1025-A Standard Sweep-Frequency Generator is both a sweep
generator and a CW generator, with a marker generator, attenuator, and
output meter . . . all wrapped up in a single package @it can be switched
instantly from swept to CW mode without readjusting, recalibrating, or
reconnecting it covers 0.7 to 230 Mc/s in 10 overlapping octave ranges
has two bandspread ranges (400 to 500 kc/s and 10.4 to 11 Mc/s) s has a
“perfect marker’ . . . continuously adjustable and accurately calibrated both
in frequency and amplitude, which allows you to take accurate quantitative

data directly from a scope display ® output is calibrated, 0.3 uV to 1 V

1 Y 1 o An experimental 5-stage, single-tuned, 1
behind 50 ohms @ frequency can be monitored by an external counter SOME Bf S it i Dt st -

price is $3450 being aligned with the Type 1025-A

through a connector provided specifically for that purpose Standand SueEEEreal ety Candratin

. Dat d includ t fre-
far less than the total cost of the separate instruments you would need for auarcy. B ard SOME bAndsIhs. Ao
gain. The generator can be accurately é

comparable performance. set to both the 10 4V signal level at the
front end as well as to 100 mV at the

Write for complete information or a demonstration. e

GENERAL RADIO comrany ‘

WEST CONCORD, MASSACHUSETTS

BOSTON e NEW YORK e CHICAGO « PHILADELPHIA « WASHINGTON, D.C. « SYRACUSE ¢ DALLAS « SAN FRANCISCO « LOS ANGELES « ORLANDO « CLEVELAND — TORONTO » MONTREAL
GENERAL RADIO COMPANY (overseas), ZURICH, SWITZERLAND; GENERAL RADIO COMPANY (U.K.) Ltd., BOURNE END, ENGLAND

6 Circle 6 on reader service card Electronics | January 10, 1966
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Protection against accidental short circuits.
acceptable, as the normal Q; and sirable as it will consume less
Q. failure mode would be a col- power than a circuit which will
lector-emitter short using excessive furnish overload protection. On
power and losing regulating and some flight packages only the
turn-off capabilities. lesser amount of protection is

A. E. Terpening
Rochester, N. Y.

The author replies:

As stated in the article, the cir-
cuit will protect against accidental
short circuits. It was designed for
flight hardware where the expected
mode of failure is an accidental
short circuit across the load during
the many preflight tests or during
flight. It will not protect against
overload or against internal shorts.
The use of high gain-bandwidth
transistors for Qs and Q;, with a
minimum amount of biasing, en-
ables the short circuit sensing net-
work to turn off Q; and Q. before
large currents can build up when
the output is suddenly shorted.

Reader Terpening may reason
that overload protection will pro-
tect against both short circuits and
overload—and rightfully so; how-
ever, if protection only against out-
put short circuits is desired, then
the circuit in question is more de-

[ o —— —— — — — — —

specified while on others overload

protection is required which would

preclude the use of this circuit.
Gary A. Chunn

Chrysler Corp.

Huntsville, Ala.

Right credit

To the Editor:

The article “Page one,” [June 28,
p. 156] contains a good description
of the Dutch-Belgian Semaphone
system. It states that the system
was developed by Philips Gloeil-
ampenfabrieken. However, only the
receiver was developed by Philips,
in cooperation with PTT, Posteri-
jen Telefon en Telegraph, the
Dutch agency that governs the post
office, telephone and telegraph sys-
tems. The system and central com-
puter control were developed
solely by PTT.

Ir. G.M. Uitermark
Netherlands Postal and
Telecommunications Services
The Hague, Netherlands

| SUBSCRIPTION SERVICE

Please include an Electronics Magazine address
' Iapel to insure prompl service whenever you
write us about your subscription.

Mail to: Fulfillment Manager
Electronics
P.0. Box 430
Hightstown, N.J. 08520

|
I
I To subscribe mail this form with your payment
| and check [J new subscription [J renew my
| present subscription

' Subscription rates: in the U.S.: 1 year, $6; two
' years, $9; three years, $12. Subscription rates
I for foreign countries available on request
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CHANGE OF ADDRESS

If you are moving, please let us know
five weeks before changing your address.
Place magazine address label here, print

= |

ATTACH
LABEL

HERE your new address below.
name I
I
address I
. ‘ |
city state zip code _'

World's Fastest,
Low-Cost
Digital Printer

Apply several drops of oil to the
drive-motor shaft-ends each year (or
every fifty-million lines). Brush out
any accumulated dust or lint. Clean
the air filter periodically.

That’s the extent of maintenance
for a Franklin Model 1000 . . . the
only digital printer that offers a
printing rate of 40 lines per second
(or less) at low, low, OEM prices.

REQUEST BULLETIN 2301

[FR|A|N|x|L T[T

&1l e cotronios, 100,

East Fourth St. e Bridgeport, Pa. 19405
A Division of the Anelex Corporation

Nircrla 7 An raadar caviian anvAd >



NEED
SOPHISTICATED
COMPONENTS
SUCH AS THESE?

THIS?

Most circuit designers do.

OR THIS?
Integrated circuit packages
are critical in use by just
about any standard

AND HOW

; e ABOUT
THIS TWO TERMINAL
D EVICE—a small but critically im-

portant Resistor?

After perusing the following details, more cir-
cuit designers and component-reliability engineers
than ever before will realize that SAGE SiLiIcCOHM®
miniature power resistors stand out above all oth-
ers in providing:

© smallest size vs wattage rating

@ fully welded construction using precision wire
elements

© Sage ImpErRVOHM® silicone encapsulation, de-
signed for 1000 volt body insulation and operat-
ing temperature extremes —65° C to 350°C

O close tolerance, 19, .5%,, .26%,, .1%, .05%,

© close TC, =20 ppm/°C

O Copper leads standard, weldable nickel or
Dumet when specified

© non-inductive windings when
specified

O low values to .05Q2, specials even
lower

© millions of unit-hours reliability
documentation under Polaris and
Improved Minuteman programs

Request Catalog R-62 for more details.
% Wmm"”c

>
Wty

SAGE ELECTRONICS CORP.

P.O. Box 3926 Rochester, N. Y. 14610

People

Clyde Bothmer has been named
executive secretary of the Defense
Industry Advisory Council (DIAC),
a 22-man indus-
try - group that
advises the Pen-
tagon on major
procurement
policy.

Bothmer will
direct  studies
on the effects of
military opera-
tions on the de-
fense industries.

Typical of the problems he will
tackle is the question of when and
to what extent new components,
such as advanced electronics, can
be added to a system in develop-
ment without drastically altering
final design or passing cost limits.

Bothmer says his objective is
“that delicate balance” between
too much and too little control over
design and component changes.

Bothmer takes over DIAC from
Samuel W. Crosby, who resigned
Sept. 1.

The new director, 41, is no
stranger to problems encountered
by defense contractors.

A lawyer by training, he first
worked in procurement and logis-
tics management for the Air Force
before becoming the Pentagon’s di-
rector for small business shortly
after Robert S. McNamara became
Secretary of Defense.

In 1962, he joined the National
Aeronautics and Space Administra-
tion to become director of manage-
ment for manned space flight and
later, became director of NASA’s
Office of Industry Affairs.

“People have knocked lasers for
various reasons,” says Morris Katz-
man, the new manager of the Op-
tical Radar section of the Xerox
Corp.’s Pasadena, Calif., subsidi-
ary, Electro-Optical Systems, Inc.

“There was a need for a large
power supply, efficiency was low,
there were problems with atmos-

Flartranice | lanuarv 10. 1966



When Pete Balthasar concentrates on
Bendix silicon power transistors...

Scott hears music!

Whenever you listen to an H. H. Scott stereo amplifier,
you’ll realize how Pete’s concentration has paid off. The
difference is the new Bendix silicon power transistors in
the audio output.

Just take a look at what Pete, our Applications Engi-
neering Manager, has to work with: I¢ to 15 A, Vg to
200 V, Pc to 175 W. Excellent beta stability over the
entire operating range of —65°C to +-200°C. High voltage
capabilities and diffused construction for fast switching.
Outstanding thermal resistance characteristics, too.

Some of the more popular 2N performers? 2N3055,
2N 3232 and 2N3235. Also the 2N1487-2N1490 that meet
military specification MIL-S-19500/208 (EL).

Pete’s defined SOAR (Safe Operating ARea) for these
types, too, with still more on the way. (That’s a “first” for
silicon power.) With SOAR, secondary breakdown is
virtually impossible. There are also additional new com-
mercial grades and lower cost types. (Our 2N3055 often
proves more economical than germanium, for example.

Now you can begin to see how you might put these
powerful silicon mesas to work: for hi-fi and audio, of
course. Voltage and current regulators, choppers, invert-
ers, relay and solenoid actuating circuits and high power
switching, too.

Like more information? Just write or phone our nearest
sales office. Then sit back and enjoy the sound of Bendix.

H. H. Scott 348
120 watt FM Receiver

SAFE OPERATING AREA 2N 3055

IC COLLECTOR

LECTOR-TO-EMITTER VOLTAGE IN V

Bendix Semiconductor Division BT

eln/ﬁ/

CORPORATION

HOLMDEL, NEW JERSEY

Baltimore, Md.—(301) 828-6877; Chicago—(312) 637-6929; Dallas—(214) 357-1972; Detroit—(313) JO 6-1420; Holmdel, N. J.—(201) 747-5400;
Los Angeles—(213) 776-4100; Miami—(305) 887-5521; Minneapolis—(612) 926-4633; Redwood City, Calif.—James S. Heaton Co., (415) 369-4671;
Seattle—Ray Johnston Co., Inc., (206) LA 4-5170; Syracuse, N. Y.—(315) 474-7531; Waltham, Mass.—(617) 899-0770; Export—(212) 973-2121,
Cable: “*Bendixint,” 605 Third Ave., N. Y.; Ottawa, Ont.—Computing Devices of Canada, P.O. Box 508—(613) TA 8-2711.

Electronics | January 10, 1966
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Did You Know

Sprague Makes 32 Types of
Foil Tantalum Capacitors?

125C TUBULAR
TANTALEX® CAPACITORS

85 C TUBULAR
TANTALEX® CAPACITORS

Type 120D polarized plain-foil

Type 121D non-polarized plain-foil
Type 122D polarized etched-foil
Type 123D non-polarized etched-foil

ASK FOR BULLETIN 3602C

Circle 332 on reader service card

RECTANGULAR
TANTALEX® CAPACITORS

Type 300D polarized
plain-foil

Type 301D non-polar-
ized plain-foil

Type 302D polarized
etcied-foil

Type 303D non-polar-
ized etched-foil

Circle 334 on reader service card

RECTANGULAR TANTALUM
CAPACITORS TO MIL-C-3965C

By

CL51 polarized plain-foil

CL52 non-polarized plain-foil
CL53 polarized etched-foil
CL54 non-polarized etched-foil

Circle 336 on reader service card

10

Type 110D polarized plain-foil

Type 111D non-polarized plain-foil
Type 112D polarized etched-foil
Type 113D non-polarized etched-foil

ASK FOR BULLETIN 3601C

Circle 333 on reader service card

TUBULAR TANTALUM
CAPACITORS TO MIL-C-3965C

CL20, CL21 125 C polarized etched-foil
CL22, CL23 125 C non-polarized etched-foil
CL24, CL25 85 C polarized etched-foil
CL26, CL27 85 C non-polarized etched-foil
CL30, CL31 125 C polarized plain-foil
CL32, CL33 125 C non-polarized plain-foil
CL34, CL35 85 C polarized plain-foil

CL36, CL37 85 C non-polarized plain-foil

Circle 335 on reader service card

For comprehensive engineering bulle-
tins on the capacitor types in which
you are interested, write to:
Technical Literature Service
Sprague Electric Company
35 Marshall Street
North Adams, Mass. 01248

45C-5161

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and @ are registered trademarks of the Sprague Electric Co,

People

pheric attenuation and the signal
was not clean. But the skeptics are
beginning to change their minds.
The problems are being overcome;
lasers are spreading out in all di-
rections, and in all wavelengths.
Out here we're working on a car-
bon-dioxide laser that develops 100
watts, continuous wave, and is
about 8% efficient. In five years,
you'll see all kinds of field equip-
ment, such as laser radars, welders
and surgical devices.”

Katzman, 42, is interested spe-
cifically in laser radar; he believes
it will be two to three years before
field equipment is ready, but ex-
pects to confirm the techniques his
four-man group at Electro-Optical
is using by the end of 1966.

The breaking up of the wave-
front, he says, is a more serious
problem than atmospheric attenua-
tion. Electro-Optical’s technique is
to try to compensate for phase
changes so ithat only the attenua-
tion problem is left.

There are two complementary
approaches, he adds: a mode-lock-
ing operation that uses the laser’s
whole spectrum, and a technique
that allow only one mode to oscil-
late.

[The approaches resemble the
frequency-modulated and super-
mode lasers described in Elec-
tronics, Sept. 20, p. 102].

Using the whole spectrum would
be wuseful for multiple targets,
Katzman says, while the single
frequency would work better for a
single target. Ideally, the radar
would have a switch to change
from mode to mode.

The Katzman group is working
with neodymium-doped glass and
neodymium yttrium-aluminum-gar-
net lasers, at frequencies in the
near-infrared.

Katzman came to Electro-Op-
tical from the Army Electronics
Laboratory at Fort Monmouth,
N. J. He likes the Los Angeles
area, even to the smog. “In fact,”
he adds, “the smog comes in handy
when we’re studying attenuation
factors” at the company’s three-
mile range in Pasadena.

He received his bachelor’s degree
in engineering from New York Uni-
versity.
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Powerful Machlett
tetrode delivers
330 kW plate output
with.7 kW drive

This vapor-cooled ML-8545, the
& world’s most powerful tetrode, is
designed for high power broadcast
and communications, rf generators

and particle acceleration applications.

It delivers 16% more power with 25%
less plate voltage (plate modulation
service) than its closest competitor.

As a Class C amplifier or oscillator,
itis capable of over 300 kW continuous
output at frequencies to 50 Mc.
Maximum plate input is 450 kW.

For full details on the vapor-cooled
ML-8545 or the water-cooled ML-8546,
write to The Machlett
Laboratories, Inc.,
Springdale, Conn. 06879.
An affiliate of
Raytheon Company.
ELECTRON TUBE SPECIALIST

Circle 11 on reader service card
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Reasons for buying Fairchild Hybrids, magnified 100 times. -
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*uL., FuL, MWL and DTyL are Fairchild trademarks.
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What we have to offer:
Pick from the widest line of transistors, diodes, and integrated
circuits in the industry.

Integrated circuits: A complete line of logic functions in .L*
standard resistor-transistor integrated circuits, F,L* industrial
integrated circuits, Mw,L* ‘milliwatt integrated circuits, and pr,L*
diode-transistor logic circuits.

Transistors and diodes: Our complete catalog of high-performance
transistors and diodes. Anything our factory makes we will put in a
hybrid circuit for you.

Resistors: We use nichrome thin-film resistors in all RETMA values
from 20q to 500Kq. Tolerances from 10% to 2%.

Capacitors: Mos capacitors from 20pf to 1000pf.

Packaging: TO-5 (8,10 or 12 leads) or FlatPak (12 or 14 leads).

We’re geared for action:

We have a complete staft devoted to hybrid work. This means you
get immediate answers, quotes and delivery on your custom orders.
Fast. We also offer assistance in converting your schematic to a
hybrid design. Write for details on our Technicon (specifications
delineation), our Hybrid Design Handbook, and our Design Kit.
Or, if you’re not in the market for a custom design, write for data
sheets on our standard hybrid circuits.

- FAIRCHILD SEMICONDUCTOR /A Division of Fairchild Camera and Instrument Corporation ® 313 Fairchild Drive, Mountain View, California (415) 962-5011 W TWX: 910-379-6435

Electronics | January 10, 1966
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DUAL OUTPUT

POWER
SUPPLIES

Guaranteed

3-DAY
Shipment!

Dual output power supplies are housed
in one case 3-5/16” x 4-5/32" x 4-11/16”
high. ldentical or different output volt-
ages from 1.5 to 75 are available in 1
volt increments for each of the DC out-
puts. The graph below furnishes maxi-
mum current corresponding to output
voltage. Select the two outputs needed
and telephone Acopian for all the de-
tails — plus guaranteed 3-day shipment
after receipt of your order.

g

60

50

40 t

output voltage (volts D.C))

10 |

15 [

100 200 300 400 500
QUTPUT CURRENT (MA

TYPICAL SPECIFICATIONS

Input Voltage: 105 to 125 VAC

Line Regulation: #0.5 to =0.05%
(depending on model)

Load Regulation: +1.0 to *=0.05%
(depending on model)

Ripple: 5 to 1 mv (depending on model)

No additional external

heat sinking required.

Write for Acopian’s 16-page catalog and

price list to: Acopian Corp., Easton,

Penna., or call collect (215) 258-5441,

Acopian

14 Circle 14 on reader service card

Meetings

Instrumentation for Process Industries
Conference, Texas A&M University;
College Station, Tex., Jan. 19-21.

Conference on Symmetry Principles at
High Energy, AFOSR, AEC, NASA;
University of Miami, Coral Gables,
Fla., Jan. 20-22.

Phonon Interaction in Solids
Conference, Princeton University;
Princeton, N. J., Jan. 20-21.

Helicopter Conference, Helicopter
Association of America; Inn of Six
Flags, Arlington, Tex., Jan. 23-26.

Aerospace Sciences Conference,
Statler Hilton Hotel, New York,
Jan. 24-26.

AE-4 Electromagnetic Compatibility
Conference, SAE; General Dynamics/
Convair, San Diego, Calif., Jan. 25-26.

National Electronic Representatives
Association Marketing Conference,
ERA; Riviera Hotel, Palm Springs,
Calif., Jan. 26-30.

American Society of Testing and
Materials Spring Meeting, ASTM;
Shoreham and Sheraton Park Hotels,
Washington, D.C., Jan. 30-Feb. 4.

International Symposium on
Information Theory, AFOSR, |EEE;
University of California, Los Angeles,
Jan. 31-Feb. 2.

Integrated Circuits Seminar, |EEE,
Basic Sciences Committee; Stevens
Institute of Technology, Hoboken,
N.J., Feb. 2.

Winter Convention on Aerospace &
Electronics Systems, |IEEE; International
Hotel, Los Angeles, Feb. 2-4.

International Salon of Electronic

Components, Federation National
des Industries Electroniques; Parc
des Expositions, Paris, Feb. 3-8.%

Solid State Circuits Conference, IEEE,
University of Pennsylvania; Sheraton
Hotel, Philadelphia, Feb. 9-11.

Radioisotope Applications in Aerospace,
AFSC and Atomic Energy Commission;
Sheraton-Dayton Hotel, Dayton, Ohio,
Feb. 22-24.

Offshore Exploration Conference,
OECON; Lafayette Hotel, Long Beach,
Calif., Feb. 22-24.

Symposium on Manufacturing
In-Process Control and Measuring
Techniques, Air Force Materials
Laboratory and Motorola
Semiconductor Products Division;
Hiway House, Phoenix, Ariz.,

Mar. 9-11.

International ISA Aerospace
Instrumentation Symposium, ISA,
College of Aeronautics; College of
Aeronautics, Cranfield, England,
Mar. 21-24.

International Convention and
Exhibition of the IEEE; New York
Hilton Hotel and the Coliseum,
New York City, Mar. 21-25.

Seminar on Computers and
Automation in Europe, Lomond
Systems, Inc.; Washington, D.C. and
European tour, Mar. 21-Apr. 7.

Call for papers

National Symposium on Biomedical
Sciences Instrumentation, ISA; Dis-
neyland Hotel, Anaheim, Calif., May
16-19. Feb. 15 is deadline for sub-
mission of 200-word abstract on aero-
space biomedical instrumentation,
interdisciplinary teaching of biomed-
ical and measurement techniques for
the engineer and physician, and elec-
tronics in patient monitoring systems,
to Dr. Thomas B. Weber, Program
Cochairman, Beckman Instruments,
Inc., 2500 Harbor Blvd., Fullerton,
Calif. 92632.

Symposium on Hydrogen Thyratrons
and Modulators, U.S. Army Elec-
tronics Command Advisory Group on
Electron Devices; Hexagon Building,
Fort Monmecuth, N.J., May 10-12.
Mar. 1 is deadline for submission of
abstracts on the design of tubes and
active components used in the design
of pulse modulators to Sol Schneider,
Cochairman, Hydrogen Thyratron and
Modulator  Symposium, Electronic
Components Laboratory, US Army
Electronics Command, Fort Mon-
mouth, N.J. 07703.

* Meeting preview on page 16
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Chances are 9999999 to 1
this system’s on the air

A new target figure for reliable uptime (.9999999) is
now being demonstrated with an Astrodata system in
one of this nation’s key defense communications net-
works. Unlike other instruments and equipment with
high reliability for limited intervals, Astrodata’s Model
6600 Timing System is designed to be up and available
around the clock.

Chances that it will be off the air even momentarily are
one in 10-7. This outstanding availability is the result
of several design concepts:

Triple redundancy and majority logic ensure that the
6600 will continue functioning before, during and after
component failure. Triple redundancy is designed into
power, oscillation, and all other functional components.
Majority logic (best two out of three) is used for all

@

x>

TITIANY

divider circuitry at every stage of the system.

The 6600 need not go off the air for maintenance.
Alarms, both audible and visible, are energized upon
failure of any component. Localized error condition
lights on each circuit card enable the operator to pin-
point any malfunction immediately. And the test point
of any circuit card may be accessed from the front with-
out making another circuit card inaccessible.

Whether redundant or non-redundant design, Astro-
data has supplied well over 50 percent of the free
world’s timing instrumentation.

For more information concerning timing, data acquisi-
tion, processing, telemetry, hybrid, or analog computer
techniques, please write for our timing and/or systems
experience brochures.

——

o>

ASTIIROID AT A,
P.O. Box 3003 » 240 E. Palais Road, Anaheim, California = 92803
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This is the build-in concept
that trio/lab” pioneered.

Why come to us
now that 12 others
are doing it?

We do it better, faster, at lowest
cost:

1. We've been doing it longer—11
years of build-in experience must
count for something. 0% of all build-
in electronic voltmeters are trio/lab.

2. The chances are good that
we've already solved your build-in
problem or one like it.

We have 50,000 case histories to
draw on. Therefore, a “special” is
not always a “special” to us. When
it is...there’s our experience again.

Plus (don't forget) all the basic rea-

sons for designing-in in the first place:
to customize test systems, set-ups and
instruments; save space; save time
with at-a-glance monitoring; save
money by excluding unneeded func-
tions; make monitoring go/no-go; im-
prove systems reliability; increase
design freedom.

Write or call for design help or a
free copy of our handbook/catalog.

Trio Laboratories, Inc., Plainview,

L.I., New York. (516) OV-1-0400.
TWHX: (510) 221-1861.

Eriglan]

©1966, TRIO LABORATORIES, INC. ® ORIGINAL CONCEPTS IN INSTRUMENTATION

16 Circle 16 on reader service card

Meeting preview

Components in Paris
The growth of Europe as a rich

market for the electronics industry

is reflected in the huge. sprawling.
bustling, technical Tower of Babel
known as the International Salon
of Electronic Components.

Scheduled in Paris from Feb. 3
to 8. the Salon is billed as an ex-
cellent meeting ground for tech-
nical people to discuss new ideas
and keep up with the latest tech-
nical advances. But visitors to the
Salon should not expect to hear
any major scientific papers during
the show. The real purpose of the
meeting is to line up new custom-
ers, tighten distribution lines, and
see what the competition is up to.

For a broad view of where world
electronics is heading, the Salon is
of incomparable value.

In 1965, the Salon had 859 ex-
hibitors and 125,000 visitors. This
year nearly 900 firms are expected
to show wares, which will include
every category of electronic com-
ponent and instruments, from at-
tenuators to zoom lenses. The show
is truly international—more than
half of the exhibitors come from
outside France, led by firms from
the United States, Germany and
Great Britain. Much interest will
focus on the Japanese, who ex-
hibited at the Salon for the first
time in 1965, and are showing in-
creasing agressiveness in the Eu-
ropean market.

Delegations and exhibitors from
Eastern Bloc nations such as Po-
land, East Germany, Yugoslavia
and Hungary are expected back.
Teams of Russian and Communist
Chinese technicians will surely
make the rounds.

Begun in 1934, the Salon is spon-
sored by the FNIE (Electronic In-
dustries Association of France) and
Sipare (Radioelectric and Elec-
tronic Components and Accessories
Manufacturers Association). The
second International Exhibition of
Audio Equipment will be in a hall
adjacent to the Salon. This features
consumer electronic  equipment
such as radios, television sets and
tape recorders.

The Salon returns to its tradi-
tional February schedule after an
experimental trial in April last year.

Electronics | January 10, 196€
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..NOW IN A NEW MINIATURIZED SIZE

| Hermetical‘ly Sealed
ERIE BUTTON' MICA capacitors

designed for

-55° to +200°C at 2000 Mec.

[ 5]

New Miniaturized .505 dia.

Size .410 dia.
TYPES AVAILABLE
c;l ea[uzmg 508 MECHANICAL VARIATIONS TO SUIT SERMETICALLY pomen
ANY HIGH TEMPERATURE —HIGH FREQUENCY CAPACITOR APPLICATION Easu | o
With the addition of these new miniatures, Erie further broadens A10°0.0. or 857" 0.0,
the most complete selection of Button Mica Capacitors in the industry. These new LM
miniaturized micas provide 33% reduction in mounting area. | E e
Erie Button Mica Capacitors are designed for use in radio frequency circuits Rt
for tuning, bypassing and coupling. The outstanding properties of ‘ﬁgj -l j
metallized mica dielectric combined with the radial current pattern, make FEED THRU
- Erie Button Capacitors ideal for low inductance, high frequency applications. FEED THRU e
These high quality capacitors are designed for microwave and filter applications, )| - i
for use in carrier equipment, parametric and RF amplifiers, oscilloscopes. .. «J‘“" y <
any application where high temperature and high frequency are factors. ‘% ; ";"% 1
The welded hermetic seal of these excellent broad frequency Gold Seal® B N
capacitors for military and commercial use is 100% tested under pressure steam/salt (eﬁsEuﬁr[u)u mﬁﬁn wﬁmc {l\;{uwn l
water during production to guarantee a positive moisture seal. :
Consider the advantages of Erie Button Mica Capacitors in the equipment € P
you are designing. Write for Gold Seal Bulletin 500-2 or Resin Seal Bulletin 318-3. &0 5@
GENERAL SPECIFICATIONS i &
Capacitance: 5 pf. thru 2500 pf. Frequency Range: to 2Gc and beyond STAND OFF STAND OFF
Tolerance: 1% or .25 pf thru =20% Operating Temp.: —~559C to -}-200°C
Working Voltage: 500 WVDC for 15" dia. units —55°C to - 150°C EYELET @
250 WVDC for 38" dia. units —55°C to + 85°C FEED THRU &

Q: per MiL— C — 10950

MINIATURE BYPASS CAPACITOR SYSTEMS FOR TRANSMITTING TUBES...

Designed for the 10 to 3,000 TECHNOLOGICAL
megacycles range—and beyond

Erie now provides effective PRODUCTS, INC.
capacitive bypassing and :
coupling or filtering of all RFI
signals in the range of 10

to 3,000 megacycles. Variety of
systems to meet your
requirements.

Write for _ Formerly
Erie Resistor

o

Bulletin 525-R Corporation
Another Series of Components in Erie's Project “ACTIVE” 644 West 12th Street
Advanced Components Through Increased Volumetric Efficiency Erie, Pennsylvania
SRl Syl R T =g o~ 1A 10200 Circle 17 an reader service card 17




NMIASS

Until now, price was a sign

of MIL-C-26500 hermetic seal

performance. Not any more!

18

Circle 18 on reader service card

Gone are the days when you pay a
premium for leakproof connectors!

PRICED UNDER $7. Expanded pro-
duction means you can save up to
23% on over 700 Amphenol 48 Series
hermetic seal connectors. (These
are the connectors that meet ad-
vanced, high performance specifica-
tion MIL-C-26500.)

You can buy size 14-7 bayonet
connectors (shown above) for $7.98

Electronics | January 10, 1966
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whether you want 50 or 99. And for
less than $7 in large quantities.

In fact, our prices are low on every
hermetic seal connector!

.01 MICRON GUARANTEED: By
using a full glass insert instead of
glass beads around the contacts, Am-
phenol reduces the sealing area and
thereby reduces or eliminates leak-
age. We can guarantee a leakage rate
under .01 micron cubic foot of helium

Specify Amphenol . . .

per hour. (This adds up to less than
a thimbleful in 5,000 years.)

IMMEDIATE DELIVERY. Hermetic
seal connectors may seem like spe-
cials, but chances are Amphenol is
already tooled on the one you need.
Your local distributor stocks all
the popular types and sizes and can
fill orders as fast as deliveries can
be made by commerical carrier.
Amphenol hermetic seal connec-

tors are now giving leakproof service
for computers, ground support equip-
ment, underwater research, ASW,
rocket engines, hermetic switches
and in launch vehicles almost every
time there's a countdown at the Cape.

NEW CATALOG is yours for the
asking. Call your Amphenol Sales
Engineer or distributor. Or write us
at Amphenol Connector Division,
1830 S. 54th Ave., Chicago, Ill. 60650.

AMPHENOL CONNECTOR DIVISION
AMPHENOL CORPORATION

the leading name in cable, connectors, assemblies, RF switches, potentiometers, motors, microelectronics




LOOK TO THE LEADER

IN INTEGRATED CIRCUITS =
-
v
Here's a New Way Lo L
-
- W B 4y 3 g 4 B B 73 W\ 9 3 -
: L 50 Arg= Bl =
'- il su-(] r 1 1} cr;l
1 ¥ 3 & 5 1 1 72 3 & 5 8 -
SN54 930 SN54 932
Dual 4-input Gate Dual 4-input Buffer -
. ..replaces 930 DTL ... replaces 932 DTL .
-
M 1 B2 0B 8 4 3 2 u W 9 3
[’- —%' ! el 1 | _l
;
ﬁ » j—_‘ B
- » - =
NEW M s
. I Tow I 1 I -
1 2 3 4 5 7 1 72 1 4 &8 &
SN54 948 .
T2L Flip-flop SN54 962 SN54 965
: Triple 3-input Gate 8-input Gate
. . . replaces 931, 945 and 948 DTL e
¢ ! ...replaces 962 DTL No DTL circuit yet
2 ] - - f T - i
T'L integrated circuits from Tl replace 930-series DTL... .
b
Upgrade 930-series DTL performance in DTL equivalents in most applications. propagation delay. Because of unique cir-
your present systems without costly and These circuits are logically compatible cuit characteristics and exacting process <
time-consuming redesign. How? Simply with 930-series DTL, and can replace control, propagation delays are almost
replace the DTL circuits with new Se- all or part of DTL-designed systems. independent of temperature and loading. ~
ries 54 930 T2L integrated circuits from The new Series 54 930 circuits with The output stage of the Series 54 cir-
Texas Instruments — now including a DTL-type pin configurations are an ex- cuit provides low line-termination imped-
new flip-flop. No change in circuit boards pansion of TI's regular Series 54 line. ance in both logical “0” (12 ohms) and 4
or power supplies is necessary. Series They are identical in every respect with logical *“1” (100 ohms) states. This con- 5
54 T2L offers 48% higher speed, 25% standard Series 54 circuits, except for pin tributes to low propagation delays and
higher fan-out and 15% higher noise configurations. preserves undistorted waveforms even «
margin than DTL — at competitive or Series 54 Transistor-Transistor Logic when driving large-capacitance loads.
lower prices! (T2L) fully exploits the inherent capabil- The low line-termination impedance also =
New Series 54 930 T2L circuits are ities of integrated semiconductor struc- accounts for low susceptibility to capaci- .
now available with pin configurations tures. The multiple-emitter transistor in- tively coupled noise.
that make them direct electrical and me- put provides a faster turn-off time than Typical noise margin for Series 54
chanical replacements for their older other logic forms, thereby minimizing integrated circuits is one volt. Guaran-

20
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Upgrade Your DTL System

Propagation . D Notse
Logic Delay Fan-Out |
(Typical) L
‘Series 54930 T’L | 13 nsec | 10
930-series DTL | 25 nsec 8 l
¥ SN54 946 - '
- Quad 2-input Gate , .
... replaces 946 DTL Series 54 930 T2L offers higher speed, higher fan-out and higher noise margin than 930-series DTL gates.
. Oscilloscope traces compare speed degradation of 930-series DTL and Series 54 930 TZL as capacitance
load is increased. Turn-off times for 50-pf and 100-pf loading conditions are shown at the 1.5-volt point.

b e ]
--'—-.--l

ceelifiTE s AP
[l | | ]

[lIIIIJ

'lll"‘l..l
] Il- -+
1 ow "
~ 6 7 T2L Delay “ i
- ..W“i..'l

e

roectdll |13t Ll
B A s |

Dual EXCLUSIVE-OR ..I".. e -.I|'..l
& l:‘lao DTL circuit yet --l_------. --""--.--.l
‘ -----_---- Erssrre s aE e

- SN54 966

_give you higher speed, higher fan-out, higher noise margin

7 teed worst-case noise margin is 400 milli-
. volts for both logical “1” and logical “0”
conditions.
= TDI’s standard ¥4” by 8” flat package
5 (TO-84) is used for all Series 54 circuits.
This package — proved by more than
# 35,000,000 hours of controlled tests and
four years of field use — features all-
” welded construction with hermetic glass-
» to-metal seals.
Why not try replacing DTL circuits
* with Series 54 T2L in your present sys-
tem? See for yourself the improvement
¥ in performance. For evaluation quanti-
~ ties from stock, contact your local TI

Sales Engineer or Distributor.
-

TEXAS INSTRUMENTS

INCORPORATED
13500 N. CENTRAL EXPRESSWAY
P. 0. BOX 5012 » DALLAS 22. TEXAS

SEMICONDUCTOR PLANTS IN BEDFORD, ENGLAND « NICE, FRANCE « DALLAS, TEXAS

21626
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STILL AN ORDER OF H
«+«—— MAGNITUDE SAFETY FACTOR —';

NUMBER OF POWER SUPPLIES

0.0001% 0.0005% 0.001% 0.005% 0.01%
KS anpo CK MODELS COMBINED DATA VOLTAGE-MODE LINE REGULATION

KEPCO - K .S ' GROUP

DC OUTPUT
g MODEL RANGE DIMENSIONS | PRICE
VOLTS | AMPS " |w”| D"

Model KS 36-5M

KS8—15M | 0-8 | 0-15 | 31 19] 14%| $625

KS 8—25M 0-8 0-25 5Y4 19/ 16 760
KS 8—50M 0-8 | 0-50 7119|16 | 1,050
KS8—100M | 0-8 | 0-100 | 83 19/20 | 1,450
KS 18—10M | 0-18 | 0-10 | 3% 19143z 575
KS 18—15M |0-18 | 0-15 5Y4| 191 16 725
KS 18—25M | 0-18 | 0-25 7/ 19| 16 970
KS 18—50M | 0-18 | 0-50 | 83 19|20 | 1,360
0.005% LINE REGULATION [rswsv o3 o5 | suis e s
KS 36—10M |0-36 | 0-10 5% 1916 625
SPECIFIED FOR 26 MODELS KS36—15M |0-36 |0-15 7/19]16 730
What's in a spec? Lots more than just wishful thinking! For R e Y 1L
example, the line regulation specification of our popular CK KS 60—2M 0-60 | 0-2 3%2|19|14%| 525
and KS models has been 0.01% for some years. Recently we KS 60—5M 0-60 | 0-5 Y| 1916 645
compiled statistical performance data on thousands of produc- KS 60—10M | 0-60 | 0-10 701916 895
tion instruments, and discovered that a 0.005% specification KS 60—20M | 0-60 |(0-20 83119120 1,350
would still leave a generous order-of-magnitude safety margin. KS 120—1M | 0-120/ 0 -1 31519 (1435 | 550
As a result, Kepco will rewrite the book on voltage line regula- KS 120—2.56M| 0-120| 0-2.5 | 5% 19|16 695
tion specifications (the amount of the output voltage change KS 120_5M | 0-120] 0-5 7119 16 970
when power line input varies from 105 to 125V AC). The new =
KS 120—10M | 0-120| 0-10 | 83%|19(20 1,450

line regulation specification will be 0.005% starting with 1966
production models. As the above figure shows, however, 100%

of all delivered KS/CK Power Supplies already meet this spec. KEPCO C_ K GROUP
So you can rewrite the book, too . . . on existing as well as
new equipment.
What's in a spec? A Kepco spec is made up of a whole lot CK 2—-8M 0-2 0-8 4Ya| 8%,/ 1354 | $345
of experience, painstaking attention to detail, a no-nonsense CK 8-5M 0-8 0-5 4Y4| 8%, 135 | 345
Quality Control attitude and a healthy dose of conservatism. CK 18—3M 0-18 | 0-3 4%, 8%, 13% 305
= Applicable Patent Nos. CK36—15M |0-36 | 0-1.5 | 414 8%, 13% 305
furnished on vequest CK40-0.8M | 0-40 | 0-0.8 4%, 8%, 13% ' 267
CUR NEW GATALOG CK 60—0.5M | 0-60 | 0-0.5 | 4% 8%,13% 305

CONTAINING COMPLETE
SPECIFICATIONS AND

CK GROUP: 19” rack adapters available for single

APPLICATIONS NOTES
; IS NOW AVAILABLE - - ® (RA 5) or dual (RA 4) mounting . .. $15.00 each.
i WRITE FOR YOUR ® WRITE FOR COMPLETE SPECIFICATIONS
1‘ ‘\ FREE COPY!

\
KEPCO, INC. « 131-38 SANFORD AVENUE ° FLUSHING, N.Y. 11352  (212) 461-7000 » TWX #212-539-6623 « Cahle: KEPCOPOWER NEWYORK
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Editorial

Rosy 1966:
a time
to plan?

A happy new year seems assured for most of the
electronics industry.

Our annual survey (pps. 111 to 140) predicts the
industry will grow 7.6% in 1966, more than three
times the growth predicted in 1965. Unemployment
among electronics engineers has nearly vanished,
and in many geographic areas—like Los Angeles
and San Francisco—the frantic recruiting drives of
a few years ago are being repeated. Sharp economic
pickups have benefited electronics firms and engi-
neers in Boston and Philadelphia, two areas that
were hurting this time last year.

With nearly everybody enjoying the rosy glow
of good business, the temptation is to sit back and
relax.

However, the good business of last year—much
better than anybody expected on Jan. 1, 1965—and
the prospects for even better in 1966—haven’t
erased some fundamental industry problems.

* Too many companies depend too much on mili-
tary spending for a livelihood. There is no question
that additional military buying caused by escalation
of the fighting in Vietnam breathed new life into
many electronics firms last year. But an armistice
will end this boom. Pressure around the world is
building to end the fighting. If it does end, elec-
tronics firms which supply military gear would
feel the pinch quickly because most of the addi-
tional funds are going for production of equipment
already developed, rather than for new develop-
ments. Such production can be quickly shut off.

*= Competition from Japan, Hong Kong and Eu-
rope is slashing away at U. S. markets for con-
sumer goods, components and semiconductors.
U. S. companies can’t hope to match the low labor

rates of the competition. The hope lies in automat-
ing production to the point where it matches the
cost of manufacture by cheap labor, or in stepping
up research activities to increase the U. S. tech-
nological lead, or in expanding development to
create new products that use advanced technology
or in invading areas that have never before used
electronics equipment.

* Integrated circuits will replace discrete com-
ponents in more applications than most people ex-
pect—and faster. Some component makers have
to face the hard facts that giant markets they have
cultivated for years are going to disappear over-
night, unless they develop products that fall into
the broad category of microelectronics. The facing
of harsh facts is never easy. For years the manu-
facturers of vacuum tubes refused to recognize
the growth of transistor suppliers until the makers
of solid state devices had won most of the tube
makers’ choicest markets. Component makers could
make the same mistake as IC makers grow.

Although solving any one of these problems is
a gigantic task—and if a company has to face all
three, its job is truly herculean—the time was never
better for starting on them. In a study of diversi-
fication, for example, the Denver Research Insti-
tute concluded that the best time to diversify is
when things are going well, not when business is
bad. Similarly, for conducting long-range planning,
introducing new research projects, and launching
product-development programs, the best time is
when a company is making money.

The reasons are simple. One is plain psychology.
When business is good, everybody—executives and
engineers—are optimistic. They have a strong mo-
tivation to start—and finish satisfactorily—new
projects. Another is economic. When business turns
down suddenly or sharply, only the stoutest heart
will fail to slash R&D funds, thus crippling what
could be a company’s main line of recovery.

Clearly 1966 will be a good year for the elec-
tronics industry. The prosperity offers the best op-
portunity in some time for companies to diversify
activities and products and to step up research and
development work. And the same aura of well be-
ing gives engineers a chance to do some solid
career planning, to find a niche in which they can
fully employ their talents and to look forward to
improvement and advancement.

1966 can be a turning point for the industry.
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Here’'s why engineers have specified
this heavy duty 25 amp relay by P&«B

for over 30 years

This is the granddaddy of all P&B relays. Our very first design. Many millions

are in use throughout the world . .

. starting motors, controlling elevators.

switching high current and voltage loads, doing a multitude of heavy duty
jobs, reliably. Year after year, the PR Series remains high on our best-seller

list. Here are some reasons why.

EXCELLENT CONTACT WIPE
ACHIEVED WITH FLOATING
CONTACT CARRIER

PR relays are designed with a full
floating carrier for the movable con-
tacts. Beside providing sufficient con-
tact pressures, the
floating carrier
builds-in an abun-
dance of wipe to
keep the contacts
scrubbed on every
operation. Large,
" diameter con-
tacts switch 25 am-
pere non-inductive
loads or 1 HP at 115/230 VAC, single
phase. A phenolic barrier between the
contacts of multipole relays prevent
flash-over between contacts.

SELECT FROM A VARIETY
OF CONTACT ARRANGEMENTS

PR reliability is available in relays
having the following contact arrange-
ments: SPST-NO, SPST-NC,
SPST-NO-DB,
SPST-NC-DB,
SPDT, DPST-NO,
DPST-NC, and
DPDT. Coil volt-
ages range from 6
to 440 volts A.C.,
and 6 to 110 volts
D.C. A vast number
of special variations
of these standard pdrametem have
been engineered over the years.
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AUXILIARY CONTACTS ADD T0
VERSATILITY OF PR RELAYS

A single set of auxiliary contacts
(Form A, B or C) can be supplied
when the application demands. They
are rated at 5 am-
peres at 115 VAC,
60 cycle resistive.
Standard models of
PR relays with
auxiliary contacts N
are available from @
leading electronic J
parts distributors.

MANY STANDARD RELAYS ARE
LISTED BY U/L AND CSA

A wide range of standard PR relays is
listed by Underwriters’ Laboratories
(File E22575) and Canadian Stand-
ards Association (File 15734). CSA
listing covers AC relays only. These
listings can often save you time and
extra expense when obtaining UL or
CSA qualification for your products.

MAGNETIC ARC-QUENCHERS
FURNISHED ON SOME MODELS
For DC loads over 28 VDC, PR re-
lays with normally open contacts can
be furnished with permanent magnets
to quench arcs.
These magnets in-
crease the DC volt-
age rating to 220
volts resistive . . .
and often increase
the life of contacts
handling DC in-
ductive loads.

PR SERIES SPECIFICATIONS

GENERAL:
Mechanical Life: Single-pole, 1,000,000
(cycles); double-pole 10,000,000 (cycles).
Contacts: 100,000 cycles at rated load.
Contact life increases at smaller loads or
with appropriate arc suppression.
Breakdown Voltage: 1,500 volts rms
minimum between all elements and ground.
Ambient Temperature Range:
BEC: —8510 +80° C,
AC:—5510:745° C
Weight: Approximately 10 ozs.
Pull-In
DC: 75% of nominal voltage (approx.
AC: 78% of nominal voltage (approx.
Terminals: Heavy-duty screw type terminals
are standard for coil and contacts.
Available with printed circuit, plug-in,
4" quick connect and terminals for rear
panel wiring.
Enclosure: PR dust cover.

CONTACTS:

Arrangements: Up to 2 Form C (DPDT.)

Material: %¢” dia. silver standard. Other
materials available for special applications.

Load: 25 amps non-inductive or 1 HP @
115/230 volts AC, single phase. Special
version—30 amp. non-inductive at
115/230 VAC; single phase available.
(Consult factory)

COIL:
Voltage: AC: 6 to 440 volts.
DC: 6 to 110 volts.
Power: DC: 2.0 watts nominal.
AC: 9.8 volt-amps.
Resistance: 63,800 ohms maximum.
Duty: Continuous, AC or DC (DC coils will
withstand 8 watts @ +25° C.
Mounting: Two %¢" diameter holes on 14"
centers.

LEADING ELECTRONIC PARTS /
DISTRIBUTORS STOCK 44
DIFFERENT PR RELAYS

Immediate delivery
at factory prices.

Ask your distributor
for a copy of Stock Catalog 100

POTTER s BERUMFIELD

Division of American Machine & Foundry Company, Princeton, Indiana
Export: AMF International, 261 Madison Avenue, New York, N.Y.
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Westinghouse plans
IC’'s for auto
voltage regulator

400-loop DDC unit
for British Esso

Air Force balloons
relay messages
over the horizon

Instrument makers
and doctors form
new organization

Electronics Newsletter

January 10, 1966

The Westinghouse Electric Corp. says it is producing a prototype of an
integrated circuit voltage regulator for automobiles. The IC regulator will
be competitively priced with mechanical voltage regulators now used
on all autos.

The IC has a 4-ampere power transistor in series with the field of the
car’s alternator. The device’s input circuit compares the battery voltage
with a zener reference in the control circuit. When the battery voltage
is too low, the power transistor is switched on; when the battery voltage
is higher than the reference, the transistor is switched off.

The IC is a single 90-mil-square monolithic chip made by the silicon-
planar-epitaxial process. In an earlier model, two standard chips were
used, but temperature compensation became a problem and it cost more
to produce.

A direct digital control (DDC) system that operates more than 400 feed-
back loops and 12 different oil refinery processes is being built by the
Foxboro Co., Foxboro, Mass. The DDC system is being designed to run
an Esso Petroleum, Ltd., complex in Fawley, England. Esso is the British
subsidiary of the Standard Oil Co. (N.].).

The only other DDC system of comparable size is the Monsanto Co.’s
chemical complex in Chocolate Bayou, La., but there is doubt that it
has as many computer-controlled feedback loops.

The $1.2-million Foxboro system will be made up of several compu-
ters. If one or more computers fail, others on the line will be able to
provide backup service for critical controls.

The Air Force is continuing tests on high-soaring balloons as a poor
man’s satellite communications system for the military.

The use of balloons as relay stations for over-the-horizon communica-
tions at ultrahigh frequencies has been successfully demonstrated by the
Air Force Cambridge Research Laboratories, Bedford, Mass. At the
lab’s balloon-launch facility at Holloman Air Force Base, N.M., a balloon
reached an altitude of 80,000 feet and stayed there for several hours,
relaying voice and teletype messages between Fort Huachuca, Ariz.,
and Reese Air Force Base near Lubbock, Texas, a distance of 500 miles.

The balloon relay system operated like an active communications
satellite. In the tests, a compact repeater, which operates at 225 to 400
megacycles, was installed in the balloon, receiving signals from one
station and retransmitting them to the other.

Further tests of both tethered and free-floating balloons will be made
this year. The lab says the maximum distance over which ground stations
can communicate using a single balloon is about 780 miles.

An organization formed in Boston seeks to close the communications
gap between doctors and the instrumentation industry.

“Groups like the IEEE [Institute of Electrical and Electronic Engi-
neers] and the ISA [Instrument Society of America] have failed to set
up the necessary communications,” says John Abele, vice president of
Advanced Instruments, Inc., Newton, Mass. Abele is chairman of the
manufacturers advisory board of the Association for the Advancement
of Medical Instrumentation (AAMI).
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U. S. data network
blocked by panel

More international
ventures in space?

ESRO plans labs
and school in Italy

U. S. guide due
on computer sales
to Red nations

26
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AAMI will oppose such bills as the Medical Devices Bill that was
introduced in Congress last year; the aim of the bill is to put new elec-
tronic instruments through the same kind of examination that the Federal
Drug Administration requires for new drugs. AAMI will take what Abele
describes as a positive approach, providing a code of ethics and industry
standards for medical instrumentation.

In July AAMI will sponsor a medical equipment meeting.

Development of a nationwide system for storage and retrieval of techni-
cal information still seems to be a long way off, primarily because a
White House panel that is investigating the problem is opposed to cen-
tralized control of such a system. Government spending on computer-
operated systems is expected to rise to $500 million next year from the
current $400-million annual level.

The Committee on Scientific and Technical Information (Cosati)
prefers a program in which the government contributes funds to private
technical libraries, engineering societies and other organizations so they
can develop their own information system.

In a recent study paid for by Cosati, the Systems Development Corp.,
a research company, urged that a single federal agency be established to
coordinate all storage and retrieval activities.

President Johnson seems ready for more international cooperation in
space. Near the end of 1965 he invited West Germany to join in programs
to send spacecraft past the sun and the planet Jupiter. Early this year
he will send James E. Webb, administrator of the National Aeronautics
and Space Administration, to Europe to discuss joint space ventures with
other countries.

The United States already is studying joint use with France of a launch
site being built in French Guiana.

The European Space Research Organization plans to start construction
this year of three large laboratories and a university in Frascati, near
Rome. The space research facility will conduct “laboratory and theo-
retic research on the physical and chemical bases necessary to under-
stand past space research and to plan new space research.” The 10-nation
organization coordinates Europe-wide space research.

This year the Commerce Department is expected to draft a single set
of regulations governing the sales of American-made computers to East-
ern European countries. At the moment, no single agency or rule of
thumb guides U.S. computer makers on such sales. Each export-license
application is considered by itself, with the departments of State, De-
fense and Commerce all having veto power.

Many U.S. computer companies simply won't sell to the communists
because of the red tape and the lack of a single guide.

The Commerce Department’s Office of Export Control is considering
two factors as guides: memory size and computation speed. A top per-
missible size of a million bits is favored, as long as the computer isn’t too
fast. In the past, “too fast” meant memory-cycle time of less than six
microseconds. Some computer manufacturers favor lowering the limit to
less than three microseconds.
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INTEGRATED CIRCUITS

100mc linear amplifier for high-gain
wide bandwidth information transmission

Introduction of the IC linear ampli-
frer, with 20 db typical gain, immedi-
ately follows earlier announcement of
Sylvania’s unusually effective SA-10
sense amplifier. News on further ad-
ditions to Sylvanid’s line of amplifiers
will be forthcoming shortly.

Now there’s an integrated circuit
amplifier with broad problem-solving
versatility. Whether the problem is in
driving low impedance loads, avoid-
ing large signal clipping or cross-talk,
or in achieving a broad frequency re-
sponse with flat gain, Sylvania’s SA-
20 can well be the logical solution.

The strong capabilities of this
wideband linear amplifier lie in the
device’s outstanding combination of
features. These include —65 db inter-
modulation (harmonic) distortion,
externally variable gain-bandwidth
and phase shift, 1.6k input imped-
ance, output voltage 14Vp-p swing,
and less than 10ns pulse response.

SA-20 IN 8-LEAD TO-5

Apropos of this point, one of the
possible uses of the Sylvania wide-
band amplifier is as a pulse 10-times
amplifier. The scope trace shown here
indicates the fast pulse response that
the SA-20 makes possible.

There are several practical in-
stances where this device can be the
answer: Avoiding cross-talk between
information channels is now possible
with the Sylvania wideband linear
amplifier. Because of its —60 db sec-
ond harmonic, —75 db third harmonic
intermodulation product, cross-talk
can be sufficiently reduced to avoid
the problem, especially critical in
multiplexing and telemetry applica-
tions.

Driving low impedance loads is a
special capability of the SA-20, the
result of its own low output imped-
ance of less than 5 ohms. Examples
of this might be in driving a 50-ohm
cable or a transformer. For matching

input = .2V per division

|
| } &)

: output = 2V per division

higher impedance loads for maximum

power transfer, the output impedance
(continued )

This issue in capsule

Counter Tubes—How a remarkable
cold cathode tube that counts, clocks and
displays is now used in slot car racing.

Diodes—News of a versatile diode line
for choppers, clippers, logic circuits and
high-frequency detectors.

CRTs-— Preadjusted high-resolution as-
semblies that save downtime, trouble and
time.

Photoconductors—How a rugged
T-4 line withstands impact shocks of
300-g’s.

Microwave Diodes—Announcing a
new gallium arsenide unit that oscillates.

Readouts_—now you can build an EL
power supply with off-the-shelf compo-
nents.



INTEGRATED CIRCUITS (con't)
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can be varied with an external resis-
tor. This is a desirable feature since
the total output impedance then de-
pends on a passive component which
will remain stable over frequency and
temperature excursions.

Large signal clipping can be
avoided because this Sylvania ampli-
fier circuit is designed for 14Vp-p out-
put signal swing. The SA-20 answers
the need in large signal amplifying to
know beforehand just how large a
signal may be produced.

Attaining a broad frequency re-
sponse with flat gain is simplified
with this linear amplifier. The fre-

quency response of a wideband linear
amplifier limits the frequency range
over which the amplifier may be used.
The —3 db frequency of Sylvania’s
SA-20 is largely determined by the
size of the external feedback capaci-
tor placed between the collector and
the base of the second stage, as shown
on this page. Since the frequency and
phase response of the amplifier may
be altered with external feedback net-
works, it is possible to make the am-
plifier frequency selective, simply by
replacing the feedback capacitor with
a suitable bandpass filter.

CIRCLE NUMBER 300

10 100
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SA-20 Typical Electrical Characteristics

Power Supply -4-24 volts
Voltage Gain 21db
Input Impedance 1.6K
Output Impedance 5 ohms
Max. Output Voltage Swing 11?)(‘)1%? ;;_}odg
3 db Frequency Response 4 me: 30.9b
2nd order Intermodulation Product —65 db
Po= m
3rd order Intermodulation Product —75db
Po = 0 dbm
SYLVANIA WIDEBAND LINEAR AMPLIFIER

®

_____ L

COUNTER TUBES

A tube that counts, clocks and displays
—perfect for slot car tracking

The axiom that a manufacturer knows
all there is to know about his prod-
ucts isn’t always true. He may be in
for a surprise when he sees how a de-
sign engineer has interpreted a prod-
uct’s capabilities. Here’s an instance
where Sylvania was surprised to find
that one of its electron tubes has ac-
tually furthered a fad.

The type 8353 is a remarkable cold
cathode tube. It’s a bidirectional dec-
ade counter tube that reads out from
the top. It can compute, scale, count,
frequency divide, code, modulate.
And it matrixes, indexes, multiplies,
adds and subtracts.

Now these long-life tubes also

count laps in slot car races, clock the
cars and rank them as they cross the
finish line. Sylvania counter tubes do
this as vital parts of a new economical
high-reliability computer used at
several Miniature Grand Prix Racing
Centers. The unit is connected to
both the power supply and the track.
Then as soon as the race begins, the
timer with Sylvania’s Type 8353 tubes
begins to record the performance of
as many as eight competing scale
model racing cars as they zip through
races of as many as 999 laps.

At the end of the race the counter
tubes indicate the elapsed time in
hundredths of a second for each car,



the number of laps per car and the
sequence of the cars as they cross the
finish line. The tubes can continue to
display the information in a bright
yellow-red until the race master de-
cides it’s time for the next race.

This new computer is a large ad-
vancement over older types that re-
quired considerably more circuitry,
needed a separate scoreboard, and
cost considerably more to manufac-
ture. This highly efficient, more eco-
nomical version reads out directly
from the unit while working from
simplified solid-state circuitry.

The Type 8353 tube that simulta-

neously counts and reads out is de-
signed to operate at inputs up to 4000
pulses per second. Its 10 cathodes are
brought out to individual base pins.
Readout is done by observing the
position of the glow.

Sylvania’s counter tube designs
provide for operation rates up to 100
Kpps. These include low-speed types
having an operating frequency range
of 0-4 Kpps and high-speed types
which operate at 0-100 Kpps.

Since the actual counting is done
by the counter tube, all associated cir-
cuitry is relatively simple, limited to
whatever may be required for shap-

ing and amplifying the input signal.

The Type 8353 tube is an extremely
reliable device that offers hundreds
of hours of trouble-free operation.
The tube reads out in a pleasing yel-
low-orange, not the dark orange asso-
ciated with older-style counter tubes.
This improved readability is the re-
sult of a new gas additive within its
glass envelope. The same new inert
gas mixture also improves the tube’s
standby life, i.e. its ability to operate
on a single segment for a prolonged
period of time.
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CRTs

How preadjusted high-resolution CRT
saves downtime, trouble and man hours

An engineer with a large manufac-
turer of electronic equipment told us
that he learned a valuable lesson last
month. Seems the 5 cathode ray tube
in his department’s video recording
apparatus was obviously on its last
legs. Having a spare 5CEP tube on
the shelf, he had a couple of techni-
cians and a tube engineer make the
replacement. “Much more than we
bargained for,” he told us. “By the
time we disassembled, replaced, re-
assembled, focused and aligned, al-

most a full day was shot. If we hadn’t
had a tube engineer on hand, it
would’'ve taken another 2 or 3 hours.”
With a minimum of expense and a
little foresight they could easily have
saved a lot of trouble, downtime and
man hours.

One of Sylvania’s preadjusted, pre-
aligned, high-resolution CRT assem-
blies is especially designed, manufac-
tured and packaged with a 5CEP
(5”) tube. The complete plug-in as-
sembly, the AT-SK-6003/5CEP, con-

sists of the tube, deflection coil,
alignment magnets and mu-metal
shield. A front-end mounting plate is
also provided.

Like other self-contained units in
the product line, this complete plug-
in assembly unit is suited to any
application requiring high-resolution
flying spot scanning, photographic
recording or video recording. And all
units are equally useful to display de-
signers as well as users.

Installation and servicing are easy
with these preassembled devices.
They’re installed by nontechnical
personnel quickly and easily. Without
any further alignment or adjustment
necessary, they just need to be
plugged in. That’s all.

If servicing is ever needed, the as-
sembly is disconnected and removed
just as quickly. To save downtime,
another unit can be inserted in a mat-
ter of minutes. Engineering time and
costs are cut to the absolute mini-
mum. And because components are
prealigned, there’s the quickest pos-
sible optimum resolution.

Other Sylvania packaged assem-
blies include the AT-SK-6000, de-
signed for use with electrostatic focus
tubes such as the 5ZP, another 5”7
high-resolution CRT.

Still another, the AT-SK-5053 as-
sembly is supplied with the 10” SC-
3890 or any of these 5 CRTs: 5CEP,
5ZP, SC-2782, SC-2809 or SC-3168.

CIRCLE NUMBER 302
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DIODES

A versatile line for choppers, clippers,
logic circuits and high-frequency detectors

The many types that make up Syl-
vania’s silicon epitaxial diode (DF-
22) product line are all high-conduct-
ance, fast-switching devices with
characteristics that especially suit
them for logic circuits, high-frequency
detectors, clippers and choppers.
Theyre available now for use in the
industrial, military computer and
consumer product fields.

The design engineer’s major reason
for specifying a silicon diode from the
DF-22 family is the combination of
reliability with high-performance
levels over a long period of time. DF-
22 reliability is enhanced by the solid
silver sphere which Sylvania deposits
on every epitaxial chip to assure for-
ward current stability.
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TEMPERATURE COEFFICIENT

Using stringent in-process controls,
Sylvania is able to provide silicon
epitaxial diodes that meet, and often
exceed, MIL tests which include con-
stant acceleration, temperature cy-
cling and moisture resistance. In
addition, Sylvania subjects DF-22’s
to a 4500-g shock test, far beyond
usual MIL test requirements.

These same silicon epitaxial units
must also surpass MIL requirements
for ion drift testing, a reverse bias
test at considerably elevated temper-
atures. All lots showing any evidence
of free ions on the surface which
might conceivably move about and
upset delicate systems are rejected.
This is an important additional evi-
dence of reliability in Sylvania diodes.

Some random examples of QA-ap-
proved DF-22 units and the specs
they meet are: Jan 1N251 (MIL-S-
19500/188A), Jan 1N662 (-/256B),
Jan 1N663 (-/256B), and USN
IN3064 (-/144A).

Another significant reason why
there’s reliability throughout Syl-
vania’s entire DF-22 family is batch
processing. Here thousands of com-
patible diodes are fabricated simulta-
neously assuring a uniformity of char-
acteristics from product to product.

All units are supplied with either
dumet stud for high current require-
ments or with a continuous dumet
lead for lower current applications.
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Reverse Re-
Maximum Forward Maximum Reverse Current covery Time
Peak Current Ir @ 25°C Ig @ Temp Recover to 1 ma Cap.
Reverse @ 1.0V and Vg and Vg Vg Temp (ns max.) @0V
Type (volts) (ma) ua volts pa A °C @Ilg=1k=10ma (pf)
*1N251 30 5 il 10 10 10 125 150 1
1N252 20 10 % | 5 10 5 125 150 1
1N659 60 6 5 60 25 60 100 300 S
1N815 15 100@ 1.5V 5 5 10 5 125 250 3
1N903 50 10 5 § 40 10 40 100 4 15
1N903A 50 20 P § 40 10 40 100 4 1.5
1NS04 50 10 . | 30 10 30 100 4 1.5
1NSO4A 50 20 2 § 30 10 30 100 4 1.5
1N905 25 10 9| 20 10 20 100 4 1.5
1NSO5A 25 20 % | 20 10 20 100 4 15
1N906 25 10 al 20 10 20 100 4 3
1N906A 25 01 20 10 20 100 4 3
1NS07 40 10 5§ 30 10 30 100 4 3
1IN907A 40 20 X} 30 10 30 100 4 3
1NS08 50 10 5 | 40 10 40 100 4 3
1N908A 50 20 fi § 40 10 40 100 4 3
IN914 100 10 .025 20 50 20 150 4 4
1IN914A 100 20 025 20 50 20 150 4 4
1N914B 100 100 .025 20 50 20 150 4 4
INS16 100 10 .025 20 50 20 150 4 2
1IN916A 100 20 .025 20 50 20 150 4 2
1N916B 100 30 .025 20 50 20 150 4 2
1N3062 75 20 b | 50 100 50 150 2 (|
1N3063 75 10@.85V R 50 100 50 150 4 2
*1N3064 75 10 b & 50 100 50 150 4 2
1N3070 200 100 21 175 100 175 150 50 5
1N3069 65 50 o1 50 100 50 150 5
1N3600 75 200 1 50 100 50 150 4 £
1N3605 40 20@.88V .05 30 50 30 150 4 2
1N3669 80 40@1.1v .05 50 200 10
1IN3771 100 100 .05 50 50 50 150 3 2
1N4009 35 30 3 25 100 25 150 120 25
1N4086 80 200 .25 70 200 1
IN625 30 4@1.5v 1 30 20 150 1000
1IN626 50 4@1.5v 1 30 35 150 1000
1IN627 100 4@1.5v 1 30 75 150 1000
“1N662 80 10 1 20 10 150 9
*1N663 80 100 L.} 50 75 150 ]
IN799 100 50 5 25 25 100 600
1N4092 50 5 5 5 20 70 1000
*Types available to Mil Spec
ABSOLUTE MAXIMUM RATINGS
Average Rectified Current, lp 75 ma
Peak Forward Current, lpk 225 ma
Forward Surge Current (8.3 u sec) 500 ma
Power Dissipation, Py 250 mw
Storage Temperature, Ty —65°C to +200°C




PHOTOCONDUCTORS

How a rugged T-4 line withstands 300-g impact shocks

Electrode Pattern
Conductive Silver >
Epoxy for Electro- SYLVANIA “Blue Dot”
Mechanical Bond
Rigid 2
Mounting Clip =
el Sintered
I “._\-/, 2 CdS Substrate
wed B0 =17 R Extrmed
. rAtm here
{ Bacé'ﬁﬁ
O 514
T
Strain-Free Glass
Hermetic Enclosure

Ruggedness, a characteristic not al-
ways associated with photoconduc-
tors, can indeed be built into these
devices. Sylvania has proved it. What
had often disenchanted many design
engineers previously was not merely
performance, but mechanical weak-
nesses like inherent glass fragility, in-
sufficient hermeticity or poorly sup-
ported internal construction. Here’s
news on the industry’s first truly rug-
gedized T-4 photocell line.

Now there’s a line of T-4 photo-
conductors that withstands 300-g im-
pact shocks and 2.5-g vibrations over
extended periods. This high degree
of immunity to outside strain has en-
abled industrial equipment manufac-
turers to mount Sylvania ¥2-inch cells
directly on machines where other de-
vices had been short-lived.

It also qualifies them for aviation
and aerospace applications where
similar products had been below ac-
ceptable standards.

A combination of features makes

pression to insure that reliability will
be present over a broad range of me-
chanical and thermal conditions.

Hermeticity of these rugged units
is assured by the famous Sylvania
Blue Dot, applied to the edge of the
light-sensitive wafer. With only 0.02%
moisture the dot turns pink thus fore-
warning of degradation in perform-
ance before the trouble starts.

These Y2-inch-diameter end-view
cells combine high sensitivity with a
power dissipation capability of 300
milliwatts and maximum rated oper-
ating voltage of 400 volts. Thus it is
understandable why they have al-
ready solved many power-handling
problems. And they meet power dis-
sipation requirements in light-con-
trolled relay usage where the light
sensor directly operates a relay.

The Sylvania Type 8345 photocon-
ductor, for example, can safely han-
dle a current of 38 milliamperes at a

i

100,000

10,000

CELL RESISTANCE IN OHMS

1000

light level of 10 foot-candles. This is
several times the current required to
actuate a relay of medium sensitivity.
The comparatively low resistance of
the photoconductor when illuminated
permits it to be used with a power
source of only a few volts in many
applications. The operating voltage
may be either ac or dc.

The standard line of high-sensitiv-
ity cells consists of five basic types,
each of which is available in three
different physical configurations (sce
outline drawings).. The circuit de-
signer can choose from light resist-
ance values covering the range from
750 ohms to 16,000 ohms (at 2 foot-
candles ). The corresponding dark re-
sistances are 75,000 ohms to 1.6 meg-
ohms, a 100-to-1 ratio.

All of the five basic types in the
Sylvania T-4 line use cadmium sulfide
as the light-sensitive material.

CIRCLE NUMBER 304
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ILLUMINATION IN FOOTCANDLES

T-4 PHOTOCONDUCTOR DATA

100 1000

Shock
< 5 . - s Light Dark Cell Impact
for this ruggedness. First, all Sylvania gl ot Reslsh Disipation Aeceler Vibraton
R 2171 oltage ance ance illiwatts ation atigue
glass envelopes are both strain-free s Vora (Ohms)>  (Megohms)s at 25°C) @15 (6)16
and hermetically sealed. Vital too, is 8100
; . 8100—1 400 5000 05 300 300 2.5
the tightness of the entire structure 8100—7
inci ; : 8142
inside the glass, a factor that contrib- 81451 400 Y506 0.2 300 300 25
utes heavily toward the cell’s ability 2122_7
to remain highly immune to shock 81431 400 9000 0.9 300 300 25
and vibration in g-level situations. 3345
In addition, Sylvania builds a strong e a 0 D075 i 5 ik
epoxy bond between the cell’s wafer 8346
; g 83461 400 3000 03 300 300 25
and supporting clip. Electrodes are 8346—7

NOTES: 1. Absolute maximum values.

2. Measured with cell in complete darkness at a pulse rate of 100 pps, 100 usec. duration. Voltage in
excess of the rated value may damage the cell. Max. DC voltage is limited by max. dissipation and
min. dark resistance rating.

3. Illumination 2 FC. Color temperature 2870°K for all. Measured after 60 minutes minimum exposure to
approximately 50 FC illumination (ambient room light).

4. Minimum. Measured in complete darkness at least 10 seconds after removal of 2 FC illumination.

5. 1 micro sec. duration (MIL-E-1E-Method 1041).

6. Vibration acceleration for extended periods (MIL-E-IE-Method 1031).

also epoxied to the leads. This is a
high-conductivity epoxy with a high
silver content.

Sylvania cells are subjected to po-
lariscopic tests for tension and com-



READOUTS

You can build an EL power supply
with off-the-shelf components

In working with users of EL (Electro-
luminescence ), Sylvania has always
offered its experience and know-how
in solving specific display problems.
Now, with an all-new design for an
EL power supply, Sylvania makes it
possible for readout users to build a
compact unit that will economically
support a complete display system.

Power requirements for EL read-
outs are exceptionally low. However,
they are somewhat specialized as the
EL readout is essentially a capacitive
device. This factor must be taken into
consideration in EL power supply de-
sign in order to prevent possible dam-
age to the EL readout from excessive
peak currents.

The unit shown here is completely
made up of standard, off-the-shelf
components. This availability serves
to simplify construction while hold-
ing costs down. At the same time, per-
formance and size considerations are
optimized.

fh

The device operates from 115 vac,
60 cps. It is rated at 65 ma at 20%
power factor and readily adapts to
modular construction. Essentially this
EL power supply consists of a power
conversion stage, free-running multi-
vibrator and an inverter stage. The
115 vac, 60 cps input is changed to de
by the power conversion stage. Volt-
age regulation with load change is
excellent, as is frequency regulation
with line and load change.

The dc outputs of the power con-
version stage drive both the free-run-
ning multivibrator and the inverter
stage. The free-running multivibrator
sets up the 400 cps reference fre-
quency, used by the inverter stage in
converting the dc output of the power
conversion stage to 250 volts RMS,
400 cps.

Power needs for EL display sys-
tems are exceptionally low (1/5 the
power for neon tubes, 1/20 the power
for incandescent lamps for similar

EL POWER SUPPLY

applications). Little power is wasted
in heat.

Power requirements for EL sys-
tems depend on character size. For
example, a V2-inch, 7-segment nu-
meric (all segments lighted, numeral
8) requires 5 mw and, since the load
is reactive, current is specified as 0.05
ma; a 6-inch, 7-segment numeric (all
segments lighted) requires 720 mw
and draws 7.2 ma; and a 5-inch, 14-
segment alphanumeric (7 segments
lighted ) requires 750 mw and draws
7.5 ma.

Recommended operating voltage
for a typical display system using
Sylvania standard EL readout panels
is 250 volts RMS, 400 cps ac. This will
provide adequate brightness for an
acceptable life span for the majority
of applications.

For more complete information
and parts list, circle the number be-
low on the hot line inquiry card.
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MICROWAVE DIODES

Announcing a GaAs microwave oscillator

The gallium arsenide varactor has
been long considered a “convention-
al” microwave device. But now here’s
news of an exciting new mode of var-
actor operation that will be of special
interest to microwave design engi-
neers.

You can now get microwave energy
from a varactor diode using dc power
inputs. Sound impossible? It seemed
that way until Sylvania’s recent an-
nouncement of a new gallium arsen-
ide unit, the D-5540, a reverse break-
down oscillator diode. Sylvania has
named this varactor the MOD (micro-
wave oscillator diode).

The MOD, the first diffused junc-
tion GaAs microwave diode of its
type, actually can generate micro-
wave power in Ku-band between 12
GHz and 14 GHz with 0.2 to 2 per-
cent efficiency with more than 1 mw

output power. The unit is biased in
the avalanche breakdown region of
the I-V characteristics. Sylvania is
now making the D-5540 available in
sample quantities as an experimental
device.

Among the unit’s known areas of
application are local oscillators for
microwave receivers, low-power bea-
cons, signal and noise generators.

Test circuits used by Sylvania for
rapid screening of diodes for oscilla-
tion and for accurate output power
measurements and analysis are shown
on this page. The test diode was
driven by a reverse biasing 60 Hz
half-sine-wave voltage into the ava-
lanche breakdown. Oscillation of the
diode was detected by a crystal de-
tector, the output voltage of which
was connected to the vertical deflec-
tion of an oscilloscope.

VARIAC

L__)

Horizontal deflection was supplied
by the voltage across the 1K series re-
sistor. Voltage was proportionate to
the bias current of the diode. The re-
sulting display on the oscilloscope
gave the output power of the diode
oscillator versus bias current. The
output power was displayed as func-
tion of Vg, the bias voltage across the
test diode.

There will be more news on oscil-
lating varactors from Sylvania in fu-
ture issues of IDEAS.

TENTATIVE CHARACTERISTICS

Breakdown voltage: 20-40V @ —10 pa

Total capacitance: 0.4-1.5 pf @ 0 volts

Minimum output as oscillator: 1 milliwatt at 12-14 GHz
Maximum power dissipation: 300 milliwatts

Maximum reverse current: 10 milliamperes if
maximum Py < is not exceeded.

Threshold current (typ): 5 milliamperes
(Somewhat dependent upon tuning)
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BUSINESS REPLY MAIL

No Postage Stamp Necessary if Mailed in the United States

Use Sylvania’s ‘“Hot Line" in-
quiry service, especially if you
require full particulars on inte-
grated circuits in a hurry.
Simply fill in the required infor-
mation. We'll do the rest and
see that your request gets im-
mediate attention.

POSTAGE WILL BE PAID BY

SYLVANIA ELECTRONIC COMPONENTS GROUP

! Sylvania Electric Products Inc.
: 1100 Main Street

: Buffalo, New York 14209

l



MARKETING SERVICES MANAGER’S CORNER

Some questions and answers

What is Marketing Services? Where
does it fit in the complexity of today’s
marketing activity? For the sake of
quick definition, its role can best be
defined as one of coordination—the
interrelationship of advertising, pub-
lic relations, man-power develop-
ment, market research and planning.
This interrelationship evolves not
necessarily for the company under
whose auspices such a function exists,
but more for the customer to whom
the company has an obligation and
responsibility.

What's in MS for me? At Sylvania,
the role of Marketing Services is a
very important adjunct to overall
customer-oriented planning. Recent-
ly, Bob Lynch, our Vice President of
Marketing, discussed the philosophy
behind the Sylvania ECG concept and
the customer advantages of offering
multiple product lines and technical
assistance. The mantle of direction
for engineering and production facil-
ities falls to the Marketing Services
group to have, in advance of customer
requirements, the right product at the
right place and at the right price.

What about new products? Market-
ing Services anticipates through anal-
ysis and study, both in semiconduc-
tors and vacuum tubes, the future
needs of customers, the life span of

SUBSIDIARY OF

GENERALTELEPHONE & ELECTRONICS

individual product lines, and the
emergence of new products. All fac-
tors involving application and cost
are considered.

How does this apply to integrated cir-
cuits, for instance? New markets, the
vitality in this dynamic electronics in-
dustry, are carefully appraised and
their rate of acceleration and matur-
ing evaluated. Integrated Circuits is
a prime example. Careful evaluation
is made of where this product line is
going, what components it will re-
place, as well as what the market ap-
plicability will be and how fast the
maturing process will take.

What about color TV? Sylvania has
been vitally interested in color televi-
sion right along. We must know what
the rate of transition from black and
white to color television will be next
year, five years hence, and beyond.
We have to calculate accurately what
future generations, 10, 15, 20 years
from now will require in the way of
electronic technology on all levels.
Each of these problems must be care-
fully evaluated, analyzed and conclu-
sions made by the Marketing Services
Group. Management must be pro-
vided with the necessary tools of
judgment to permit planning and ef-
fective implementation of facilities to
meet demands that today do not exist.

SYLVANIA

GLIE

Does my opinion count? At Sylvania,
perhaps one of our prime sources of
input data is the customer. An effec-
tive Marketing Services operation
cannot be generated, maintained, or
long remain effective without the
proper attitude. What is best for the
customer? We recognize that to retain
a position of leadership requires sen-
sitivity to the needs of customers even
before the customer recognizes that
need.

Where do R&D and Production fit into
the picture? Engineering and research
facilities are constantly dedicated to
the future demands of products yet
unborn and to improving specifica-
tions and existing designs. The results
of these analyses have their corre-
sponding effects in the manufacturing
area where conclusions of Marketing
Services must be transformed into
concrete production facilities —the
factories that will be necessary, the
locations to best serve distribution re-
quirements, and the capability and
capacity to produce a product when

it is needed.
t S,

My

R. A. STAREK

This information in Sylvania Ideas is furnished
without assuming any obligations.
e

NEW CAPABILITIES IN: ELECTRONIC TUBES ®* SEMICONDUCTORS ®* MICROWAVE DEVICES * SPECIAL COMPONENTS ® DISPLAY DEVICES
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Circle Numbers Corresponding to Product Item

300 301
305 306

303 304

[]1 Please have a Sales Engineer call

)
\\\:J{%NE INQUIRY SERVICE

Need information in a hurry?
Clip the card and mail it. Be
sure to fill in all information re-
quested. We'll rush you full par-
ticulars on any item Indicated.

You can also get information
using the publication’s card
elsewhere in this issue. Use of
the card shown here will sim-
plify handling and save time.



Hearing aid designers needed a bate so small
it would fit inside your ear.

Mallory made it.

What can we do for you?

Just how big can a battery be
when it fits inside a hearing aid
small enough to fit entirely in-
side the ear? Mallory’s answer:
0.130” high by 0.225” diame-
ter, the world’s smallest prima-
ry cell actually in production. It
uses Mallory’s mercuric oxide—potassium
hydroxide—zinc system to produce 16 milli-
ampere hours at 1.35 volts. If you're look-
ing for extremely small power sources, this
is it. Or perhaps this breakthrough in size
suggests entirely new designs impossible
until this battery existed. In any case, it
might be a good idea to check into past
projects that couldn’t be accomplished
because of size limitations upon the power
source.

Actual size
R 2

hearing aid
battery

Manganese-alkaline standard size cells
gain improved performance at low tem-
peratures and high currentdrains.Now, a//
standard size Mallory manganese-alkaline
batteries have completely new perform-
ance ratings when operating at low tem-
peratures or under high current drains.
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For example, the graph compares the new
Mallory MN-1500 (Size “AA") versus the
old when both cells are operated in parallel
through a PR-4 bulb at 31°F. The dramat-
ic difference in battery life depicted in
the graph was accomplished by changes
in the battery’s internal design. Anode
surface area was increased and conduc-
tivity greatly improved. The new Mallory
manganese-alkaline batteries are ideal for
motor driven applications and other serv-
ices that demand relatively heavy drains
over extended periods of time.

MN-1500CMC

CELL TERMINAL VOLTAGE

New low temperature performance for
standard size mercury cells. The same
research that led to improved internal
structure and performance for Mallory
manganese-alkaline batteries has paid off

It’s good business to do business with Mallory M

Circle 35 on reader service card

with new low temperature characteristics
and performance for Mallory mercury bat-
teries. Now Mallory can offer designers
standard size mercury batteries. (RM-1,
RM-502, RM-12) with low temperature
performance comparable
to performance at ambi-
ent temperatures. For
moreinformation write us
about our new RM-1CMC,
RM-502CMC, RM-
12CMC (our new
designations) mer-
cury cells. We can
give you some data
that will change your mind about mercury
cells and low temperature performance.
And remember, Mallory is currently pro-
ducing over 100 batteries of all sizes and
capacities. If we're not actually producing
the battery you need, we’ll be happy to
work with you in designing a new one. Just
write us at the Application Engineering
Dept., Mallory Battery Company, a division
of P. R. Mallory & Co. Inc., S. Broadway,
Tarrytown, N.Y.Or call us at 914-591-7000.

ALLORY

35



Who cares about Who cares if you improve
component innovations?  your circuit designs?

/ \

At General Electric, engineering is the most important Constant attention to new and improved electronic
factor in electronics. This engineering excellence means circuit designs results in better quality, lower price,
you get the bestin component reliability and performance. and new market growth for your business and ours.



Who cares about all
your component needs?

You can choose from more than 6,000 different G-E elec-
tronic components from capacitors, semiconductors and
tubes to instruments, batteries and integrated circuits.

General Electric cares

(so do you; that’s why
we’re out to do
things your way)

We may not offer everything you want
from one supplier. But, we do come a little
closer than anyone else.

This means more than just being your
number one source for a full range of elec-
tronic components. Our experience, facil-
ities, and engineering competence—both
as a producer and major user—combine
to give you unmatched design capability
and component reliability.

You're also assured of continuing prod-
uct innovation—Iike Triac, the new low-
cost SCR, Compactrons, Blackhawk capac-
itors, and nickle-cadmium batteries, just to
name a few.

How do you benefit from this continuing
partnership in electronics? Ask the people
who represent us, your G-E engineer/sales-
man or distributor. 90002

Progress Is Ouvr Most Important Product

GENERAL &3 ELECTRIC
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storage features:

Unparalleled Writing Speed
5 cml/us, with enhancement.

up to

2 Independent 3x10 cm Display Areas
— with separate upper half and lower
half controls.

Bistable Storage.

Automatic Erase — with selectable
viewing times from 0.5 seconds to 5
seconds. Erase can be selected for re-
current or after-sweep operation.
Erase-and-Reset — with push-button
control for erasing display and rearm-
ing single sweep. Erase-and-Reset can
be controlled remotely, if desired.

38

DC-to-30 MHz performance

AND THE

versatility of

20 plug-ins

with split-screen storage

ERASE PROGRAM
seLcTon  AUTO ERASE
i T

..

NMANCE MODE
s v

-

LOWER SCRREN STORAGE

. Tmes/cw A
ity
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other features:

Precision Sweep Delay —from 1 micro-
second to 10 seconds.

Wide Sweep Range — 5 s/cm to 0.1
uslcm (Time Base A) and 1 s/cm to
2 us/lcm (Time Base B). 56X Magnifier
extends fastest sweeps to 20 ns/cm
(Time Base A) and to 0.4 us/cm (Time
Base B).

Single Sweep —
cally, or remotely.

manually, automati-

Full-Passband Triggering — with flex-
ible, easy-to-use facilities.
Simplified Trigger Logic — with lever

control of trigger functions.

Circle 38 on reader service card

TEKT““"'X Type 549

split screen permits simultaneous
operation as a storage and
conventional oscilloscope

Split-screen storage offers a distinct
advantage to the user in waveform-
comparison applications — by permit-
ting quick comparison of dynamic sig-
nals appearing on one half of the crt
with a reference trace stored on the
other half, or the Type 549 can be used
for full screen storage or full screen
conventional displays.

SAMPLING AND STORAGE

The storage capacity of the Type 549 pro-
vides easy-to-study displays—and with a
Type 1S1 Plug-In adds new convenience to
sampling applications. With this new dc-to-1
GHz sampling unit, you need no pretriggers
or external delay lines—the 1S1 has internal
triggering with a built-in delay line. The
Type 549/1S1 combination gives a stored
display that is steady and, because more
samples can be displayed, there is high
resolution of the sampled information.

Size and Weight — dimensionsare17”
high x 13” wide x 24” deep; net weight
is &~ 67 Ibs.

Type 549 Oscilloscope . $2375

(without plug-ins)
The plug-in units range in price from $145
(B high-gain unit, K fast-rise unit) to $1100
(1S1 sampling unit, illustrated).
U.S. Sale

>s Prices f.o.b. Beaverton, Oregon

For a demonstration call your
Tektronix Field Engineer.

Tektronix, Inc.

Electronics | January 10, 1966
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GRC

tiny die castings
and plastic moldings

add value to
products you

Parts shown approx. 5g actual size

Almost everything you do, every step you take, brings
you into contact with a product that uses Gries’ small
parts. Designers at thousands of companies — Amer-
ica’s best known, plus a lot of smaller “blue chips’—
have discovered the positive advantage of using GRC
HIGHER VALUE tiny zinc alloy die castings and
engineering thermoplastic moldings. It all adds up
very simply and logically to a bonus of breader de-
sign latitude—reflected right down to your production
line—in easier, faster final assembly...and a brighter
profit picture. .

GRIES REPRODUCER CO.
Division of Coats & Clark Inc.

world’s foremost producer of small die castings & plastic moldings

Electronics | January 10, 1966

~ GE Electric Toothbrush

MALLORY TIMER
for Washing Machines

SHOUP Voting Machine

GRC SPECIAL METHODS produce tiny zinc alloy |
die castings and plastic moldings in engineering thermo-
plastics by exclusive totally automatic patented
high-speed machines. Parts have great design

flexibility, are highly uniform and precise.

Werite today for helpful guides to achiev-

ing higher value in small parts
... full information, demon-
stration samples.

Maximum sizes: Zinc Alloy
—2” long; 'z oz. Plastics—
134" long; .05 oz.

No minimum sizes

(914) NEw Rochelle 3-8600

151 Beechwood Ave., New Rochelle, N. Y. *

Circle 39 on reader service card 39
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We can’t keep our
guys from working on
the MOL recorders.

All we need now is
the purchase order.

Mot’s tough requirements present the kind of challenge our guys
can’t pass up. They’re geared to taking on the big ones. That’s
why 80 ¢ of all satellite recorders are Leach-built and why Leach
recording systems have logged more flight time than all other
manufacturers’ recorders combined.

To give you a little insight into our capabilities, we’ve taken ex-
cerpts from some of our past proposals and put them together in
a 36-page technical abstract. You'll get a quick look at some of
the contracts that are presently in the works.

Contracts like the high reliability unit for the Apollo, the low
signal to noise system for sonar recording, the high data capacity
system for the Lem, the high environmental unit for the prime and
long orbit life recorders for satellite applications.

Like the mot, each of these projects offered a challenge. This ab-
stract will give you an idea of how we handle it. Your copy of the
abstract is ready to mail. Just let us know where to send it.

Leach Corporation, Controls Division; 717 North Coney Avenue,
Azusa, California; Phone (213) 334-8211,
Export: LEACH INTERNATIONAL S. A. LEA' H

Circle 41 on reader service card 41
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-
-
-

s
-
-~

-
-
-
s
S
s

PRECISION BOTENHOMETRIL. MEASURING SYSTEM

MODEL

PRMS Y

METER RANGE

The PAR Model PPMS-1 is a self-contained system
consisting of the basic components required for mak-
ing one part per million measurements of external
resistance ratios or external DC voltages extending to
1000 volts. The system, with accuracy traceable to
N.B.S., consists basically of a 10 volt DC source
whose saturated standard cell reference is housed in
a proportional temperature controlled oven (main-
tained within 0.001°C), a self-calibrating 7 decade
Kelvin-Varley divider and a null indicator having a
basic full scale sensitivity of =1 microvolt.

An output signal fully isolated from, but proportional

Write for bulletin No. 121 or ask for information about
PAR’s complete line of precision reference sources.

42 Circle 42 on reader service card

to the deflection of the null meter is provided to drive
strip-chart recorders and thereby function as a self-
contained monitor of the stability of other voltage
supplies. In addition, this unit can serve as the con-
trolling element in ultra-stable variable voltage or cur-
rent supplies with the addition of power amplifiers
which are available as accessory items.

A unique method of self-calibrating the four most
significant decades of the Kelvin-Varley divider with-
out additional equipment as well as means of veri-
fying oven temperature and standard cell voltage are
provided. Price $4950.

PRINCETON
APPLIED RESEARCH CORP,
Dept. D

Box 565, Princeton, N. J. Tel. (609) 799-1272

Electronics | January 10, 1966
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Weather

Steady job for Tiros

Since 1960 the Tiros weather-sat-
ellite system has been on proba-
tion. During the five years, it has
performed flawlessly, orbiting the
globe and reporting information
usable for weather forecasting.
Later this month the system will
lose its research label: the first
operational weather bird will orbit,
beginning the era of worldwide
forecasting. As a result, a major
market will open for electronics
gear capable of receiving the
weather information.

The first operational craft, known
as Tiros Operational Satellite 1
(TOS 1), will rise into a 450-mile
high orbit. From there it will snap
pictures of cloud cover 1,800 miles
square. These will be stored for
transmission when the craft passes
over a ground station.

Job for APT. Three weeks after
this launch, the Weather Bureau,
with the cooperation of the Na-
tional Aeronautics and Space Ad-
ministration, will launch TOS 2.
This craft, with equipment aptly
called APT, will shoot earthward a

Receiving antennas of this sort,
designed by Scientific-Atlanta, Inc., can
pick up weather data from satellites.
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Weather eye in the sky was developed by the Radio Corp. of America.

series of cloud-cover pictures, skip-
ping the storage procedure.

With TOS 1, only multimillion-
dollar ground stations can pick up
Tiros signals and convert them into
usable pictures. But with TOS 2
anybody with as little as $10,000
to invest can take advantage of the
satellite’s weather eye—whether it
be a small town in Ohio, the Chil-
ean weather bureau, a ship at sea
or a military commander on the
battlefield. APT provides direct
readout of weather pictures on fac-
simile recorders, without complex
receiving or conversion gear.
Within the next decade the TOS
system will cover the earth with a
series of satellites in various orbits.

Orders for at least a hundred of
the APT ground units have been
placed by the Weather Bureau and
potential users abroad. Two major
producers of the gear, Fairchild
Hiller Corp. and the Alden Elec-
tronic & Impulse Recording Equip-
ment Co., expect that television sta-
tions, universities and private
weather forecasters will be placing
orders, also.

Price drop. The price of APT

receivers is the secret of their suc-
cess. Depending upon their power
and sophistication, they range from
about $10,000 to about $25,000—
and the price is expected to drop
as production increases.

Development of weather satel-
lites isn’t stopping with TOS 1 and
2. Already the Radio Corp. of Amer-
ica, which developed and built
Tiros, is planning a combination
weather bird that provides both
continuous- and  stored-picture
transmission for late next year or
early in 1968.

In addition, the Weather Bu-
reau is planning satellites that by
the early 1970°’s will take high-
resolution infrared photos and
spectrometer readings for temper-
ature measurements of the area be-
low the craft.

One of the most ambitious plans
for later TOS’s is to have the
weather eye double as a soaring
switchboard. Such a bird would
not only collect weather data, but
would relay data from one point on
earth to another. For example, says
Arthur Johnson, deputy director of
the National Weather Satellite
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A
System, area meteorological infor- A
mation could be transmitted by
the satellite to key weather centers, -
speeding the job of worldwide fore-
casting. «
-
H *
Consumer electronics
Extension phone B
Joseph Friedman’s telephone is no -
further away than his breast poc-
ket. That’s where he carries a de- s
vice called a Pocket Fone, a port- =
able transceiver that lets him
answer his office telephone wher- -
ever he goes. When he gets a call,

the pocket phone chirps. He takes
it out of his pocket, extends a short
antenna, presses a button and the

Telephone cradle contains equipment to receive outside calls
; ) and relay them to an eight-ounce transceiver as far as a :
conversation begins. half-mile away. The system, developed by the Chromalloy Corp., o

Friedman is chairman of the

Chromalloy Corp., whose Pocket ‘
Fone division developed the de- -
vice. The eight-ounce instrument rector of electronics. table transceiver, which trips an
rents for $20 a month and provides Bellboy doesn’t answer. Pocket oscillator that produces a chirp- &
what amounts to a half-mile-lJong Fone is an extension of the Bell ing sound. Before starting the con-
extension telephone. ~ System idea, Bellboy, which pro- versation, the user must press a
The phone - booth - in - a-pocket  vides a pocket-size signaling device  “talk” button. The button triggers .-
marks Chromalloy’s entry into the that tells a user someone is try- a code that opens the receiving
consumer field, says its developer, ing to reach him by telephone. circuitry in the base unit. When i
Joseph Vogelman, Chromalloy’s di- But with Bellboy, the user can’t the button is released, the user can
speak to the caller. hear the caller’s voice. Because
Pocket Fone works on the citi- each portable unit has its own code, ~
zens’ band of frequencies, at about other Pocket Fones in the area
27 megacycles, with an input power aren’t affected by the transmitted A
of less than 100 milliwatts, so no  signal. "
federal license is required to There is no wire connection be-
operate it. tween the base unit and the tele-
The Pocket Fone system is made  phone; all signals are transmitted .
up of two parts: the pocket de- by inductive coupling.
vice and a desk-top base unit on No privacy. Although the code -~
which the customer’s regular tele- assures the user that his Pocket
phone sits. Fone will signal only his own tele- 5
Before he can receive calls away phone number, there is no guar- P
from the office, the user must pre- antee that his conversation will be
pare the system for operation. First, private; anybody with citizens’ «
he removes the regular telephone’s  band equipment who knows the -
handset from the cradle and places frequency of the transmitted con-
it in a receptacle in the base unit.  versation can listen in. Vogelman m
A T-bar then automatically de- explains that he could have made
presses the two buttons in the conversations secure—by using en- .
cradle, and an antenna extends coding and decoding equipment _
from the top of the base unit. Later, for the entire message—but this
when a phone call comes into the would have sharply increased the o
office, the ringing signal actuates cost and weight of the system.
Packebsie "extension phone” hardles transmitter in' the base unit 1):\' IIO\.\'(’\'(’I'. range is a pmhh:m, L
telephone calls even though the user inductive coupling. The base unit the director adds. In a large city, 9
is out of the office. then transmits a signal to the por- where interference is high, the
”
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permits two-way conversations.
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range in some areas may be re-
stricted to less than a half-mile.
But in most cases, he notes, recep-
tion is good if the user remains in
the same building as the base re-
ceiving unit.

The portable device also can be
used like a walkie-talkie with any
other Pocket Fone in the area. In
addition, the system can be ad-
justed so that the user’s secretary
can filter the incoming calls: she
can receive all the calls herself and
relay only the important ones to
her boss.

Out from under the yoke

Last Summer, the General Electric
Co. announced that it had devel-
oped a new kind of color television
tube for its PortaColor tv set. Un-
til last month, however, when the
set first went on sale, GE execu-
tives had kept the secret from the
press and competitors; GE would
disclose only that the design of the
tube made it cheaper and easier to
build.

Now that every competitor has
bought his own PortaColor set and
dissected it, the secret is out: GE
has eliminated the troublesome
convergence voke.

Three in a row. Like conventional
shadow-mask tubes, GE’s tube con-
tains three electron guns and an
aperture mask that directs the elec-
trons from each gun to the corres-
ponding red, blue or green phos-
phor on the face of the tube.

But the GE tube has its three
guns in a straight line, not in the

—SHADOW MASK

conventional delta configuration.

GE says this straight-line ar-
rangement reduces convergency
problems—getting each gun to
shoot only one color dot—by the
elimination of the convergence
yoke. Some convergence control is
incorporated in GE’s newly de-
signed deflection yoke.

The elimination of the converg-
ence yoke has several advantages:
it eliminates a $5 part, reduces the
set’s adjustment time in the factory
by about a third, and permits the
moving of the set without fear of
disrupting the sensitive yoke ad-
justment (even slight movements of
a conventional color set may upset
color purity).

GE says it is now studying the
possibility of applying the principle
of the PortaColor tube to larger
color tv tubes. The PortaColor re-
tails for $249.95 and has an 11-inch
screen.

Medical electronics

Bedside computer

A medical research center in Dallas
is planning a 50-bed hospital where
computers will monitor the condi-
tions of all patients and provide
analyses in real time. At most hos-
pitals where computers are used,
there is no direct link between the
computer and the patient; one com-
mon application, for example, is
computer analysis of samples of
blood that have been removed

{
PHOSPHOR DOT
SCREEN

“~ELECTRON GUNS

manually.

The Dallas hospital will be part
of a multimillion-dollar complex to
be called the Wadley Institutes of
Molecular Medicine. Besides the
hospital, the institutes will consist
of a research laboratory and a com-
puter center, and are scheduled for
completion in mid-1967.

The center will specialize in can-
cer and blood diseases.

Time sharing. Each room in the
hospital will be fitted with a series
of terminals that will tie into time-
shared computers. The system will
monitor, around - the - clock, such
physiological parameters as pulse
rate, respiration, blood pressure,
temperature and blood count, and
compare that data with informa-
tion stored in the computers’ mem-
ories; finally, the computers will
read out reports on the patients’
conditions for the doctors.

“We believe computers can serve
as an extra pair of eyes for the
physician, provide information both
historically and in real time, and
help eliminate some human error,”
says Dr. J. M. Hill, director of Wad-
ley. Such a system would save
precious time in many cases. Hill
adds.

Much of the planning for Wad-
ley is still in the early stages, the
director explains. For example,
some of the instruments have not
yet been designed. “We hope to
have a device, Hill notes., “to
count the two classes of blood
corpuscles, then transmit this data
to the computer for analysis.”

Wadley already has an IBM 1620
computer and plans to acquire a

SHADOW MASK

PHOSPHOR DOT
SCREEN

Shadow-mask color television tube, made by the General Electric Co., left, is similar to the coAnvention'aI tupe, r_ight,
except for the arrangement of the three electron guns. In the new tube, the guns are placed in a stral_ght line; in
the conventional tube, the guns are arranged in a delta configuration. With this arrangement, GE says its tube
eliminates the troublesome convergence yoke.
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System 360, also made by the In-
ternational ~ Business  Machines
Corp.

Eventually, the center hopes to
build computer models of the hu-
man physiological system, although
this is “still pretty far out,” Hill
says. Such models, for example,
would enable a doctor to obtain
information about a patient’s reac-
tion to a drug by trying it out on
the computer model first.

Military electronics

Shopping list

The Air Force will spend millions
of dollars over the next two years
for new battlefield radar and com-
munications equipment to replace

as the TPS-43, will replace the
MPS-11 and 16 that are now in the
field.

The contract will be awarded by
the Air Force Electronic Systems
division, Hanscom Field, Mass.,
through the 407L program office.
The 4071 program, a $50-million-
a-year operation, is currently devel-
oping the Tactical Air Control Sys-
tem (TACS) under Colonel George
A. Guy.

The overhaul. This year, the pro-
gram will concentrate on overhaul-
ing the tactical aircraft control
and warning system. “It's more
than a Baby Sage,” says Col. Guy.
“We call it airspace management,
and it includes directing our own
planes for offense, defending
against enemy planes and control-
ling air traffic in any battlefield
areas.”

In fiscal 1965, the 407L program

Tactical communications systems, like this AN/TRC-97,
are being sought by the Pentagon to provide the
military with ““a little Bell System’” on the battlefield.

upgraded versions of World War
IT equipment.

Due in the next two weeks is a
$15-million to $20-million produc-
tion contract for a lightweight
three-dimensional radar designed
for tactical forces in a forward air-
control post. The contract will be
given to either the Westinghouse
Electric Corp. or the Hughes Air-
craft Co., successful bidders for the
study phase [Electronics, Dec. 27,
1965, p. 25]. The radar, to be known
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stressed urgent, off-the-shelf pro-
curement with minimum engineer-
ing. In fiscal 1966 to 1968 there will
be limited development efforts and
the emphasis will be on buying sys-
tems packages. “We will not be
trying to create new technology,”
says Col. Guy, “But we will be ex-
ploiting industry’s technology to
the fullest for tactical needs.”
The contemplated purchase this
year of 43 data-collection centers
for battle areas, for an estimated

$30 million, will represent the larg-
est single procurement in 407L’s
two-year history. The Data Systems
division of Litton Industries, Inc.,
and the Ground Systems group of
Hughes  Aircraft  have  been
awarded six-month study contracts
to come up with technical pro-
posals for the tactical air control
operating centers. A hardware con-
tract is expected next fall. The
centers will consist of data proc-
essing equipment and displays
and will be used to aid radar sur-
veillance and control and handle
weather, logistics and intelligence
data.

Linking 3-D. Still being debated
is the method of linking 3-D radars
to these data centers in a tactical
war area. Cable links have been
proposed, but some commanders
in the field reportedly favor micro-
wave links.

In the next three months, two or
more contractors will be chosen to
compete in a contract definition
phase for lightweight tactical
ground-controlled approach (GCA)
radar. “We're interested in both
the precision approach and the
area-control problem,” says Col.
Guy. “We hope to come up with a
new family of GCA’s. Everything
available today is an upgraded ver-
sion of World War II equipment,
using mechanical scan. We want to
exploit new technologies, such as
solid state circuits and electronic
scanning.”

The new GCA equipment will
replace items like the L-band TPS-
35.

The GCA program is expected to
involve expenditures of about $15
million. Also in radar, the Air Force
will replace the UPS-1 with a for-
w_rd-area radar surveillance sensor
designated the TPS-44. This is now
being built as a 2-D radar, and it
may later be redesigned for 3-D.
Cardion Electronics, Inc., has a $3-
million contract to build 26 of the
radars for forward air control posts
as part of the aircraft control and
warning system.

‘Little Bell System.” In the next
three or four months, the 4071 or-
ganization will go to industry for
proposals on new communications
complexes for battlefield condi-
tions. “We really need a little Bell
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o s N N i ™S\ The new TRW 10W/400Mc (2N4040) UHF
{2: \ \\ y Power Transistor provides full rated performance in
0 \ am conventional circuits...no need to resort to emitter tuning
2.8 20 or other techniques which contribute to circuit instability.

5;» \\ TRW 2N4040 is available now at competitive prices.
2 4 Pog~ Lo~ For detailed technical information phone, write or wire:
‘"’InQW\ — TRW Semiconductors, Transistor Plant, 14520 Aviation
2 Blvd., Lawndale, Calif. 90260. Phone: (213) 679-4561, Ext. 477

TWX: 213 647-5113
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FREQUENCY MC/S

TRW designs and manufactures high performance transistors for the communications industry and specialized
types for military and industrial applications.

TR WSEMICONDUCTORS
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System,” says Col. Guy. The basic
equipment in the tactical communi-
cations setup is the AN/TRC-97, a
tactical wideband communications
system built for the Marine Corps
by the Radio Corp. of America. It
provides full duplex multichannel
voice, data and teletype communi-
cations in the 4400-5000-megacycle
band, using line-of-sight, diffrac-
tion or troposhperic scatter. Range
is about 100 miles.

The Air Force is buying a modi-
fied version, called the TRC-97A,
in which channel capacity is
doubled to 24 and the size and
weight of the equipment is reduced.
A preproduction model is now un-
der test at Eglin Air Force Base,
Fla. Tt is expected that the equip-
ment will replace the TRC-66s
and 66A’s now being used in Viet-
nam.

The Air Force will also buy mod-
ified versions of the TSW-6 towers
for air traffic control in battlefield
areas [Electronics, Oct. 5, 1964,
p. 114] designed by RCA. This
portable control tower in “the best
thing to come out of the 4821, pro-
gram,” says Col. Guy. The 482L
program, called emergency mission
support, has been merged into the
4071.. The final 4071, procurements
planned for fiscal 1966-68 include
base command and control radios

such as the FRC-110’s and 116’s.

Less from LES-4

It was a pleasant Christmas-Sun-
day surprise for the space com-
munications researchers at Lincoln
Laboratory of the Massachusetts
Institute of Technology, who tra-
veled to a field site on Millstone
Hill in Westford, Mass., to see if
they could salvage some routine
telemetry from the Lincoln Experi-
mental Satellite, LES-4. The mili-
tary communications satellite had
gone into a crazy orbit when a
Titan 3C transtage misfired after a
flawless six-hour flight [Electronics,
Dec. 27, 1965, p. 26].

It worked. Surprisingly, the bus
voltage had gone up. The men
turned on the X-band equipment
and found that the transponder on
LES-4 was working. About an hour
of satisfactory tone and voice com-
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munications came through that
afternoon as the team worked with
frequency-modulation  techniques
and the 60-foot Millstone Hill para-
bolic reflector.

Monday morning, they tried out
the Vocoder circuits, tying the Lin-
coln Experimental Terminal into
the 6-foot dish [Electronics, June
14, 1965, p. 136]. The circuits
worked beautifully.

The research group acknowl-
edges that the experiments aboard
LES-4 will never work perfectly.
Tailored to a quasisynchronous
circular orbit at 18,200 miles, the
experiments ended up in a highly
elliptical orbit ranging from 100
nautical miles up to 18,000.

Analysis indicates that LES-3,
also hurtled into the wrong orbit,
will probably accomplish its major
objectives. Tt is a signal generator,
designed to measure properties of
the communications path between
the satellite and various receiving
terminals.

The LES program calls for at
least one more experimental satel-
lite, to be launched on a Titan 3C
rocket.

Communications

Flock of Birds. ..

By late 1969 a series of giant multi-
purpose communications satellites,
each with the capacity of at least
20 Early Birds, may be providing
global communications links. The
new birds will also have enough
power to beam domestic television
signals directly to local tv stations.

Proposals for the global relays
were sent out to industry late last
month by the Communications
Satellite Corp.; responses are ex-
pected by mid-February [Electron-
ics, Dec. 27, p. 48].

The new satellites each weigh-
ing about 2300 pounds, will be
versatile as well as powerful. Each
will carry at least four separate
transponders so it can simulta-
neously handle television, radio and
telephone, messages, digital data
and conversations between ground
stations and planes and ships.

Muitiplexing, too. What will make
the giant bird so powerful and ver-
satile is its sophisticated electron-
165,

The craft will use frequency-
division multiplexing, allowing
more than one message to be trans-
mitted on a single frequency band.
Also, some of the transponders
would contain wideband quasilin-
ear equipment; the output power of
such transponders increases lin-
early as the power input from a
ground station increases. Hence,
the strength of the satellite’s radi-
ated signal can be directed from
the ground; some signals can be
stepped up for direct reception by
small ground stations, and other
signals can be lowered for recep-
tion by large ground stations. Early
Bird’s output power, in contrast, is
constant no matter how strong the
input signal may be.

In addition. the new bird’s an-
tennas will be despun. either elec-
tronically or mechanically, to fo-
cus the radiated signals toward
specific areas.

Each satellite’s capacity is ex-
pected to be between 4,800 and
6,000 two-way voice channels, or
up to 10 television channels, or a
combination.

Comsat engineers want the bird’s
output power to be about 40 deci-
bels above 1 watt (dbw), compared
with only 10 dbw for Early Bird.
Total bandwidth of the new craft
would be about 500 megacycles,
compared with Early Bird’s 25-Mc
capacity.

Small antennas. Dishes as small
as 30 feet in diameter would be
able to pick up tv signals, Comsat
engineers say, making it economi-
cal for a local station to use the
satellite’s tv relay rather than mi-
crowave or coaxial links that are
currently provided by the American
Telephone & Telegraph Co.

The decision to develop the giant
bird follows a request by the Amer-
ican Broadcasting Co. for its own
domestic communications satellite.
The request is still being studied
by the Federal Communications
Commission.

ABC argued that it could save
$6 million a year if it were able to
loft its own domestic bird.

Under Comsat’s proposal, how-
ever, all tv stations around the
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Low-cost digital frequency meters for mobile communications

Communications engineers who must now have
more accurate measurements can get them with
Beckman, Models 6120 and 6121 Frequency
Meters. These 25-mc and 50-mc instruments are
the lowest cost digital frequency meters available
employing direct counting techniques...6120-
$1,750; 6121—%1,950. They give you the benefits
of direct digital display, simple controls, data
logging (with option for printer), plus accuracy
that can’t be had in an analog device. For aircraft,
marine, and surface mobile communications, these
solid-state instruments have four plug-in extenders:
a 400-mc prescaler, 1-gc heterodyne, DVM, and

preamplifier. Your Beckman Berkeley sales engi-
neer has the full story on the Models 6120 and
6121 and how they can help you solve frequency
measuring problems...with more accuracy at the
lowest possible cost. For complete details, call or
write today.

Beckman® INSTRUMENTS, INC.

BERKELEY DIVISION
RICHMOND, CALIFORNIA » 94804
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another
BURR-BROWN
innovation

a small
operational
amplitier
with
FET
chopper

Model 1538 is a new solid-state
operational amplifier that uses a
Field Effect chopper for maximum
stability. But, the big news is its
size...amodule 0.6 x 1.8" x 2.4".
It’s really a slimmed-down version
of our popular 1608A rack-mount
unit, designed especially for engi-
neers faced with space problems.
Don’t let the size fool you though,
it’s still a tiger when it comes to
performance. And, the 1538 is im-
mediately available at a single unit
price of $165.00.

MODEL 1538

Voltage Output *+10 volts
Current Output +20 ma
Voltage Gain 160 db
Voltage Drift 0.5 pv/°C

Current Drift
Temperature Range
Operating —40 to +85°C

Storage —55 to +100°C

+2.5 pA/°C

FOR COMPLETE TECHNICAL IN-
FORMATION, or prompt assistance
with your operational amplifier ap-
plications, wire, write or phone
Burr-Brown, today.

BURR-BROWN

RESEARCH CORPORATION
INTERNATIONAL AIRPORT INDUSTRIAL PARK
BOX 11400, TUCSON, ARIZONA 85706
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country could be served by the
giant satellite.

... for radio, too?

Industry proposals are due next
week on the feasibility of orbiting a
large satellite to relay f-m radio
signals directly to home receivers.
The satellite that would be needed
for such a job would weigh be-
tween 2,000 and 3,000 pounds and
have at least 100 kilowatts of effec-
tive radiated power (ERP).

The program is sponsored by the
National Aeronautics and Space
Administration.

NASA won’t say when, if ever,
it will build the direct-broadcast
radio satellite, but the agency
thinks jumping to 100-kw ERP is
within today’s state of the art.

Ideas wanted. NASA has asked
companies to submit proposals on
the money and technology required
for such a system. Then, two com-
panies will be selected to conduct
six-month detailed studies under
contracts running about $125,000
>ach. Once these studies are com-
pleted, the agency will decide if it
wants to proceed into the project-
definition and design phase of the
program and ultimately to develop
and launch a satellite.

Officially, NASA cites its respon-
sibility to push space technology
on all fronts as the reason for go-
ing into the program. Unofficially,
however, it is known that there is
strong interest in the satellite by
a number of government agencies.
The U.S. Information Agency,
which beams propaganda radio
programs to all parts of the world,
is one. Also, the military could use
the direct-broadcast radio satellite
to communicate with troops all
over the world. The system would
have civil defense value, and com-
mercial broadcasters are also inter-
ested in the proposal.

Technically, NASA thinks that
most inexpensive home receiving
sets would need an outside antenna
to receive the broadcasts. Outside
antennas probably would not be
needed for more expensive sets,
with better noise sensitivity, or sets
in areas with little electromagnetic
“pollution.”

Power needed. Broadcasting is
envisioned in the low-frequency
range—20 to 30 megacycles—or in
the 100-Mc region. NASA believes
a bank of solar cells capable of put-
ting out about 5 kw to insure 2-kw
transmitter output, would be re-
quired. Then, assuming a 17-de-
cibel antenna gain for full global
coverage, the ERP should reach
about 100 kw. This, however, would
require about a 30-foot parabolic
antenna.

Approximately 500 square feet of
solar cells would be needed to gen-
erate the 5-kw  power supply.
NASA thinks this could be accomp-
lished by using a satellite similar
in design to the large paddle-wheel
Pegasus satellites it launched in
1965.

Space electronics

Supply on demand

The solar cell and the rechargeable
battery seem to be natural partners:
the inexhaustible, though cyclical.
supply of light energy from the
sun is converted into electrical en-
ergy and stored in the battery un-
til needed. But in some respects
the partners are incompatible: a
solar cell’s efficiency steadily de-
grades as the sun heats it and the
battery offers a higher resistance
to recharging as the storage level
builds up.

Gulton Industries, Inc., of Me-
tuchen, N. J., says it has found a
way to coordinate the supply and
demand of a solar cell-nickel cad-
mium battery. Gulton claims the
design, developed for the National
Aeronautics and Space Administra-
tion, can be used to build a power-
supply system that weighs 20%
less than a conventional system and
recharges a battery 25% faster.

Cycle speeded. Engincers at Gul-
ton’s Engineered Magnetic division
decided first to speed the charg-
ing cvcle. The engineers aimed at
achieving the most rapid recharg-
ing pace early in the cycle, when
the solar cells are cool and produce
the highest power and when the
battery’s appetite for power is
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greatest, offering the least resist-
ance to recharging.

During the early part of the
cycle, the cell’'s high voltage and
low current output is converted to
a high current and low voltage
output. Later in the charge cycle,
when the battery offers resistance
to the buildup of electricity, the
balance is shifted: voltage is
stepped up and current is lowered,
in effect boosting the solar cell’s
pumping action.

Safety valve. The Gulton system
provides other advantages: it elim-
inates the shunt regulator found in
conventional systems and provides
sensors to detect overcharging and
undercharging. Since a surge of
high voltage can damage the bat-
tery, designers of conventional sys-
tems use a shunt regulator to limit
the flow. Although the regulator
acts as a safety valve, it also wastes
power, contributing to the slow-
ness of the charge cycle.

Two electronic sensors are in-
battery is nearing the point where
too great a power drain could
damage the battery and the other
to detect when the battery is near-
ing the fully charged state. Over-
charging is just as damaging to a
battery as excessive draining.

Basic to the system is a series of
comparator circuits, which act like
a computer. The circuits decide
when to turn on power, turn it off
and adjust the component parts,
current and voltage.

To determine the state of the
battery, the Gulton engineers de-
signed an ampere-hour meter that
integrates the current in and out of
the battery.

A\side from detecting the state of
the battery, sensors also check the
temperature of the solar cell’s ar-
rays, thus monitoring another
variable that affects the charging
cycle.

Avionics

Self-diagnosis in flight

In addition to delivering passengers
and the mail, airliners in 1967 may
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how to measure 1n-phase,
quadrature and angle while
sweeping frequency to 100 ke

North Atlantic's latest addition to the PAV line of Phase Angle Voltmeters* enables
you to make measurements while frequency is varying over half-decades without
recalibration. The VM-301 Broadband Phase Angle Voltmeter* provides complete
coverage from 10 cps to 100 kc, and incorporates plug-in filters to reduce the
effects of harmonics in the range of 50 cps to 10 kc with only 16 sets of filters.
Vibration analysis and servo analysis are only two of the many applications for this
unit. Abridged specifications are listed below:

Voltage Range ; > veveriienee... 1 mv to 300 volts full scale

Voitage ACCUIACY.......ciurirmimimsinsintsnass e 2 g Tl stale |

g% Phase Dial RANEE..........c.ocooovoveeeeernn. 0 to 90° with 0.1° resolution |
% (plus 4 quadrants)
| Phase ACCUTACY..........c.ccveiisuivsminnainis 0.25°
Input Impedance........................ 10 megohms 30pyf for all ranges
(signal and reference inputs)

Reference Level Range. ... coveviieenen.0.15 t0 130 volts 18

Harmonic Rejection.... . o e o .....50 db ‘

Nulling Sensitivity ..., — Iess than 2 microvolts 3

SHZE....oooiioeee ; 19”7 x 7" x 10” deep

Price e B $2290.00 plus $160.00 per set of filters

North Atlantic’s sales representative in your area can tell you all about this unit
as well as other Phase Angle Voltmeters* for both production test
and ground support applications. Send for our data sheet today.

*Trademark
NORTH ATLANTIC industries, inc.
TERMINAL DRIVE, PLAINVIEW, L. I., NEW YORK e OVerbrook 1-8600
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VOLTROL"

STABILIZERS

Most commercially available electronic equipment,
machines, devices or control systems whose per-
formance may be affected by low voltage, high
voltage or fluctuating voltage, do not require volt-
age regulation more precise than that provided
by a standard stock model Voltrol Stabilizer.

An inherent advantage of the Voltrol core design
permits a close realization of the rated nominal
output voltage. With the output voltage precisely
adjusted, voltage regulation of *=1% is usually

adequate for most applications.

provide custom-built
regulation

Voltage Recovery Time

%]
3

EADY STATE

(8]

Yizosec.  ¥sosec.
! 14 Jd

Yeosec. Ys2ssec. Yassec. Varssec.  V3osec.

o

S

Percent of Voltage
Fluctuation from Normal

-

)

The Voltrol Stabilizer is extremely sensitive and
quickly responsive to line voltage fluctuations.
In two cycles or one-thirtieth of a second,
correction is made to a voltage fluctuation of
plus or minus 15% nominal voltage caused by
an inductive surge, switching, arc over or other
momentary voltage variation. The recovery time
on voltage fluctuations of less amplitude is
proportionately faster. A 10% variation would
recover in less than one-forty fifth of a second,
a 5% variation would recover in approxi-
mately one-sixtieth of a second.

*Voltrol is a trademark of Acme Electric

IS
50 Northline Rd., Toronto 16, Ont.
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Engineers and Builders of...
311 WATER STREET, CUBA, NEW YORK

ive: Polygon Services Ltd.,

All units are normally supplied to operate
with output voltage stabilized at +1% of
nominal rating when operating under full load
in an ambient temperature of 77-80°F.

SEND FOR BULLETIN 09

Full specifications, dimensions and per-
formance features fully explained in 1
this free Bulletin 09. §

L e

SAA-3931-3223

REGULATED POWER SUPPLIES

STATIC POWER RECTIFIERS
VOLTAGE STABILIZERS
VOLTAGE REGULATORS

Electronics Review

deliver analyses of their own me-
chanical and electronic systems so
airports” ground crews can make
repairs speedily.

The in-flight analysis, already be-
ing tested on an Eastern Airlines
plane, would eliminate a lot of
wasted time on the ground. More
than one-third of all components
removed on suspicion of failure are
found to be in good working order,
according to Eastern.

Eastern’s system, being devel-
oped jointly with the International
Business Machines Corp.. records
40 engine parameters. Eventually
the system will measure 296 param-
eters of the aircraft, its engine and
subsystems. The Air Force is work-
ing on an in-flight automatic test
system, developed by the Douglas
Aircraft Co. for its proposed C-5A
transport plane.

Signaling the faults. The com-
mercial system places sensors at
strategic locations throughout the
aircraft. These sensors transmit sig-
nals, through a premultiplexer, to
signal conditioners that make the
signals acceptable to the main mul-
tiplexer.

At the main multiplexer, a con-
verter changes each sensor’s signal
voltage into a number. Next, a
formatter puts the digital value into
computer form and records it on
magnetic tape.

The recorder will scan one chan-
nel five times a second, 95 channels
once a second, and the remaining
200 channels every 10 seconds. The
higher scanning rates will be ap-
plied to fast-changing measure-
ments such as acceleration, vibra-
tion, air condition, engine pressure
and fuel flow.

At present, test tapes are being
processed in Miami by an IBM
7074 computer. Next September an
airborne  digital data-processor,
built with integrated -circuits, is
scheduled to be installed in Eastern
planes. Quantity production of the
system is due early in 1967.

Electronics notes

= Airline computer. The Bur-
roughs Corp. has sold a D830
computer system to Trans World
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The 4 rectifiers used
in this 10-amp bridge
cost $4.57° — the bridge
takes 6 minutes to build...

You, too, can simplify your designs,
reduce costs and increase the reli-
ability of your circuits with Motorola
Molded Rectifier Bridges. They provide
these advantages:

® reduction of assembly-steps by up to 75%. ® elimi-
nation of bridging “heat-sinks”, mounting hardware,
and intercomponent connections. ® no dirt and
grime-catching corners and crevices common to un-
encapsulated or “finned-type” assemblies. ® 3-step
“source-tested” — (1) individual rectifiers tested
and matched before assembly (2) bridge assembly
tested before encapsulation (3) final molded bridge
tested before shipment.

Now, with the addition of the MDA972 series,
Motorola offers a complete molded bridge line up to

POWER UP WITH . ..

This Motorola 10-amp

bridge costs $3.65'—

takes only 75 seconds
to install!

16-Amps, covering all your applications down to
1-amp, in a variety of case sizes, shapes and terminal
configurations.

44 types immediately available in any quantity

e MDA920 series: 1A, 25-600 V

e MDA942 series: 1.5A, 50-600 V

e MDA952 series: 6A, 50-600 V

e MDA962 series: 10A, 50-600 V

e New MDA972 series: 16A, 50-600 V

Contact your franchised Motorola distributor now
for evaluation units from his “off-the-shelf” stock —
determine for yourself how these ready-to-use,
easy-to-install rectifier bridges can save you TIME
AND MONEY.

*Estimated average cost for 4 stud-rectifiers per cur=
rent major manufacturers’ published prices.

tPrice for MDA962-3, 200 volts, in 100-up quantities,

MOTOROLA Semiconductor Products Inc.

BOX 955, PHOENIX, ARIZONA

Electronics | January 10, 1966
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DELTA CASTINGS

We investment cast this part . . . already finished. This complex, thin-walled
helicopter part is produced by Delta requiring no further operations to achieve
the specified surface finish.

Over five inches across, the part consists of two conical sections with
different radii on different centers. Delta engineers, highly experienced in
complex tooling, designed a die to produce one-piece patterns for greater
dimensional accuracy. A typical example of the design flexibility and econo-
mies possible with Delta investment castings.

Don't be chained to the high-cost machining habit. Send us a print of a
part as you want it produced. Forget restrictions of other metalforming meth-
ods. Frequently, all you will have to do to a Delta casting is unwrap and install.

Delta specializes in non-ferrous investment castings meeting the most
stringent dimensional and structural requirements for both commercial and
military applications.

MICROWAVE CORPORATION

DELTA HACKENSACK, NEW JERSEY 07601
(

|
Tel. (201) 343-2484
a subsidiary of HITCHINER MANUFACTURING CO., INC.
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Airlines to handle passenger reser-
vations and management informa-
tion. The D830 is an advanced de-
sign of the D825, a system devel-
oped several years ago for the mili-
tary. Several weeks ago United Air
Lines placed a $39-million order
for a computer system to be built
by the Sperry Rand Corp.

= Nike X contracts. Although no
orders for the production of the
Nike X antimissile system are be-
ing issued, the Pentagon continues
to award contracts for further
research and preproduction ac-
tivity. The Western Electric Co.,
the manufacturing arm of the Bell
System, received a $92.8 million
order for R&D on the system.

=Color tv boom. The Zenith
Radio Corp. has announced its $17-
million expansion program in-
tended to boost color television
tube production 50% by year-end.
Zenith’s current output is about
900,000 color tubes a year. By the
end of 1967, Zenith estimates, color
tube production will reach 2 million
annually.

= Patient robot. The University of
Southern California’s School of
Medicine and the Aerojet-General
Corp. are developing a computer-
operated model of a human be-
ing to help train hospital residents
in anesthesiology. The mannikin
will simulate pulse, muscle and
skin-color changes in response to
dosages of 10 anesthetics. It will
take 22 months to build under a
$280,000 grant by the Department
of Health, Education and Welfare.

= Laser drill. Add another pro-
duction chore to the growing list
of laser uses: drilling diamond
dies for wire-drawing machines at
the Buffalo, N. Y., plant of the
Western Electric Co. The plant
manufactures 160 billion feet of
wire a year. About 30,000 diamond
dies are made or reworked an-
nually. By vaporizing, the laser has
reduced drilling time per die to two
minutes. Grinding techniques take
two or three days.
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“ ENVIRONMENTAL PROOF
. is what we call it . . .

R ]
-
>
-
¥
¢-Stackpole Rotary Switches
h Specially Designed to Guard Against
| EXPOSURE—CONTACT CONTAMINATION—PRODUCTION DAMAGE
oo COMPETITIVELY PRICED — This com- SAMPLES IN 3 DAYS—to your exact ORDERS IN 2 TO 3 WEEKS—On-time
» pletely enclosed, rugged switch costs specifications. Send your drawing and  delivery of uniform, high quality produc-
no more than the open clip type. prove it to yourself. tion quantities to meet your schedule.
< SEND YOUR DRAWING FOR A QUOTATION AND SAMPLE. Take advantage of
Stackpole quality, price and service. For additional information and technical ¢ m
X data write: Electro-Mechanical Products Division, Stackpole Carbon Company, ELECTRO-MECHANICAL

St. Marys, Pennsylvania 15857. Phone: 814-834-1521. TWX: 510-693-4511. 2ol i



Announcing
another tailored solvent from Du Pont:

FREON T-P 35

(zives you safer cleaning of
reactive metals plus improved
water-drying properties.

56

Qr

FREON T-P 35—Du Pont’s ex-
clusive, new solvent—is one of
the safest commercial cleaning
and drying agents known. It is
compatible with active metals
such as aluminum, magnesium,
zine and magnesium-lithium al-
loys. And because it holds up to
997 water, FREON T-P 35 is an
excellent drying agent for clean-
ing residual water traces.

This patented blend of
FREON-TF and isopropanol is
specifically tailored to remove
rosin flux from all kinds of elec-
tronic and electromechanical as-
semblies, from printed circuit

Circle 56 on reader service card

boards to potentiometers...
from hearing aids to missile
guidance systems. In addition,
FREON T-P 35 is ideal for flush-
ing hydraulic piping.

New FREON T-P 35 is com-
pletely safe for most plastics,
elastomers or wire coatings. It
has low surface tension for com-
plete wetting of the smallest
pores and crevices...high den-
sity to loosen and float away
particulate matter. Because
FREON T-P 35 is nonflammable
and virtually nontoxic, extra
precautions on the production
line are rarely needed.

Find out more about DuPont’s
new FREON T-P 35—a unique,
selective solvent that offers ex-

cellent cleaning and drying
properties, and is safe with the
most sensitive components. For
further information, mail the
coupon today.

Du Pont Co., Room 3363, A
Wilmington, Delaware 19898.
Please send me more informa-

tion on FREON T-P 35. (Bul-

letin FST-5F).

Name =
Company R .
Address__ R
City __State Zip -

(In Europe, mail to: E. 1. du Pont de Nemours
International S.A., “‘Freon” Products Div., 81,
Route de 1’ Aire, 1211 Geneva 24, Switzerland.)

...through Chemistry

GUPOND

Better Things for Better Living
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Military spending
continues torise
despite peace bids

Pentagon changes
cost-report rules

White House pushing
satellite for 3R’s

Washington Newsletter

January 10, 1966

Despite the United States” renewed efforts for a settlement of the Viet-
nam war, the Johnson Administration remains committed to further
expansion of defense spending. Current estimates for fiscal 1967’s mili-
tary budget have been put at between $57 billion and $60 billion. Esti-
mates for this year’s budget range from $52 billion to $54 billion. For
fiscal 1968, Pentagon spokesmen predict a further rise in defense outlays
—as much as $3 billion to $5 billion.

Nothing less than the complete cessation of hostilities in Vietnam could
reduce current defense spending by any noticeable amount. Plans for
fiscal 1967 are virtually set and there’s a strong feeling in Washington
that signs of indifference to U.S. peace gestures by Hanoi would indicate
that the Viet Cong isn’t ready to come to the conference table.

In any case, the Administration learned a lesson from the war in Viet-
nam and will keep spending for high-level preparedness. The military
doesn’t want to risk being caught flatfooted by any other outbreaks in
the Far East.

The Pentagon’s new comptroller, Robert N. Anthony, will soon issue a
revision of the cost-reporting system that defense contractors must follow
when submitting bids. Contractors had criticized the old regulations,
drawn up by Anthony’s predecessor, Charles J. Hitch, contending they
were written without regard to contractors’ suggestions.

The new rules were circulated in advance among defense contractors
and Anthony’s changes are said to overcome most of their objections.

The cost information reported by bidding contractors gives the Defense
Department data on past weapons costs and is used to judge new bids.

A, proposal for a worldwide educational television system by satellite
[Electronies, Oct. 18, 1965, p. 65] has cleared all preliminary hurdles and
is now in the hands of a top-level White House committee headed by
Leonard Marks, former director of the Communications Satellite Corp.
and now head of the U. S. Information Agency. The committee’s job is to
work out details of the proposal. A $20-million to $30-million pilot pro-
gram is likely to be unveiled for Congress by President Johnson this year,
for possible funding in 1967.

The plan is a response to the President’s request for ways to spread
education in backward parts of the world. The proposal recently cleared
the desk of Secretary of State Dean Rusk and has been screened by
Comsat, the Federal Communications Commission and Johnson himself.
Comsat has asked electronics companies to submit ideas for a huge,
synchronous multipurpose satellite [for details see p. 48], not specifically
for this project but with it in mind. And several key congressmen have
indicated congressional acceptance.

To avoid accusations of propagandizng by satellite, an international
group would prepare the courses and the receiving countries would own
and maintain the receiving stations. Comsat would probably own the

satellites; most of the money and technical assistance would be supplied
by the U. S.
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Wanted by FBI:
automated file
for fingerprints

Air Force tries
200-number
battle phone

Revised Mariner
may replace Voyager

Washington Newsletter

The Federal Bureau of Investigation says it’s in the market for a com-
puter-operated optical system for reading, classifying, sorting and retriev-
ing fingerprints, but wants electronics companies to pay for development.
In addition, the FBI says it will only buy a system that is “nothing less
than perfect.” The present generation of optical readers is no more than
95% accurate. If a perfect system were to be developed, the FBI says it
would still back it up with manual techniques—to double-check the ma-
chine.

In the past, producers of optical scanning and computing systems—
such as the International Business Machines Corp., the Radio Corp. of
America and Rabinow Electronics, Inc.—have approached the bureau
with proposals, but without success.

Some 15 years ago the FBI experimented with punched cards and
mechanical sorters for its fingerprint file, but junked the plan when it
proved less efficient than manual searching. The FBI has the fingerprints
of 80 million people.

The Air Force begins this week to evaluate technical proposals for a
rugged, versatile radiotelephone that can be air-dropped to forward
battle areas and operated within minutes under severe weather condi-
tions.

The AN/TRC-124 will handle up to 14 simultaneous conversations
with up to 200 addresses over a five-mile area. Each handset will weigh
15 pounds, without battery, and the repeater will weigh about 100
pounds. The transmitter will automatically seek a vacant channel and
sound the called station’s tone.

The Electronic Systems division at Hanscom Field, Mass., is evaluating
proposals submitted by the Martin Marietta Co., the Electronics division
of the General Dynamics Corp., the Sylvania Electronic Systems division
of the General Telephone and Electronics Corp. and the International
Telephone and Telegraph Corp.

The prototype equipment will include nine transceivers and two re-
peaters, using state-of-the-art equipment with rugged circuitry and pack-
aging. Delivery is scheduled for December.

If the new system passes field tests, it will be produced for the Tactical
Air Command and may become part of the 407L system. [For more de-
tails on procurement for the 407L program, see p. 46].

The National Aeronautics and Space Administration is proposing a re-
vised four-year, $160-million Mariner interplanetary program. The pro-
gram would replace a $1.2-billion effort to orbit a pair of Voyager satel-
lites around Mars by 1970. Instead of developing the new three-to-five-ton
Voyagers, NASA would put the 500-to-600-pound Mariners on a Venus
mission in 1967, and a Mars mission in early 1969. NASA hopes the
Mariner program will fill the gap in interplanetary exploration left by
budget tightening. The agency still proposes, however, to come back to
Voyager later, with a Mars shot possible by 1973.

Mariner’s prime contractor has been the Jet Propulsion Laboratory of
the California Institute of Technology, with more than 60 subcontractors
contributing equipment. :
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the very first o
components exhibition

Founded in 1934 and raised to international status in 1958,
the International Exhibition of Electronic Components, re-
served for manufacturers alone, opens its doors every year
to firms specializing in electronics throughout the world.

the most comprehensive
exhibition

This is the largest world exhibition of electronic parts and
accessories and is more successful each year...

It is a display centre for world production in electronic
components where manufacturers and engineers from all
countries can meet to compare techniques and equipment
and jointly work out future developments.

In February 1966 the Exhibition will be held on a wider
scale than ever before and will be the first international
meeting of the year where the latest discoveries in elec-
tronics will be on display.

900 exhibitors will have their stands in the new showrooms
on the Exhibition Grounds at the Porte de Versailles in
Paris.

\N‘TER‘

the most
Internationalized

Visited by the Specialists of 60 nations, it groups 450 for-
eign firms featuring 20 nations’ production. Half of the
exhibitors attending this great Paris Show have come from
all over the world to do so, bringing the best Electronics
engineers and technicians along with them.

The International Exhibition of Audio Equipment will be
held next to it at the same time, bringing together special-
ists from this rapidly expanding branch of electronics.




INTERNATIONAL EXHIBITION OF

ELECTRONIC COMPONENTS

PARIS 3" to 8" FEBRUARY

I

"RELIABILITY
ADVANCED TECHNIQUES

Semiconductor Crystals
(Ga As — In As — GaP — Epitaxy)
Special Semiconductor Devices

Integrated Circuits

Thin film circuits

Magnetic memories
Photomultipliers
Electronic Tubes

Q-’ons? 272

LA RADIOTEGHNIQUE-COPRIM

130, Avenue Ledru-Rollin - PARIS (France)
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JONIZATIO

for measurement of gas
pressure in the range
from 10-3 to 10-1° torr

IONIZATION GAUGES Pressure range : 10-3 - 10-6 torr

e ————

—_—

J A 10 04y A + 250 - 30 10
F o117 16 A + 200 - 80 10
8418 140 A + 250 - 30 10

—,

BAYARD-ALPERT GAUGES - Pressure range : 10-4 - 10-10 torr

F 9101 1T pA %
e |+ 200 - 80 10
F 9102 1.3 A ﬂ )
! 2 separate filaments
F 9103 12pA |)

COMPAGNIE INDUSTRIELLE
FRANCAISE
DES TUBES ELECTRONIQUES

CIF.TE.

50 rue J.P.Timbaud, 92-COURBEVOIE
FRANCE

CIFTE-COURBEVOIE

Write
for information :

Teléphone :333.37-50  Telegram :
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INTERNATIONAL EXHIBITION OF

ELECTRONIC COMPONENTS

» PARIS 3" to 8" FEBRUARY

Goto the 9th International
Exhibition of Electronic
Components from Feb.3-8.

(It's held in Paris.)

Travel on Air France.

(It flies to Paris...and it’s the Official Airline for the Exhibition.)

Betteryet,doboth.

AIR FRANCE E1

THE WORLD'S LARGEST AIRLINE

Overseas Trade Show Department
Box 707
New York, N.Y. 10011

I've been thinking about going to the Electronic Com-
ponents Exhibition. I've also been thinking about going
to Paris. Please send me your brochure on combining
the two. Please include your “specific commodity” cargo

|
|
|
|
|
|
|
|
I rates, too.
|
|
|
|
|
|
|

Name

Company

Address

e e e e s e st e e e, st et e et s s s o)
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VALUE ENGINEERED
FOR LOWER COST
THRU

SIMPLIFIED DESIGN

4 New 1/2° x 13/32"
High Performance Trimmers with Solder or Pin Terminals

Infinite resolution. Excellent high frequency perform-
ance characteristics. No catastrophic failures.

These four new additions to the extensive CTS
trimmer line have many applications in High Per-
formance Industrial and Military fields: computers,
instruments, medical electronics, communications
equipment, electronic machine controls, aerospace |
-electronics, microwave transmission, etc.

Series 330 Series 330P

@ Proven Reliable CTS Carhon-Ceramic Resistance Element

® Far Exceeds Environmental Performance Spec of MIL-R-94B, Char. Y
® —+ 8% Humidity Stability

® 100 Ohms to 2.5 Megohms

® 3/8 Watt @ 70°C Derated to Zero Load @ 150°C

® Grounded Construction Availahle on Model 330

Series 330 Has Solder Terminals. Series 330P Has Pin Terminals
on .100” Grid Configuration and Standoffs to Insulate Metal Cover
From P. C. Board.

Write for Data Sheet 2330A

) in production quantities
Priced lower than comparable wirewound trimmers.

® Famous CTS CERMET Resistance Element

® Extreme Stability Under Severe Environmental Conditions
® —+ 4% Humidity Stability

® 20 Ohms to 2.5 Megohms

® 1/2 Watt @ 85°C Derated to Zero Load @ 150°C

® Low Noise—Long Life

® Extreme Overload Capacity

® Grounded Construction Available on Model 630

Series 630

W S
N o

Series 630P

Series 630 Has Solder Terminals. Series 630P Has Pin Terminals

in production quantities

Priced lower than comparable wirewound trimmers,

Founded 1896

Electronics | January 10, 1966

on .100” Grid Configuration and Standoffs to Insulate Metal Cover
From P. C. Board.

Write for Data Sheet 3630A
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TODAY’S HIGHEST ACCURACY
MOST VERSATILE SWEEPS
EASIEST OPERATION...

&‘ B0 SWEEP GSCIRLETON
e wees

R
SWEER TIME {SEC) INT Sﬁ WAVE FREQ

L
MA‘Q‘ 1 Q Q

AMPLITUDE MOD

IIIM ﬁ ooy

The Hewlett-Packard 690 Sweep Oscillators give you f h I I' f
superior performance in terms of accuracy and flexi- fam t e Camp Ete I”e 0
bility through exclusive features such as PIN diode -

leveling and modulation, plus the convenience of easy hp 690 Sweep DSCIIIatorS
x-y recording capability, clear marker visibility, push-

button operating convenience, easy-to-understand

front panel and compact construction. The unique 1 to 40 GC:
PIN diode attenuators permit all AM functions, includ-

ing leveling, to be performed independent of the BWO

tube, thus virtually eliminating frequency pulling and
providing the high frequency accuracy and linearity.

For maximum flexibility, the 690's give you these independent sweep modes:

Start-Stop Sweep: Set end points anywhere in the frequency range on slide rule scale. Sweep up or
down just by pushing the Start-Stop button. Markers appear on rf output.

Marker Sweep: Expand any small area of the major sweep merely by setting independent Marker
controls and pushing the Marker Sweep button. End points set on error-free digital readouts.
Sweep up or down the Marker range.

Delta F Sweep:A symmetrical sweep about a center frequency, useful for calibrating narrow-band devices.

Just press the A F button and get the industry’s only accurately calibrated narrow sweeps.

Manual Sweep: The useful Manual Sweep permits detailed investigation of a localized area. For x-y
recording, tedious set-up time becomes a thing of the past.
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& . 695C SWEEP OSCILLATOR

HEWLEYT « PACKARD

MARKER |
START/OW

MANUAL SWEEP . SW

e w
THIG
s “}
i TRIGGER
- i

* i
e 1%%%;@ Q
< A variety of sweep speeds are offered in the 690’s, too:
- With the Sweep Selector in Automatic, you get recurrent

sweeps, continuously adjustable in 4 ranges, 0.01 to 100
- seconds. Or you can sync the sweep with line frequency.
For use with a scope, output power can be blanked during
retrace to provide a zero baseline, yet there are no transi-
ents at the start or end of sweep. Automatic pen lift circuit
on the two slowest speeds permits easy x-y recorder use.
e Sweep voltages for both scope and recorder are provided
concurrent with swept rf.

Pushbutton selection of sweep mode is standard, as is

E'y modulation selection: external AM or FM or internal
square wave modulation, 950-1050 cps. And you add

e sharp, distinct markers merely by pushing buttons.

e % Two leveling options are offered: external closed loop,

which eliminates transmission line problems and delivers

= leveled power where you need it, or internal leveling for
less critical applications. Your leveling can be derived
from crystal detector or power meter. Maximum useful-
> ness of leveling capabilities is demonstrated in your ability
to use reflectometer techniques with direct scope or x-y

. ¥ recorder readout. More information on these techniques
is contained in Application Note 65, yours for the asking.
Your Hewlett-Packard field engineer can give you a
- demonstration of a 690 on your bench, where it can prove
itself. Or write for complete specifications on the entire

=t series: Hewlett-Packard, Palo Alto, California 94304. Tel.
e (415) 326-7000; Europe: 54 Route des Acacias, Geneva.

Data subject to change without notice. Prices f.0.b. factory.
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SUMMARY OF SPECIFICATIONS
Frequency Max. leveled | Frequency

Model range power output | Accuracy Price
691D 1-2g¢ >70 mw +10 me $3550*
692D 2—1%gc =240 mw +10 mc 3350°
HO1-692D 1.7-4.2 gc >15 mw +13 mc 3650
693D 4 — 8 ge >15 mw +20 mc 3350%
HO1-693D 3.7—8.3gc > 5mw *25 mc 3650
694D 8 —12.4 gc >30 mw +30 mc 3450*%
HO1-694D 7—12.4 gc >15 mw +40 mc 3750%
695C 12.4 — 18 gc >40 mw + 1% 3500
696C 18 — 26.5 gc >10 mw + 1% 4500
697C 26.5 — 40 gc > 5mw + 1% 6500

*Grid leveled ‘*‘C'" models $350 less

The chart, listing brief specs on some of the available models,
includes three “specials” (HO1 models) designed for popular
extended range applications. “D"” models offer PIN diode mod-
ulators, while “C" models use BWO grid modulation and offer
slightly increased power output and lower price. Other models
with a choice of modulation techniques and special frequency
ranges are available. All BWO's have 2500-hour warranty. The
specified accuracy of each model covers all sweeps, plus rf
in cw mode.

HEWLETT hp; PACKARD

An extra measure of quality

1038
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For industrial and military control, instrumentation
and communications switching you now get more
contact capability...more versatility...with

vew CLAREED

MERCURY-WETTED and
HIGH VOLTAGE REED RELAYS

66

Clare’s newest innovations in Clareed contacts
provide more design flexibility...more applica-
tion versatility than ever before possible with
any reed-contact relay. For instance:

New Power Qutput Capability —You can
handle up to 50 va power output loads . . . and
be assured of good low level performance, too,
with the mercury-wetted Clareed.

New Voltage Stand-off Capability — You
can perform hi-pot functions at 1500 v stand-
off with the new high voltage Clareed relay...
up to 5000 v peak with special assemblies.

New Bounce-Free Contacts — You are as-
sured of faster response time. No waiting with
bounce-free mercury-wetted Clareed contacts.

New Low and Consistent Contact Resist-
ance —You can depend on mercury-wetted
Clareed relays to hold original contact resist-
ance to within + 2 milliohms throughout life.

New Longer Life Ratings —You can specify
mercury-wetted Clareed contacts and be sure
of millions of operations at rated load over the
life of your system . . . billzons of operations at
low level.

CLAREED Relay Versatility Meets Every Packaging Requirement

CLAREED RELAY g;
CRIT-1070

ol CPCLAREACD. |
CHICABO Hi

... for printed

...as functional

... for wired

circuit boards pch assemblies assemblies
Types CRT, CRTN, combining Clareed Types CRA, CHA,
CHT, CHTN, relays and other CRB, CHB

CRM, CHM components
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_Coil Resistances

Operate Times*
 (Nor

,Mué{ dpefate Sensitivities*

CLAREED RELAY

pe CRA, CHA, CRB, CHB

For WIRED ASSEMBLIES For PRINTED CIRCUIT BOARDS
CHARACTERISTICS Ty

Type CRT, CHT Type CRM, CHM

12 Form A
6 Form B
2FormC

6 Form A and
6 Form B

12 Form A 3 Form A
6 Form B 2 FormB
4 FormC 1FormC

.5 vdc to 340 vdc

ating Voltage:

1 vdc to 550 vdc 1 vdc to 145 vdc

2 ohms to 27,500 ohms

7.3 ohms to 35,500 ohms

10 ohms to 12,700 ohms

.6 to 9 ms

. coil power)

.6 to 3.4 ms .6 to 2.8 ms

80 mw to 2.3 watts

110 mw to 1.8 watts 110 mw to 750 mw

*Depending upon number of contacts.

Contact Rating

‘Sta

CONTACT CHARACTERISTICS (All Contacts Are Available In Any Assembly Shown Above.)

GENERAL PURPOSE

HIGH VOLTAGE MERCURY-WETTED

Switched Load 15 va max, non-inductive 15 va max, non-inductive 50 watts DC resistive
: . 1 amp max, 250 v max 1 amp max, 250 v max 25 watts AC resistive
, ' 3 amps max, 500 v max
~ Carry Load 5 amps max, not switched 5 amps max, not switched 5 amps max, not switched
Life Expectancy
~ Full Rated Load 20 x 10¢ operations 20 x 10¢ operations 100 x 10¢ operations
Low Level 100 x 10¢ operations 100 x 10¢ operations 1 x 10° operations

500 v rms

and-Off Voltage

1500 v rms, standard
5000 v peak, special

1000 v rms, standard
3000 v peak, special

Clareed relays help to assure that your system will operate dependably. ..
to its design characteristics . . . over its planned life. Here's how:

Inherent Reliability —You can optimize your
system design and depend on it to perform.
Fully defined Clareed initial and life ratings
allow you to design optimum performance into
your system. Maintenance-free switches are
sealed in glass and are not subject to environ-
mental contamination or mis-adjustment.

Ample Speed for Most Applications —
You'll realize ample switching speeds for most
industrial control functions—particularly for
applications having electromechanical input
and output devices where solid state micro-
second switching speeds are impractical . . and
expensive. Clareed relay switching speeds in
the high microsecond and low millisecond range
are entirely compatible with your system re-
quirements.

Immunity to Transient Noise —Your Clareed
relay system is not subject to inadvertent
switching by ambient or line transients. No
need to buffer or use special logic levels. And,
by the way, you need only one power source
...24 vde + 59, does the job.

Special Design Capability —You're not con-
fined to standard relay ratings and packages.
If your system demands special requirements,
turn your problem over to the switching ex-
perts—Clare’s Application Engineers. They
have more experience than anyone else in pro-
viding effective time and money saving solu=-
tions for special switching problems.
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Added Bonus! Clareed switches and relays are
built by Clare from start to finish to one high
quality standard. Careful production control
procedures pay off in longer life, consistent per-
formance and greater reliability for you.

Combine these new contact developments with
the basic Clareed capabilities. Add the variety
of packages available. You’'ll discover a relay
line that meets the switching needs for prac-
tically any control function.

For complete information contact your
nearest CLARE Sales Engineer

CALL—NEEDHAM (Mass.): (617) 444-4200 « GREAT NECK,
L. 1. (N.Y.): (516) 466-2100 » SYRACUSE: (315) 422-0347
« PHILADELPHIA: (215) 386-3385 « BALTIMORE: (202)
393-1337 « ORLANDO: (305) 424-9508 « CHICAGO: (312)
262-7700 « MINNEAPOLIS: (612) 920-3125 « CLEVELAND:
(216) 221-9030 « XENIA (Ohio): (513) 426-5485 « CIN-
CINNATI: (513) 891-3827 « COLUMBUS (Ohio): (614)
486-4046 « MISSION (Kansas): (913) 722-2441 « DALLAS:
(214) 741-4411 - HOUSTON: (713) 528-3811 « SEATTLE:
(206) 725-9700 » SAN FRANCISCO: (415) 982-7932
VAN NUYS (Calif.): (213) 787-2510 » TORONTO, CANADA:
C. P. Clare Canada Ltd. « TOKYO, JAPAN: Westrex Co.,
Orient « IN EUROPE: C. P. Clare International N. V., TON-
GEREN, BELGIUM - Clare-Elliott, Ltd., LONDON, ENGLAND

Write Group 01n9 C. P. CLARE & CO.
3101 Pratt Boulevard Chicago, lllinois 60645

CLARE

relays and related control components
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MOTOROLA PNP/NPN ..
SILICON ANNULAR ]

MULTIPLE-DEVICE = .
TRANSISTORS :

,,"‘%g;!fw‘.‘

R
SR S B

e =
e

Motorola TWINS* let you make maximum use of space . .

i
1\
iR

i
i

I

i

. Motorela Twins put two tr nthe space of on ch compact device—
3 : s dual PNP,
st permitting

i

LOW-PROFILE CERAMIC 6-LEAD ‘ la’s Annular Process Achieves New Performance
TO-5 PACKAGE FLAT PACKAGE ‘ , Characteristics, New Levels of Reliability
The unique Motorola annular process has made it possible

to design and produce the broadest available range of
PNP or NPN silicon transistor and complementary pairs.

For the annular process permits true silicon oxide surface -
o passivation — thus eliminating uncontrolled “channeling”
and leakage to the edges of the transistor die. . =i

“Trademarks of Motorola Inc.
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FOR HIGH-SPEED SWITCHING CIRCUITS AND DC TO VHF AMPLIFIER APPLICATIONS:
DUAL TRANSISTORS

LOW-LEVEL AND HIGH-FREQUENCY

Dual PNP MD3250 and 51, featuring minimum
f, of up to 250 MHz and C,,, of 6 pf maximum,;
current gain specified from 10 A to 50 mA; high
breakdown voltage — up to 50 V minimum; wide
band noise figures as low as 3 db maximum.

LOW-NOISE/LOW-LEVEL/HIGH-GAIN AT ,A LEVELS

Dual PNP 2N3800-01 and 2N3806-07, featuring
noise characteristics as low as 1.5 db maximum at
f=1 ke and 10 ke; wide band noise figures as low
as 2.5 db; high breakdown voltage BV ;o =60 Vdc
minimum; high beta guaranteed from 10 pA to
10 mAdec.

LOW-LEVEL AND LOW-NOISE

Dual NPN 2N2913-14 and 2N2972-73, featuring
high breakdown voltage BV ;=45 Vdc¢ minimum;
very high beta guaranteed from 10 pAdc to 1.0

mAdc — hgp up to 150 minimum at 10 pAdc;
excellent noise characteristics — as low as 3.0 db
maximum at f=1 kc.

HIGH SPEED SWITCHING AND DC
TO VHF AMPLIFICATION

Dual PNP Stars® MD2904/A-05/A, featuring
high-voltage rating — BV, to 60 Vdc minimum;
high uniform beta over the current range from 0.1
mA to 300 mA; high current-gain bandwidth prod-
uct — f;, = 200 MHz minimum; low saturation
voltage — 0.4 volt maximum at 150 mA.

Dual NPN Stars MD2218/A-19/A, featuring cur-
rent gain specified from 0.1 to 300 mAdc; high
current-gain bandwidth product — f,, = 300 MHz
minimum for MD2219/A; switching limits speci-
fied — tg, t,, t,, t;; all leads electrically isolated.

COMPLEMENTARY PAIRS
HIGH SPEED SWITCHING /DC TO VHF AMPLIFICATION AND COMPLEMENTARY CIRCUITRY

Dual Stars NPN/PNP MD6001-02 (NPN type similar to the 2N2218 and 2N2219; PNP
type similar to the 2N2904 and 2N2905), featuring beta specified at five current levels from 0.1
mAdc to 300 mAdc; switching limits specified — t,, t,, t, t;; all leads electrically isolated.

FOR APPLICATIONS REQUIRING A MATCHED PAIR OF DEVICES WITH
HIGH UNIFORMITY UNDER VARYING CONDITIONS:

DIFFERENTIAL AMPLIFIERS

LOW-LEVEL AND HIGH-FREQUENCY

Dual PNP MD3250A and MD3251A, featuring
minimum f; of up to 250 MHz and C,,, of 6 pf
maximum; current gain specified from 10 pA to
50 mA; high breakdown voltage — BV, = 50 V
minimum; low base voltage differential — 3 mV
maximum at I. = 100 yAdc — held within 1.8 mV
from —55°C to +125°C; wide-band noise figures as
low as 3 db maximum.

LOW-LEVEL AND LOW-NOISE

Dual NPN 2N2915-20 and 2N2974-79, featuring
high breakdown voltage BV, = 45-60 Vdc mini-
mum; very high beta guaranteed from 10 pAdc to
1.0 mAdc; beta match as tight as 0.9 to 1; base volt-
age differential as low as 3 mV maximum at I, =
100 pAdc; excellent noise characteristics — as low
as 3.0 db maximum at f = 1 kec.

LOWEST NOISE/LOW-LEVEL/HIGH GAIN

AT ;A LEVELS

Dual PNP 2N3802-05 and 2N3808-11, featuring
minimum gains as high as 300 at 100 pA; noise
characteristics as low as 1.5 db maximum at f = 1
ke and 10 ke; wide-band noise figures as low as 2.5
db; device-to-device Vy,;; (base voltage differential)
as low as 5 mV over complete current range from
10 A to 10 mA; differential changes with tempera-
ture as low as 10 xV/°C from —55°C to +125°C.

HIGH UNIFORMITY OVER WIDE

TEMPERATURE RANGE

Dual NPN Stars 2N2060/A, 2N2223/A and
2N2480/A, featuring BV, as high as 100 V;
A(Vppi—Vgee) as low as 0.9 mVde = 100 pAdc
from —55°C to +125°C; maximum base-emitter
voltage differential as low as 3 mVdc; low capaci-
tance values (C,, = 8 pf typical; C,;, = 20 pf typi-
cal); all leads electrically isolated.

v

FOR SPECIAL APPLICATIONS CUSTOM-TAILORED TO SPECIFIC OEM REQUIREMENTS:
DARLINGTON AMPLIFIERS

Motorola has a complete custom capability for fabricating “one-
of-a-kind” Darlington amplifiers to go with any given circuit.

GET IN TOUCH with your Motorola field sales rep-
resentative or local Motorola semiconductor distributor
to get sample devices for testing. For complete technical
details, write: Motorola Semiconductor Products Inc.,
Technical Information Center, Box 955, Phoenix,
Arizona 85001. Act today.

MOTOROLA

Semiconductors

o~
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INTERNATIONAL RECTIFIER S
PROUDLY PRESENTS A CONTROLLED RECTIFIER FAMILY

Proven performance backed by years of intensive --
research and environmental testing -

FLEXIBLE
LEAD
A\
Wy

Tld

1470 DIA um~c1 i l "' e”””"““‘

,l,
’z‘ W

] [ Sl
1083 MAX ‘

| v UNF—2R
] g H
i T

1690 MAX

ACROSS FLATS

For more complete technical information, write for these bulletins-

350 Amps—-Bulletin A-116 X
300 Amps (standard)-Bulletin A-114
300 Amps (fast switching)-Bulletin A-115 i
250 Amps—Bulletin A-113 o
piheg = -
CALL MR. RECTIFIER - ; e - -
He is your local International Rectifier Sales Engineer. = g
He's experienced. He understands your problem. He 2
has the answers. He works closely with‘you, His sole . ,." =3
purpose is to serve you. You can deal in confidence
with *““Mr. Rectifier'’ —your rectifier specialist from e
IR. Call him,
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: UP T0 1200 VOLTS PRV EPITAXIAL SCR

1,000,000 to 1 RATIO, FIRING POWER to RATED POWER

ACTUAL SIZE

*Average DC amperes

" World's most advanced line of HIGH POWER EPITAXIAL SCRs...UP TO 1200 VOLTS PRV

- IR opens new vistas in the field of power control and conversion with a com-

350 Amps epitaxial SCR plete family of silicon controlled rectifiers. They are indispensable tools of the
~ engineer in meeting demanding design requirements for higher performance.
" 300 Amps epitaxial SCR Increased efficiency, increased reliabilifcy, redu;ed siz'e ahd reduced weight

Cenchued) are merely a few of ‘the adyantages engineered into '.R s high pqwer SCR line.

The inherent capabilities in the design of these devices, combined with the

< 300 Amps epitaxial SCR application experience of our engineering staff offers you an opportunity to
& iy (fast switching) utilize the most advanced SCR technology available today in the design of
250 Amps epitaxial SCR your high power equipment. Only IR manufactures a full spectrum of epitaxial

SCRs—35 amps to 350 amps, 200 volts to 1200 volts. For full facts and tech-
nical assistance, call in a power rectifier specialist: your IR sales engineer.
You'll find he is ‘‘Mr. Rectifier’’ himself when it comes to sizing up your prob-
lems...and solving them fast. Or write: International Rectifier, El Segundo,
California 90246.

WORLD'S LARGEST RECTIFIER SPECIALISTS

- <= [NTERNATIONAL RECTIFIER

INTERNATIONAL RECTIFIER, EL SEGUNDO, CALIF., PHONE (213) OR 86281 - CABLE RECTUSA - REGIONAL OFFICES IN NEW YORK CITY, (212) CH 40748 - FORT LEE, N.J., (201) Wl 7.3311 - SYRACUSE,
N Y., (315) HE 7.8495 - CAMBRIDGE, MASS ., (617) UN 4 6520 - ARDMORE, PA_, (215) M1 9:3666, (215) GR 3-3931 - SILVER SPRING, MD, (301) JU 9-33C MIAMI, FLA . (305) 4455201 - CHICAGO, ILL., (312
- OR 64090 - CLEVELAND, OHI0, (216 4100 « DAYTON, OHIO 13) 223-7691 - HUNTINGTON WOODS, MICH., (313) LI 8 1144 - ST LOUIS, MO . (314) TE 863 + MINNEAPOLIS, MINN., (6 0

3]
34 0
RICHARDSON, TEX., (214) AD 1 2504 + SAN MATEO, CALIF, (415) 349 2373 - LOS ANGELES, CALIF 213) 678 2181 « IN CANADA: TORONTO, ONT . (416) 421 5970 - MONTREAL, QUEBEC, (514) 861 0562
EUROPEAN GENERAL SALES OFFICE: 38 AVENUE DES ARTS, BRUSSELS, 4, BELGIUM - TELEPHONE 111774
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EAGLE ELECTRIC COUNTER

Batch count a predetermined
number. Shut off or actuate a
machine or machines.

Meter fluids by flowmeter.
Control a shut-off or a mixing
valve or valves.

Add—subtract count. Control of
parking lot, hopper or conveyor
section capacity.

COUNTS..THEN CONTROLS

The HZ760 performs in three ways...as a
batch counter...a continuous count counter...
an add-subtract counter. Whether you count
pills or automobile bodies, this is the unit for
the job.

Functionally, the HZ760 registers counts by
electric impulse from a limit switch, photo-
electric cell, flow meter or similar device. At
the preselected number of counts, adjustable
up to 9999, the unit’s control switch turns
electronically or electrically controlled equip-
menton or off. THERE ISNORESET TIME.
The HZ760 is a rugged counter designed for
precise, industrial control. Among its out-
standing features: pushbuttons to set count
...keylock to prevent tampering...large, easy-
to-read numerals...10 amp. load switches...
counting speeds to 500 per minute...AC coils.
HZ762 shaft driven units for revolution count-
ing also available. Compare. You’ll choose
Eagle.

Electro-Mechanical, Electronic, Solid State Timing/Counting/Programming Controls [J General Purpose, Medium Power Relays

1 2.

3.

EAGLE's family of counters offers you a wide selection for
your most exacting control problems: 1. 80 count plug-in
automatic reset counter. 2. 6 digit electric count totalizer.

3. 3 digit electronic counter for high speed counting.

Contact Eagle Signal Division, E. W. Bliss Company, Federal

Street, Davenport, lowa.

LITET] [ EAGLE SIGNAL

A DIVISION OF THE E W. BLISS COMPANY

72
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. , COMPARE
-~ g . Better Life Characteristics

= | MPARE e, N  COMPARE
Higher Reliability F ) - Fewer Parts

.  compare ! | e s
More Design Flexibility Y .

COMPARE
Lower Pull-in Voltages

New Eagle relays...more than 3,000 types...are
the best you can get anywhere. Be crafty. Check
b4 the specs and the product. Convince yourself.

One example: Gold-plated contacts are standard

& wixn

& on every general purpose Eagle relay. And on me-
dium power relays, silver cadmium oxide contacts
¥ are standard, since they deliver the best possible = R g
3 current-bearing characteristics in this power range. & | ﬁz&
Check some more. Note the sturdy designs...the o e ™ { L é;f; o
g ratings that exceed all other competitively-priced Part of the “‘big"’ picture...more than 3,000 types: plug-in
units...the precise engineering and inventive use with dust covers; dual latching; hermetically sealed; cus-
€ of materials. They’re all what you’d expect from tom-engineered styles.
g Eagle—leaders in time/count control devices. Get full details in our new, 16-page color catalog. Send for
If you’ve ever dealt with Eagle you'll expect more, your free copy to Eagle Signal Division, E. W. Bliss Com-
9 and you’ll get it. We're talking about unequalled pany, Federal Street, Davenport, lowa.

service...service that frankly has never before been
e available from any relay manufacturer. * E Aﬁ lE SI G “ AI'
Compare. You’ll choose Eagle.

A DIVISION OF THE E. W. BLISS COMPANY

Electro-Mechanical, Electronic, Solid State Timing /Counting /Programming Controls [J General Purpose, Medium Power Relays
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THEN GET THE RIGHT TAPE FROV GUDEBROD!

74

Perhaps you are regularly using Gudebrod Gudelace
18, the standard, wax impregnated nylon tape that’s
known round-the-world for its non-slip knotting
(meets MIL-T-713A specs, too). You are doing well
then—with the finest tape and saving money on
harnesses, too!

But when you are making gear for tropic or
arctic use, if you are involved with outer space or

o

12 SOUTH 12th STREET,

Circle 74 on reader service card

special industrial applications—come to Gudebrod.
Here is your one best source for lacing tape informa-
tion. Ask for a copy of our Product Data Book
describing the more than 200 different tapes in our
regular stock. In it you’ll probably find the tape
that fits your requirements—but if you don’t,
inquire about having one made to your particular
specifications.

Area Code 215, WA 2-1122

UDEBROD BROS. SILK CO., INC.

FOUNDED IN 1870

PHILADELPHIA, PENNSYLVANIA 19107
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There’s not even the hint of a “miss” in this
A-MP* Patchcord Programming System!

Patchcord Programming Systems are comprised
of a series of metallic contact junctions. The
electrical performance of these systems is de-
termined by the sum of the mechanical properties
of these junctions.

Check ours out . . . feature by feature . .. and one
fact is outstanding: it's quality-built at every point
for overall reliable performance.

Ours is a modern, compact, lightweight system
designed with fewer moving mechanical parts and
is quality-controlled to maintain precision toler-
ances, resulting in increased reliability.

All contacts are gold-over-nickel plated. This,
coupled with our patented double-wiping action
that pre-cleans contact springs and patchcord pins,
assures positive, reliable connections everytime.

Twin-Detent Patchcords, in manual or semi-

permanent types, incorporate a specially
designed, wholly contained spring-member that

Electronics | January 10, 1966

~ Zero in on qut

locks the cord to board and prevents program
failure by accidental dislodgement. Patchcords
can be easily hand-removed to facilitate program
changes.

As for rear board wiring, precision crimped
LANCELOK* contacts provide maximum electrical
performance and positive retention in the board
through a unique locking lance design.

These are just highlights. All of them add up to
the quality you look for to assure reliable per-
formance. Get all the details you need by writing
today for complete information.

*Trademark of AMP INCORPORATED

:'_'__""‘__'—__——“__—_n —————— a1
I : INDUSTRIAL :
| INCO o | SALES |
' RPORATED | pygon |
I Harrisburg, Pennsylvania | J'
A-MP* products and engineering i :e___t;ug_h_‘—T___m‘

Australia » Canada e England e France o Holland e Italy e Japan e Mexico @ West Gelmzny.
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COMPLETE LINE OF GAS DISCHARGE DEVICES

Spark Gaps — Two Electrode

Used for protection of elec-
tronic components . . . transfer
of high energy. Use them singly
or in various combinations. Se-
lect from a standard line of
spark gaps that fit 400 volt to
50,000 volt applications.

Triggered Spark Gaps

Switch high levels of energy
faster and easier with low-en-
ergy-controlled triggered spark
gaps. Hundreds of types are
available covering the applied
voltage range of 1,000 to
40,000 volts.

Gas Discharge Microwave Noise Source Tubes

Used in waveguide from L-band to Ka-band and with
coaxial noise generators. Standard tubes are available
for use in frequencies from 200 Mc to 40 Gec. Specials
in the 40 Gc to 90 Gc range can be supplied.

Circle 76 on reader service card

For an introduction to Signalite's Gas
Discharge Products Line . . .

Signalite recently purchased the entire Gas Dis-

charge Tube Product Line of the Bendix Red
Bank Division and now offers Complete Engi-
neering Capabilities in the production, design,
and application of gas discharge devices for
your requirements. Feel free to contact us for
any special design work. Our engineering staff
will be pleased to serve you.

Signalite’s high production capabilities insure
that every standard gas discharge item in the
catalog will be in stock — in quantity. Further,
many specially fabricated assemblies can be
supplied to you on short notice.

Miniature Gas Discharge
Microwave Noise Generators
Reliable, inexpensive refer-
ences for establishment of
system receiver sensitivity
levels. These small size and
light weight units are ideal for
system applications where
space and power are limited.
A full range of microwave
noise generators is available.
Specials can be supplied to
individual requirements.

Experimental Hg-Ne Laser

Output is 6328A at approximately 1ImW. All components
are visible and unit is portable. Its use in basic physical
optics experiments insures easier measurements and
superior end results.

If There & a Gas Discharge Device ov Glow Lawp To weeel qouwr weeds, Well kave &:



. Your Single Source for
Gas Discharge Tubes and Glow Lamps

VOLTAGE REGULATING TUBES W!'TH -+1 VOLT TOLERANCE

These specifications cover only 2 of the 19 dif-
ferent voltage regulator tubes presently avail-
able. Reference voltages of 82, 91, 100, 103, 105,
115, 139, and 143 are in stock. All of them have
that significant =1 volt tolerance. For more
detailed specifications, write for Signalite Ap-
plication Newsletter Supplement #1 or contact
us and describe your particular applications.

Typical Characteristics
Z82R10 Z100R12

Some Proven

BREAKDOWN VOLTAGE Applications
(in Dark or Light) MAX 115 150 Reference Voltage Sources

REFERENCE VOLTAGE 82 +1 100 =1 Regulated Power Supplies
(measured at) (2.0 MA) (3.0 MA) Oscilloscope Calibrators
VOLTAGE REGULATION (variation in Photo Multipliers

reference voltage exhibited by Zener Diode Voltage Sources

individual tube) igi
LESS THAN 1 VOLT CHANGE 03 to 06 to ?'g'.ta' ‘é‘?“mﬁte’s
FROM 10.0 MA 12.0 MA HNINEILITCUILS

TEMPERATURE COEFFICIENT (TYPICAD | —2mv/°C_ | —9my/°C_| Overvoltage Protection

LIFE EXPECTANCY 30,000 30,000 | Suppressed O Voltmeters
(hours) hours hours Frequency Dividers

Tentative specifications subject to change without notice. Indicating Voltmeters

Circle 77 on reader service card

For your copy
of the

o Wthowo wety, Woll Deitgre it i [l Siciisiovicetor

-

Supplement #1 . .«
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GET :
T , MODULATION DEPTH
H E SET MODULATION  AF OSCILLATOR g
DEPTH : 20 cps to 20ke

PICTURE /A ®iidei 3

FREQUENCY e
10ke to 72Mc
8 RANGES

S
XTAL CALIBRATOR
1mc; 100ke, 10ke, 1ke v
ATTENUATOR
1. SET ZERO 0.1V to 1V into 500
INCREMENTAL \ 5 SET FULL SCALE
FREQUENCY 3 ppeCT INCREMENTAL -

FREQUENCY DIAL

THE FlRST SOLID STATE SIGNAL GENERATOR .

FREQUENCY RANGE fras
e 10kc to 72 mc on fundamentals
e Fine tuning discrimination 300 p.p.m
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- IS A PHOTO-CHOPPER BETTER?

PART NINE of a series on the state of the chopper art

Maybe. Us éngineer types never get a decent clear cut
decision. Still, if the Old Man said don’'t use them damn
= < choppers maybe you'd better go photo-chopper. If you just

ignore the neon bulbs you could say all solid state and get
4 away with it.

It’s like this. You’ll get 1500 to 2500 ohms conducting resis-
tance if you leave the neon lamp on. If you switch it at 60
3 cycles you get maybe 20 K. Dark resistance gets pretty good,
about 10°.

The response time is not so hot. The flaw is turn-off time.
The cells turn on quick and off slow. You use two, which o
helps, one in series with the load, one in shunt.

O-
g O e pefher el Uy s S S
z R | IOOK ! : | | | .
-~ goovbe | | ost (&) 7 1 @ ——————+>ouT o
¥ | i i el s Bemete e et ooy el e
O—————F——F—¢ & —¢— O 40UT :
— | | | 1 1 I ) R, | Internal schematic of AC Drive Type 5510,
! | =3} 1 { "3:\ = 60 to 400 cps. R — Limiting resistor.
| | 100K | T ' I 1
o I L1 N R (R T IR TS S W
= b ke — e e e e s ] RS E‘VS
- Type 5514 in a modulator circuit
3 microvolt RMS, 50 microvolt
—- peak noise across 1 megohm.
~ PEAK EFFICIENCY VS. FREQUENCY
By Output waveform 199 [ [ FH I LTI
60 cycle square wave drive oy 90 I WEH | [ o e
™ © B8O 4 ! S [ I b
& T l |11 N
NS a 1 W [ I \
| . | | |
z 8 ' 1T T S
80 l l Pl **"***v*ﬂ'*ﬁi
3 > AC PK.PK | | Al e
O 40| ppp. AC PKPK o 00 Tt
= DC IN ) (WS I |
o vy w 30} d==—r—r "MTTH%
© 20 TEMP.=25°C : =ttt ~+—
. T | o} RL=1MEG ! i || !
i ISUMRT N R 0 1 ) A OO 21 l
S 100 1,000
FREQUENCY IN CYCLES
< Output waveform Output waveform
400 cycle square wave drive 1000 cycle square wave drive
-
You really need a square wave drive for best performance. Or
- - you can supply DC at about 200 volts and get the neon bulbs
to operate as relaxation oscillators. That's Airpax part 5514.
o The chopping rate will vary directly as the DC voltage
5 & So — sorry about that. It's still your headache. The life seems
pretty good, we dunno how good yet, but it's probably up to
-y the neon bulb if the photo-resistors are any good.
60 cps square wave drive 60 cps sine wave drive
il We will cheerfully sell you a couple thousand. showing maximum efficiency. showing reduced time efficiency.
“~
- AI R PAX ELE CTRO N I C S incorporated CAMBRIDGE DIVISION, Cambridge, Maryland
~ Phone: 301 228-4600 < TWX: 301-228-3558 <« TELEX: 8-7715
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Use the Below Coupon To
Order Editorial Reprints

From Electronics!

=ill'in, cut out the coupon, insert in envelope
and mail to:

Electronics Reprint Department
330 West 42nd Street, New York, N.Y. 10036
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$1.00.

MOS Integrated Circuits Save Space
and Money, 16 pages.

The Overlay Transistor, 4 color spe-
cial feature, 15 pages.

Cold Cathode Tubes (3 part series,
28 pages).

Automated Trains: Who's On The
Right Track? 16 pages.

. R-74 Unijunction Transistors, 24 pages.

To help expedite mailing of your reprints, please send cash, check, or money order when you order.

¢ each.

Name st I T e e le, SR B o el e o], [ e R e R G Mt A el 2o 0TS Wi L 0 T o st

|
|
|
|
i
| Send me. . . . . reprint(s) of key no(s). . . .. .. at. ..
|
|
|
|
|
|

Electronics | January 10, 1966



Get the exira capability,
greater reliability, and
longer useful life

of Rohde & Schwarz!

Since 1933, Rohde & Schwarz’ group of unusually creative engineers have been
designing electronic instruments that are truly unique. These instruments are
constantly ahead of what is considered to be the state-of-the-art. They are more precise.
They are easier to use and read. Many perform extra functions. Some do jobs never
done before. All are constructed with uncompromising quality—drastically reducing
maintenance requirements. As a result, they do not become obsolete as fast as
ordinary instruments—they provide more years of useful life. As you might expect,
you pay a little more initially for some of these—but an investment in

Rohde & Schwarz saves you plenty in the long run!

Get extreme accura

TYPEND30M &

For more informa

with these
new solid state FREQUENCY SYNTHESIZERS!

tin, CIRLE 80 ON READER SERVICE CARD

A line of signal generators providing unusually high ac-
curacy and ease of operation. Continuously variable
over its range, each model provides a direct digital read-
out, with no tuning required. Perfect for bridge measure-
ment, work with filters, networks, nuclear magnetic
resonance, and as a source of reference frequencies for
standards labs. All are fully transistorized and designed
for AC or battery operation.

FREQUENCY RANGES: Type ND30M... 300 Hz to 31 MHz

Type NDIM...300 Hz to 1.1 MHz

Type ND99K...0 to 110 kHz

FEATURES:

® Built-in 1 MHz crystal has proportional oven and
5x10—°/°C stability

® Spurious and noise suppression better than 80 dB

* Decade tuning

* Modular construction

* Completely transistorized

* High resolution search oscillator— 130 divisions

A Crystal Measuring Set
Built to IEC, IEEE &
DIN Recommendations!

The Rohde & Schwarz RQZ
Crystal Measuring Set provides
a truly uniform method of meas-
ing equivalent circuit param-
eters of oscillator or filter
crystals. Frequency range is 0
to 300 MHz, and measuring
head will work over a range of
—20° to -+70°C. Provision is
made for remote measuring.

. TYPERQZ

FEATURES:

* Measures motional
capacitance, resistance, and
inductance, and series
resonance frequency.

* Measures crystals over wide
range of drive levels

* Ranges of motional resistance
0to17kQ

* Built-in load capacitances of
12, 30, and 50 pF

For more information, CIRCLE 81
ON READER SERVICE CARD

Make rapid, reli-
able measurements
of semiconductor
parameters

For more information,
CIRCLE 82 ON READER
SERVICE CARD

The Rohde & Schwarz Transistor-Y Meter is a transistorized pre-
cision instrument which provides a complete measuring system for
both dynamic and static parameters associated with diodes, tran-
sistors and other semiconductor devices and circuits. Also suitable
for impedance measurements on other components, it is designed
for low power sonsumption, thus reducing operating temperatures
and increasing reliability.
FEATURES:
¢ Directly measures Yiie, Yeoe, [Ya1e], dize
* Measurements at 8 switchable fixed frequencies from
20 kHz to 37 MHz
* Test jigs for TO-5"and TO-18 packages; others available
* Output provided for measurement of phase (R&S Phasemeter
Type PDF available as option)

Use this Microvoltmeter Rohde & Schwarz's USVH Selective Microvoltmeter features
for applications
never before possible!

For more information,

TYPE USVH

unusual sensitivity and sharpness in tuning that permits meas-
urement of * selective attenuation and frequency response on
4-terminal networks ¢ RF distortion and waveform analysis
* depth of modulation ® receiver and amplifier inter- and cross-
modulation * RF leakage ¢ spurious frequencies and noise—all
without the need for additional equipmentl

FEATURES:

* 10 kHz to 30 MHz frequency range

* Full scale deflections of 14V to 1V

* Selectable bandwidth of 500 Hz or 5§ kHz

* Six input impedances from 500 to 500 k2

* Expanded scale with suppressed zero for 3 dB
point measurements

CIRCLE 83 ON READER SERVICE CARD

Rohde ‘& Schwarz, 111 Lexington Ave., Passaic, N.]., 07056 Phone: PRescott 3-8010
Inquiries outside the U.S.A. should be directed to: Rohde & Schwarz, Muehldorfstrasse 15, Munchen 8, West Germany.
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DESIGNEFI’S

. MALLORY & CO. INC., INDIANAPOLIS, INDIANA 486206

82

New miniature tantalum
capacitor for microcircuits

The Mallory TUR is a miniature
solid electrolyte tantalum capacitor
designed for use with integrated
circuits, thin film and other micro-
electronic circuits. It is supplied un-
encapsulated to provide extremely
small size per rating. It is intended
for use with microcircuits where it
will be encapsulated after assembly.

The TUR has a new configuration
which provides maximum capacity
per unit volume. It’s a square chip,
only .225"” to .325” square, and
.04” to .170” thick depending on
rating. It is supplied with an elec-
trically insulating coating on the
positive side of the case, so it can be
stacked or placed directly on the
circuit chip or board prior to en-
capsulation. When properly pre-
dried and encapsulated, it withstands
MIL environments.

CV (capacity x voltage) product is
extremely high. Ratings range from

47 mifd., 6 VDC to 15 mfd., 50
VDC. Temperature rating is —55°C
to +85°C, de-rated linearly to 24
voltage at 125°C. DC leakage is
low. Three configurations keyed
to lead position are available. Stand-
ard unitsarepolarized ;non-polarized
units on special order. Leads are
gold-plated ribbons, can be welded
or soldered.

DIMENSIONS

Case | A g BM cMm

Size X. ax. ax.
A 225 225 040
B 225 225 050
c 225 225 060
D 225 225 075
E 225 925 110
F 325 325 060
6 325 35 075
H 325 325 110
] 395 325 125
K 395 35 170

CIRCLE 105 ON READER SERVICE CARD

Reducing costs
with Mallory
packaged rectifier
circuits

o
B T

You can save both on component
costs and on assembly costs, with
Mallory rectifier packages. Each of
these factory-connected circuits costs
less than what you would pay for
an equivalent number of separate
rectifiers. The four-rectifier bridge
package costs less than four sepa-
rate rectifiers, and the full-wave
and doubler packages cost less than
a pair of rectifiers.

Savings in assembly come from
reduction in number of soldered
connections which you need to make

. one less on a doubler or full-wave
circuit, two less on a bridge. You
can figure it out for your own
conditions, but here’s a typical
analysis. At a labor rate of $1.60
per hour, the saving is about $300
per 25,000 doubler packages, or
$600 per 25,000 bridge packages.
Extra reliability due to fewer sol-
der joints is a plus value.

Cold-case encapsulated circuits in-
clude Type FW full wave bridge,
Type VB voltage doubler, Type CT
full-wave center tap with either
positive or negative polarity . . . all
rated for 100°C, in PRV values
from 50 to 600 volts. Bridge cir-
cuits, Type FWZ, are also supplied
with an integral, factory-connected
zener diode across DC output ter-
minals; all standard zener voltage
ratings are available in this con-
figuration.

CIRCLE 106 ON READER SERVICE CARD
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Improved heavy-duty performance
now provided by Mallory Alkaline Batteries

Recent refinements in Mallory
Alkaline Batteries increase their
ability to deliver long life at higher
values of current drain, and further
improve their advantage over con-
ventional zine-carbon batteries both
in service dependability and cost
per hour.

This added capability is the result
of new internal construction which
increases the effective anode area
in relation to cell volume. Internal
impedance of the cell is reduced,
particularly at low temperatures.
At T70°F ambient, the Mallory
alkaline system delivers up to 7
times more hours of service on
continuous heavy drain than ordi-
nary batteries (see chart). At 32°F,
the improvement in performance
is even better.

Circuit breaker-switch now
available on Mallory controls

The OCB breaker-switch eliminates
the need for a separate circuit
breaker by combining overload pro-
tection and line switch into a
single, compact unit. It’s an extra
convenience idea for television and
stereo equipment, for instruments
and any products which require
overload breakers under 5 amperes.

1.6 '
I}DISCHARGE AT 250 MILLIAMPS, 70°F
|
|

VOLTAGE
[

ALKALINE

o 1 2 3 - s (=] 4 8 =

Added refinements in case and seal Mallory Alkaline Batteries with the
construction have also been made new construction are available in a
to insure reliability of the seal under broad range of standard cell con-
even the most severe vibration. figurations.

CIRCLE 107 ON READER SERVICE CARD

To reset the breaker after it trips,
you simply turn the switch back to
OFF, then to ON. You cannot hold
the breaker closed against an
overload.

OCB breaker switch attached to vol-
ume control.

Holding current is factory-set to

your specifications; standard range Brea'k current is 509, higher than
is 1.25 to 1.9 amperes, with special holding current. The OCB switch
models available up to 5 amperes. will withstand a 109 overload for
4 hours at 65°C ambient. It will
take a 50 ampere surge, peaking in

1.6 millisec and decaying to normal
in 3 millisec, without opening or
being damaged.

The OCB is supplied attached to
standard Mallory volume controls
as a rotary on-off switch, or can be
supplied as a separate breaker
switch. As a combination control-
switch-breaker, it offers savings in
total component and assembly cost.

Diagrams show operation of breaker mechanism:

atleft, in MAKE position; atright, in BREAK position.

Electronics | January 10, 1966
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Eimac's voltage tunable magnetrons are now mag-
netically shielded against degaussing effects of other
permanent-magnet devices, dynamic magnetic fields,
and stray radiation. A unique magnetic circuit design
results in negligible external magnetic field and al-

lows the tubes to contact ferromagnetic materials
without degrading performance. If you're working
on radar receivers, telemetry, or other sophisticated
systems—any space-limited package which requires
the small size, tuning linearity, high efficiency, and
high-speed frequency modulation of VTM's —you'll
want to know more about our new family of mag-
netically shielded voltage tunable magnetrons. Write
for complete technical data.

84 Circle 84 on reader service card

introduces a new family
of magnetically shielded
UTM’s for microwave
oscillator circuits.

MAGNETICALLY SHIELDED VTM'S

San Carlos, California 94070

A Division of Varian Associates

Electronics | January 10, 1966

Type Frequency range (Mc) Py (Min)
EM 1300 250-500 50 mW
EM 1310 500-1000 100 mW
EM 1311 980-1020 50 W
EM 1320 1000-2000 100 mW
EM 1331 2200-2300 35W
EM 1332 2000-3000 100 mW
EM 1333 2900-3200 75 W
EIMAC

Eims*©



GENERAL PURPOSE control

Dunco 219 Frame relays in

.

three stock tact arrang

Single Coil
SEQUENCE

NEW! — Dunco Frame 211
relays provide thousands of
control sequences

S“‘MEMORY’”’

NEW! — mechanical latch,
electrical reset Frame 255 relays

A COMPLETE RELAY LINE FOR

Simplified, Economical Industrial Control

These four Dunco industrial control relays
TIME DELAY §irn;)lit'}' afld eco'nom‘irze controlﬂpénél.s. v'vh'ich‘;

in the past, have often been “over-relayed
CONTROL RELAY with larger, more costly types or types entail-
ing more complicated circuitry. All four relays
are in matched designs using 12-pin plugs and

Combines a high quality RC net-
work triggering a 4-level transis-

tor with the Dunco general-pur- heavy-duty industrial sockets. Contacts are
pose control relay. Timing is conservatively rated 10 amperes. Standard

adjustable over a 90:1 scale in

50 volt electrical spacings are us ough-
e, atandacd Tanges: OF Yo 18 150 volt electrical spacings are used through

out. Write for Data Bulletin on any type to

Operates directly
from 115 volts, : . 5 By o o ) c
60 cycles Write for Data Bulletin 6235. STRUTHERS-DUNN, Inc., Pitman, N. J.

seconds; or 2 to 180 seconds.

STRUTHERS-DUNN

WORLD’S LARGEST ASSORTMENT OF RELAY TYPES

SALES ENGINEERING OFFICES IN: Albuquerque - Atlanta » Belmont, Calif. - Boston » Buffalo » Char-
lotte « Cincinnati « Clearwater, Fla. » Cleveland - Clifton - Dallas + Encino » Englewood - Glen Ellyn,
Il. « Houston - Kansas City « Las Vegas + Memphis + New York = Phoenix « Pittsburgh « St. Louis + St.
Paul - Salt Lake City + Richardson, Tex. » Seattle » Southfield « Wichita - Wilmette. Canadian Licensee:
Renfrew Electric Co., Ltd., Toronto. Export Department: 1505 Race St., Phila., Penna. 19102, U.S.A.
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Con Avionics

$65 power supplies meet military specs

Made With Silicon Transistors, They Are Unconditionally Guaranteed For 5 Years

These dc regulated power supplies are available in nearly 200
different voltage-current combinations. Silicon transistors are used
throughout and the units operate in ambients as high as 75°C,
with a small external heat sink.

The Mean Time Between Failure of the modules is 100,000 hours,
calculated according to Mil Handbook 217. They are certified to
meet the environmental tests of Mil-E-5272, and most of the require-
ments of three other mil specs. In addition, they meet the RFI
requirements of Mil-I-6181.

Prices start at $65. Every time you specify one of these supplies,
instead of a comparable germanium unit, you save considerable
money. If you're using commercial supplies, typical savings-per-
unit are about $40. For military supplies it's much more.

The fastest way to get complete technical information and prices
is to write, call, TWX or wire Gerry Albers at Con Avionics.

CONSOLIDATED AVIONIGS 4 pwision or

800 SHAMES DRIVE / WESTBURY, L.I., NEW YORK/ 516 ED 4-8400

86 Circle 86 on reader service card

SPECIFICATIONS

Total Regulation

STANDARD

o
MODEL MODEL

(Lineand Load) =+0.5% =*0.05%
Ripple (rms max.) 10 mv 1mv
Temperature

Coefficient 0.07%/°C 0.03%/°C

ALL MODELS

Input
Temperature

Response Time
Military
Specifications

105-125 v ac, 47 to 440 cps
75°C ambient max.

90°C base plate max.

10 microseconds

Certified to meet the envi-
ronmental requirements of
MIL-E-5272 and the RFI re-
quirements of MIL-I-6181

Electronics | January 10, 1966
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olitron

announces a family
of NPN Silicon Planar
Power Transistors

featuring
TO-46 Package

2 Amps I, max
4, watts at
100°C!

calt

24
; DESIGN LIMITS PERFORMANCE SPECIFICATIONS
[
|
‘ T, 6 | P BVcao| Veeo ' BVeso hee Ve (sat) Ve (sat) lcao fr
—— 1 (sus) S S
Type ‘ Phe —t— wats |— — Volts | Volts uA
| | I % | —_— - e T
Number } Size | oc |oc/w | ©100°C | Volts | Volts ‘ Volts | @l.=0.5A lc=05A | €c=05A | Vcg=230V Veg =60V [ mc
\ \ Case Ves = 2V ls — .05A ls = .05A
b= it P e e
| Max Max Max Vi Min * Min | Min Max# Max Max l Max | Max Min
e il | s SN . —— L S
MHT5001 \ TO-46 ‘ 200 | 25 ‘ 4 60 40 8 B 50 1504 1.2 | 0.35 L 0.1 | 50
= 4 B8, e _—F eh o i | = = - Lo SO SRS i 8 RO SRR,
MHT5002 T?Ovdﬁ 200 25 [ 6 8 50 150 12 0.35 | 0.1 | 50
| i ! ! == e e =
MHT5003 | TO-46 | 200 25 80 8 50 150 1.2 0.35 J | 0.1 50
I L — e /1S e =l — 1 L=
MHT5004 | TO-46 | 200 | 25 100 8 50 150 12 0.35 | 0.1 50
P 0 RLEE §E M O S
MHT5005 | TO-46 | 200 | 2k 8 | 50 150 | 12 0.35 | | 0.1 50

Clolitron

1177 BLUE HERON BLVD. / RIVIERA BEACH,

Leader in Germanium and Silicon Power Transistors, Cryogenic Thermometers, High Voltage Rectifiers, Temperature Compensated Zeners,

TRANSISTOR DIVISION

DEVICES, INC.

FLORIDA / (305)

848-4311

Voltage Variable Capacitors, Random/White Noise Components and Microelectronic Components.
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Is this

SCS
the logical

choice for

Silicon Controlled Switch Decade Counters
BIP-8055 Uni-Directional e« BIP-8054 Bi-directional

decade counter

direct-digital

control?

Many users seem to think so.

They’ve taken our uni- and bi-directional SCS decade
counters and designed them into scores of direct-digital
control applications: N/C machine tools, Depth/Flow/
Dimension measurement, Continuous/Discrete process
control, just plain counting.

Function is one big reason. Together with their comple-
mentary logic and control modules, the counters can be
packaged as a complete decimal accumulator that pro-
vides integral visual readout (provided by our ultra-
reliable NIXIE® tube). Or, use the 10-wire output to drive
a printer, or for other control purposes. You can have uni-
directional or bi-directional counting, and the counter’s

carry output lets you cascade up to six modules for multi-
decade operation.

Convenience is another reason. There’s the flexible form
factor of modular packaging. And the design freedom of
modular function: pre-amplifier accepts three primary types
of count input, buffers the input of bi-directional counters;
polarity indicator discriminates “‘plus’ from ‘‘minus”’
counts; pre-set/re-set with multi-mode capability. And fin-
ally there’s reliability and economy. All solid-state, plug-in
PC board construction. Dependable operation in high-
noise environments. Compatible design and interconnec-
tion that assure performance and respect your budget!

Delivery? From stock. Call or write for full information.

. -
g Burroughs Corporatlon ELECTRONIC COMPONENTS DIVISION

Circle 88 on reader service card

PLAINFIELD, NEW JERSEY 07061



January 10, 1966 | Highlights of this issue

Technical Articles

Integrated circuits replace
the electromechanical resolver:
page 90

Making semiconductor
lasers operate continuously:
page 95

Tunnel-diode oscillator
expands f-m system’s
channel capacity:

page 105

Electronics markets in 1966:
page 111

With off-the-shelf digital integrated circuits, engineers have
designed a time-based analog circuit that could replace elec-
tromechanical resolvers and servo drivers in analog com-
puters. The microelectronic device is smaller, lighter, con-
sumes 90% less power and is 10 times as reliable as the con-
ventional gear it replaces.

By refining the material and improving fabrication techniques,
researchers say they can make the gallium-arsenide laser gen-
erate continuous-wave coherent light. They predict such
operation at room temperature within a year.

Performance of an f-m telemetry system depends on the char-
acteristics of the voltage-controlled oscillator (vco). By using
the unique characteristics of tunnel diodes, a newly designed
oscillator can perform at frequencies to 200 Mc and can ac-
commodate 600 channels.

'Electronics!  Everything is coming up roses for the elec-

Smemenn tronics industry in 1966. Electronics’ annual
statistical survey of the industry starts on
page 111 and includes 30 additional cate-
gories. Then, starting on page 117, the edi-
tors examine the technological trends and
market opportunities in the major segments
of the industry. The cover scene photo-
graphed at a Zenith Corp. plant, where
color tv sets are being life tested, is being duplicated at color
tv plants across the country as set producers strive to keep
up with demand. In 1966, color tv will again set the pace
for makers of consumer products and components.

Coming
January 24, 1966

» Mass-producing a new beam-lead diode
= Using feedback in amplifier design
= More approaches to time sharing

89



Computers

Integrated circuits replace
the electromechanical resolver

Electronic analog resolver is smaller, lighter, consumes 90%

less power and is 10 times as reliable as mechanical devices

solving trigonometric problems in analog computers

By Hermann Schmid,

General Electric Co., Johnson City, N. Y.

A two-cubic-inch package containing 17 off-the-
shelf integrated circuits and a few discrete compo-
nents promises to do the computation job now be-
ing performed in analog computers by bulky
electromechanical resolvers and servo drivers.

The time-based analog circuit, for which a patent
application has been filed, is called an electronic
analog resolver (EAR). With one-tenth the size,
weight and power consumption, it solves trigono-
metric equations and performs coordinate trans-
formations and rotations with the accuracy, 0.1%,
of the electromechanical resolver—and is 10 times
as reliable.

The electronic analog resolver, with full-tempera-
ture-range devices, costs about $500—the price of
a size 11 electromechanical resolver and servo
drive. With temperature-restricted devices and oven
control, the price would be lower.

The resolver’s job

In an electromechanical resolver, rotation of a
constant-magnitude vector R is accomplished by
physically turning the rotor and its magnetic field
with respect to the stator. The amplitudes of the
a-c voltages generated in the two stator windings
are proportional to the x and y components of R.

In EAR, vector R rotates at a constant velocity
for a time proportional to the desired angle of rota-

The author

Hermann Schmid of GE's
armament and control products
section is the designer of the
electronic analog resolver. He

has been creating analog computing
circuits ever since he received

his bachelor's degree in Germany

in 1950.

90

y

«'zIRI when y'=0

Ax,y)
\

e

— (x',y")
X

Trigonometric operations which rotate coordinates
through an angle A (top) and transform coordinates
from rectangular to polar form (bottom).
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tion. During this rotation, the EAR solves the dif-

ferential equation AX = —CX as a function of time,
where the input signals set the initial conditions
and the output signals represent the solution.

Coordinate rotation and coordinate transforma-
tion—the two basic functions of resolvers—are
shown graphically on page 90.

In coordinate rotation, vector R is rotated
through an angle A from its initial position x,y
to x’, y’. The new coordinates, in terms of the initial
conditions and the angle of rotation, are

xX’=x cos A—y sin A

y =y cos A+ x sin A

To transform from rectangular to polar coordi-
nates, the initial position x,y is rotated to the X axis
through some angle A’ so that y’ =0 and x" = |R|

the magnitude of the polar coordinate. The polar
coordinates, in terms of the initial rectangular co-
ordinates, are

IR| =x"=vVx2+y2

A’ = arc tan y/x

Other trigonometric functions (such as trans-
formation of polar to rectangular coordinates) can
be derived from these equations by cascading two
or more operations, by setting x or y equal to zero,
or by using different criteria for determining the
amount of rotation.

Harmonic oscillator

A harmonic oscillator, two integrators and an in-
verter connected in a closed loop, are shown in
the figure just below. They are the basis of the

Harmonic oscillator with two integrators and an inverter connected in a closed loop can perform
the functions of an electromechanical resolver. This is the basis for the EAR.
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Electronic analog resolver contains two pulse-width modulators shown in color panels. Modulator
at left is for x component; modulator at right is for y component. With the exception of the
transistor switches, all the circuits are standard linear and digital integrated.
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electronic analog resolver. The harmonic oscillator
operation is defined by the differential equation:

ko ~R/Rs
(RiCiRyCy)'?

The solutions, which appear at the outputs of the

two integrators, are

Vo =M cos (ot + p)

V, =M sin (ot -+ p)
where amplitude M =\/V,? 4 V,?

frequency o = 1/(R;C,R2C,) 72

phase shift p = arc tan (V,/Vy)

V, and V, are the integrating capacitor voltages
on C; and C. at t = 0, or the initial condition volt-
ages. This determines the amplitude and phase of
the output voltages V- and V.. Note that amplitude
and phase are independent of the time constants
R]C] and Rng.

The frequency of the sine and cosine waves is
only a function of the integrator time constants and
independent of the initial conditions. Vy and Vy
can be considered the x and y components of vec-
tor R, which rotates with angular velocity ko.

The two output voltages, in terms of the initial
voltages on the capacitors, are

Vi = Vi cos ot — Vy sin ot

V, =V, cos ot+ Vi sin ot

Notice the parallel between these equations and
the graphically derived equations for coordinate
rotation. To rotate a coordinate using the harmonic
oscillator, S and S; are closed long enough to
charge C; and C: to voltages Vy and Vy, which are
analogous to some initial rectangular coordinates.
Vector R rotates at some constant velocity when S,
is closed so that the desired angle of rotation is
directly proportional to time. After rotation, the
new coordinates are determined from the values of
voltages Vi and Vy.

To change the rectangular coordinates repre-
sented by Vi and V, to polar coordinates, S; is
closed for time t until Vy is zero. Vi is then pro-
portional to the polar coordinate’s amplitude, and
ot is proportional to its angle.

Controlling the resolver

In the electronic analog resolver, the harmonic
oscillator switching is controlled by logic, zero
detectors and timing circuits. In addition, the
outputs of the harmonic oscillator, Vi and Vy, are
converted to pulses whose widths represent solu-
tions.

Two basic functions—rotation and coordinate
transformation—are accomplished by controlling

L SET T
B TEGRATOR T ROTATE HOLD READOUT—«—*lsNETEGRATORJﬁROTATE HOLD READOUT
A
1 e f—
T2 "—Tz——’ ——
.
3 T3—- T3‘ )
INPUT
NEUT 15 | 90°

Vy'
Vi < \

Vy!
. 0/\

Vy

vy vy
e ey '
z
— r__
3 Uy I

Operational sequence for coordinate rotation. At top are timing pulses. Representing the outputs of
the integrators are Vi and V,.. The final coordinates are given by the width of the pulses at the bottom.
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Operational sequence for coordinate transformation. Note that one of the output pulses starts at T., the other at T..

the integrator initial conditions and the time during
which the harmonic oscillator loop is closed, as
shown in the block diagram at the bottom of page
91. Three timing intervals are provided:

During T;, initial conditions are set by integrat-
ing voltages V. and V; representing the initial
position of R. During T, R is rotated by closing
the harmonic oscillator loop. Lastly, during T, in-
formation is read out as pulses to and t. with
widths proportional to the values of the final co-
ordinates of R.

Two sets of analog switches connect input or
reference voltages to the integrator or connect the
integrators and the inverter into a closed loop. Each
set of switches is controlled by a logic circuit which
combines command signals—S, for rotation or S;
for transformation—zero-detector signals and the
three timing pulses.

The resolver’s operation during two successive
coordinate rotations is illustrated by the waveforms
in the figure at the left. V. and V. represent the
outputs of the two integrators.

The initial conditions are set by integrating the
input voltages during T;. During T., R is rotated
through an angle A for a time, ti. Outputs V. and
V- are sine and cosine waves; the phases are deter-
mined by the integrations of T,. From the end of
ty to the end of Ts, Vi and V- are held constant
by opening the harmonic generator loop and re-
moving the inputs to the integrators.
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During Tj, reference voltage =V, is applied to
the input of each integrator. These reference volt-
ages are integrated until V. and V. go to zero. The
length of pulses t. and t starting at Ty are analo-
gous to the final rotated coordinates x” and y".

The reference voltage V.., used on each inte-
grator during Tj, is in opposite polarity to V. and
V., the d-c voltage present at the end of T..

With a change in logic, the resolver transforms
rectangular coordinates to polar coordinates. Two
such transformations are shown by the waveforms
in the diagram on this page. As before, the initial
voltages representing coordinates x and y are inte-
grated during T;. But rotation during T. continues
until V. is zero because then V. represents the
magnitude of the polar coordinate. This voltage is
then held at the output of the integrator for the
remainder of T. and then reduced to zero during
Ty as the reference voltage is applied to the inte-
grator input. The time needed for V.. to reach zero
from time T; is again the length of pulse t-, but
this time ty represents the magnitude of the polar
coordinate, Its angle is represented by pulse t,,
which starts at time T. and continues until V. is
zero. Pulse ty is also the zero-detecting pulse that
terminates the rotation during Te.

Pulse-width modulator

In the EAR are two identical pulse-width modu-
lators. The one to be described and shown in the
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One of the two identical pulse-width modulators shown on page 91. Both use Fairchild, standard integrated circuits.
Switch drivers and logic are shown in color panel at left. Zero detector is shown in the color panel at right.

schematic above is for the x-component. The other
is for the y-component. Though the circuit was
built with standard digital NAND/NOR-gate inte-
grated circuits manufactured by the Semiconductor
division of the Fairchild Camera & Instrument
Corp.. the equivalent AND/OR-gate logic is shown
to simplify understanding of the operation.

The analog integrator is of conventional design
with resistance R in the input and capacitance C
in the feedback path of an IC operational amplifier
(Fairchild pA 702).

The zero detector contains one analog compar-
ator (Fairchild A 710). It compares integrator out-
put voltage Vy with ground to produce an on/off
control signal (designated D)—positive when V. is
more than -2 millivolts, zero when V. is less than
—2 millivolts. From D, a logic inverter generates
D, which is zero when D is positive and positive
when D is zero.

Next, a flip-flop operating as a one-bit shift reg-
ister, produces signal P and P, which have the
same respective polarities as D and D after the
flip-flop has been triggered by the leading edge of
T, or Ty, The presence of both P and D or P and
D during T» or Ty generates the pulse t,.. The type
of operation determines whether the pulse origi-
nates during T, or Ts.

Only one of the transistors Q; through Q is
switched on at any one time to connect the appro-
priate analog voltage to the integrator. The zener
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diode and switchdrivers boost the logic voltage to
a level high enough to operate the switching tran-
sistors. The various logic functions of the electronic
analog resolver are defined by these Boolean equa-
tions in terms of the “on” states of the transistors
Q; through Q, and the logic inputs:

Q. =T;

Q._.:Tg-S.ft_\ + To* Seety
Q;;_: '])'T;x
Ql:P'I)'T:g

ty=P+D*(Ta+ Ts) + P-D = (Ts + Ts)
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Advanced technology

Continuous operation is near
for uncooled diode lasers

Researchers are refining the material and improving fabrication techniques for

GaAs lasers; they predict c-w operation at room temperature within a year

By Michael F. Lamorte

Radio Corp. of America, Electronic Components and Devices Division, Somerville, N.J.

This may be the year in which continuous-wave op-
eration of a laser diode at room temperature is
achieved.

One obstacle bars the way: the heat produced
within the semiconductor by its threshold current
—the minimum needed to initiate laser action.
Boosting the. current to the level needed to achieve
lasing is self-defeating because the higher the cur-
rent the higher the temperature of the diode, and
the higher the temperature, the lower the efficiency
of the diode. Ultimately, if the heat rises too high,
the diode is destroyed.

The obvious solution to the heat problem—cryo-
genic cooling of the semiconductor—is too cumber-
some and impractical. For the past few years, re-
searchers at the Radio Corp. of America, among
others, have been investigating diode lasers, specifi-
cally gallium arsenide injection lasers, and three
directions have been under study in an effort to
lower the threshold: improvement of the diode itself,
improvement of the pn junction and reduction of
the diode’s thermal resistance.

Purer, more uniform semiconductor material is
expected to result in higher power and better effi-
ciency. The improvement in the pn junction is being
accomplished through the use of epitaxial tech-
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niques, which produces uniform, planar junctions;
this alone is likely to lower threshold current den-
sity by factors of 10 to 100. And reduction of ther-
mal resistance is being accomplished by making
the material very thin.

A prediction and a goal

Results to date indicate c-w operation at room
temperature will be achieved during 1966. Recently,
RCA reported levels as low as 4 amperes at room
temperature (300°K). The goal is about 0.5 ampere.
At liquid nitrogen temperatures, however, threshold
has been reduced to as low as 0.1 to 0.7 amperes.

Why turn to the diode in the first place? Can’t
the gas laser do the job without worrying about
heat and threshold current?

To be sure, gas lasers have their place, but sev-
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