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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 e 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) ® 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
behind 50 ohms e frequency can be monitored by an external counter
through a connector provided specifically for that purpose @ price is $3450,
far less than the total cost of the separate instruments you would need for
comparable performance.

Write for complete information or a demonstration.

BOSTON o« NEW YORK « CHICAGO  PHILADELPHIA « WASHINGTON, D.C.
SYRACUSE o DALLAS « SAN FRANCISCO « LOS ANGELES « ORLANDO
CLEVELAND « TORONTO « MONTREAL

BOURNE END, ENGLAND ZURICH, SWITZERLAND

Circle 900 on reader service card

An experimental 5-stage, single-tuned,
30-Mc i-f strip with 1-Mc bandwidth
being aligned with the Type 1025-A
Standard Sweep-Frequency Generator.
Data measured includes center fre-
quency, 6- and 60-dB bandwidths, and
gain. The generator can be accurately
set to both the 10 uV signal level at the
front end as well as to 100 mV at the
last stage.

GENERAL RADIO

WEST CONCORD, MASSACHUSETTS
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these new
strip-chart
recorders take
the downtime
out of
industrial
recording

Four new strip-chart recorders are now available from Hewlett-
Packard; 6-inch one or two pen models and 11-inch one or two
pen models. Design techniques including solid-state circuits
and precision reference allow reliable, trouble-free operation.
True modular design makes possible rapid interchange of mod-
ules on line with minimum downtime. Oversized inkwells and
disposable pen tips provide inexpensive writing convenience.
(Or you can have inkless writing on inexpensive electrosensitive
paper for long-term unattended monitoring applications.)

The modular design also lets you order a low-cost recorder that
is tailor-made to fit your application. You have a choice of sensi-
tivity and speed.

As options you can use up to 6 limit switches, electric pen lift,
event markers, and retransmitting pots. Other options include
air purge, individual-remote pen lift, remote chart drive, electric
writing, and jump speed chart drives. Two 6-inch instruments
may be mounted side by side in a single 19-inch relay rack.
Standard features include guarded and floating inputs with high
CMR and solid-state construction with zener reference. The

HEWLETT

PACKARD w
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removable chart magazine tilts out 45° for easy notations and
front loading.

It all adds up to recorders that stay on the job, not the repair
bench.

Call your Hewlett-Packard field engineer for complete informa-
tion. Or write 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,

SPECIFICATIONS

Sensitivity: Choice from 1 mv to 100 v full scale
Chart Speed: Choice from 0.5 in/hr to 10 in/min
Accuracy: 0.25% with 0.5 second balance time

Input Impedance: Potentiometric 1 mv to 100 mv; constant 1 MQ above 100 mv

Prices: 6-Inch Recorders 11-Inch Recorders
Single pen: 5701A..... $ 825.00 5703A..... $995.00
Dual Pen: 5700A . ... $1325.00 5702A..... $1895.00

MOSELEY
DIVISION 1280

Circle 1 on reader service card 1
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the first rf voltmeter to offer:

B 50 v readings with 20 uv resolution
B 5% measurements at 700 MHz (usable to 2 GHz)

M Linear scale, all ranges

B Recorder and “sample hold" outputs
B Probe with measurement retention

B® Priced at only $650!

The Hewlett-Packard 3406A RF Voltmeter provides greater
accuracy and sensitivity over a broader frequency range than
any comparable instrument available...and at only $650!

The sampling technique employed in the voltmeter provides
a “sample hold” output, which permits high-frequency peak
measurements with a low-frequency scope, as well as true rms
measurements, when you use the 3400A RMS Voltmeter.
The 3406A/3400A combination costs just $1175 for true rms
measurements to 1 GHz. The 3406A, with a scope such as the
HP 120B Oscilloscope, permits visual measurements over the
same bandwidth for just $1145!

Ideal for such applications as radar, high-frequency com-
munications, telemetry and research and development labs,
where measurements with this resolution and at these fre-
quencies previously have been impossible.

HEWLETT

2 Circle 2 on reader service card

Extra features include a front-panel calibrator, pushbutton
range selection and the pushbutton probe which allows re-
tention of a measurement. Accessories include the 11072A
Isolator Tip, furnished with the instrument, plus these Kkits,
which increase the flexibility of the 3406A:

11064A Basic Probe Kit ($100) T071A Probe Kit ($185), same as 11064A

1063A 50 Ohm “T" plus: 11073A Pen Type Probe
11061A 10:1 Divider Tip 10219A Type 874A Adapter
10218A BNC Adapter 10220A Microdot Adapter
(0950-0090) 50 Ohm Termination 1035A Probe Tip Kit

Ask your Hewlett-Packard field engineer for a demonstration,
or write for complete specifications to Hewlett-Packard, Palo
Alto, California 94304, Tel. (415) 326-7000; Europe: 54 Route
des Acacias, Geneva.

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

PACKARD

An extra measure of quality

1976
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News Features

Probing the News

Better Vietnam communications
Satellite in sight for airlines
West Germany steps into space
More power in space

IC’s to hit the road in 1968 cars

Electronics Review

Communications: H-f's sharper
bounce; Faster talker; Laying the
groundwork

Industrial electronics: Tooled for
economy; Fingertip control; The long
green

Medical electronics: Bedside
companion

Instrumentation: Miss calculation
Computer: Faster Fourier

Space electronics: Resourceful
satellite; On the right track; Little
nudge

Electronics notes

Electronics Abroad

Japan: Onward and upward

West Germany: A little corner;
Transistor time

Soviet Union: R« for R&D

East Germany: A certain sameness
The Netherlands: End of the lines;
Keeping track

Great Britain: Light touch

France: Green light?

Around the World
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Readers Comment
People
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Meeting Preview
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Washington Newsletter
New Products

New Books

Technical Abstracts
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Newsletter from Abroad

Title R registered U.S. Patent Office; © copyright
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including the right to reproduce the contents
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Circuit design 98

Circuit design 102

Materials 108

111

Communications 119

Computers 129

Opinion 143

Technical Articles

I. Design

FET’s call the tune in active filter design
Transistors replace inductors as the tuning
element to reduce filter size and cost
James M. Loe, Philco Corp.

Designer’s casebook

B FET’s produce stable oscillators

B Switching amplifier converts unipolar
to bipolar pulses

® Detector stores peaks of video bursts

B Circuit samples a signal, holds it
up to 1 minute

B FET stabilizes amplitude of Wien bridge
oscillator

Il. Manufacturing

New dimensions in IC’'s through films

of glass (cover)

Better glassing methods and new materials
permit the best features of monolithic and
hybrid integrated circuits to be combined
John A. Perri and Jacob Riseman, IBM

Portfolio of applications
In color, photos show how glass has
been used in integrated circuits

Il. Applications

Pcm telephone exchange switches data

like a computer

Digital voice messages can be switched directly
without converting the signals

back to analog

Andre Chatelon, Laboratoire Central de
Telecommunications

For a crew in lonely orbit, something

to lean on in space

Working in space is harder than scientists
expected. A manned laboratory will need a
special kind of computer to plan work,
monitor astronauts and do the
conventional jobs of navigation and control.
Andrew Adelman and Jack Cohen, IBM

IV. Engineering

Plain talk about obsolescence

Readers disagree with what an Electronics
author had to say about engineers becoming
obsolescent.
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Readers Comment

Patent fences

To the Editor:

The article, “The laser deci-
sion” [Aug. 22, p. 36], points out
the importance of developing pat-
ent fences simultaneously with
technological development.

During October, 1962, I remem-
ber very well the excitement as-
sociated with learning of the semi-
conductor laser.

Significantly, Bell Laboratories
received a basic patent on the semi-
conductor laser before the IBM-
GE-Lincoln Labs announcement in
October of 1962 that they had
achieved coherent radiation from
gallium-arsenide (Boyle et al, Pat-
ent No. 3,059,117, Oct. 16, 1962).
It is interesting to note that this
patent application was filed Jan.
11, 1960, almost three years before
the announcement.

Norman Rautiola
Assistant to the president
Sparton Corp.
Jackson, Mich.

Look for the small ad

To the Editor:

I am delighted to see at least one
personnel representative gullible
enough to display his infinite wis-
dom concerning the industry prac-
tices of hiring engineers. Norman
Skelton of Fairchild Semiconduc-
tors, Mountain View, Calif. has
risen to the bait and accused Elec-
tronics of presenting an untrue and
distorted picture of the industry in
general. He has also generated, by
his letter “Distorted view?” [Aug.
8, p. 8], the typical arrogance of
the great givers of jobs to the de-
serving.

The odd part about Skelton’s dis-
sertation is that he presents him-
self as all-knowing about the hiring
and advertising practices of a very
large industry, but in actuality he
works for only one company for
whom it seems he is eager to do a
public relations job. He feels that
the complaint of false advertising
is generally unfounded and goes
to great pains to emphasize the
cost to the company of such a
venture.

Actually, nothing could be fur-
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RESISTORS FOR PERSPICACIOUS DESIGN ENGINEERS

FILMISTOR®
PRECISION
METAL-FILM
RESISTORS

Extended-range Filmistor
Resistors now give you
dramatic space savings
in all wattage ratings —
1/20, 1/10, 1/8, 1/4, 1/2,

and 1 watt — with ab-
solutely no sacrifice in
stability !

Filmistors offer extend-
ed resistance values in
size reductions previously
unobtainable. For exam-
ple, youcan get a 4.5MQ
resistor in the standard
1/4 watt size, which had
conventionally been lim-
ited to 1 MQ. Filmistor
Metal-Film Resistors are
now the ideal selection
for “‘tight-spot™ applica-
tions in high-impedance
circuits, field-effect tran-
sistor circuits, etc.

Other key features are
+19, resistance toler-
ance, low and controlled
temperature coefficients,
low inherent noise level,
negligible coefficient of
resistance, and rugged
molded case.

Filmistors surpass the
performance require-
ments of MIL-R-10509E.
Write for Engineering
Bulletin 7025C

ACRASIL”
PRECISION/POWER
WIREWOUND
RESISTORS

These

silicone-encapsu-
lated resistors combine
the best features of both
precision and power wire-
wound types, giving them
unusual stability and re-
liability.

Acrasil Resistors are
available with tolerances
as close as .059%, in
power ratings from 1 to
10 watts. Resistance val-
ues range from 0.5 ohm
to 66,000 ohms.

Their tough silicone
coating, with closely
matched expansion co-
efficient, protects against
shock, vibration, mois-
ture, and fungus.

Acrasil Resistors meet
or exceed the require-
ments of MIL-R-26C.

Write for Engineering
Bulletin 7450

BLUE JACKET”
VITREOUS ENAMEL
PRECISION/POWER
WIREWOUND
RESISTORS

D
L -
=
- B

Axial-lead resistors avail-
able in ratings from 1 to
11 watts, with resistance
tolerances to +19%,. Non-
inductive windings avail-
able to +29, tolerance.

All  welded end-cap
construction securely an-
chors leads to resistor
body. Vitreous coating
and ceramic base have
closely matched expan-
sion coefficients.

Write for Engineering
Bulletins 7410D, 7411A

Tab-terminal Blue
Jacket Resistors can be
had in a wide selection
of ratings from 5 to 218
watts, with several ter-
minal styles to meet
specific needs.

Tab-terminal as well
as axial-lead Blue Jack-
ets can be furnished to
meet the requirements
of MIL-R-26C.

Write for Engineering

Bulletins 7400B, 7401

KOOLOHM®
CERAMIC-SHELL
POWER WIREWOUND
RESISTORS

Koolohm Resistors are
furnished in axial-lead,
axial-tab, and radial-tab
styles, in a broad range
of ratings from 2 to 120
watts. Both standard and
non-inductive windings
are available.
Exclusive ceramic-in-
sulated resistance wire
permits ‘“‘short-proof™
multilayer windings on a
special ceramic center
core for higher resistance
values. The tough non-
porous ceramic shell pro-
vides complete moisture
protection and electrical
insulation. Koolohms can
be mounted in direct
contact with chassis or
“live” components.
Axial-lead Koolohm
Resistors to MIL-R-26C
are available in MIL
styles RWS55 and RWS56.
Write for Bulletins
7300, 7305, 7310

STACKOHM®
POWER
WIREWOUND
RESISTORS

Sprague Stackohm Re-
sistors are especially de-
signed for equipment
which requires power
wirewound resistors of
minimum height. Their
flat silhouette permits
stacking of resistor banks
in close quarters.

Aluminum thru-bars
with integral spacers act
as mounting means and
also conduct heat from
within the resistance ele-
ment. Resistance wind-
ings are welded to end
terminations for maxi-
mum reliability. An out-
standing vitreous coating
protects the assembly
against mechanical dam-
age and moisture. Ceram-
ic core, end terminations,
and vitreous enamel are
closely matched for co-
efficient of expansion.

Stackohm Resistors are
available in both 10-watt
and 20-watt ratings, and
can be furnished with
resistance tolerances as
close as +19;. Resistance
values range from 1 ohm
to 6000 ohms.

Both 10- and 20-watt
types meet the stringent
requirements of MIL-R-
26C.

Write for Engineering
Bulletin 7430

Send your request to Technical Literature Service, Sprague Electric Co., 35 Marshall St.,
North Adams, Mass. 01247, indicating the engineering bulletins in which you are interested.

ON READER-SERVICE

ON READER-SERVICE

ON READER-SERVICE

ON READER-SERVICE

ON READER-SERVICE

CIRCLE 495 CIRCLE 496 CIRCLE 497 CIRCLE 498 CIRCLE 499
SPRAGUE COMPONENTS .
RESISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS p
CAPACITORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES

TRANSISTORS
THIN-FILM MICROCIRCUITS
INTEGRATED MICROCIRCUITS

4SR-5145

PULSE-FORMING NETWORKS
TOROIDAL INDUCTORS
ELECTRIC WAVE FILTERS

BOBBIN and TAPE WOUND MAGNETIC CORES
SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS

THE MARK OF RELIABILITY

‘Sprague’ and ' (2)’ are registered trademarks of the Sprague Electric Co,
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New Mercury Relay Applications

From Adlake

'S
-
(OPTIONAL) :
P v
CONTACT UNBALANCE
<l 3
(DISTORTION) | R
& - -~
n
s
v
MERCURY i
MERCURY WETTED
DISPLACEMENT CONTACT
RELAYS RELAYS [
k- 4
Small Currents Control Ideal for Data Transmission, )
“Heavy Duty" Load Relay or Tele-Typing
In applica?ion.s having extremely sensitive Adlake Polar Relays—Form C—are ideal for
controls, this circuit illustrates how very small data transmission or tele-typewriting where
currents are capable of controlling an Adlake a series of equal length impulses represent
“Heavy Duty” load relay. Resistive loads of an alpha-numeric character or function. Baud
35, 50 or 75 amperes at 120 volts, 60 cycles, rates up to 120 are available with Contact Un-
are easily met up to 44 operations per minute. balance —Distortion — of 1%, or less including Q
100 ampere loads at the rate of 6 operations transition. Transition time is normally 200
per minute. microseconds or less. .
Backed by sound research and disciplined engineering, Adlake applies the industry’s broadest
line of mercury displacement and mercury wetted relays to the creative solution of design :
circuit problems. However unique or special your application, Adlake can assist you in devel-
oping it. For prompt, personal and knowledgeable attention to your relay needs, contact the
one source that is the complete source in the mercury relay field. Contact Adlake today for £
catalog and further information.
“fo

THE ADAMS & WESTLAKE COMPANY

SINCE 1857

Dept. 2106 e Elkhart, Indiana 46514 e Phone (A.C. 219) CO 4-1141

WINDOWS & CURTAIN WALLS e DOORS & ENTRANCES e TRANSPORTATION EQUIPMENT ® MERCURY RELAYS @ CONTRACT MANUFACTURING
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ther from the truth. Most of the
advertising and recruiting expenses
of the larger companies are di-
rectly applied to some cost-plus-

= fixed-fee government contract. This

»

»

1

<

.means that the Defense Depart-

P ment picks up the entlre tab at no

risk to the company’s profit struc-
ture. So why not go first class?
Although regulations normally do
not allow advertising as an expense,
cost type contracts, which most of

® the large companies hold, permit

advertising for technical help in
trade and technical journals.

Here’s the catch. Engineers are
scarce, we have been led to believe.
' The contractor can convince DOD
. that large splashy advertising is
™ the answer—witness Lockheed,
Douglas, Hughes, NAA, etc. ads in
the Sunday papers.

Actually, small ads are preferred

. by the job seeker. They are honest,

to the point and usually are paid

=% for by a company that expects

v

nothing more than results from its
investment.

Larry L. Gautney
Consulting engineer
Granada Hills, Calif.

Y n all fairness, none of Fairchild

v

Semiconductor Division’s recruit-
ing advertising is paid for by cost-
plus-fixed-fee ~ government con-
tracts. And in the semiconductor
industry where sales have been ex-
ploding there is a real shortage of
engineers.

Neuristor tv display

To the Editor:
The Newsletter item [Aug. 8, p
31] about Japanese plans for devel-

- opment of a neuristor-driven flat

4

»

panel television display was read

I

with more than casual interest. I
proposed such a display in an in-
ternal memorandum at the Applied
Physics Lab back in 1960.

But at the time, neuristors had
only been simulated with some-
what complex lumped element cir-
cuits, so the idea was impractical.
Your report of the Tohoku Univer-
sity plans prompted me to take an-
other look at the problem in light
of 1966 technology. And the temp-
tation is to conclude that several
microelectronics companies could
probably construct a prototype
panel within 12 to 18 months using
a version of Rosengreen’s pnpn
neuristor [Electronics, March 1,
1963, p. 25] as the scanning mech-
anism.

An 18-inch by 25-inch display
could be made from a sandwich of
two panels: one containing a
matrix of injection luminescent di-
odes or (more easily) uniformly dis-
tributed electroluminescent phos-
phors, and the other an array of
neuristors. The neuristor array
could be assembled from an inter-
connected collection of less than
500 large silicon wafers.

Uniformity of breakdown volt-
ages along the neuristors would re-
quire selection of the wafers prior
to assembly into the panel. The
10° cm/sec velocity reported for
Rosengreen’s neuristor would have
to be increased by a factor of 10
to obtain two 25-inch wide screens.
And the polarity of the video signal
would probably have to be reversed
on a frame-to-frame basis to pro-
vide the required a-c excitation of
the electroluminescent phosphors.
I'm sure a few other problems
would crop up along the way.

A.]. Cote Jr.
Silver Spring, Md.

—

'SUBSCRIPTION SERVICE

Please include an Electronics Magazine address
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write us about your subscription,
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Ask your friends

about us...
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Mu-‘u

our Customer List
is our best
Advertisement!

With our communications equip-
ment now operating in 32 coun-
tries, 37 of the United States, and
7 of the 10 Canadian provinces,
you are sure to find a Farinon user
near you.
Ask about . . . our SS2000
Solid-State Microwave

for the 2 GHz band, our PT Radio
for point-to-point transmission in
the VHF and UHF bands, and our
LD Multiplex for up to 48 high-

quality voice channels.
935 Washington Street

Farinon seussmste

ELECTRIC AreaCode: 415 593-8491

i) Please send me: )
I O a Farinon Customer List I
I O a short-form catalog I
I O a Farinon sales engineer l
| Name . . s s aviananas s snimemsmsmaasings Foolemes |
I THIE ... o o 5 scmssns o5 samnin i S Sas I
ICompany ................................... I
|Street ...................................... I
|City ....................................... I
Statesl i e e (e eharare o AT
(St e B
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What high-performance HF antenna
can you airlift to the field
and erect in 2 hours?

.

&

Granger Associa
has the answer

It's G/ A’s Model 747CA air-transportable HF antenna — which is
only 10 feet long when packed, can be erected by five men in
msmm—— {0 hours, and stands up in 100-mph winds.

This antenna gets messages through when other transportable antennas don't.
It does it by concentrating radiation at the elevation angle most likely to be

best for the frequency used and the length of the circuit. Produces a useful gain
of 10 to 13 db at any frequency from 4 to 30 Mc, with side lobes 14 db down.

Ordinary transportable antennas — like whips, :
dipoles and sloping V's— can’t approach that
kind of performance. The 747CA gives field
stations an antenna fully comparable to a well-
designed fixed-station antenna.

U.S. forces set up a Model 747CA in the
Dominican Republic recently. Operated at only
1kw power, it delivered a better signal than an
ordinary transportable antenna operated at 10 kw.
Send for complete
technical data on
Model 747CA.

es

747CA antenna paked for airlift

Granger

Associates

AN EQUAL OPPORTUNITY EMPLOYER
1601 California Ave., Palo Alto, California / Telephone: 321-417 5/ TWX: 910-373-1291
Granger Associates Ltd., Walton-on-Thames, Surrey, England / Weybridge 44842
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People

Honeywell, Inc., plans to become
a strong contender for infrared re-
connaissance and mapping Sys-
tems, which
have been pretty,
much the do-
main of two or
three compa-
nies., Honey-
well’s entree
into the field is
mercury cad-
mium telluride,
described as “a unique long-wave
detector” and now used in several
devices. Developed at Honeywell’s
research center in Hopkins, Minn.,
the material was engineered into
devices at Honeywell’s radiation
center in Boston. The radiation cen-
ter recently won a Government
contract to develop what Honey-
well calls a next-generation infra-
red reconnaissance system.

To direct the push into systems
of this kind, Honeywell has
brought to Boston one of “the
Michigan crowd.” The University
of Michigan has been a center of
excellence in infrared research for
several generations, and more re-
cently in electro-optical processing
and holography. After 13 years in
teaching and research at the uni-
versity William L. Wolfe Jr. be-
comes chief engineer of electro-
optics at the Boston center.

“We’re expecting to get more out
of infrared systems than histori-
cally has been expected of them,”
says Wolfe, 35, who sees infrared
entering a new phase where it will
be competing more successfully
with radar and other techniques.
Only within the last year or two,
he says, has there been widespread
field experience with optical equip-
ment. Radar, on the other hand, has
been in military operations for
years. One-of-a-kind design, he
points out, has not only limited
field experiments but raised the
cost of infrared systems sky-high.

Wide interest. Wolfe says his
group will be interested in “every-
thing from a tenth of a micron out
to a millimeter.” This will include,
among early programs, electro-
optical trackers for space naviga-
tion, a technique that seeks to
combine star-field pattern recogni-
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.mﬂm Power tube calculator,

applications data-
all free from MACHLETT

The Hackbil Laberatarin, for. Power Tube Caleniatr
- Springhele Conasctunt

e\ HUDE PRASS

Application Notes
UHF Tubes

General

“AHLETD

# | | Aoy g
viefl Q C7C]15) ‘
Yy é} g ‘& | | Varible gy |

e ® | Capacitars

VOL. 22+ 80. 4~ 1985

Use these aids—from Machlett—to make

better tube selections, determine

optimum cost-performance ratios and

to cut operating costs.

* Power Tube Calculator provides a
simplified method of calculating operat-
ing parameters of high power tubes.

* Applications bulletins provide valuable
performance and operating data on high
power triodes and tetrodes, UHF
planar triodes, pulse modulator tubes,
variable vacuum capacitors and others.

* Cathode Press, the Machlett technical
journal, covers latest developments in
power tubes and new installations.

For calculator, bulletins and free

subscrlptlon to Cathode Press, send

reader service card. Or write:

The Machlett Laboratories, Inc.,

Springdale (Stamford), Conn. 06879

THE MACHLETT LABORATORIES, INC.
A SUBSIDIARY OF RAYTMHEON COMPANY
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ain Reliever

CIVISION OF UNITED-CARA

Cinch-Graphik printed circuits are a sure cure for pack-
aging and production headaches. They are exactingly
manufactured by the world’s most experienced printed
circuit craftsmen to insure specification compliance, uni-
form assembly and dependable operation...every time.
Caution: Cinch-Graphik’s formula of CARE, SKILL and
EQUIPMENT is often habit forming.

CINCH-GRAPHIK

DIVISION O F UNITED-CARR

200 South Turnbull Canyon Road, City of Industry (Los Angeles), Calif. 91744 ¢ Phone (213) ED 3-1201.
Offices in 22 Principal Cities throughout United States, Canada, England and Australia listed under Cinch
Mfg. Co. or United-Carr Incorporated e Cinch  Cinch-Monadnock ¢ Howard B. Jones ¢ Ucinite » Palnut
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People

tion with tracking. Honeywell has
a contract for star sensors for the
Mariner/Mars probe in 1969.

He will also be directing work on
horizon-sensing trackers. Honey-
well has a contract with the Na-
tional Aeronautics and Space Ad-
ministration’s Langley Research
Center on a program to identify
the radiation profile of the horizon
and thus find ways of making better
horizon sensors.

“And it’s a mistake in electro-
optics to overlook the eyeball,”
says Wolfe, who will direct further
Honeywell work on an oculometer,
a device that uses the search and
track capabilities of the human eye.

The Sylvania Electric Products,
Inc.’s electro-optics team that de-
veloped the frequency-modulated
and supermode
lasers [Electron-
ics, Sept. 20,
1965, p. 101] has
now been ex-
panded. It will
form the nu-
cleus of a group
working in an
advanced tech-
nology lab that will be responsible
for a broad range of electronic proj-
ects. The electro-optics group’s di-
rector, Burton J. McMurtry, 31, was
named manager of the new lab at
Mountain View, Calif.

While the lab will continue to
work with lasers “with at least as
much dedication as before,” Mc-
Murtry says, “my responsibilities
now are greater, forcing me to deal
in areas from microwaves to op-
tics.” McMurtry declines to elabo-
rate on the new work, but the em-
phasis will probably be on multi-
ple-sensor equipment and work in
the optical portion of the electro-
magnetic spectrum.

To coordinate diverse techniques
in building a particular system,
McMurtry intends to draw upon
experts from all the other Sylvania
labs. His lab, he explains, repre-
sents an expansion of Sylvania’s
research activities, and other pro-
grams aren’t going to be deempha-
sized. Sylvania is a subsidiary of
the General Telephone & Elec-
tronics Corp.
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SHOWN APPROXIMATELY HALF ACTUAL SiZE

SEMI-CONDUCTOR PACKAGE

FLAT PACK

-
oS

TO-3 CASE
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HEATER ELEMENT

LIGHT SENSITIVE CELL

HIGH CURRENT SCR  AUTOMOTIVE BREAKER POINTS |

C Welding Systems
to 12,500 Watt-Seconds

Raytheon weldPOWER® 1103 supplies 12,500 watt-seconds of energy with only 6.6 kVA input.

The Model 1103 is particularly suited to precision welding of
large mechanical and electronic components such as hermetic
encapsulation of flat packs, semi-conductor devices, crystals,
transformers and the like. The 1103 system consists of a Welding
Head, Control Unit, Welding Transformer and Capacitor Cabi-
net as illustrated above. Power Supply features include: multi-
ple pulse selection, polarized welding pulse, electronic voltage
regulation of ==2% for changes in line voltage of 10, —20%;
power requirements are only 30 amps at 220 Vac or 15 amps at
449 Vac, single phase.

The Model KA Welding Head features: completely air-operated

and electronically controlled, precise control of “Approach”,
"Squeeze”, and “Hold” time cycles, fast acting, low friction, low
inertia, high acceleration, anti-electrode impact, adjustable lin-
ear ball bushings, utilizes straight shank electrodes and heat-
exchange methods for electrode cooling, adjustable forging
force to 3,600 pounds.

Raytheon maintains facilities for analysis and evaluation of your
particular welding problems. For details on the 1103 system,
other DC or AC welders, or evaluation studies, contact Raytheon
Company, Sorensen Operation, Production Equipment Dept.,
Richards Ave., Norwalk, Connecticut 06856. Tel: 203-838-6571.
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From 2A to 35A, from 100V to 600V...

-

Whatever your control application, -

RCA has the right TRIACor SCR
at the right price

LOW VOLTAGE SUPPLY [ weatype = 120-VOLT SUPPLY [ rcatwe lins !
vBOO — 100 v Triacs VBOO e 200 v Triacs b
TA2892 \ 2.5A TA2893 2.5A
o Flasher or Distress Lights SCRs o Universal Motor Speed Control Iﬁz%g ¥, «
o Model Train Speed Controls TA2888 2A (Hand Tools, Floor Polishers, TA2918 oA
) TA2652* 5A Food Blenders)
o Small DC Motors (Electric 2N3668 12.5A ) ) —
Windows) 2N3870 35A o Light Dimmers SCRs
2N3896 35A ; ; 2N3528 2A
o Fork-Lift Trucks e Vending Machines facio e
e Battery Chargers and Plating ® Gas Appliances $Z§§§§ 22
Supplies e Fan Controls 40378 7A
2N3669 12.5A
2N3871 35A i/
2N3897 35A

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J.

) The Most Trusted Name in Electronics



From continuous speed control of
,'ggss-volume appliances...to
precise control of vital military

radar, RCA offers 2 broad selection
of reliable, low-cost Triacs and

SCRs...plus the technical

*know-how" to design them into
yqur equipment. Call your local RCA
Representative for prices and

delivery.

240-VOLT SUPPLY [ reatype G HIGH VOLTAGE SUPPLY [ reatype -
Triacs SCRs
v =400V Veoo =600V
VBOO TA2685 6A BOO 2N4102 2A
TA2729 6A - 2N4101 5A
»>Space Heaters TASG10 eA ® Ignition Systems TADG55" i
» Air Conditioners and @ Pulse Modulators (Radar) é:‘;gg ;?,ASA
Ventilation Equipment SCRs = Fluorescent Lighting 2N3899 35A
V i 2N3529 2A . 40216 900A
v Welder (.)ontrol Equipment i b . Machmes'and Controls (pulsed)
wStreet Lights TA2654* 5A (Motor-Driven Cranes)
7A .
Qvens and Ranges ;%33?70 12.5 ® DC Power Supplies
2N3872 35A
*Fast-switching SCR,
2N3898 35A Lys = & 3 D

ALSO AVAILABLE THROUGH YOUR RCA DISTRIBUTOR
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ERRORS

make
us
angry!

that's why we
manufacture
variable
attenuators

with error of less
than 0.05 db”

v
Think attenuators...say the words *‘Pre-
cision Performance''...and you must
conclude Jerrold ATV-Series Turret Atten-
uators. Small, compact, they cost far less
than you might expect.

Jerrold attenuators set the pace with
intrinsic quality like coin-silver contacts
for maximum conductivity, finest-quality
deposited carbon disc and rod pad re-
sistors for extreme accuracy, and positive
spring-loaded detent mechanism for
faultless resolution—in fact all the elec-
trical features of ‘‘pull-and-turn’’ atten-
uators at one third the cost!

Model ATV-1," 0-0.9 db in 0.1 db steps

(Fixed Attenuation 3 db), Accuracy =+ 0.05 db at
max. attenuation. $275.00
Model ATV-9, 0-9 db in 1 db steps,

Accuracy +0.1 db at max. attenuation. $250.00
Model ATV-50, 0-50 db in 10 db steps,

Accuracy =+ 0.5 db at max. attenuation. $195.00
Group this with 50 ohm impedance,
VSWR of 1.06:1 at 1000 MHz (1.1:1 at
1200 MHz), low insertion loss .1 db max-
imum, and you come up with THE BEST
BUY IN THE INDUSTRY! If you're oper-
ating DC to 1200 MHz...send for com-
plete specs today.

JE []L MEASUREMENT AND
HH TEST INSTRUMENTATION
JERROLD ELECTRONICS CORPORATION

Government and Industrial Division
Philadelphia, Pa. 19105
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Meetings

Environmental Test Equipment Show,
Institute of Environmental Sciences,
Bureau of International Commerce;
U.S. Trade Center in Frankfurt,

West Germany, Oct. 5-12.

National Electrochemical Society
Meeting, Electrochemical Society;
Philadelphia, Oct. 9-14.

International Astronautical Congress,
American Institute of Aeronautics and
Astronautics, International
Astronautical Federation; Madrid,
Spain, Oct. 9-15.

Underwater Photo-Optics, Society of
Photo-Optical Instrumentation
Engineers; Miramar Hotel,

Santa Barbara, Calif., Oct. 10-11.

Merchanisms Conference, American
Society of Mechanical Engineers;
Purdue University, Lafayette, Ind.,
Oct. 10-12.

Ultrasonics Symposium, |[EEE; Statler
Hotel, Cleveland, Oct. 12-15.

Canadian Symposium on
Communications, |IEEE; Queen
Elizabeth Hotel, Montreal, Quebec,
Oct. 13-14.

Electrical Insulation Conference, IEEE;
Chicago, Oct. 15-19.

Systems Science and Cybernetics
Conference, Systems Science and
Cybernetics Group, |EEE; International
Inn, Washington, Oct. 17-18.

International Exhibition and Congress
of Laboratory Measurement and
Automation Techniques in Chemistry,
Swiss Chemical Society; Swiss
Industries Fair, Basel Switzerland,

Oct. 17-22.

Military Aircraft Systems Meeting,
American Institute of Aeronautics and
Astronautics; Dallas, Oct. 18-19.

International Telemetering Conference,
International Foundation for
Telemetering; Ambassador Hotel, Los
Angeles, Calif., Oct. 18-20.

Symposium on Microwave
Measurement, the International
Measurement Confederation; Budapest,
Hungary, Oct. 18-20.

Symposium on Information Display,
Society for Information Display; Hotel
Bradford, Boston, Oct. 18-20.

Electronic Representatives Association
Electronic Show, Electronic
Representatives Association; Seattle
Center Display Hall, Seattle, Oct. 19-20.

Nuclear Science Symposium, IEEE;
Statler-Hilton Hotel, Boston, Oct. 19-21.

International Trade Exhibition of
Electronic Components, Electronica 66;
Munich, West Germany, Oct. 20-26.

b

Conference on Vacuum Microbalance
Techniques, Newporter Inn, Newport
Beach, Calif., Oct. 23-25.

Instrument Society of America

Conference & Exhibit, Instrument

Society of America; New York Coliseum,
New York, Oct. 24-27. ;.

International Symposium on ‘
Microelectronics, International

Electronics Association, Munich, o
Germany, Oct. 24-26.

Machine Tools Conference, |IEEE,
Sheraton-Schroeder Hotel, Milwaukee,
Wis., Oct. 24-26.

Machine Tools Industry Technical
Conference, |IEEE; general application
group; Sheraton-Schroeder Hotel,
Milwaukee, Wis., Oct. 24-26.

International Instrument Society of <
America Conference & Exhibit,

Instrument Society of America; New

York Coliseum, New York, Oct. 24-27.

American Vacuum Conference,

American Vacuum Society; San %
Francisco-Hilton Hotel, San Francisco,
Oct. 26-28.

International Electron Devices Meeting, -
IEEE; Sheraton-Park Hotel, Washington,
Oct. 26-28.* ;

International Congress on Air -
Technology, Valley Education and

Research Foundation; Hot Springs, Ark., ¢
Oct. 26-29.

Call for papers

National Aerospace Electronics Con-
ference, IEEE; Dayton, Ohio, May «
15-17, 1967. Nov. 15 is deadline for
submission of 300-word abstract to .
Charles Goldman, chairman, technical
program, ‘67 Naecon, 2505 England
Avenue, Dayton, Ohio 454086.

Symposium on Nondestructive Evalu-
ation of Aerospace and Weapons Sys- «
tems Components and Materials, So-
ciety for Nondestructive Testing and ~
Southwest Research Institute, San An-
tonio, Texas, April 17-19, 1967. Pa-
pers are requested on applications of
nondestructive testing methoeds. “

Semiconductor Device Research Con- -
ference, IEEE; Bad Nauheim. \West
Germany, April 19-22, 1967. Dec. 15
is deadline for submission of abstracts
to W.]J. Kleen, 8 Munchen 8, West
Germany, Balanstr. 73.

* Meeting preview on page 16
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Is there really a choice in differential
voltmeters? You bet! You can buy Fluke solid
state dc, ac/dc, or true rms differential
voltmeters or you can buy our vacuum tube
versions. After you take a look at the brief
specs of each model, it’s a sure thing

you won’t care about anyone else’s differential
voltmeter (if there are any).

MODEL INPUT VOLTAGE
801B 0-500 VDC
825A 0-500 VDC
821A 0-500 VDC
871A*  0-1100 VDC
881A* 0-1100 VDC
885A* 0-1100 VDC
895A% 0-1100 VDC
8038 0-500V AC or DC
8030 0-500V AC or DC
823A  0-500V AC or DC
873A* 0-1100¥ AC or DC
883A* 0-1100V AC or DC
887A* (-1100V AC or DC
931A*  0-1100V AC
*Solid State

ACCURACY
% OF INPUT
#+0.05%

#+0.05% DC, =0.2% AC
%0.02% DC, =0.1% AC
*+0.01% DC, £0.1% AC
=0.02% DC, £0.2% AC
#+0.005% DC, £0.1% AC

DC DIFFERENTIAL VOLTMETERS
INPUT
IMPEDANCE

MAX. METER

RESOLUTION PRICE NOTES
50 uV 485.00
Infinite at null 5uVv $ 590.00 » +$20 for rack models
SuV 795.00
Infinite at null 10 uV 565.00 ) --$130.00 for
to =11V 10 Meg 1uv 825.00 rechargeable
above = 14V 1uv 965.00 battery pack
Infinite at null 1uv 1,195.00
to 1100V
AC/DC DIFFERENTIAL VOLTMETERS
(o 50 uv 875.00
infinite at null DC
gl Meg, 35-50 pf AC gﬂz },g?ggg -+$20 for rack models
infiniteatnulito 10 10 uV 875.00 ( -+$160.00 for
M:/f above 11 VDC 1 uV 1,215.00 5 rechargeable
1 Meg, 40 pf AC 1uv 1,375.00 battery pack

#0.0025% DC, £0.05% AC

TRUE RMS DIFFERENTIAL VOLTMETER

+0.05% AC

1 Meg, 8 pf with
BNG Input

1 Meg, 5 pf with
probe

20 ppm $ 895.00
of dial
setting

-+$ 50.00 for
permanent probe

-+$100.00 for recharge-
able battery pack

FLUKE

FLUKE - Box 7428, Seattle, Washington 98133 « Phone: (206) 774-2211 « TWX: (910) 449-2850

All Fluke differential voltmeters from the least costly on up offer standard lab performance in
portable instrumentation. They are “human engineered” for easy use. They give you direct
digital readout, with automatic decimal point indicator. Fluke differential voltmeters feature

highest possible off-null resistance. Solid state units are available as bench-top models adapt-
able for half-rack or full-rack mounting. All vacuum tube versions are available in cab-

net or full-rack configurations. More accessories are available for greater flexibility.
All but one of the solid state models are offered in both line and rechargeable

battery operated versions. For full information, please call your Fluke sales
engineer or write us.




New from Sprague!

TRUE METAL-FILM PRECISION RESISTOR

‘NETWORKS

Save Space, Time, and Money

@® High packaging density—4 to
8 times that of individual com-
ponents.

® Fewer components to stock,
handle, inspect, install. Entire
module can be hand-inserted
faster than one axial-lead com-
ponent.

@ Permit substantial savings over
equipment assembled with indi-
vidual components.

@ Epoxy terminal board keeps
pin terminals free of resin coat-
ing, unlike conventional dipped
components, and provides uni-
form lead spacing.

@ Stand-off bosses permit effi-

SPRAGUE COMPONENTS

cient flux removal after solder-
ing. Also prevent dirt and mois-
ture traps around leads.

@ Extremelystable and reliable.
Meet performance requirements
of MIL-R-10509E. Resistance tol-

erances to +=1%.

# Ceramic capacitors can be
incorporated for further savings
and size advantages over indi-
vidual components.

* L @

For complete information write to
Integrated Circuit Application En-
gineering Department, Sprague
Electric Company, 35 Marshall
Street, North Adams, Mass. 01248

RESISTORS

CAPACITORS
TRANSISTORS

INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS
INTERFERENCE FILTERS
45M-4145 R3

FUNCTIONAL DIGITAL CIRCUITS
MAGNETIC COMPONENTS
PULSE TRANSFORMERS

PULSE-FORMING NETWORKS

16 Circle 16 on reader service card

PACKAGED COMPONENT ASSEMBLIES

CERAMIC-BASE PRINTED NETWORKS

SPRAGUE

THE MARK OF RELIABILITY

'Sprague’ and ‘(D) are registered trademarks of the Sprague Electric Co.

Meeting preview

Electron devices

When the three-day International
Electron Devices Meeting con-
venes in Washington on Oct. 26,
one of the best attended sessions
may be the one on complementary
transistors in integrated circuits.

Lateral pnp transistors contain
elements that are diffused next to
each other, in contrast to regular
pnp’s that have vertical structures
with one element diffused within
another. In making IC’s the lateral
pnp can be made together with
npn devices, with no additional
processing steps. But circuits made
this way generally exhibit poor fre-
quency response and low gain. Pa-
pers on fabricating techniques that
overcome these drawbacks will be
given by engineers from the West-
inghouse Electric Corp., Hewlett-
Packard Co. and Sprague Electric
Co.

Expected in '67. Although harder
to fabricate, IC’s with regular pnp’s
to complement the npn’s can be
controlled with a narrow base
width. Two papers, by authors
from Radiation, Inc., and Texas In-
struments Incorporated, will report
on developments in this area.
Although IC’s using regular pnp
transistors as complementary com-
ponents aren’t being used com-
mercially now, the session’s or-
ganizer, I.A. Lesk of Motorola, Inc.,
predicts “by next year we should
see some on the market.”

Several sessions will be devoted
to microwave and power tubes.
Bertram Green and Eduard G.
Dorgelo of the Amperex Electronic
Corp. will discuss the field-effect
tube, which they call a new device
for generating and amplifying ra-
dio-frequency energy. It's similar
to a triode, but instead of a grid
it has a control gate between the
anode and the cathode that cannot
intercept electrons. As a result,
power gains of 8,000 to 10,000
have been achieved with a 2-kilo-
watt, continuous-wave tube.

An optical modulator of lithium
tantalate that has been successfully
used in a pulse-coded system will
be discussed by R.T. Denton, T.S.
Kinsel and F.S. Chen of the Bell
Telephone Laboratories in a ses-
sion on quantum electronics.

Electronics | October 3, 1966
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Just in case

When your Hewlett-Packard 3439A or 3440A DVM arrives, it’s  ing how to operate the instrument, theory of operation, calibration
accompanied by something rather useful, even though you’ll prob-  and trouble-shooting procedures, and presenting complete sche-
ably never use it: a one-year warranty. The warranty covers parts, matics and parts lists. # Our service centers all over the country
labor and return shipment. & By the time a DVM leaves our plant, are ready to back our warranties. .. just in case. # The 3439A.
we know it's going to be reliable.
We've put it through an overnight
environmental cycling test at 50°C
to see if any failures show up. We
also test it before it goes into stock.
& We went to a lot of trouble with
your 3439A or 3440A. That's why

you have so little trouble with it. . m s = ! .
& A complete service manual is pro- i |

. % 7 '/';/ i o
vided with each instrument describ- s i 4

i
4

¢ It's been tested and retested.  Solid state. 4-digit readout. Manual, automatic, and remote rang-
ing. Extra-high sensitivity. Ac/dc

» voltage/ current resistance measure-

m~§ ments (dc accuracy better than
0.05% of reading =1 digit). Price,

$950. The 3440A has BCD output.

o 1 Price, $1160. Plug-ins, $40 to $575.

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

/PACKARD

An extra measure of quality

1890
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Try to find a connection

i b
CHFEEPEE

The growing popularity of AE's Class E Relay
as the “workhorse of the industry” has set off a
demand for a wide variety of mounting tech-
nigues.

Now AE can accommodate virtually every type
of circuit connection or mounting used in elec-
trical and electronic equipment designs.

Wherever designs call for “wiringin,” AEClass

E Relays are availablewith solder-type, wrapped-
wire, taper-tab and printed-circuit terminals.

AE has also developed special sockets for
chassis or printed-wiring board mounting, that
accommodate Class E Relays with PC or taper-
tab terminals. And prewired types with octal
plug-in bases.

Where extra protection is required, AE Class

Electronics | October 3, 1966
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E Relays are available in hermetically sealed Relays, ask for Circular 1942-C. Write to the
enclosures with either hook terminals or plug-in  Director, Relay Control Equipment Sales, Auto-
'neaders. Or plastic dust covers that snap on to matic Electric Company, Northlake, Ill. 60164.
the chassis- or printed-circuit

e AUTOMATIC ELECTRIC
For full information on the

limitless variations in mounting sussioiary of

and connections for AE Class E GENERALTELEPHONE & ELECTRONICS GrIglE
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How to perform dependable industrial
counting and flaw tracking at low cost...

20

REJECT
CHQTE

o MAR?@ER

PHOTOELECTRIC

FLAW DETECTOR

The industrial control system described by the
above block diagram is intended for use with a roll
material process line, in which the material is cut
into smaller units at the end of the line.

This Clareed Control system provides a unit
count for batching and a shift register function,
which (when a flaw in the material is detected)
will track the flaw to the cutting station, reject it,
inhibit the count for that piece, and resume count-
ing when good material follows. It has a counting
capability of 100 counts per second, which easily
meets the needs of most industrial counting
functions. Here’s how the system works:

Counting

e The Unit Counter is pre-set to the desired batch
total by the Units per Batch Selector Switch.

» Each cycle of the Cutting Knife activates the
Unit Count Switch, which in turn activates the
Unit Counter.

® When the Unit Counter reaches the desired batch
total, a mark is placed on the last piece to indi-
cate end of batch. The material is then moved to
a packaging area.

» The Unit Counter resets itself to zero and begins
counting the next batch.

Flaw Tracking and Rejection

» If a flaw is recognized by the Photoelectric Flaw
Detector, it sets the Shift Register, which is then
able to receive shift pulses from the Flaw Track-
ing Switch. (These pulses are generated by each
cycle of the Cutting Knife, but are not utilized
unless the Shift Register is set.) The Shift Reg-
ister is so designed that the number of its stages
corresponds to the distance between the Flaw
Detector and the cutting position, measured in
product unit lengths.

® The Unit Counter continues to count the good
material ahead of the flawed material until the
flaw tracking pulse reaches the next-to-last reg-
ister stage.

| TRACKING
 SWITCH

UNIT
_ COUNTING
SWITCH

SeLecTorR O
SWITCH ©

UNITS PER é
BATCH CK ©)

e On the next knife cycle, the Shift Register (which
has now tracked the defect to its last stage) in-
hibits the Unit Counter so that it will not count
the flawed material as it is cut. It also activates
the Output Relay controlling the Reject Chute
andremoves the uncounted defective unit. (When
a continuous flaw in the material is detected, the
Flaw Detector registers the flaw for each prod-
uct unit length, and the Flaw Tracking Shift
Register continues to function until all of the
pieces are rejected.)

o If the material in the next-to-last stage is not
flawed, the Unit Counter resumes its batch count
and the Shift Register is reset to await the next
Flaw Detector signal.
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. with maintenance-free, long life

.CLAREED CONTROL MODULES

5

You can optimize system perform-
ance with these, and many other
Clareed Control counting, selec-
tion and logic circuits. Designing
with Clareed Control Modules will
assure that your system will oper-
ate dependably . . . to its design,
characteristics . . . over its planned
life. Here’s how:

e Your Clareed Control system
is completely compatible with in-
dustrial environment and service
conditions
e It is not subject to inadverent
switching by ambient or line tran-
sients . . . no elaborate buffering
required
e You need only one control sys-
tem power source...24 vde +209,
e You get inherent reliability.
Sealed-in-glass switches are main-
tenance-free; you are not subject
toenvironmental contamination or
mis-adjustment

and, besides. ..

e You’'ll save on cost over solid
state for most applications

e Your outputs are isolated con-
tacts capable of handling low level
to 50 va ac or de power loads

e You’ll realize ample switching

speeds . . . completely compatible
with production machine control
systems.

Whether your system requires a
simple counting circuit, or a com-
plex logie function . . . and if you
are now using electromechanical or
solid state switching devices . . . it
will pay you to look at Clareed
Control.

Proven Clareed Control solu-
tions span many different
application areas, including
counters, scanners, digital
clocks, shift registers, logic
arrays, and non-volatile mem-
ories. Write for Clareed Con-
trol Application Manuals.
C.P. Clare & Co., Group 10N4,
3101 Pratt Boulevard, Chicago,
Illinois 60645.
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( c,v CLARE & CO. | &
i : THICAGS, B

P.CLARE & CO.

CHITABD, 3k

C.F CLARE & CO.

THISAGD, i

For ecomplete information

contact your nearest
CLARE Sales Engineer

CLARE

relays and related control components
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30°Days

RPORATION

“Hath Computer

Not just any computer, either. The approachable,
friendly, personal PDP-8. Delivered.

The PDP-8 is a small, high speed, core memory, full
general purpose computer for on-line, real-time in-
vestigations. It hath 4K memory, 1.5 usec cycle time,
12 bit words, complete and proven software.

It also has more than 500 owners that you might want
to talk to. Physicists, life scientists, chemists, social
scientists, instrument and systems makers. No ac-
countants.

Basic PDP-8s are available in 30 days. Expanded mem-
ories, or special peripherals take a bit longer.

But matching a customer to a delivery slot is controlled
by purchase orders. Not phone calls. Not intentions.
Purchase orders. $18,000.

Ask about new quantity discounts and new lower price
for extra memory.

LINC-8 deliveries are only a little slower. PDP-Q de
liveries, PDP-8/S deliveries, and PDP-10 deliveries are
not 30 days either. But quicker than you think.

COMPUTERS

- MODULES

A
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Editorials

Engineering makes the difference

Travelers returning from Europe this summer have
reported an intriguing phenomenon: the technical
gap between the United States and West Europe is
widening again after 20 years of steadily narrowing,

Although several economic factors are exerting a
drag effect in Europe, the big difference seems to
be a spurt in the advance of U.S. technology par-
ticularly in that segment called engineering,

Government spending has been turned on again
full force because of the war in Vietnam. U.S. mili-
tary organizations are paying for a lot of the
advances in communications, more reliable com-
ponents, better antennas, low-light level devices
and the packaging of integrated circuits.

At the National Aeronautics and Space Adminis-
tration, more money is going into electronic sub-
systems and components, even though NASA’s
total expenditures have stayed about the same.
That’s because the big investments in propulsion
systems have peaked and the major problems in
space technology today need to be solved by new
electronic gear or components.

In addition, on their own, many companies have
diversified their activities or extended their product
lines, after having been scared by the plateauing of
business in 1962 and 1963. Firms have poured their
own money into research and development with an
emphasis on development.

Thus much of the accelerated activity in the U.S.
falls into the category of development work or the
application of known phenomena into new areas or
new products. For example, there have been no
radical theoretical advances in integrated circuits;
mainly, engineers in a variety of companies and
industries are learning how to apply them to their
own problems and designs.

In Europe, companies have complained about
the large sums the U.S. Government pours into re-
search and development, which eventually turns up
in products with which they must compete. Now,
as R&D money in Europe grows even scarcer,
many people blame American competition.

Turning to export business and establishing sub-
sidiaries in Europe, U.S. electronic companies have
bitten deeply into local markets, causing the sales
of European firms to plateau or slide on their home
grounds. The tough competition has forced some
European companies to shrink the traditionally
large profit margins they have enjoyed, leaving less
money for R&D.

In addition, Europeans have tended to emphasize
theoretical work and put development, application
and production into secondary roles. In most coun-
tries the status of theoretical knowledge is very
nearly on a par with that in America, particularly in
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physics and mathematics associated with elec-
tronics. What's missing, of course, is know-how to
apply the theory and to manufacture products that
use it. Traveling in most countries of Europe a
visitor can see integrated circuits, for example,
being built by the dozen in a laboratory at a uni-
versity or an industrial firm. But finding large scale
production, by the thousands, is another story.

Too many Europeans still do not devote enough
energy to what has to be called technology as
opposed to science. What’s happened in Europe
ought to be an object lesson for those who want to
turn electronics engineering into the study of
physics and mathematics. Although an understand-
ing of these subjects is essential to a good engineer,
it is not enough. Real progress in a country—or in a
company—results from the application of scien-
tific phenomena to practical products. That is the
U.S.” chief strength in electronics today.

Hybrid IC’s: funeral services

were premature

Two years ago at the Solid State Circuits Confer-
ence in Philadelphia, the experts were ready to bury
hybrid integrated circuits. “Batch processing of
monolithic IC’s will be so economical hybrids won’t
be able to compete,” they said. “In addition, the
cost of mechanizing to build hybrids will make them
for the rich only.” E.A. Sack, an advocate of mono-
lithic circuits at the Westinghouse Electric Corp.’s
Molecular Electronics division, brought the house
down after a discussion of the techniques that build
IBM’s hybrid circuitry when he quipped, “All of
you who have $100 million for automation equip-
ment don’t have to hear any more.”

In October 1966, hybrid circuits are still alive
and doing very well. The story on page 187 reports
that hybrid IC’s have the inside track in automotive
electronics which promises to be the second largest
market for IC’s following close behind computers.

Clearly hybrid and monolithic IC’s both have a
place in industry. Monolithic circuits, despite their
ardent enthusiasts, will never be suitable for some
applications: where precision passive components
are required; where high frequency and high power
is normal; or where volume is not large enough to
justify the high costs of making masks to build
monolithic circuits.

Similarly, there are applications in which hybrids
will never be satisfactory: circuits in which high
speed in the nanosecond range is required.

Many semiconductor firms have seen the light in
the past nine months. Some very strong advocates
of monolithic circuits have started marketing hy-
brid IC’s too: Fairchild Semiconductor, Motorola
Corp., Philco Corp. and Westinghouse.

Rather than dying and disappearing, the hybrid
integrated circuit opens up great new potentials.
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G-Style Resistors:

1 part (o buy,

1 part to inventory,
1 part (o handie

Why are you still buying 22684 parts . . .
parts? New CORNING C-Style Resistors meet and beat all four of those specs!

&

<EuP

and T-O parts . ..

and Characteristic D paris ... and

comp”’

type

Think of the dollars this true multi-use resistor can save you—in the paperwork of purchasing and in the
lower unit price you enjoy on quantity orders for a single part. Think how it can simplify your inventory
and simplify handling in assembly. Our new CORNING C-Style Resistors can make your job a whole lot
easier, your circuits a whole lot better. Look at the classic CORNING Glass Tin Oxide Film Resistor perform-
ance documented in the table. Then send the coupon for your test samples and data.

"?'ORN\AN(*

CH ’XQ;\CTERISH

Mil-R-10509F

ORI - PR I | AU ok e s s oD PN i s e Characteristic D*
Temperature Rating 70°C 70°C [ 125°c 70°C 70°C il
Wattage C 4 (RLO7S) Resistors, 10 ohms to 301K Va Ve 1/10 Va s »
Wattage C 5 (RL20S) Resistors, 10 ohms to 1 Meg. 2 Va Y 2 Va s
Load Life A R 1.0% 0.5% 0.5% 2% 1% X
Design Tolerance /A R i, —2to +4% |+2.8% —1.5 to +3% )
Temperature Coefficient from —55°C to +-175°C | +100 ppm =200 ppm ~-200 —500 ppm
Dielectric V\;;lhstcnding Voltage A R -+0.10% +0.50% +0.5% B
Moisture Resistance /\ R +0.50% +1.50% +1.5%

| short Time Overload A R +0.25% +0.50% +0.5%
Temperature Cyéling AR +0.25% +1.00% +0.5% A
Effect of Soldering A R  +0.10% +0.50% +0.5% i
Low Temperature Operation /A R | =+0.50% +0.50% +0.5%
Shock A R I +0.10% +0.50% +0.5%
Vibration A R +0.10% +0.50% +0.5% j
5 Terminal Strength A R +0.10% 0.50% +0.2%
| Voltage Cosfficient +0.001%/Volt
+0.10%/Year +1.0%

Shelf Life /A R

*For type-marked, military lead Mil-R-10509F, Charoc?ensnc D, Resls?ors specify CORNING NA-Style Resistors.

CORNING GLASS WORKS, 3913 Electronics Dr., Raleigh, N. C. 27602.
Send complete data, test samples of new CORNING® C-Style Resistors,

Name

Title

Company
Address

City

State

ZIP
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Engineers push
’ computer-aided
“5 circuit design

Low-noise masers
now & {uned
to radar, RCA says

TI and Fairchild
sign semiconductor
o licensing deal
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Electronics Newsletter

October 3, 1966

Interest in computer-aided design (CAD) is growing.

At a conference this month of Honeywell, Inc., engineers, a group of
designers urged the company to establish a corporate-wide CAD infor-
mation program.

The program the engineers especially want to use is NET-2, the second-
generation CAD program being written at Los Alamos Scientific Labora-
tory by Allen F. Malmberg. Goal of the Honeywell engineers is to have
NET-2 completely converted into Honeywell machine language “before
the ink is dry on Malmberg’s program,” as one engineer puts it.

Honeywell’s Electronic Data Processing division is one of the few com-
panies using NET-1 for evaluation and design of monolithic integrated
circuits and it has sold the idea to its circuit vendors, which now use a
consulting firm for design and evaluation before building the circuits.

Other evidence of the attention being given to CAD is a move being
led by Clinton Purdue of the Sandia Corp. At the National Electronics
Conference in Chicago this week he will lead an effort to get separate
professional status within the Institute of Electrical and Electronics Engi-
neers for the fast-growing number of engineers in CAD work. Few
engineers were satisfied with a compromise decision to have subgroup
recognition granted by the professional group on reliability and quality
control at last August’s Western Electronics Show and Convention.

The Radio Corp. of America believes that a wider use of low-noise masers
in radar systems is now possible. Simpson Adler, a physicist at RCA’s
Defense Electronics Products division, Moorestown, N.J., has developed
a technique for the Navy that overcomes one barrier to its wide use in
radar—saturation of the maser by the transmitter pulse, which blocks
the receiver for several milliseconds. Adler has shifted the maser’s fre-
quency response during pulse transmission to prevent saturation. The
technique allows the maser to recover in microseconds by operating as a
quantum mechanical duplexer that doesn’t deteriorate the low-noise
capabilities.

Other measurements performed by RCA for the Navy indicate that
the maser’s gain and phase stability is suitable for monopulse radar.
Receiver bandwidths can be varied as needed and bandwidth character-
istics can be matched for multichannel receivers. The theory of the
maser’s duplexing action will be described at the IEEE Aerospace and
Electronics Systems meeting in Washington, Oct. 3 to 5.

A cross-licensing agreement has been signed by two of the biggest inte-
grated circuit producers, Texas Instruments Incorporated and the Fair-
child Camera and Instrument Corp. The agreement covers Fairchild
patents for the planar process and TI patents for integrated circuits.
For Fairchild, the attraction of signing such an agreement with TI
is clear: aside from getting free IC licenses, the agreement strengthens
its hand in negotiating for planar-process royalties with other companies.
Industry observers have claimed that Fairchild’s patent position wasn’t
strong, even though as many as 10 other electronics companies have
agreed to pay Fairchild royalties for the semiconductor-manufacturing
process. The holdouts now are Motorola, Inc., and the Signetics Corp.



Inventor claims
circuit alters
device’s curve

Carriers offer
rate cut in fight
with Comsat

Picture looks bad
for airlinetv

IC price cut?
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A Purdue University electronics professor says he has developed an
inexpensive two-port circuit that tailors any component’s output char-
acteristic to simulate a new component without changing the physical
makeup of the original. The professor, Leon Chua, says the six-transistor
circuit can be fabricated for less than $10. A full report on the circuit,
called a Rotator, will be given Oct. 5 at the University of Illinois, Allerton
Conference in Monticello, Ill.

The name Rotator was chosen, Chua says, because the circuit alters a
device’s curve by rotation; for example, a true vertical voltage-versus-
current curve could result for a diode. Changing the position of this
curve in effect simulates a new device.

Chua says the Rotator can be used with such devices as diodes, zener
diodes, transistors, capacitors or resistors by connecting them to the input
port of the circuit. He says three varieties of the device exist: resistive,
inductive and capacitive.

The international common communications carriers are fighting to keep
the Communications Satellite Corp. from selling its services directly to
customers, and theyre willing to slash their Far Eastern rates 40% in
exchange for support of their stand by the Federal Communications
Commission.

The rate-cut proposal follows a contract that Comsat signed directly
with the Pentagon for providing transpacific communications circuits.
The carriers, however, objected, claiming that any contract would have
to be made through them.

Before the Pentagon-Comsat agreement can become final, the FCC
would have to approve it. And the FCC is on record opposing any bypass-
ing of the common carriers.

Television entertainment in airlines is dying. One carrier plans to drop
inflight television, and others are said to be considering following suit.
One reason for the decline in interest is the poor quality of the picture.

A technical problem with the television tape recorders used in airliners
occurs when the craft suddenly changes speed or direction; this causes a
gyro-type movement of the recorder head, producing picture distortion.
In addition, the helical recorders being used produce a much lower qual-
ity picture than tv viewers are used to.

As a result of a general decline in inflight-tv interest, the Ampex Corp.
has dropped its plan to use the one-tube color monitor developed by the
Yaou Electric Co. of Tokyo; this system was to be introduced on Con-
tinental Airlines flights. And because of the problems, the Sony Corp.,
whose black-and-white system has been installed on Pan American Air-
ways and American Airlines aircraft, has slowed development of a pro-
posed color-tv system.

Texas Instruments Incorporated reportedly has a price cut in the works
that is making other integrated circuit manufacturers nervous. For exam-
ple, it’s said that TI plans a price of $11 for a complex circuit that a
competitor is selling for $40. The competitor says it believes it can
improve yields to get its price to $22 a circuit but not any lower.
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welcome to the
greatest show on industrial tapes

presented by MYSTIK

See the greatest collection of industrial tapes
ever assembled under one Big Top.

Electrical Tapes - Packaging Tapes - Strapping Tapes
Protective Tapes - Masking Tapes - Special Purpose Tapes

Over 100 top performers...1,001 applications!




THE MARK OF QUALITY




MYSTIK Tape

- Tops for your application.

Binding, strapping, insulating, protecting or hold-

.. ing, there’s a Mystik Tape that’s perfect for your

~ application. New tapes, such as Mystik’s N gma

2 Kapton and Tedlar are constantly being added to
our line to meet new demands of industry.

*  Your local Mystik distributor will be happy to

_+ help you in the selection of the correct tape for

Your application. He’s well trained in tape appli-

», cations and he is backed-up by Mystik’s Field

Representatives and Technical Service Depart-

+ ment. You will find your Mystik distributor listed

in the Yellow Pages under “Tapes”. Call hlm

7 He will save you time and money.




Remember
MYSTIK
tops for

every type of
industrial tape

==
=
zg""?

l
#6375 Printable Tape in various
colors is used for displaying adv'er-
| tising messages, labeling, banding
produce and parts.

ggg?zd“(,:alt:mr?l?::eh::: #6430 Mylar®, #6432 hMYST:KLEERL{:t,L
#6497 Super Flextron Glass sealing and moisture-proof- and “%25?] Cellf)tp:a:e arel: r?: tran;pa;ﬁe:e \
Filament Reinforced Tape ing overseas shipments; tapes ideally suited to packaging and o
grips pipe securely, helps resists salt spray, oils, sol-
speed materials handling. __vents apd aging.

use.

#6462 Protecto-Mask® Transparent Film
. ; protects precisely finished panel during
#7452 Aluminum Foil Tape forms a handling and prior to fabricating.
ground shield on rear panel of a TV set.

1700 Winnetka Avenue
Northfield, Illinois 60094
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In less time than it takes
to read this page, you could learn to use
this new Universal Impedance Bridge.

Ready? One, two, three, go.

2 Adjust the range switch for
* an on-scale reading.

@ 42604 UNIVERSAL BRIDGE
BEWLEYTY « FACKARE

Obtain a null with the
. CRL dial. Now, read your
measurement.

PURCTION
Ty rlpy R phsn Up 2
GWT WMOHT AT WW:}M

LiNE
o

SERSRATY

,i

1. Select the function you want.

Nothing to it. No interacting controls to adjust
and readjust. No multipliers. No non-lincar
dials. AUTO-BALANCE climinates all that.

This new Hewlett-Packard Bridge is the first
one that takes human beings into account as
well as impedance. It's made for engineers who
don’t have time for a half-hour refresher course
every time they want to use it.

You get direct digital readout of all C, R,
and L values. Indicator lights show up-scale or
down-scale unbalance. Decimal point and an
equivalent circuit are automatically indicated.
No problem with false or sliding nulls either:
unique electronic AUTO-BALANCE takes
care of that.

For a D or Q measurement, just switch from
AUTO to low or high D or Q and turn the DQ
control until you obtain another null. Simple.
Particularly for low Q and high D cases.

So if you're the kind of engineer who's tired
of complicated impedance bridges, Hewlett-
Packard has your number: Model 4260A.$550.

Ask your Hewlett-Packard field engineer for
a demonstration. Or write us for complete
specs: Palo Alto, California 94304. Tel. (415)
326-7000. Europe: 54 Route des Acacias,
Geneva.

Data subject to change without notice.
Price f.o.b. factory.

HEWLETT \hp, PACKARD
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An extra measure of quality.
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ONLY 3C OFFERS...

TOTAL
DIGITAL
~ CAPABILITY

TOTAL BECAUSE. . . . you get the most complete spectrum of
digital hardware, associated software and customer support
available today!

Products at the base of this capability include: digital logic
modules ... core memories ... memory test equipment . .. special
systems ... and DDP computers that are the favorites in
applications like flight simulation, message switching, freight
yard control, laboratory work and computation analysis.

And in our own pioneering techniques laboratory we design and
develop integrated circuits which are then mass-produced for
use in most of our products. Extensive R&D like this helps

to assure continued advanced hardware at low cost.
TOTALBECAUSE...3C (formerly Computer Control Company, Inc.)
is now an operating division of Honeywell's new Computer Group.

To extend our digital capability even further, the computer

! facilities of the Industrial Division in Fort Washington, Pa.

» recently became part of our division in Framingham, Mass. This
addition to 3C is well known for its H20 control system — ideal

in the manufacture of chemicals, steel, food, textiles, and electric
utility dispatching.

Result! A concentrated total digital capability under one roof that
specializes in on-line real-time plus control applications.

TOTAL BECAUSE. . . . also a member of the new Computer Group
is the EDP Division — a leader when it comes to commercial/
business data processing.

It's easy to see why Honeywell's new Computer Group can
satisfy almost any digital application. Why not take a look at 3C
total capability now — write for our new brochure, “3C TODAY".

Honeywell, Computer Control Division,
Old Connecticut Path, Framingham, Mass.

. Honeywell
@COMPUTER CONTROL DIVISION
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YOUR QUICK-SELECTION GUIDE "~
to Spectra-Physics’-
STABILITE

Helium-Neon Gas Lasers

Send for the Literature:

* New STABILITE 6-page color brochure.

, ** “GAS LASERS,” an article by Dr. A. Bloom, reprinted from the
STABILITE: Spectra-Physics’ trade- joint issue of Proceedings of the IEEE and Applied Optics,
mark for HE-NE Gas Lasers October 1966.

*
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< Here is the new generation of CW gas lasers, the working
generation. These are the lasers being built into today’s systems,

the lasers that will be doing tomorrow’s jobs.
L]

Look these over, match one to your needs; integrate its precision and dependability
S into your own operations. Your major benefit, aside from the utility of the laser itself, will be
» the satisfaction of using a product made and guaranteed by Spectra-Physics,

leading producer — both quantitatively and qualitatively —

of CW gas lasers, ever since their invention.

-
L o
| INSTANTANEQOUS SPECTRUM
. POWER axial modes axial PRICE
MODEL TEMoo LENGTH center @ mode with APPLICATION
" 632.8nm overall 4.7x10" Hz spacing exciter
milliwatts inches 632.8nm MHz (dollars)
-
24 . 125 50 75 83 $8500. General purpose for exact-
ing applications such as
L holography, Raman Scatter-
e — ing, signal processing. Spe-
cially suited for factory
~ installations, original equip-
% 124 15 32 214 3850. ment manufacturers and

military systems configura-
4 = tions. Most appropriate
¥ STABILITE for a particular

. application is often deter-
@ mined by price/power/size
~7 * 123 7.0 22 lLL 341 2900. considerations.

= —

x 122 3.0 16 ._l__‘_ 517 1950.
Single wavelength applica-
tions in heterodyne setups;
119 0.1 9 e b 1500 4850. long-path difference inter-
ferometry.
General purpose where low
cost and utility are primary
‘L-J_L considerations.
130B 1.0 14 500 950.
Experimentation where mi-
crometer adjustments, exci-
ter modulation, r-f excita-
115 3.0 29 250 3490. tion are advantageous.
P 3 _ Laser Technical Bulletins: Please write us at 1255 Terra Bella,
y . * . g * #1.Optical Properties of Lasersas Com-  Mountain View, California 94040. In Eu-
s Qo i - pared to Conventional Radiators rope, Spectra-Physics, S.A., 18, rue
A & - #2. Properties of Laser Resonators Giv-  Saint-Pierre, Box 142, 1701 Fribourg,
il ing Uniphase Wave Fronts Switzerland.
N #3.Some Demonstration Experiments
i aﬂn in Optics Using a Gas Laser

Electronics ] October

#4. Noise in Lasers and Laser Detectors
5. Optical Systems for Laser Beams

3, 1966

E Spectra-Physics
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Type 01-700 Type 01-370

Type 01-Round

Barrier Mount

Multi-Station Key Boards

Mechanical Interlocks

Type 04-590

O

Splashproof

Subminiature
Neon

o

v




YOU CAN IMPROVE YOUR CONTROL AND
PRODUCT APPLICATIONS WITH NEW
DESIGNS, TECHNIQUES AND INNOVATIONS
IN LIGHTED SWITCHES FROM

REON

SWITCHES

THE GOOD LOOKING SUPPLIER LINE THAT
KEEPS AHEAD OF THE FIELD.

5 Type 04-590
NEW! Extruded
bezel 4-lite Finest
dress appearance in the
industry. Colors, legends,

snap-in mounting.

1‘7 -
&
Type 01-370

NEW! Slide-base
long-life bulb

1-lite push button
switch. Plunger action.

NEW! Sub-
miniature Neon

switch for rapid
computer indication.
Longest possible bulb life.

Type 44
NEW! Splashproof
water-sealed 4-lite 2-lite designed for Type 01-700
switch. Snap-on switch easy snap-in. Front-of- NEW! Economy
module. Available in 7 panel mounting, servicing. 1-lite Screw-in
projected or screen colors, d Bezel-barriers for hori- mounting, front-of-
engraved legends. zontal or vertical dress mounts. panel bulb servicing.

AELICON

) W DIVISION ILLINOIS TOOL WORKS INC.
| 6615 W. IRVING PARK ROAD  *  CHICAGO, ILLINOIS 60634

Remember,qoure never more thana,fewéetawaﬂ from & product of ITW'®

Type 02-800
NEW! Economy

WRITE FOR LATEST
LICON LIGHTED
SWITCH CATALOG
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PARTICULARITY IS A VIDAR DIGITAL DATA SYSTEM

It's a buyer’s market today in digital
data acquisition (systems that meas-
ure analog data and record it in digital
form). You can order them from Vidar
in innumerable combinations of input
scanners, integrating digital voltme-
ters, clocks, output couplers, record-
ers, and what-not. They can be used
for signals ranging from microvolts to
thousands of volts. You can have your
readouts served up on printed or per-

38 Circle 38 on reader service card

forated paper tape, punched cards, or
magnetic tape.

Somewhere in this data-logging
world — perhaps among our 5 stand-
ard systems — there exists an answer
to your exact requirement for speed,
sensitivity, accuracy, and economy.
You can afford to be particular! And
you needn’t be a Ph.D. to understand
or hook up a Vidar system.

Particular people are encouraged

to come to Vidar with their toughest
data-acquisition problems (and the
easier ones too!). You may be particu-
larly impressed by our response. Get
in touch with the Vidar engineering
representative in your area, or con-
tact us at 67 Ortega Avenue, Moun-
tain View, California 94040; tele-
phone (415) 961-1000.

VIDAR
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n ow. | .
- new standards

- of performance and reliability
“in dielectric coolants

FREON E

SERIES;

a family of 5
fluorocarbon
liquids—offering
a complete spectrum
of operating ranges




FREON E 52125
dielectric coolants

let you specify-
not speculate!

Du Pont’'s “FREON’" E Series is a family of 5
homologous dielectric coolants setting totally
new standards of performance and reliability.
There’s no guesswork necessary in choosing

““FREON"" E Series, you can choose the exact
coolant that best meets your needs, and per-
mits the customer to operate the equipment
exactly as specified for the task.

the right one for your equipment. With the

12395 BOILING POINT
E R TR R BOILING POINT
“FREON”
L e A R BOILING POINT } #\FREON" ES
E4
___________ “FREON”

BOILING POINT

E3

“FREON”
E 2

BOILING POINT

“FREON”
E 1

POUR POINT

POUR POINT

POUR POINT

POUR POINT

POUR POINT



Here's why FREON E 5325
coolants will increase your

equipment performance
and reliability :

1. Stable and compatible

“FREON" E Series fluorocarbon liquids are
not affected at high temperatures (over
550°F!)—are inert with metals, plastics,
elastomers.

2. Completely safe

No special safety precautions are neces-
sary with ““FREON’’ E Series coolants. They
are nonflammable and relatively nontoxic.
Use them anywhere!

3. Outstanding dielectric properties
These insulating fluids provide high dielec-
tric strength in liquid and vapor—Ilow losses
—high resistivity.

4. Widest temperature ranges
The “FREON" E Series offers liquid limits

If you're looking for !
new standards of per- !
formance in a dielec- i
tric coolant, find out

from -246°F. up to +439°F. at zero psig.
Each coolant has a specific, constant, and
extremely wide liquid temperature range.
You choose the one to meet your exact
needs.

5. Unmatched purity and uniformity

Each coolant in the “FREON" E Series is a
single, pure compound—not a mixture of
several different fluids. Thus composition
is always the same—Ilot to lot—day to day.

6. Precise boiling points and vapor
pressures

There’s no plus-or-minus factor on boiling
points . . . and no ‘‘averaging.” You're al-
ways sure of coolant characteristics—and
operating temperatures.

| would like to know more about “FREON’' E Series cool-
ants for use in:

more about the

“FREON" E Series.

i
Simply fill out and mail ﬁ Name
this card. | Position
E Company
| Address
E City State Zip




EREOVEE
SERIES;

fluorocarbons
offer new
opportunities for
creative design...

The unique thermal, electrical and chemical prop-
erties of “FREON’’ E Series fluorocarbons provide
new opportunities for electronic and space-age
engineering...inimprovingreliability by outstand-
ing temperature control...in miniaturizing compo-
nents or systems . . . in transmitting hydraulic
pressure in systems operating under conditions
of extreme temperature changes . . . in optical
equipment . . . or you name it. Whatever new ap-
plication you can think of, just jot it down on the
reply card. We’'ll help you investigate the new use
with necessary technical assistance.

In Europe, mail card to: Du Pont de Nemours In-
ternational S.A., “Freon” & ‘“Valclene' Products
Department, 81, Route de I'Aire, CH 1211 Geneva,
24 Switzerland.

FIRST CLASS
PERMIT No.9
Wilmington, Del.

BUSINESS REPLY CARD

No postage stamp necessary if mailed in the United States

Postage will be paid by
E.l.du Pont de Nemours & Co. (Inc.)
“Freon’’ Products Division

Room 4313
Wilmington, Delaware 19898
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fluorocarbons
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ACTUAL SIZE

Now, you can get up to 35 watts of solid-state
power at 1 Gigahertz, to drive your higher frequency
chains — or, as direct UHF power with Motorola’s
MV1805C. No other single semiconductor will give
you as much output power at this frequency.

Motorola’s new MV1805C step-recovery power
varactor is an ideal driver for subsequent multiplica-
tion stages in communications links, radar and telem-
etry systems where designers also want the reliability
of solid-state components. In addition, it is un-
matched as a final power output stage for lower
frequency systems — for example, in mobile commu-
nications — to step from 150 to 450 MHz.

In addition, this new device also features the
high-efficiency performance you’ve come to expect
from Motorola varactors . . . specified at 659 (min),
tripling, to 750 MHz. More importantly, it’s 1009
functionally tested at 40 watts P;, — to give you the

~<—Circle 42 on reader service card

Motorola’s MV1805C
Varactor Multiplier
Sets a New Level

of Power/Frequency
Performance

assurance of guaranteed, full-range performance in
all of your applications!
CHECK THESE “PERFORMANCE-RATED"” SPECIFICATIONS:

Characteristic Symbol Rating Unit
RF Power input Pis 40 Watts
RF Power output Pout 26 (min) Watts
Tripler Efficiency 7 65 (min)* %
Thermal Resistance fic 7 (max) *C/W

Up to 750 MHz
MICROWAVE “TROUBLE-SHOOTERS” SOLVE CIRCUIT DESIGN PROBLEMS
Motorola’s Microwave Applications Group offers

engineering help, circuit design assistance and prod-
uct samples, in addition to technical literature. So,
for fast design aid, call your nearby Motorola sales
office, or place a direct request with the Microwave
Applications Group. For technical literature, write
to Technical Information Center, Motorola Semi-
conductor Products Inc., P.O. Box 955, Phoenix,
Arizona 85001.

MOTOROLA Semiconductors
~ where the priceless ingredient & cane!

Circle 43 on reader service card 43




(Actual Size)

Weight-conscious engineers
like what they don’t see here.

Bendix® size 08 Autosyn® Synchros average only 1.3
ounces. And their maximum diameter is 0.750 inch.
It’s this combination that explains the success of the 08
models in such a wide range of applications. In addition,
all 16 standard 08 units feature 12-inch fle
aluminum housings and corrosion-resistant construction.

ible leads,

They’re also available with stainless steel housings.
Some models are accurate and stable at operating

44 Circle 44 on reader service card

temperatures up to 800

Montrose Division THE

F. Others are radiation-resis-
tant. And if you can’t find the 08 that’s just right, we can
huild one to meet your needs exactly.

Need a larger size? Check our sizes 10, 11, 15 and 22.

Of course, the performance and reliability of every
Bendix Autosyn Synchro are backed by one of the best
names in the business. Call us at (717) 278-1161 in
Montrose, Pa. Or write for our 42-page catalog.

emﬂ)/

CORPORATION:
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Communications

H-f's sharper bounce

“High frequency” is a dirty word
in Government communications
circles. Because of fading and mul-
tipath problems, h-f communica-
tion circuits are used reluctantly,
though the United States has mil-
lions invested in equipment around
the world.

But a change may be in sight. In
a couple of months the Mitre Corp.
will open an experimental h-f link
between its headquarters in Bed-
ford, Mass., and the Naval Elec-
tronics Laboratory in Point Loma,
Calif. The link, called Discol—for
digital sounder computer link—will
use sounders to explore the sky-
wave mode of communications in
the h-f range, from 2 to 30 mega-
hertz.

“The link will be developed along
the lines of a consumers’ coopera-
tive,” says Wilfred A. Fordon of
Mitre. “If others want to use the
test bed, they can get into the co-
operative simply by paying for their
own terminal and equipment.”

Mitre, systems engineering ad-
viser to the Air Force, works prin-
cipally for the Electronic Systems
Division at Hanscom Field, Mass.,
which manages development of
military communications systems
throughout the world for the De-
fense Communications Agency. The
division put up about $100,000 for
the Mitre terminal; the Navy is fi-
nancing its own station at Point
Loma.

The basic goal is to investigate
long - haul communications tech-
niques for the military.

Big audience. Closely watching
the progress of the test bed are the
Strategic Air Command, which
relies partly on h-f links, and the
managers of programs like 484L,
the project to develop secure,
ground-air-ground voice and high-
speed Teletype links.
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Experimental high-frequency link presages new interest in ionospheric bouncing.

Out of Discol may eventually de-
velop new antennas and other de-
vices for h-f.

In h-f systems, the channel de-
pends strictly upon the ionosphere,
which bounces signals from the
transmitter to the receiver. The
ionosphere consists of several lay-
ers of ionized gas 100 to 500 kilom-
eters above the earth. Efficient re-
flection of a specific frequency is
determined by the height, thickness
and ionization levels within these
layers—and these change from day
to night, month to month and year
to year throughout the sunspot
cycle.

At present, optimum frequen-
cies are chosen on the basis of
three-month advance predictions
which define only average condi-
tions. The most effective use of h-f
is made by veteran radio operators
who have learned the h-f medium
by long experience.

Fine tuning. The defense com-
munications system is evolving into
an adaptive network in which com-
puters will automatically switch to
optimum frequency, power and
routing. Where h-f links are used,
an adaptive network will require
storage of data on the changing
status of the ionosphere.

Discol will use synchronized,

stepped-frequency oblique sound-
ers at each location to measure
characteristics of the propagation
path for point-to-point communi-
cations. The sounder transmitter
and receiver both employ electron-
ically controlled frequency chan-
nels in exact time synchronization.
This is established by locking the
timing circuits of individual equip-
ment to a very stable quartz clock
capable of maintaining synchroni-
zation to within a few millionths of
a second.

At preset time intervals, the
transmitter and receiver initiate a
frequency-scan sequence in which
they are tuned synchronously
across the h-f band in steps of about
10 frequency channels per second.

Shape of the pulse. Within the
band in which the sounder signals
are detected, the ionosphere dis-
torts the shape of the pulses, some-
times stretching them to many
times their original length. This and
other effects are seen in an iono-
gram recorded by the receiver.

A typical ionogram tells the com-
municator the full range of frequen-
cies then usable, how much pulse-
stretching is present and at what
frequencies this distortion is most
severe. The communicator knows
at what frequencies he can expect
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reliable communications on that
circuit at that time.

The test link across the continent
is planned in order to build up an
extensive collection of data on sea-
sonal variations along that path at
least. Other links may be added
soon.

At Mitre the work will be tied
to other communications projects,
such as block error-coding tech-
niques. Says Fordon: “The current
revolution in digital error control,
the development of solid-state dig-
ital devices and the rapid move-
ment in the military toward digital
communications systems are all
part of the renewed interest in h-f.”

Fast talker

Another sign that h-f manufac-
turers haven’t thrown in the towel
despite the growing threat from
satellite communications is the con-
tinuing research on h-f data mo-
dems.

The General Dynamics Corp.’s
Electronics division in Rochester,
N.Y., for example, is developing
data modems for the Air Force
which the company says will trans-
mit digital data at 4,800 bits per
second, about twice the rate of the
best h-f systems now available.

The reason for such speed, says
a General Dynamics engineer, is
“frequency differential phase shift
keying. The next best system uses
time differential phase shift key-
ing.” General Dynamics says its
system is less affected by h-f multi-
path problems and randomly vary-
ing signal phase or drifting phase
over the transmission path.

Dual tone. Its data modem trans-
mits two tones during one time
interval rather than a single tone
in successive time intervals (the
time differential method). Since the
tones are close together (a cycle
or two apart) they are similarly
affected; and the phase shift be-
tween the tones, which carry the
data information, remains the
same. The tone times are also
made very long so that signal
smearing due to the multipath ef-
fect is a small percentage of the
total signal time.

According to General Dynamics,
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From another angle

How well do the Russians make
out with h-f?

Many United States communi-
cations specialists think they do
very well [Electronics, Oct. 4,
1965, p. 136].

One theory is that the Russians
are in a better geographical posi-
tion to achieve a low angle in
launch of their signals and are
less affected by auroral activity.

There is also some speculation
that they use some form of duct-
ing. The use of ducts, or natural
waveguides in the atmosphere, has
been investigated for years in the

The Air Force plans this year
to launch ionospheric communica-
tions satellites which will test h-f
and vhf guided propagation in
the lower ionosphere. Designed
by the Raytheon Co., the satellite-
to-satellite communications sys-
tem will investigate the whisper-
ing-gallery effect—the existence of
natural waveguides in the iono-
sphere which transmit radio waves
from one place to another as the
curved reflecting surfaces in some
large cathedrals transmit sound
waves from one end to the other.

the high data rate modem opens
a new field of digital data trans-
mission. If the data modem is set
to operate at 4,800 bits per second
and transmits data at 2,400 bits
per second, the extra capacity can
be used to encode additional in-
formation. At the receiver the op-
erators can use a computer to de-
termine errors and make correc-
tions. In this way, General Dynam-
ics says, error rates of one in a
million are possible.

Laying the groundwork

As the time approaches to choose a
contractor in the Pentagon’s fast-
moving effort to build and put up
a tactical communications satellite,
work is going on to develop the
essential ground terminals.

To meet the tactical needs of all
three services, terminals must be
compact, inexpensive, lightweight
and highly mobile. The terminals
are being built around communica-
tions gear already developed in
order to make the 1968 target date
for the satellite system.

In contrast with present portable
satellite ground stations that need
several trucks to haul them from
one site to another, the new ter-
minals will have to be small enough
to ride in the back of a Jeep, aboard
a crowded Navy ship or tucked
away in a small aircraft.

The Navy last month received
proposals from companies inter-
ested in the contract-definition
phase for shipboard terminals. The
development effort will investigate
the tactical satellite’s two frequen-
cies—ultrahigh frequency (300 to
3,000 megahertz) and X band
(5,200 to 10,900 Mhz). At first the
Navy will contract for only a hand-
ful of the shipboard terminals, but
the size of the over-all market is
expected to be significant because
of the large number of terminals
that ultimately will be needed.

Suitcase variety. One of several
companies working on the ground
terminals and said to have bid on
the Navy work is Electronic Com-
munications, Inc., of St. Petersburg,
Fla., which has put together a ter-
minal to work with the tactical
satellite using equipment it devel-
oped earlier. Calling it a “small
suitcase variety,” the company says
that the terminal, including an-
tenna, weighs only 210 pounds and
occupies just 6 cubic feet. It needs
4 kilowatts of power.

The company is planning a pack-
age that can be used by all the
services.

The Electronic Communications
terminal is made up of a receiver,
transmitter, control box, modulator
and demodulator. A special an-
tenna developed by the company is
an omnidirectional loop V design.
Horizontally polarized, it is about
1% feet in diameter and is more
compact than a directional dish,
the company says. For aircraft use,
it could be placed under a radome.
The gain of the loop V antenna is
on the order of 4.5 decibels.

The most important parts of the
terminal — recently demonstrated
for the military—are the URC-65
demodulator and the URC-66 mod-
ulator. Both are solid state and 90%
of their circuits are made up of
monolithic integrated circuits.

These units provide the time-fre-
quency modulation scheme used by

Electronics | October 3, 1966



-5

Electronics Review

Electronic = Communications  to
combat transmission problems such
as multipath fading and to optimize
modulation. In the time-frequency
method, each bit is transmitted
serially, and utilizes bit, time and
frequency redundancies.

Because equipment development
is essentially complete, a company
official says the terminal could be
delivered soon. With it, up to 50
users could share a satellite link
simultaneously. The terminal trans-
mits teletype only, but vocoded
voice can be added.

Antijam feature. Electronic Com-
munications has a general develop-
ment program “not necessarily tied
to the satellite ground terminal” on
a high-speed, frequency-hopping
digital synthesizer. Such equipment
could improve the multiple access
and antijam features of the future
satellite terminals, the official says.

Also in development at the Flor-
ida company is a building block
line of modems for the operational
satellite communications terminal.
A good part of the microwave
equipment is already developed—
such as the URC-65 and URC-66.
One or two other units will be
added to the completely adaptive
system for such things as 60 word-
per-minute teletype and 4,800 bits-
per-second vocoded voice.

The terminal is designed to work
with near synchronous-altitude or
synchronous-altitude satellites
Working with a satellite precessing
at a rate of 30° to 50° a day, a
soldier would have to adjust the
electronic communication antenna
only once every two to three days.

Moving fast. The Pentagon is in
a hurry to get the first tactical satel-
lite up. It is skipping the contract-
definition stage [Electronics, Aug.
8, p. 61] and is selecting the con-
tractor team to build the demon-
stration satellite from proposals
that were submitted by industry in
early September. Indications are
that selection of the builders may
come as early as late October or
November.

Because of the tight timetable
and the Pentagon requirement for
existing equipment, it appears that
the proposal accepted will be based
on experience with an operational
satellite.
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Some of the companies that are
understood to have bid on the tacti-
cal communications satellite in-
clude the Hughes Aircraft Co. with
the Syncom and Early Bird satel-
lites; the Boeing Co. with the Lunar
Orbiter satellite; TRW, Inc., with
the Orbiting Geophysical Labora-
tory; the Philco Corp. with the
Initial Defense Communications
Satellite, and General Electric Co.
with the Nimbus spacecraft.

Industrial electronics

Tooled for economy

It’s like driving a tack with a sledge
hammer to go through a complex

Operator, right, monitors
optical tracer head used

to generate numerical-
control tape for two-
dimensional parts directly
from a drawing. Digital
display indicates position of
tracer head over drawing
being traced. Head is
mounted on a movable
gantry and its position

is encoded for the computer
that calculates tape data.

program such as the Automatically
Programed Tool (APT), or any
of its cousins, to generate tapes for
numerical control machining of just
a few parts. Now, for two-dimen-
sional operations at least, a system
has been built that generates the
tapes directly from optically traced
drawings. Developed by Tridea
Electronics of South Pasadena,
Calif., a subsidiary of the Conduc-
tron Corp., the system computes
cutter offsets to determine the path
of the tool and accepts inputs of
program instruction to complete
data for the tape.

Two of the systems are being
built for the McDonnell Aircraft
Corp. of St. Louis and according to
A.G. Van Alstyne, director of ad-
vanced development for Tridea, his
company now plans to market the
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industrial systems generally.

Other companies also have indi-
cated interest in the system, mostly
aerospace companies. The Boeing
Co., for example, submitted an ir-
regularly shaped production part
that had taken 80 man-hours to
code for APT. On the Tridea sys-
tem, the same numerical control
tape was produced in 2 minutes.

In addition, savings are possible
through numerical control machin-
ing of some single items. McDon-
nell Aircraft says a control tape for
a template that required 2 man-
hours of manual layout was done
in 20 minutes on the Tridea sys-
tem.

Follow the line. The Tridea sys-
tem consists of a 5- by 12-foot table
with a tracing head mounted on a
movable gantry, a linear encoding
system, a small computer and an
operator’s console with a television
monitor, manual gantry position
controls and a data input terminal.
Two dual photodiodes in the trac-
ing head scan opposite sides of the
line they are following. They pick
up reflected light on each side of
the line and can be set either posi-
tive or negative so they will be
compatible with either black-on
white or white-on-black drawings.
The photodiodes can be rotated to
maintain their alignment. Feedback
signals from the photodiodes go to
a resolver, which controls two d-c
torque motors; one drives the gan-
try along the tracing table, the
other drives the tracing head across
the gantry.

A tracer scanning only a single
side of a line is likely to follow
crossing lines but the dual photo-
diode scanner sees both sides of
the line and is less likely to be
diverted to one side or the other.
The resolver drive is continually
converging on the line center from
both sides to lock the scanner on
the line. Some problem areas, such
as a Y line junction, must be con-
trolled manually by the operator.
By watching the monitor, which
shows which line the tracer is fol-
lowing, the operator sees when the
tracer has made a mistake and he
switches to a manual mode. Using
a joy stick on the console, he can
slew the head back to the point
where the error started and man-
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ually redirect the head onto the
correct line.

A delay of about 30 seconds be-
tween reading the position of the
head and punching the control tape
occurs in a buffer memory. This
allows time to erase and correct an
error before it gets on the tape.
When the operator makes a correc-
tion, all of the data in the memory,
back to the error point, is automati-
cally erased.

Head position is read by photo-
sensors that scan precision stain-
less-steel tapes marked off 500 lines
to the inch. One tape lies along the
gantry’s line of travel and the other
locates the position of the tracer
on the gantry. A linear encoder,
made by Sheflield, Ltd., Scotland,
converts the linear measurement
directly into digital form.

Tight tolerance. Tridea’s Van Al-
styne claims that through optical
interpolation of the position tapes,
the system can duplicate the draw-
ing onto the numerical control tape
with a tolerance within 0.0005 inch.
The buffer memory stores line seg-
ments as one point and a slope—
the slope being determined from
the preceding point. Adjacent
slopes are compared to determine
if the line is straight or curved. If
it is curved, the computer calcu-
lates how many points are needed
to keep within the specified toler-
ance of tangential error and then
determines the cutting tool path.

A Tridea-designed interface con-
verts the decimal output of the en-
coder to the binary coded decimal
form required by the DDP 116 com-
puter, made by the Computer Con-
trol Co., used for data processing.

Continuous check. The tv moni-
tor at the control console is fed by
a General Electric TE-21A camera,
fitted with a beam-splitter mirror.
Reflecting the drawing being
traced, the mirror also superim-
poses a circle representing the cut-
ter diameter.

Fingertip control

A late model car last month cruised
slowly along a deserted country
road 80 miles outside of Columbus,
Ohio. The trip covered only a few
miles, enough to convince a team of

Ohio State University engineers
that a control stick they were work-
ing on could become one of the
elements of an electronically con-
trolled car.

The stick, which worked as well
on the road as it had in the lab, re-
places a car’s steering wheel and
gas and brake pedal. It also con-
tains a device that signals the
driver more accurately and more
surely than his eyes that the dis-
tance between his car and the car
ahead is changing.

Accordion effect. With a head-
way-warning system, explain the
Ohio State engineers, cars can
safely track closely behind other
cars even at superhighway speeds.
The system also prevents what
highway engineers call the accor-
dion effect, in which cars bunch up,
then spread out, then bunch up
again because drivers fail to main-
tain constant headways.

By maintaining headway, says
the university engineers, superhigh-
ways can be packed more densely
and the cars can move along faster
with no loss of safety.

“We're still far from the develop-
ment of a car that you can drive
onto a superhighway and let drive
itself,” concedes Robert E. Fenton,
a staff member of the school’s Com-
munications and Control Systems
Laboratory and manager of the con-
trol stick project. But he does see
the control stick as an interim step.

The headway indicator is built
into the top of the stick, where the
driver rests his hand to control the
car. When the car moves closer
than a predetermined distance to
the car in front, a finger-like section
in the stick juts forward, pressing
against the driver’s fingers. When
the driver feels this he pulls back
slightly on the control stick, sig-
naling a special-purpose analog
computer in the car’s trunk to ease
up on the throttle. The farther back
the stick is pulled, the more the
throttle is eased; if the stick passes
a certain point, the computer com-
mands braking. When the proper
distance is found again, the finger-
like section slides back.

On the other hand, when the car
is falling back, the finger-like sec-
tion slides in the opposite direction,
pressing against the palm of the
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hand, and a forward motion of the
control stick then speeds up the test
car.

Quick response. The tactile warn-
ing system was chosen, says Fen-
ton, because when a driver is con-
centrating on the highway, his
eyes scanning the scene ahead, it’s
best to have a signal that alerts
another of the five senses to guar-
antee quick response.

Fenton explains that with the
control stick a subject can main-
tain a 70-foot headway at 70 miles
an hour with only a one-foot error;
without the control stick the best
drivers score a 10-foot error. Obvi-
ously, notes Fenton, “we are deal-
ing with changes in motion which
are considerably below the visual
threshold.”

So far the Ohio State engineers
haven’t bothered about the problem
of actually determining the distance
between cars. “We'll do that later;
right now we want to prove that
the control technique works reli-
ably,” Fenton points out.

“For the moment we program a
ghost lead car into the computer;
later we'll use a second car with
a retractable wire strung between
cars to measure the headway dis-
tance.”

When the time comes to develop
the headway sensors, Fenton says,
three approaches are likely: an op-
tical or a radio-frequency radar
system or a system of magnetic
sensors under the pavement which
cars would trigger. Fenton says the
magnetic system holds the greatest
hope because it’s relatively cheap
and nearly foolproof.

Other experts, however, say that
radar will never work in this appli-
cation, that a laser device is a pipe
dream, but that an infrared detec-
tor could work efficiently. Inte-
grated circuits now make such a
device economically feasible, they
add.

The ultimate objective, according
to Fenton, would be to use some
roadside or under-the-pavement de-
vice to control the control stick,
taking the steering, acceleration
and braking function out of the
driver’s hands—and away from his
feet.

That, he says, is still many years
away.
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The long green

Express buses in New York State
may eventually have the traffic
lights all their own way if a feasi-
bility study now being concluded
gets into the hardware stage.

Airborne Instruments Labora-
tory, a division of Cutler-Hammer,
Inc., is studying, under a $15,000
contract from the state’s Depart-
ment of Public Roads, whether traf-
fic lights can be turned from red to
green by infrared signals emitted
by a gallium arsenide junction di-
ode mounted in express buses. Un-
der the plan bus drivers could aim
the light beam at red traffic lights
from as far away as 1,000 feet.

An infrared detector in the traf-
fic-light pole would sense the signal
from the oncoming bus and pro-
duce an output that would begin
cycling the light from red to green.
After the bus had passed, the traf-
fic light would resume its normal
operating cycle.

All green. By giving express
buses a perpetual green light, New
York is hoping to make travel by
bus faster and more attractive to
commuters. If it becomes attractive
enough, travelers may leave their
cars at home. A decrease in private
cars would reduce congestion on

the highways.

Problems being considered by
Airborne Instruments include the
effect such an override on traffic
lights will have on roads feeding
into the bus routes, the best beam-
width of the diode signal and its
range.

The company has already built
a breadboard model of a junction
diode signaling system but this was
for a contract from the National
Academy of Science’s highway re-
search board. If a hardware con-
tract is let by New York State for
the bus system, first tests will prob-
ably take place in either Rochester
or Buffalo.

Medical electronics

Bedside companion

A visual and audio communications
system will give hospital patients
reassurance in time of need and
save valuable steps for overworked
nurses.

Besides providing communica-
tion between nurses and patients,
the system furnishes entertainment,
closed-circuit television and can

Patient can easily move and tune the 514-pound receiver, which is
supported by a gravity-free arm attached to the bed.
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monitor physiological probes that
measure pulse and heart rate.

The system consists primarily of
a tv camera and receiver. When
the portable camera is at the
nurses’ station and the receiver by
the patient’s bed, the patient can
see the nurse. When the equipment
is reversed, the nurse can tune in
on the patient.

For installation convenience the
system operates with a single co-
axial cable only %8 inch in diam-
eter. By contrast, most hospitals
have a tangle of wires for tv and
intercoms always an inconven-
ience and sometimes a hazard in a
patient’s room. Some nurse-call
systems need as many as 40 wires
in the walls just for audio connec-
tions.

Low voltage. In addition, the sys-
tem, made by Bell Hospital Serv-
ices, Inc., of Bridgeport, Conn., op-
erates on low voltages. Instead of
consuming 300 watts as a conven-
tional receiver does, each receiver
operates on 12 volts d-c and uses
only 8 watts.

Each receiver has a 5-inch screen
and is suspended on a counterbal-
anced, articulated arm attached to
the patient’s bed. The patient can
easily move and tune the set, free-
ing the nurse for other duties.
He hears the sound through steri-
lized, disposable earplugs, eliminat-
ing the nuisance tv often causes in
hospital rooms with several beds.

The system uses modified tran-
sistorized receivers manufactured
by the Sony Corp. Bell removes
power supplies and speakers and
adjusts a few circuits. The re-
sulting weight reduction simplifies
balancing the receiver on the grav-
ity-free arm. The 5%-pound sets
are also light enough to be mailed
back to Bridgeport for repairs.

Emergency. The control system
for entertainment and closed-cir-
cuit tv contains a master antenna,
radio tuners, amplifiers, mixers and
a power supply. Individual ampli-
fiers for each channel furnish im-
pedance matching and automatic
gain control for signals from the
master antenna. Amplified signals
are then mixed and relayed to co-
axial distribution lines. When addi-
tional outlets are installed, ampli-
fiers” settings are changed to com-
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pensate for added line loss.

Power converter. The built-in
power supply converts the hos-
pital’s a-c to regulated d-c to oper-
ate the receivers.

Both power and entertainment
signals flow through the single co-
axial line.

Instrumentation

Miss calculation

When missile men conduct target
practice against expensive drone
planes, their aim is to miss—al-
though not by very much—so the
drone can survive and fly again
another day. To determine the ef-
fectiveness of the shot, the missile
men must know how close they
came. For this job, missiles are re-
fitted with radio-frequency equip-
ment to measure the miss-distance;
but weight distribution and aero-
dynamic problems result. Now, the
International Telephone and Tele-
graph Corp. is developing an
electro-optical system to replace
the miss-distance electronics on the
missile with a dab of paint. All
of the measuring and score-trans-
mitting electronics will be packed
into the recoverable drone.

The scoring system, being de-
veloped for the Air Force Systems
Command at Eglin Air Force Base,
Fla., will have an accuracy within
1 or 2 inches over its range of 100
feet. Radio-frequency systems such
as pulsed radar or tracked beacons
usually have accuracies within 5
and 10 feet over the same range.
Continuous-wave radar boasts bet-
ter accuracy—I1 or 2 feet over a
100-foot range.

Time function. ITT’s Federal
Laboratories, Los Angeles, has al-
ready demonstrated and tested the
optical concept with a bread-
boarded system. In this model a
gallium arsenide diode generates
the light, which is directly modu-
lated by radio-frequency tones of
very stable frequencies. The modu-
lated beam is collimated and aimed
at a reflective target, such as a dab
of paint. The difference of phase
between the transmitted and re-

flected beam is a function of time.
hence, a function of the distance
between the light source and the
target.

Obviously, if the phase shifted
360° it would be seen as a zero
shift and would indicate a direct
hit. To eliminate ambiguity within
the desired range, two widely sep-
arated r-f tones are used. Some-
what on the principle of a vernier,
a 5-megahertz tone provides the
coarse measurement, which is
equivalent to a 200-foot wavelength,
and a 40-Mhz tone provides the fine
measurements of less than 5 feet.
If a range greater than 200 feet
were required, an appropriate tone
of a frequency lower than 5 Mhz
would have to be modulated onto
the light beam.

Stay in phase. The reflected 5-
and 40-Mhz signals are received
by a photomultiplier sensor and
mixed with offset frequencies,
which are phase coherent to pro-
duce two low-frequency carriers
that retain the phase information
proportional to the distance. The
phase of the low-frequency signals
are compared and combined to pro-
vide a single binary range word
that is transmitted back to a scor-
ing station on the ground.

One problem that had to be over-
come was the error caused by dop-
pler shift, which would also appear
as phase shift. A counter frequency
detects whether the modulated fre-
quencies on the light beam have
changed value and by how much.
The amount of phase shift attribu-
table to frequency change is cal-
culated and canceled from the
phase-shift information, leaving
only that shift caused by distance.
If desired, frequency information
could be used to measure relative
speed between the target drone
and the missile.

All sides. Although the bread-
boarded system does not provide a
way of detecting targets approach-
ing from all angles, several ways
of doing this are being investigated.

In an operational system, many
diodes and sensors could be at-
tached on all sides of the drone so
it can monitor all possible direc-
tions of a missile’s approach by
clectronically sweeping the light
beams through an arc. Another pos-
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OTHERSTALK I.C. MEMORIES
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Tra ngitrony

delivering

For over 6 months Transitron has
been delivering HLTTL 16-bit 10
M.C. monolithic memory cells for
0°C to 75°C temperature range.
This circuit family has now been
rated for —55°C to +-125°C op-
eration and is available for quan-
tity shipment from Transitron.

m The Transitron 16-bit, 10 MC, bit-
oriented IC memory elements, utiliz-
ing advanced HLTTL technology, are
being shipped in quantity.

® Available for —55°C to +125°C op-
eration, these high-speed units are mak-
ing possible the design of fast buffer and
scratch pad memories for modern digital
computers and systems which extend
system capability significantly.

® Each memory element consists of 16
two transistor flip-flops, arranged in a
4 x 4 matrix, which provide the informa-
tion storage. Two write and two sense
amplifiers are also built into the ele-
ment.

m Both data and data complement are
available at the sensing outputs, which
can be paralleled for use in larger
arrays. Addressing, read and write levels
are compatible with other HLTTL
circuitry.

B The design results in a non-destructive
readout element exhibiting typical de-
lays of 20 nSec. between addressing and
read or write, making extremely high-
speed operation possible.

TMC 3162 40 mA Output current sinking 0 to 75°C
TMC 3163 20 mA Output current sinking — 55 to 125°C
TMC 3164 20 mA Output current sinking 0 to 75°C

m All memory elements are available in
14-lead flat packages or 14-lead dual
in-line (plug-in) packages.

QUAD LINE DRIVERS FOR
ADDRESSING MEMORY CELLS

HLTTL Quad, 2-input, line and lamp
drivers are now availablefrom Transitron.
TNG 5611-5614 Quad, 2 input line driver.
TNG 5811-5814 Quad, 2 input lamp driver.
The quadruple line driver is especially
useful in addressing the memory ele-
ment or providing high fanout in other
applications. These units are available
in 14-lead FP or dual in-line package.
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sibility, say ITT engineers, is a
single diode and sensor mechani-
cally rotating through 360°. Care-
ful optical fanning of the beam
might also be considered, but this
would seem less desirable since
part of the electro-optical system’s
advantage is narrow beamwidth.

The narrow beamwidth prevents
interference between the trans-
mitted and received signals and
eliminates the need for frequency
separation, such as required in sec-
ondary radar. Narrow beamwidth,
coupled with high beam density,
effectively rejects stray signals and
maintains inherent system accuracy.

In addition to missiles, the ITT
system could be effective in scoring
miss-distance of bullets or any
other painted projectile.

Various other uses are also pos-
sible. Because of its high accuracy,
the electro-optical system might
assist space docking and aircraft
landings. The system might serve
as a proximity fuse,

Computers

Faster Fourier

A new algorithm for Fourier analy-
sis can reduce the computer time
for performing the analysis by a
factor of hundreds or thousands,
which means that these problems
can be solved in seconds instead of
hours.

The new algorithm was worked
out by James W. Cooley of the
International Business Machines
Corp. and John W. Tukey of the
Bell Telephone Laboratories, and
is included in a package of about
70 programs for the IBM 360.

With Fourier analysis, any func-
tion of time, such as a periodic but
irregular voltage wave, can be ex-
pressed as a series of sines and co-
sines. The series can be infinite,
but in any practical application
only a finite number of terms in the
series is used. The larger the num-
ber of terms, the closer the series
approximates the desired function.
To perform the analysis on a digital
computer, the function must be
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sampled at a number of points, the
analysis performed at each point
and the results added.

Many samples. If the function is
sampled at n points, then at least
n terms of the infinite series must
be used in the analysis. Therefore
the analysis must be carried out for
n terms of the series at each of the
n points, for a total of n? multipli-
cations and additions. This is the
classical approach that takes hours,
even for a high-speed computer, for
large values of n.

The Cooley-Tukey algorithm is a
method of expanding an analysis
at n = 2 points into an analysis at
n points using only n operations.
Then by carrying out the analysis
for n = 2, and repeatedly doubling
the value of n, an analysis at any
arbitrarily large number of points
can be obtained. The process can
also be made to work if n is not
a power of 2, but for practical ap-
plications the power of 2 is good
enough. The number of points must
be doubled log; n times to obtain
the required value of n; each dou-
bling requires n operations: there-
fore the total number of operations
is n logsn. The ratio of improve-
ment is n?/(n log.n) = n/log.n. If
n is set arbitrarily at 2! = 65,536,
then this ratio is 2'%/16 = 4,096,
and if n? operations takes 10 hours,
then the improved time is 10/4,096
hours or about 10 seconds.

Space electronics

Resourceful satellite

The Interior Department, tradi-
tionally concerned with such mat-
ters as water resources and pro-
tection of the American Indian, has
become the fourth civilian organi-
zation in the United States to have
its own space program. The pro-
gram is called Eros for earth re-
sources observation satellite. Gov-
ernment officials explain that the
word Eros is derived from the
Greek, meaning to yearn for scien-
tific knowledge and does not have
anything to do with the Greek god
of love.

Like two of its predecessors in
space—the Communications Satel-
lite Corp. and the Environmental
Science Services Administration—
the Interior Department will have
the National Aeronautics and Space
Administration launch the satellites.

Higher the better. The depart-
ment has been working with the
space agency for two years to de-
termine just what satellites could
do in the way of resources measure-
ment and whether they could do
it better than airplanes. NASA is-
sued two study contracts to the
department’s Geological Survey—
$550,000 to study geology and hy-
drology from space and $625,000 to
study geography and cartography.
The results indicated that only a
satellite system could provide glo-
bal observations at reasonable cost.

During this time NASA scientists
weighed a resources satellite pro-
gram of their own but could never
get approval from their top man- -
agement because of tight budgets.

The department’s decision to
take to satellites was announced
last month by Interior Secretary
Stewart L. Udall, who immediately
named William T. Pecora, director
of the Geological Survey, to head
the project. Udall also hinted he
would like other Federal agencies
to share the project cost by point-
ing out how useful the satellite
resources data would be. He spe-
cifically mentioned the Agriculture
Department, which has a $900,000
NASA contract to study how satel- -
lites could help it.

Potential. In discussing potential
benefits of the satellite system, Pe-
cora said it would cut the cost of
updating topographic maps by $100
million a year. He also listed such
applications as assessing the health
and distribution of crops, discover-
ing mineral deposits associated
with geological faults, warning of
volcanic eruptions by discovering
the slight swelling of the earth
caused by lava and gases prior to
an eruption, mapping the antarctic
ice cap and spotting folds in the
earth’s crust that may contain
petroleum deposits. -

Pecora considers Eros an evolu-
tionary program, beginning with a
relatively simple satellite carrying
a couple of television cameras and,

Electronics | October 3, 1966



If our JXP precision
resistor is so superb,
how come we're
reluctant to discuss
its reliability?

Because we don’t want you to think
of the JXP as a ‘“high reliability”
resistor.

It is one, of course. But the term in
this case is a bit of an understate-
ment (rather like describing the
Grand Canyon as a hole in the
ground.)

For the same reason, we'd just as
soon that you didn’t think of the JXP
as a ‘“military” resistor, despite its
RN classification.

And even the term “metal film” fails
to do justice to the JXP. Our Jeffers
Electronics Division’s metal film re-
sistor has characteristics and per-
formance capabilities that surpass
the best of any resistor art, past or
present.

How, then, should you think of the
JXP? Simply as a “‘precision” resis-
tor—because it's in this area of pre-
cision that our resistor can most
clearly be seen to be in a class by
itself.

The JXP gives you the highest pre-
cision at a reasonable cost, with tol-
erances down to 0.02% available
upon request. But more than that, this
extreme precision is arrived at delib-
erately, rather than by happy acci-
dent.

We manufacture the JXP under so-
phisticated “white room’ conditions.
We employ a fanatically tight system

of process and material controls. And
we limit ourselves to a narrow popu-
lation of resistor characteristics (25
PPM or less). So it's no wonder that
our entire resistor output is identical
in precision and stability. (In fact, any
pair of JXPs can be matched, time
and time again, to within 0.01%!)

We'd be delighted to send you com-
plete information about our JXP pre-
cision resistor (including its military
and reliability aspects—if you insist).
Just mail us the coupon.

A patent attempt to
win your admiration

Even though our various electronic
components already offer excellent
performance, this never seems to
satisfy the restless individuals in our
Research Laboratory. They're con-
stantly developing new ways to im-
prove both our products and our
manufacturing processes.

During the last six months alone,
Speer Carbon Company and Air Re-
duction Company (our parent) have
been awarded a significant variety
of patents—including: 3,227,983
(U.S.) for Stacked Resistors; 3,238,-
151 (U.S.) for Resistor Composition;
3,240,625 (U.S.) for Semiconductor
Film Resistors; 727,273 (Canada) for
a Method of Capping Film Resistors;
731,781 (Canada) for a Fluorescent
Lamp Starter; 648,979 (Belgium) for
Resistor Manufacture; 667,242 (Bel-
gium) for Composition Resistors; and
49,129 (Luxembourg) for Composi-
tion Resistors.

We have no patent on mere excel-
lence, of course. But when it comes
to perfection . . . well, only time will
tell.

We’ve even heen
distributing
Distributors

In keeping with our basic policy of
quicksilver service, we have been
setting up a national network of In-
dustrial Electronic Parts Distributors
covering every major market area.

These men are hip-deep in both
Speer carbon composition resistors
and in Jeffers molded chokes. And
both inventories, needless to say, of-
fer the latest MIL and commercial
specifications.

For the name of your helpful Speer
Industrial Distributor, contact your
Speer representative—or use the

| JEFFERS ELECTRONICS DIVISION |
| SPEER CARBON COMPANY |
| DuBois, Pennsylvania 15801 |
| Speer Carbon Co. is a Division of Air |
| Reduction Company, Inc. |
| [] Send complete information on your |
JXP precision resistors. I

I [] Send the name of my helpful Speer |
|~ Industrial Distributor. :
|

|

|

|

|

|

I Name
| Title
| cCompany
Street
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Etch your own

PC hoards
automatically!

(Less than five minutes
for one ounce copper.)

Shown
actual
size!

fromthis—to11”x14”

CYCLO-TRONICS
“fine line” etcher

Pat. applied for

for protypes—limited runs
No cooling or venting required!
Etches as fine as .001"'!
Cuts costs in half—saves time!
Complete photo processing instructions!
Work is illuminated while etching!

No patterning . . . minimum undercutting!

Model No. 201 (illus.), etches two 11"/x14"

one-sided boards. . ... .. $6 9 5

NOW IN USE BY:

AMP, Inc./The Bendix Corp./Beta Corp., Sub. of
Koppers Co., Inc./Charles Bruning Co., Div. of Ad-
dressograPh Corp./The University of Chicago/Uni-
versity of Colorado/C. G. Conn, Ltd./Fab Tool, Inc./
General Dynamics/Graduate Research Center of the
Southwest/IBM Corp./Jordan Electronics, Div. of
Victoreen Instrument Co./Lear Siegler, Inc./Micro
Switch, Div. of Honeywell/Microwave Electronics
Corp., Div. of Teledyne/Oklahoma State Univ./
Sonotone Corp./Westronics/Woodward Governor Co.

Send for complete information

CYCLO-TRONICS, INC.

3858 N. CICERO—CHICAGO, ILL. 60641
TELEPHONE: (312)-282-6141
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if weight permits, a data-collection
system to record environmental
data. He envisions flying the first
satellite in 1969. Total cost of
launching the first craft will be $20
million, he said.

William Fischer, research co-
ordinator at the Geological Survey
and the man directly responsible
for the Eros project, explained that
the satellite will carry two 2-inch
vidicon camera systems. Each will
have picture resolution of 4,000
lines, or good enough to distinguish
objects on the ground smaller than
100 feet. The best performance to
date has been the two Nimbus
weather satellites’ 1-inch vidicon
systems, with their 800-line resolu-
tion that distinguishes objects a
quarter-mile across. One of the
Eros cameras will be sensitive to
the red or near-infrared spectrum
for the best viewing of vegetation;
the other will operate in the green
spectrum and primarily observe the
ocean,

Call for bids. The next major
step is to ask electronics and aero-
space companies for bids on build-
ing the satellites. Present plans
call for the satellite to resemble the
successful Tiros weather craft—a
definite advantage for the Radio
Corp. of America’s Astro-electron-
ics division of Princeton, N.J. The
division built that satellite for
NASA and the Environmental Serv-
ices agency and sent the space
agency an unsolicited proposal for
a similar earth-resources satellite
built around the Tiros concept.

Since Eros will be an operational
satellite—as opposed to a strictly
research craft—all electronics will
be within the present technology,
Fischer emphasized. The satellites
will be launched on improved ver-
sions of the workhorse Delta ve-
hicle and will use the tracking sta-
tions of the space agency’s Satellite
Tracking and Data Acquisition
Network, where Geological Survey
personnel will gather and retrans-
mit data.

When industry can expect a re-
quest for bids depends on how
soon the department can find the
money. The request could go out
almost immediately if Udall decides
to reprogram money for the project
from the current fiscal year’s bud-

get. But Fischer thinks the money
will probably come from the budget
to be submitted to Congress next
January, In that case the request
would not go out until after fiscal
1968 begins next July 1.

On the right track
Preliminary data from the Gemini
11 flight indicates that future

spacecraft may be able to dock
automatically by detecting the ion-
electron wake of a spacecraft and
centering on it.

In one experiment on the Sept.
13-16 flight three sensors mounted
on the target docking adapter at
the bow of the Agena measured
the concentration of electrons and
ions in the ionosphere. The Gem-
ini was then maneuvered in five
different modes ahead of the Agena
to determine the effect of the
craft’s wake on the sensors.

Four of the sequences took place
while Gemini was separated from
the Agena and one was carried out
at the apogee of the 800-mile orbit
while the vehicles were docked.

“From the telemetered data we
observed obvious wake effects,”
said David B. Medved of Electro-
Optical Systems, Inc., Pasadena,
Calif., which developed the sensors
for the National Aeronautics and
Space Administration. The com-
pany is a subsidiary of the Xerox
Corp.

Tracking a man. Medved said
the sensors even detected astro-
naut Richard Gordon Jr. during
his walk in space, as charged par-
ticles stuck him and bounced into
space. “When he was in a favor-
able position we could actually
monitor his movements,” Medved
said.

He noted that the data could not
be properly evaluated until it had
been analyzed along with radar
and photographic data from the
flight. “However, the data seems
good and we see no obstacle in
using the wake as a way of achiev-
ing rendezvous.”

The wake was measured by a
comparison of the voltage and cur-
rent relationships of the ion and
electron particles as they moved
through the sensor apertures onto

Electronics | October 3, 1966



collecting plates or grids. Incoming
signals were averaged by a proc-
essor aboard the Agena and fed to
an analog-to-digital converter in
the Agena telemetry system for
real-time transmission.

Medved said the equilibrium
electrostatic charge on Agena was
also measured and found to be
roughly —2 volts. He noted that
some scientists had thought that
the electrostatic charge might
cause problems during docking.

During the powered space flight
of the two docked vehicles the
charge seemed to change to posi-
tive, he said, but declined to say
what the voltage was.

Little nudge

Design techniques successfully
tested in a new power conditioning
and control unit are being used to
develop what is expected to be the
first ion engine for operational use.
The power conditioner and control
was part of a complete flight model
electric propulsion system that re-
cently made a record 1,183-hour
vacuum test run at Electro-Optical
Systems, Inc.

Johns Hopkins University’s Ap-
plied Physics Laboratory in Scags-
ville, Md., is working on the design
of a new satellite, believed to be a
synchronous craft, for the Naval
Air System Command. While no
one will discuss details of the satel-
lite, its mission or timetable, it is
understood that the spacecraft will
include two sets of ion engines to
provide thrust at two levels—10
and 100 micropounds to keep the
satellite on station.

Despite several successful flight
tests and extensive ground tests
with electric propulsion systems,
the Pentagon and NASA have dis-
played slackening interest. This is
particularly true for larger engines
—with thrusts of thousandths of a
pound—where neither agency feels
it has any mission requirement at
present. But activity has picked up
somewhat in recent months on
smaller engines, with thrusts of
millionths of a pound, for attitude
control and station-keeping of or-
biting satellites.

Record run. Electro-Optical,
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You're seeing
sharper pictures
today because of

Duraperm pole tips

Taped show or live? Most people can’t even guess which is
which. Duraperm pole tips—produced to most exacting proper-
ties by Hamilton Precision Metals—faithfully record on tape
many of your favorite programs, preserving sharp, clear pictures
for pleasant viewing.

There are 7 proprietary metals, 112 commercial alloys and 12
pure metals now available. With expanded production facilities,
Hamilton Precision Metals is now producing these metals in
quantity. Strip and foil are available from 0.10” thick down to
0.000080” thin, and from 1/32” to 12” in width—wire in
diameters from 0.1870” to as fine as 0.0010".

Check with Hamilton Precision Metals on your electronie
metals requirements for precision strip, foil or wire. Write today
for completely new brochure. It gives you complete information
on our capabilities as well as detailed properties on over
100 metals.

HAMILTON PRECISION METALS

division of Hamilton Watch Company m Lancaster, Pa.
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“Frankly, Jeff, we'd buy your system
if it weren't for that X/Y recorder you
specified. I1t's been around for years,
and it's too unreliable for our job.
Any other ideas?”

“If you like, Craig, I'll give you the system with the latest X/Y
recorder on the market: The PLOTAMATIC® built by Bolt Beranek
and Newman's Data Equipment Division. Other users swear by
them. The PLOTAMATIC has a paper hold-down system that always
works, never gets dirty, and yet allows you to adjust the paper
for proper alignment after it's mounted. Input resistance is
greater than one megohm, independent of gain setting. Accu-
racy and input versatility are as good as anything on the market,
and you don't have to buy time base if you don't want it. No high voltages to
produce RFI problems, either. Just between us, Craig, | think our people are in a
rut with those X/Y recorders we've been using. They use them out of habit, and
aren't up on the latest the market has to offer.”

BBN's PLOTAMATIC line includes a variety of 815" x 11”7 and 117 x 17”7 X/Y
recorders for virtually every application. Keep up with the market—write us for

a catalog.
BOLT BERANEK AND NEWMAN INC
EEN DATA EQUIPMENT DIVISION
2126 SOUTH LYON ST., SANTA ANA, CALIF. 92705 (714) 546-5300
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which was said to be designing and
building the operational ion en-
gines for the Applied Physics’ satel-
lite, ran the record test with a
zero-G fuel feed, a beam neutral-
izer, a cesium contact engine and
the power conditioner and controls,
The power subsystem, however,
ran for a total of 3,000 hours with-
out failure before the company shut
down the test. This included 1,814
hours with an ion engine simulator
—or dummy load.

John Davis, manager of electric
power systems at Electro-Optical,
spelled out the test’s significance:
“Reliability, compatibility —and
weight of the power conditioner
and electronic circuitry previously
have been considered the main
stumbling blocks to the use of elec-
tric propulsion on actual space
missions.”

Power unit weight was reduced
to about 35 pounds, a power-to-
weight ratio of 12 pounds per kilo-
watt. This furnishes three times
the power at 3 the weight of the
power equipment in earlier ballistic
flight test versions, he says. The
power-weight ratio is also 33% less
than the 18-pound-per-kilowatt goal
required for the test by the cus-
tomer, the Air Force Aero Propul-
sion Laboratory, Wright-Patterson
Air Force Base, Ohio.

The electronic subsystem and all
circuitry is compatible with auto-
matic operation of the thruster and
fuel systems, and the test showed
that such a system can run con-
tinually for two years, Davis says.
The company has already operated
ion engines “considerably in excess
of 5,000 hours,” he adds.

Redundancy. The power condi-
tioner and control unit converted
56 volts of d-c input to the five dif-
ferent a-c and d-c power levels
needed to operate the engine. Pro-
viding the power in space to run
the engine at 5-millipounds thrust
would require a 1,200-watt solar
cell array. The power system was
designed for a 3,000-watt system,
but Davis doesn’t feel that running
it 50% derated subtracted from the
significance of the test. “I don’t
think running it at 3 kw would
cause less reliability,” he main-
tains.

All system electronics were ex-
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posed to the vacuum so that vola-
tile materials from potting com-
pounds would not contaminate the
circuits. And no electronics were
sealed in pressurized containers.
Sealing is the best way to eliminate
high-voltage breakdown, Davis
says, but it is hard to maintain
pressures for long periods.

Remove gases. All circuits also
were baked at about 100° C for a
couple of days, to remove any gases
or impurities.

By designing in switching tran-
sistors operating at 10 kilohertz, the
company eliminated iron-core mag-
netic amplifier units and reduced
over-all power conditioner weight
by 25%.

Electro-Optical also furnished
some circuit redundancy. Parts
more likely to fail—or about 25%
of the total—were duplicated in the
system. But this circuit redundancy
was not needed in the 3,000-hour
test, Davis notes.

The engine uses liquid cesium
for fuel that is vaporized and forced
through hot porous tungsten. This
strips an electron from the cesium
to supply ions. Electric fields ac-
celerate and eject these electrically
charged particles out of the engine
to provide thrust.

Electronics notes

= Super gyro. All major parts of
a super-accurate gyroscope now un-
der development for the Navy will
be made of ceramic. In Norwood,
Mass., the precision products de-
partment of Nortronics, a division
of the Northrop Corp., is working
on an inertial navigation gyro for
the next generation of missile-car-
rying nuclear submarines. It is in-
tended for use in the ship’s inertial
navigation system. Precision fabri-
cation techniques include metal to
ceramic brazing, ion sputtering of
metals on ceramic and machining
of ceramic gas spin bearings. In
a parallel program at North Ameri-
can Aviation, Inc.’s Autonetics di-
vision, engineers are exploring ap-
proaches to a super-accurate gyre.

» More traffic control. San Jose,
Calif.’s three-year-old experiment
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basic measuring tools from

HEWLETT

- PACKARD

Field-proven hp 34004 RMS Voltmeter

Measure true rms value, 100 xv to 300 v, 10 Hz to 10 MHz

Accuracy is =19, full scale

High crest factor for accurate pulse, noise measurement

DC output 1 v at full scale

High maximum input, 1000 v peak

Use it to:

Measure level of noise with a crest factor of 100
Measure rms value of pulse trains
Measure true rms current, using hp 456A Current Probe

Make frequency response tests

Convert ac to dc for recorder or DVM operation

The Hewlett-Packard 3400A RMS Volt-
meter measures the actual root mean
square of ac voltages which are sinu-
soidal or nonsinusoidal and have crest
factors (ratio of peak to rms) as high as
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