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Explore the future: an age of of watches powered by isotopes
electronics in which colonists or even body heat. How can
live beneath the sea and arc designers reach this vision of
to distant planets. It is a time tomorrow? Look ahead to the
of moon bases and ultra-robots; year 2000. Turn to page 70.
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DIT200:

[

3

ULTRAMINIATURE TRANSISTOR

100~ 200~ 400~ 600~ IKC 20KC

DISTORTION -*%

TYPICAL DI-T200 PERFORMANCE 100 200 400 IKC 2KC 4KC IOKC 20KC 40KC 0OKG
SOURCE RATED PRI IMP AND D C EREQUENCY
TOAD  :RATED SEC. IMP.

DCmal Pri. Mw
Type No. Pri. Imp. in Pri. Sec. Imp. Res. Level Application
DI-T225 80CT | 12 32 split 10 | 500 | Interstage
100CT | 10 40 split
DI-T230 300 CT 7 | 600CT 20 | 500 | Output or line to line
DI-T235 400 CT 8 40 split 50 | 500 | Interstage
500CT| 6 50 Split i
DI-T240 400 CT 8 400 split | 50 | 500 | Interstage or output
500 CT 6 500split|] | (Ratio 2:1:1)
DI-T245 500 CT 3 50 CT 65 | 500 | Output or matching
600 CT 3 60CT |
DI-T250 500 CT 55 600 CT 35 | 500 | Output or line to line
S . or mixing
DI-T255 | 1,000 CT 3 50CT 110 | 500 | Output or matching
1,200 CT 3 60 CT X
DI-T260 | 1500CT| 3 600 CT | 90 | 500 | Output to line
DI-T265 | 2,000 CT 3 8,000 split | 180 | 100 | Isol. or interstage
2,500 C1 3 | 10,000 split (Ratio 1:1:1)
DI-T270 | 10,000 CT 1 500 CT | 870 | 100 | Output or driver
12000CT | 1 600 CT
DI-T273 | 10,000 CT 1 1,200 CT 870 | 100 | Output or driver
12,500 CT 1 1,500 CT
DI-T276 | 10,000 CT 1 2,000 CT 870 | 100 | Interstage or driver
12,000 CT 1 2,400 CT
DI-T278 | 10,000 CT 1 2,000 split | 620 | 100 | Interstage or driver
12,500 CT 1 2,500 split
DI-T283 | 10,000 CT 1 10,000 CT 970 | 100 | Isol. or interstage
12,000 CT 1 12,000 CT (Ratio 1:1)
DI-T288 | 20,000 CT 3 800 CT 870 | 50 | Interstage or driver
30,000 CT 5 1,200 CT
DI-T204 | Split Inductor § .1 Hy @ 4 maDC, .08 Hys @ 10 maDC, DCR 25Q
(2 wdgs) §3§ .025 Hys @ 8 maDC, .02 Hys @ 20 maDC, DCR 62
DI-T208 | Split Inductor § .9 Hys @ 2 maDC, .5 Hys @ 6 maDC, DCR 105Q
(2 wdgs) §§ .2 Hys @ 4 maDC, .1 Hys @ 12 maDC, DCR 26
DI-T212 | Split Inductor § 2.5 Hys @ 2 maDC, .9 Hys @ 4 maDC, DCR 630Q
(2 wdgs) §§ .6 Hys @ 4 maDC, .2 Hys @ 8 maDC, DCR 1570
DI-T216 | Split Inductor § 4.5 Hys @ 2 maDC, 1.2 Hys @ 4 maDC, DCR 2300%
(2 wdgs) §§ 1.1 Hys @ 4 maDC, .3 Hys « 8 maDC, DCR 5750

3DCmashown is for single ended useage (under 5<; distortion—100mw—1KC). .. for push pull,
DCma can be any balanced value taken by 5W transistors (under 5 ¢; distortion—500mw—1KC)
DI-T200 units have been designed for transistor application only... not for vacuum tube service.
U.S. Pat. No. 2,949,591 other pending.

W.ht:jr_e windings are listed as split, % of the listed impedance is available by paralleling the
winding.

§Series connected; §§Parallel connected.

Write for catalog of over :
1,300 UTC TOP QUALITY '

STOCK ITEMS '
IMMEDIATELY AVAILABLE "
from your local distributor. -

TRANSFORMERS
& INDUCTORS

DUMET LEADS
(gold plated, weldable and solderable)

> STRAIGHT PIN TERMINALS

(printed circuit application)

weyp HIGHEST PERFORMANCE

for size in the industry

METAL ENCASED
(Grade 4, Ruggedized)

o e ~

ALL STOCK UNITS MIL TYPE TF4RX
Class “S” Availahle on Special Order

—

High Power Rating . ...
Excellent Response
Low Distortion ... . onan A RS R
High Efficiency .up to 30% better . . . compare DCR.
Moisture Proof " .......hermetically sealed to MIL-T-27B.
Ultraminiature Size ... 5/16 Dia. x 38" H, 1/15 0z

....up to 100 times greater.
_twice as good at low end.
reduced 80%.

The unique structural design of the DI-T200 series transformers and induc-
tors provides the excellent electrical characteristics, high reliability and wide
application possibilities inherent in the UTC DO-T family of miniaturized
units. The DI-T200 series units employ the same high quality design found
in UTC's DO-T, DI-T, and PIP lines. This unique transformer constructural
concept affords unprecedented power handling capabilities coupled with
extremely small size. Further, the high degree of reliability has been
dynamically proven in the field. These characteristics are basic in the struc-
ture, which is ruggedized, hermetically sealed, employing a completely rigid
bobbin, eliminating stress and wire movement. The turns are circular in
shape rather than square, eliminating turn corner stress, and effecting
uniform wire lay. The coil wire and external lead are rigidly anchored
terminal board fashion, employing no tapes and brought out through strain
relief. The curves illustrated indicate the superior performance of these
units compared to similar size units now on the market.

The leads are uninsulated 1” long, .016 D Dumet wire, spaced on a .1"
radius circle to conform to terminal spacing techniques of the “T0-5" case
semiconductors and micrologic elements.

IMMEDIATE DELIVERY
FROM STOCK

UNITED TRANSFORMER CO.

DIVISION OF TRW INC. - 150 VARICK STREET. NEW YORK, N. Y. 10013
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SPECTRALLY PURE
FREQUENCIES
up to 500 MHz

(Yes, 500)

The new Hewlett-Packard S105A Frequency Synthesizer
generates spectrally pure frequencies from 0.1 MHz to 500
MHz in 0.1 Hz steps—a frequency range 10 times higher
than previously available by direct synthesis.

Now you can get rapidly switched UHF signals without
multiplication and without the accompanying noise in-
crease. Spurious signals are at least 70 dB below the
selected output. The 5105A affords extremely rapid digital
frequency selection either remotely (typical switching time,
20 microseconds) or from the front-panel pushbuttons.
An internal search oscillator provides continuous tuning.
Output of the 5105A is O dBm = 1 dB; phase modulating
capability, dc to 1 MHz rate; frequency stability is at least
3 parts in 10" per day.

The 5105A uses direct frequency synthesis, with the output
frequencies derived from a quartz crystal by arithmetic
operations instead of by phase-locked oscillators. This
provides faster frequency selection and fail-safe operation.

Model 5105A—$9150.

Model 5110B driver, required for the synthesizer (will
drive up to four 5105A’s)—$4350.

Need a lower frequency model? 1, 10 and 50 MHz models
are also available.

Call your local field engineer or write for complete inform-
ation to Hewlett-Packard, 1501 Page Mill Road, Palo
Alto, California; Europe: 54 Route des Acacias, Geneva.

HEWLETT @ PACKARD

ON READER-SERVICE CARD CIRCLE 2
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Solid State Newlyweds

It's the ideal marriage! The CMC
616A frequency meter with the CMC
410A digital printer. Each being
half-rack size and rugged all-silicon
design, these two perfect rack-mates
cozily fit just about anywhere you
want to put them.

By blissfully joining these two instru-
ments, we offer you an unbeatable
combination for measuring and re-
cording. The 616A measures up to
225 mc without plug-ins by means
of a unique built-in pre-scale. With
some clever plug-ins we added, you
can even measure time interval, and
frequency up to 1,000 mc, 3000 mc
and (get this) 12 gigacycles!

Keeping up with this whizzing counter

is no problem for the 410 printer. It
fires out up to 12-digit columns using
electronic logic conversion and 35-
millisecond data-gathering.

It's a first in off-the-shelf ““systems’’
thinking from CMC. Being first to
offer you all-silicon instruments just
wasn’'t enough. We have to make
sure we are going to stay ahead of
high-powered Hewlett-Packard and
big, ol’ Beckman.

Systems have been a part of our
capability for a long time. So don't

be surprised to see a lot more revo-
lutionary combinations from us in the
future. And, isn't it about time you
started thinking systems too? Be
daring...break that old habit of
thinking one instrument at a time.

Ask us for the specs on both these
half-rack-size-go-togethers. And don’t
forget, we're still challenging all
engineers to compare our specs
to those of the other two ‘‘leaders."”

We'll send you the specs, so you
can earn one of our glorious Cru-
sading Engineers’ medals for think-
ing double. If you don’t want to wear
it...have it framed or stuffed! It'll
be great for your ego.

12973 Bradley + San Fernando, California + Phone (213) 367-2161 - TWX 213-764-5993

COMPUTER MEASUREMENTS COMPANY IS A LEADING DESIGNER AND MANUFACTURER OF ELECTRONIC INSTRUMENTATION TO COUNT, MEASURE, AND CONTROL.

V]
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DOW CORNING

Before you live with
that old design. ..

check with us

Forty-five years ago this individually tuned, multiple-
stage radio was the last word. Then came ganged
condensers and the superhet! Within several years this
old design was dead . .. and so were many firms that
tried to live with it.

Today’s kaleidoscopic state of the art leaves no time
for living with old designs or material specs for

want of new materials. Fact is, there’s no need to wait.
Many of tomorrow’s unique materials are already
available. . . from Dow Corning.

Dow Corning, the acknowledged leader in silicone
research and development for over twenty years, has a
history of producing materials to meet unheard of
performance requirements . . . and materials is

our only business.

Tired of that old design or material spec?
Write Dept. 3511, Electronic Materials Department,
Dow Corning Corporation, Midland, Michigan 48640.

Or phone (517) 636-8940 for more information and the name

of the Dow Corning representative in your area.

ON READER-SERVICE CARD CIRCLE 851
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New family of RTV encapsulants
made to suit your production

Variable cure, 15 min.—24 hrs. ..

Dow Corning® 3110, 3112 and 3120 RTV
encapsulants can be cured with any one
of three types of catalysts. Fast curing
rates are provided by the F-type catalyst;
standard rate cure by the S-type and heat
accelerated cure by the H-type. Inventory
is simplified by this approach to silicone
rubber RTV’s since each catalyst produces
comparable results with each base.

Photo courtesy Pyles Industries, Inc.

Designed for automatic dispensing...
The less critical, 10:1 mixing ratio of
base to catalyst assures proper cure when
automatic mixing and dispensing equip-
ment is used. The normal ratio of 10:1
can be varied, with working time, pot
life and cure rate decreasing as more
catalyst is used. To facilitate automatic
mixing and dispensing, the base material
is packaged in straight side steel drums
in 10, 50 and 450 pound sizes.

Viscosity can be changed. ..

Dow Corning 3110 RTV encapsulant has
a low viscosity ...pours easily around
intricate shapes. Both Dow Corning 3112
and 3120 RTV encapsulants have medium
viscosity. However, by adding up to 10%
of Dow Corning® 200 electronic fluid in
20 centistoke viscosity, all three can be
thinned without noticeable change of
electrical or physical properties...pot
life, working and curing time increase.




Only Varian
delivers low-noise

TWT amplifiers
that have...

lowest noise figure,
smallest size,

lightest weight,

highest saturation power,

single-reversal
permanent-magnet focusing,

integral power supply,

broad band frequency range,
narrow band frequency range,
S-band performance,

C-band performance,

X-band performance.

TYPICAL CHARACTERISTICS
VAS-413 VAC-414 VAX-415

NOISE FIGURE AND GAIN (DB)

FREQUENCY (GHz)

For more information on these 3-inch TWT amplifiers,
covering the complete spectrum of applications, write Palo
Alto Tube Division, 601 California Avenue, Palo Alto, Calif.

In Europe: Varian A.G., Zug, Switzerland.
In Canada: Varian Associates of Canada, Ltd., Georgetown, Ontario.

varian

ON READER-SERVICE CORD CIRCLE 4
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“Way out deliveries do take longer”

... unless you order from a local distributor. A case in point, the distributors listed below
stock Dow Corning electronic materials. That means you can usually place an order by
phone and get delivery in an hour or so. The “way out” deliveries may take a day.

And to help you speed your orders, there's a new Dow Corning Electronic Materials Selec-
tor Sheet. It covers the distributor-stocked Dow Corning line of potting, encapsulating,

embedding and coating materials as well as silicone dielectric fluids which provide added
protection and reliability to your electronic products.

For your copy of the Selector Sheet, contact your local Electronic Materials Distriputqr or,
write to: Dept. 3925, Electronic Materials Dept., Dow Corning Corp., Midland, Michigan.

Dow Corning Electronic Distributors’ Stocking

Allied Radio Corporation
Chicago, lllinois

K. R. Anderson Company
Mountain View, California

Atlas Packing and Rubber Company
Seattle, Washington

Brownell, Inc.

New York, N. Y., Cambridge, Mass.,
Huntsville, Ala., Charlotte, N. C.,
Atlanta, Ga., Orlando, Fla.,
Memphis, Tenn.

ELECTRONIC DESIGN 1, January 4, 1967

DOW CORNING

Cramer Electronic, Inc.
Newton, Mass., Hamden, Conn.

D & H Distributing Company, Inc.
Baltimore, Md., Harrisburg,
Warrington (Phila), Pa.

Electrical Insulation Sales Company
North Bergen, New Jersey

Ensco Distributing Corp.

St. Louis, Missouri, Cedar Rapids, lowa

E. V. Roberts & Associates, Inc.
Culver City, Palo Alto, San Diego, Calif.,
Scottsdale, Ariz.

ON READER-SERVICE CARD CIRCLE 5

Points:

Magnuson Electronics, Inc.
Chicago, Ill., St. Paul, Minn.

Sheridan Sales Co.
Cincinnati, Cleveland, Dayton, Ohio,
Detroit, Mich., St. Louis, Mo.

Specialized Products Company
Dallas, Texas

Summit Distributors, Inc.
Buffalo, New York

Waco Electronics Electronic Products
Denver, Colo., Albuquerque, N. M.
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A Tektronix
High Resoluion
Measurement

Package:

m Type 5458 Oscilloscope

TYPE 5458 OSCILLOSCOPE
Y -

with Advanced CRT

mAccurate Horizontal
Delayed Sweep

m Type W Plug-In for
Accurate Voltage
Measurements

The cathode ray tube and the delayed
sweep of the Tektronix Type 545B
Oscilloscope, plus the voltage meas-
urement capabilities of the Type W
Plug-In Unit, combine to make an ideal
package for high resolution measure-
ments. Even greater versatility is then
available because the Type 545B is
compatible with all Tektronix letter and
1-series plug-ins.

Precision CRT

The Type545B usestheadvanced T5470
cathode ray tube that provides small
spot size and permits uniform focus
over its entire 6 x 10 cm display area.
The illuminated, no-parallax internal
graticule lets the operator make full use
of the measurement capabilities of the
oscilloscope. Risetime and falltime
measurements (10 to 90%) are made
using the dashed graticule lines, and
the illuminated graticule simplifies
photographic recording.

%} ’5} b

1
i sic
g A out
*

WONIX. INC. PORILAND, ORIGON, u 5 &

——

Small spot size — uniform focus

The waveform demonstrates the small
spot size and uniform focus which pro-
vides fine trace definition.

Horizontal Delayed Sweep

The delayed sweep capability of the
Type 545B gives you the ability to make
very accurate time measurements. The
incremental accuracy (0.2%) of the
delay-time multiplier provides a cali-
brated delay range: which is continu-
ously variable from 1 us to 10 s with an
accuracy within 1%. The Type 545B
provides stable triggering on small
signals. It triggers internally with AC
coupling from 150 Hz to 10 MHz on
2-mm deflection, increasing to 1 cm at
30 MHz.

Accurate Voltage
Measurements—
DC to 23 MHz

The high resolution Type W Plug-In
Unit (illustrated) can measure voltages
with an accuracy of 4-0.2% V. It pro-
vides an effective CRT height of

-+11,000 cm, permitting evaluation of
1 mV pulses riding on signals up to
+11 V (10 mV evaluation to 4110V).
The common mode rejection ratio of
the Type 545B is at least 20,000:1 on
signals from DC to 20 kHz. Bandwidth
of the instrument is DC to 23 MHz at
50 mV/cmand DCto8 MHz at1 mV/cm.

The Type 545B vertical amplifieris easy
to maintain and calibrate with a hybrid
circuit design and a compact delay line
that requires no adjustments. Among
the letter and 1-series plug-ins avail-
able for use with the Type 545B are
spectrum analyzer units covering the
spectrum from 50 Hz to 10.5 GHz, and
sampling units with 90 ps risetime and
TDR capabilities. With the Type 1A2
Dual Trace Plug-In, DC to 33 MHz
measurements may be made with 10.5
ns T, and 50 mV/cm deflection factor.

Type 545B (complete with

probes and accessories) . . . . . $1550
Type W Plug-InUnit . . . . . . . . 575
Type 1A2 Dual Trace Plug-In Unit . 325

U.S. Sales Prices FOB Beaverton, Oregon

Tektronix, Inc.

ON READER-SERVICE CARD CIRCLE 6

For complete information, contact your
nearby Tektronix field engineer or write:
Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005
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You Can Get

All These Microcircuits
from Sprague Electric:

*KSERIES SU300, LU300
UTILOGIC*

K Package

For use in commercial, in-
dustrial, ground support
applications. Available in
two operating tempera-
ture ranges, —20C to
+85C, and +10C to
~+-55 C. Propagation delay
of 15 to 40 nanoseconds.

*Trademark of Signetics Corp.

ON READER-SERVICE CIRCLE 883

*KSERIES SE800, NESOO
TTL LOGIC

J Package

Designed for high-speed avionics sys-
tems. Eight high level circuits including
four NAND Gates, Power Gate, Exclusive-
OR Gate Input Expander, J-K Flip-Flop.

ON READER-SERVICE CIRCLE 886

UNICIRCUIT®
CUSTOM HYBRID CIRCUITS

Combine monolithic silicon circuits with
tantalum or Ni-Cr alloy resistors. Close
resistance tolerances, low temperature
coefficient. Resistor matching, +% %.

ON READER-SERVICE CIRCLE 889

*KSERIES SE400, NE40O
LOW POWER LOGIC

Operating temperature ranges: —55C
to+125C, and 0 C to 470 C. For use
in Aerospace and other applications
where low power drain is required.
Optimized speed, noise margin.

ON READER-SERVICE CIRCLE 884

UNICIRCUIT®
RCTL LOGIC

(8x actual size)

Sprague Series US-0100 . . . acomplete
line of silicon monolithic digital building
blocks featuring low power consump-
tion (2 mW typ.)

ON READER-SERVICE CIRCLE 887

DIGITAL-TO-ANALOG
CONVERSION CIRCUITS

e

UT-1000—Four-bit ladder network

UD-4001—Ladder switch for driving
resistor ladder networks
UD-4024—Buffer amplifier

ON READER-SERVICE CIRCLE 890

*kSERIES SE100, NE100, US700

DTl lOGIC (Signetics CS700)
G

Eighteen functions in two operating
temperature ranges: —55 C to 4125 C
and 0 C to 470 C. Circuits include
NAND/NOR gates, clock and line driv-
ers, gate expanders, RST and JK binary
elements, one-shot multivibrator.

ON READER-SERVICE CIRCLE 882

*kSERIES SE500
_LINEAR AMPLIFIERS

| K Package

Operating temperature
range: —55 C to 4125 C.
Two linear circuits avail-
ablein 10-lead low silhou-
ette TO-5 case. SE501K is
a video amplifer, SES05K
is a general purpose dif-
ferential amplifier.

ON READER-SERVICE CIRCLE 885

UNICIRCUIT®
mW RTL LOGIC

| TO-5 Case

Types US-0908 through
US-0921 . . . Fully inter-
changeable mW digital
building blocks featuring
power consumption of 2
mW/node and propaga-
tion delay of 40 nsec.

ON READER-SERVICE CIRCLE 888

*Series SE100, NE100, CS700,
SU300, LU300, SE400, NE400,
SE500, SE800, NE30O are all

available from Sprague Electric
under technology interchange

with Signetics Corp.

For data sheets on the microcircuits
in which you are interested, write to:
Technical Literature Service, Sprague
Electric Company, 347 Marshall St.,
North Adams, Massachusetts 01247

SPRAGUE COMPONENTS

PULSE TRANSFCRMERS
INTERFERENCE FILTERS
PULSE-FORMING NETWORKS

CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
BOBBIN and TAPE WOUND MAGNETIC CORES

INTEGRATED CIiRCUITS
THIN-FILM MICROCIRCUITS
TRANSISTORS

SPRAGUE

CAPACITORS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
RESISTORS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS
455-6120R3 ‘Sprague’ and ' (@)’ are regi of the S Electric Co.

10 ELECTRONIC DESIGN 1, January 4, 1967



With $21 billion output predlcted electronuc mdustry
faces bright year however war and taxes go. Page 17
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Laser beam used to gather data on possible damage to Electronic art both bedazzles and
chromosomes during mitosis of blood cells. Page 37 bemuses gallery visitors. Page 42

Also in this section:

lon engines are ready for use in spacecraft. Page 21

Improvements increase C-5A radio efficiency four ways. Page 34

News Scope, Page 13 . . . Washington Report, Page 29 . . . Editorial . .

. Page 67
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New from Sprague!

the industry’s lowest-cost SCR triggers...

...now have pin leads for printed boards!

TRIGATE" PULSE TRANSFORMERS...

Dependable enough for industrial equipment, yet
priced for high-volume commercial applications

Here’s good news for designers of appliances, lighting
controls; air-conditioning and heating controls; industrial
controls. You can actually cut costs while upgrading your
present method of SCR triggering! Type 11Z Trigate Pulse
Transformers offer these outstanding features:

® Balanced pulse characteristics and energy transfer from
primary to secondary and tertiary windings.

® Minimum saturation effect to allow operation where
increased pulse widths are required.

® Fast pulse rise time and increased current capability to
prevent SCR di/dt failure.

® Increased energy transfer efficiency.
*Trademark

SPRAGUE COMPONENTS

® Operating temperature range, —10 C to 4105 C.

® 2- and 3-winding designs for half- and full-wave appli-
cations.

® Turns ratios — 1:1, 1:1:1, 2:1, 2:1:1, 5:1.

® Available for use with line voltages up to 240 VAC or
550 VAC.

® Inductances to 1 millihenry at 550 VAC, 5 millihenries
at 240 VAC.

New configuration for ease of mounting

To eliminate the need for mounting brackets, particularly
on printed wiring boards, Trigate Pulse Transformers are
now available in single-ended construction with pin leads.
Conv_entior_)a!l axial-lead units are also available for point-
to-point wiring. & e
For complete information, write for Engineering Bulletin
40,003A to the Technical Literature Service, Sprague
Electric Co., 347 Marshall St., North Adams, Mass. 01247.

PULSE TRANSFORMERS
CAPACITORS

TRANSISTORS

THIN-FILM MICROCIRCUITS
INTEGRATED CIRCUITS

4 SsC-6159

RESISTORS

INTERFERENCE FILTERS
PULSE-FORMING NETWORKS
TOROIDAL INDUCTORS
ELECTRIC WAVE FILTERS

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

SPRAGUE

THE MARK OF RELIABILITY

'Sprague’ and ' @) are regi of the Electric Co.

ON READER-SERVICE CARD CIRCLE 8
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A seven-way race begins
In space communications

A lively controversy is under way
among major U.S. companies over
the right to operate communications
satellites. The issue, which has been
simmering for nearly a year, was
pushed toward the boiling point last
month when seven organizations
filed contrasting proposals for satel-
lite systems with the Federal Com-
munications Commission.

The proposals came from Comsat
(the Communications Satellite
Corp.), American Telephone and
Telegraph Co. (AT&T), the Ford
Foundation, National Broadcasting
Co. (NBC), American Broadcasting
Co. (ABC), General Telephone and
Electronics Corp. (GT&E), and Na-
tional Education Television (NET).
Of the seven proposals, two—Com-
sat’s and AT&T’s—were for mixed
ground and satellite communication
networks. The others were for sep-
arate satellite systems for radio and
television transmission.

The AT&T and Comsat proposals
agree in principle, but they differ
in approach and technical detail.
Both call for the use of arrays of
multipurpose satellites and the con-
struction of many ground stations

B
AT&T proposal for a mixed earth-space communication system would have
four satellites in operation by 1980. The satellite at right would use both pulse-
code and frequency-modulation techniques and be capable of providing 12 TV
channels and more than 30,000 duplex voice circuits.
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that would link with land-line com-
munications. However, the Comsat
scheme proposes to use two-way
voice communications by satellite,
while the AT&T proposal would
split the circuits—one going over
satellite facilities, the other over
ground facilities.

Both Comsat and AT&T believe
their plans would meet all the sat-
ellite communication needs of the
United States through 1980.

NBC, ABC and General Tele-
phone and Electronics, on the other
hand, have more limited interests:
they want to use their satellites for
commercial purposes. The Ford
Foundation and NET intend to use
theirs to broadcast nonprofit educa-
tional programs. It is not known
whether ABC’s plan will be affected
by ABC’s acquisition by Interna-
tional Telephone & Telegraph Corp.

AT&T’s proposal, put forward by
its Bell System, advises only one-
way communication with satellites
because a company time-delay and
echo study showed that it was not
practical to use two-way communi-
cation over the long distances con-
templated.

Comsat disagrees, saying that it
doesn’t believe the results of the
study justify a stand that will have
such far-reaching effect on future
communications. Although AT&T
agrees that Comsat should control
the satellites, the one-way concept
would give the common carriers con-
trol of the ground stations. Comsat
believes it should control not only
the satellites but also the portion of
the ground stations that communi-
cates with the satellites.

Comsat proposes to orbit four
satellites in 1970, four in 1973, and
four in 1978. The 1970 models, with
a life of five years, would be capable
of providing 48 TV channels or 84,-
000 point-to-point message channels.
The 1973 models, with a six-year
life, would double the capacity and
use receiving frequencies of greater
than 10 GHz. The 1978 models might
have as many as 240 TV channels or
360,000 for voice. These satellites
would also transmit at greater than
10 GHz.

When all four 1970 satellites are
in service, Comsat proposes to have
180 ground stations in operation.

The AT&T proposal calls for the
staggered launching of three satel-
lites by 1972, a fourth by 1975 and
a fifth by 1976. The last two would
replace the earlier three. The most
advanced satellites would provide
over 30,000 voice circuits and 12 TV
channels. About 100 ground stations
would be used.

Patent-law overhaul
headed for a battle

Not since the 1830s has there
been such concern over proposals for
Federal patent legislation. At issue
are the recommendations of the
President’s Commission on the Pat-
ent System. It is urging the first
sweeping overhaul of the system
since the Patent Act was adopted by
Congress 130 years ago.

Supporters of the report say it
would end the practice of filing for
a patent and then amending the
idea year after year, with no dis-
closure of the invention and no pat-
ent issued. Legal claims sometimes
result against persons who are not
even aware that they have infringed
such a patent application. A second
benefit of the proposed overhaul is
that it would help to clear the jam
of more than 200,000 requests for
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patents that are pending in the
United States Patent Office.

Opponents are saying, however,
that the commission has sounded
“the death knell of the patent sys-
tem, as this country has known it,”
and may cause possibly greater le-
gal confusion than ever.

The report, which followed a 15-
month study by the 14-member com-
mission, includes these controver-
sial recommendations:

® Jssuance of patents to the first
person who applies, with the appli-
cant responsible for the prepatent
searches formerly performed by the
Patent Office.

® Within two years after a pat-
ent is filed, publication by the Gov-
ernment of details of the patent,
opening the door at that time to
possible suits by persons claiming
infringement.

The patent application would be
a simple form, to permit filing by
anyone without extensive knowledge
of patent law and procedure, com-
mission supporters point out. More-
over, the life of a patent would ex-
tend to 20 years instead of the pres-
ent 17 years.

But opponents say the first-come-
first-served provision would make
patent filing a “gold-rush.” The
present law, they note, gives an ap-
plicant a year to file for a patent
from the time of his invention, and
the burden of searching the inven-
tion claim is on the Government.
The proposed law would make it
more difficult, more legally costly,
for an inventor to prove that he was
first with an invention if he was
only the second man to file for a
patent; the burden of proof would
be shifted to him.

This same stress on filing first,
crities contend, will encourage pat-
enting of inventions before they are
fully developed. At present, for ex-
ample, an engineer may use his
year’s grace to iron out technical de-
tails in an invention.

What the commission hopes, it is
generally believed, is that by reliev-
ing the Government of responsibil-
ity for orevnatent searches, the mul-
titude of inventions that never bear
fruit will fall by the wayside, with
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no legal challenge by anyone after
their details are publicized. But for
the inventions that survive, serious
challenges and “endless litigation”
may ensue, according to opponents.

With a tinge of outrage, one pat-
ent-law specialist, in the field for
25 years, put his reaction to the
commission’s proposals this way:

“The patent system, which has
always been one based on equities
in this country, is being continual-
ly whittled down to one of expedi-
ency. . . . Why throw out the baby
with the bath?”

President Johnson has the recom-
medations, and a series of conten-
tious hearings on them loom on the
horizon.

On the commission that produced
the report were Federal Cabinet of-
ficals and some top industry execu-
tive, including Charles Thornton,
president of Litton Industries;
James Birkenstock, vice president
of commercial development for the
International Business Machines
Corp., and Bernard Oliver, vice
president of R&D with Hewlett-
Packard.

The study left unanswered the
question of patent rights under
Government R&D contracts, because
the problem is under scrutiny by
Congress and the Executive Branch.

AF seeks flight system
to double aircraft life

The U.S. Air Force has embarked
on a two-and-a-half year research
program to develop an automatic
flight control system that could
double the life of large aircraft such
as the B-52, XB-70 and C-5A.

If the program proves success-
ful, an Air Force spokesman said,
such a system could be put aboard
all commercial jetliners and greatly
increase their safety by counteract-
ing the extreme stresses put on
their structures by severe turbu-
lence.

The $6 million program called
I.AMs, for Load Alleviation and
Mode Stabilization, is being con-
ducted for the Air Force Flight
Dynamices Laboratory at Wright-
Patterson AFB by Boeing Co.’s
Wichita Div.

The goal of the project is to ex-
tend aircraft life by 70 to 100 per
cent.

The system will automatically

dampen the structural oscillations
and alleviate the stresses from wind
gusts and maneuvering loads that
cause metal fatigue in aircraft.

The first flight tests of the system
are scheduled to begin this fall. The
flight control unit, two analog com-
puters and more than 164 strain
gauges will be installed on a B-52
aircraft.

The sensors will be attached to
structural members of the fuselage,
wings and tail surfaces in sets of
three. The computers will monitor
information from the pilot and data
received from the instrumented sen-
sors, make quick calculations and
automatically actuate controls to
stiffen structural members of the
aircraft artifically. Rate gyros on
the aircraft will sense forces acting
on the B-52, and the flight system
will apply controls in an opposing
direction to the energy of those
forces.

Computer-aided design
workshop at IITRI

Help is forthcoming for those
firms that want to develop a ¢compu-
ter-aided design program for their
electronic products but lack the staff
and budget.

The IIT Research Institute in
Chicago will begin a twelve-month
project to assist industry in adopt-
ing computer-aided design pro-
grams and to help firms to develop
further those circuit-analysis pro-
grams that they may already be us-
ing (see “Computer-Aided Design,”
ED 23, Oct. 11, 1966, pp 54-80).

At the outset, participants will
work with IITRI staff to evaluate
the usefulness of available pro-
grams such as ECAP, NET-1 and
PREDICT, according to J. K. Lehto
of the Institute’s Computer Sciences
Div. Selected programs will be tai-
lored to the participants’ require-
ments and tested at IITRI's IBM-
7094 facilities, Lehto said. Test
problems will be submitted by the
firms taking part.

To supplement the program,
IITRI said that it was establishing
a laboratory for measuring electron-
ic-device parameters.

For more information contact:
J. Keith Lehto, IIT Research Insti-
tute, 10 West 35 St., Chicago, IIl.
60616.
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When it comes fo electrical tapes, Mystik is king!

No doubt about it, Mystik leads the field in special-purpose tapes.
Our extensive line of top quality products are perfect for hundreds
of applications ranging from conventional industrial uses to the more
sophisticated demands of the space age.

Mystik tapes are made in a wide range of materials including
paper, plastic, cloth and glass cloth as well as many types of films
and foils. They provide physical and performance characteristics of
every description and are suitable for binding, shielding, strapping
and insulating. Mystik pioneered tapes with heat-resistant silicone
adhesives that grip like a vise even when exposed to high tempera-
tures. Other new tapes are continually being developed to keep pace
with the needs of the rapidly-expanding electrical industry.

We’ll gladly prove our right to the “crown’. Our local distributor
will assist you in selecting the right tape for your application. He’s

in theYellow Pages under ““Tape’ or write :

The Borden Chemical Co., Mystik Tape fea] BORDEN
Div., 1700 Winnetka Ave., Northfield, Ill. g CH E MIC AL
ON READER-SERVICE CARD CIRCLE 9
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FROM PAR| Detection, Measurement or Comparison of Noisy Signals

New Signal Correlator

PERFORMS AUTO- OR CROSSCORRELATIONS IN REAL TIME
CORRELATION FUNCTION COMPUTED FOR 100 DELAY POINTS SIMULTANEOUSLY

The PAR Model 100 Signal Correlator,
a general purpose, high accuracy in-
strument of wide dynamic and delay
range, computes the auto- or cross-
correlation function of input signals
and makes them available for contin-
uous display. This system computes
100 points of the correlation function
over total spans from 100 micro-
seconds to 1 second. It operates by
simultaneously multiplying one input
signal by 100 separate delayed rep-
licas of the second input signal.
The resulting 100 products are individ-
ually averaged and stored in analog
memory elements. Readout, which
may be performed continuously as the
correlation function is being com-
puted, is accomplished by scanning
the memory bank at a rate consistent
with the speed of the external read-
out device, e.g., an oscilloscope or
x-y recorder.

Correlation analysis — an extremely
powerful signal processing technique
in many areas of science and engi-
neering — has heretofore been neg-
lected, largely due to a lack of avail-
ability of suitable equipment. The

PAR Model 100 Signal Correlator will
be useful in such diverse fields as
aero- and hydrodynamics, plasma phy-
sics, vibration analysis, radio astron-
omy, radar, lasers, medical physics
and geophysics.

PAR Model 100—

Hundred Point Time Delay Correlator

SPECIFICATIONS IN BRIEF:

Total Delay Range: 100 xSec to 1 Sec
in 1, 2, 5 sequence.

Input Signal Levels: Peak-to-peak sig-
nals of 0.4 volts to 200 volts are
accommodated without overload in
each channel.

Correlator Gain Factor: At gain of 1 in
each channel, 1 volt into each input
will give 1 volt of correlated output.
Gain for each channel is .01 to 5, in
1, 2, 5 sequence.

Noise and Dynamic Range: Base line
noise with no signals, 103 volts
peak-to-peak. Maximum correlated
output, =3.5 volts.

Frequency Response and Resolution:
Channel amplifiers flat to 1 mega-
cycle. Resolution: 100 sampling
points on output function.

Averaging Time - Constant: Nominally
20 seconds: May be changed to any
value from 0.1 to 100 seconds.

Accuracy: Better than 1%.

Readout: 0-3.5 volts at sweep rates of
20 per Sec, 1 per 10 Sec, 1 per 50
Sec.

Price: $8500.00. Export price approx -
imately 5% higher, except Canada.

Typical Photograph of Crosscorrelation
Function of Input and Output Signais of
Complex Passive Network Driven by White
Noise.

For more information call (609)
924-6835 or write Princeton Applied
Research Corp., Dept. £, P.O. Box 565,
Princeton, N. J. 08540.

PRINCETON APPLIED RESEARCH CORP.
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Electronic industry forecast

Business looks good for 1967—but . ..

EIA sees $21 billion output, with consumer goods
rising fastest, but war and taxes could alter this

Ralph Dobriner
Chief- News Editor

The outlook for the U.S. elec-
tronics industry in 1967 is general-
ly optimistic, despite uncertainty
about the possible effects of the
Vietnam war, proposed tax in-
creases and a slowdown in spending
on the nation’s space programs.

Factory sales are expected to rise
89% or more in 1967 to the $21 bil-
lion level, according to Robert Gal-
vin, president of the Electronic
Industries Association. Last year’s
sales are estimated at 19.4 billion.

Spurred by requirements for the
Vietnam war, Government pur-
chases of electronic products will
approach the $10 billion mark in
1967, compared with some $9.5 bil-
lion last year, according to Galvin.
This represents the highest level in
history and an increase of about
4.5% over last year.

It should be noted, however, that,

ELECTRONIC DESIGN 1, January 4, 1967

Vietnam war escalation could cut demand for consumer products.

though total defense expenditure on
the war is expected to skyrocket this
year, the electronics portion will not
go up as steeply as the rest. In oth-
er words, despite the war, the out-
put of consumer and industrial elec-
tronic products is expected to rise
at a faster rate than the output of
Government electronic products.

Galvin, who is also chairman of
the board of Motorola Inc., Chicago,
predicted that the greatest gains in
1967 would be made by consumer
products, led, of course, by .color
television.

The anticipated increase in all
consumer sales at the factory level
is 15.6%, according to estimates of
the EIA Marketing Services De-
partment. Industrial electronics has
also shown remarkable vitality since
1950, Galvin said, and is expected
to rise 10.5% in 1967 to $5.25 bil-
lion, compared with an anticipated
$5.2 billion for consumer goods.

As one industry spokesman ob-
served, “There’s now enough pro-
ductive capacity in the nation’s elec-
tronic industry to fulfill both mili-
tary and consumer demands.”

Material shortages evident

The most immediate effect of the
war has been to create certain ma-
terials shortages, particularly in
copper and brass. Shortages are also
being felt in component areas such
as vacuum tubes, resistors and ca-
pacitors.

A spokesman for ITT’s Semicon-
ductor Products Div. in Florida
wryly observed that the vacuum-
tube business is doing very well and
is always sold out. Much standard
military electronic equipment, es-
pecially shipboard systems, he said,
still requires tubes for replacement.

A spokesman for Hewlett-Pack-
ard in Palo Alto, Calif., said that
critical component and materials
shortages, especially of copper, has
delayed the introduction of new
products and has held up production
schedules.

As an example, he cited a six-
month wait for high-quality motor
deliveries. Also, ordinary 115-volt
power cords and simple receiving
tubes are among the longest lead
time items, he said.

Nevertheless, despite such short-
ages, consumers are continuing to
snap up such luxury items as color
TV sets, stereo systems, tape re-
corders, and FM radios. The indus-
trial market also continues to grow
rapidly, spurred on by the expand-
ing use of computing and data-
processing equipment. Comprising
about half of all industrial electron-
ic sales, the dollar volume of compu-
ter equipment is currently rising
about 30% annually.

War step-up may alter outlook
Naturally, if the Vietnam war
were to escalate, the picture couid
change drastically. Whe's coing to
think about buying a color TV set
or a stereo tape recorder for the
family car, if there is an imminent
threat of war with China?
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(67 forecast, continued)

A significant increase in income
tax or a reimposition of the federal
excise tax could likewise serve to
dampen the electronic industry’s
outlook for 1967.

Slowdowns may nevertheless oc-
cur this year in certain sectors of
industrial electronics. This could be
the result of President Johnson’s
request to industry to curtail, can-
cel or spread out capital expansion
programs because of inflationary
trends sparked by the Vietnam war.
Companies that might otherwise
have invested in new plants, in data-
processing equipment or in elec-
tronic process control equipment to
increase their output or manufac-
turing efficiency may not now do so.

What if the war should suddenly
end?

A Hewlett-Packard spokesman
summed it up this way: “Should
peace break out, there would prob-
ably be a temporary period of dis-
may throughout the industry. We
believe this to be unjustified. No
sooner would military cutbacks take
place than appropriations for the
space and Great Society programs
would be increased.” He expressed
the view, however, that “marginal”
companies would certainly feel it.

Cutbacks in spending on the
space program, it is believed, would
not have as much effect on the elec-
tronic industry as would a reduction
of military spending. Increased de-
fense spending and rising consumer
demand, it is felt, would take up the
slack. In fact, according to an indus-

The U.S. Government has been the biggest customer of
the nation’s rapidly growing electronic industry during
this decade. It has, however, consistently taken a smaller
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try spokesman, the demand for en-
gineers and technicians is now so
high in the area of color TV alone
that some companies are hiring
relatively unqualified technical help
and are offering them extensive

training programs in the hope that
they will stay on.

The whole industry scanned

A quick wrap-up of the industry
on a market-by-market basis shows
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Factory sales of the U.S. electronics industry is expected to reach $21 billion
in 1967, an all-time high and 8% more than last year.

INDUSTRIAL
240%

INDUSTRIAL
25%

GOVERNMENT
PRODUCTS

CONSUMER

percentage of the total industry output each year. The
recent rapid rise in consumer product sales is ascribed
to the surging demand for color TV receivers.
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RCA announces
40429 and 40430

ith high gate sensitivity

RCA 40429
controls 720 watts
at 120 volts

(Vgom = 200 V).
*$1.50 each

in quantities of
1,000 and up.

RCA brings you a new generation of control devices! Each of
these 6-amp Triacs can provide the same full-wave function
as two SCRs...with the option of using either positive or
negative gate-trigger signals. Hermetically sealed in an all-
welded TO-66 package, RCA 40429 and 40430 can simplify
your control circuits...reduce costs...add reliability and
efficiency.

Evaluate these new RCA Triacs for AC motor controls,
heat controls, universal motors, de power supplies, or solenoid
or relay controls. They could very well be the key to next
year’s model improvements.

For complete information including price and delivery,
contact your RCA Field Representative. For technical data,

RCA ELECTRONIC COMPONENTS AND DEVICES

®

6A TRIACS

th symmetrical triggering characteristics (ls=25 mA max)
th surge current protection up to 80A
C

the price on the 40429 is Only............$1.50*

RCA 40430

controls 1440 watts
at 240 volts

(Vgom = 400 V)
$1.98 each

in quantities of

™ 1,000 and up.

write RCA Electronic Components and Devices, Commercial
Engineering, Section RGI1-1. . Harrison, N.]. 07029.

CHECK YOUR RCA DISTRIBUTOR FOR HIS PRICE AND DELIVERY

GATE FIRING CHARACTERISTICS

Quadrant 14 I — "+

typ. max. | typ. max. typ. max. typ. max.

mA @ 25°C
10 25 20 25 205825 10 25

The Most Trusted Name in Electronics




All from Sprague!

ENERGY-STORAGE
CAPACITORS
for every type of
discharge application

A pioneer in high voltage capac-

itors, Sprague has a broader line of designs

for energy-storage applications than any other capac-

itor manufacturer. If your project involves lasers, masers, electronic

photoflash, time-control circuits, exploding wire, thermonuclear fusion research,

magnetization of permanent magnets, medical equipment, or similar discharge

applications, Sprague can provide a capacitor to meet your specific needs.

Light, Moderate, or Heavy Duty Capacitors
Available types range from small, light-weight
units for aerospace applications such as satellites,
missiles, etc., to heavy-duty capacitors for high-
current/high-frequency oscillatory discharges.
Broad Range of Electrical Ratings

Voltages from 2 kilovolts to 24 kilovolts. Energy
ratings up to 6700 joules. Self-inductance as low
as .0025 microhenry.

Energy-Storage
Electrolytic Capacitors

A selected line of cylindrical 'lytics for
industrial applications requiring maxi-
mum capacitance in minimum space.

SPRAGUE COMPONENTS

Paper, Metallized Paper, and Paper/Film Designs
Metallized capacitors intended for light-weight,
space-saving applications . . . one-half the size, one-
third the weight of conventional capacitors. Other
available designs include castor oil impregnation for
extremely long life (assuring a high number of dis-
charges), and non-flammable synthetic askarel im-
pregnation for applications where non-combustibility
is a prerequisite.

For complete information or application
engineering assistance on Sprague Energy-
Storage Capacitors, write to Field Engineer-
ing Department, Sprague Electric Company,
347 Marshall St., North Adams, Mass. 01247.

CAPACITORS PACKAGED COMPONENT ASSEMBLIES
TRANSISTORS FUNCTIONAL DIGITAL CIRCUITS
RESISTORS MAGNETIC COMPONENTS

PULSE TRANSFORMERS
CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS

THIN-FILM MICROCIRCUITS
INTEGRATED CIRCUITS
INTERFERENCE FILTERS

4sC-5171

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and ' (@ are registered trademarks of the Sprague Electric Co
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(’67 forecast, continued)

that in 1967:

Consumer products—Color televi-
sion set sales may total 7.5 million
units or more, a 50% increase over
last year. Also contributing to the
consumer market growth will be
such items as radios, phonographs,
hi-fi components and tape recorders,
as well as electronic organs and oth-
er musical instruments, electronic
kits, hearing aids, citizens’-band
transceivers, magnetic tape, window
and door controls, home intercoms
and boating and flying equipment.

One of the prime causes of expan-
sion in the consumer area is the sili-
con controlled rectifier, which is
finding important applications in
slide projectors, home heating and
lighting systems and other consum-
er equipment.

The automotive field will provide
a burgeoning market for electronic
products with particular emphasis
on ignition systems and rectified-
controlled alternators.

Industrial  products—Increased
use of computing and data-process-
ing equipment will again spur the
industrial electronics market this
yvear. The growing demand for com-
munications and broadcast equip-
ment, and for navigational aids, is
expected to continue this year.
Steady growth is anticipated in in-
dustrial controls, test equipment,
and nuclear electronics as well as
products designed for medical, sci-
entific and educational purposes.

Electronic components—Every
major category of electronic com-
ponent is expected to experience
sales growth paralleling the expan-
sion of the end-equipment markets.
Color TV tubes and an enlarged de-
mand for all types of semiconduc-
tors and microelectronic devices will
be chiefly responsible for an antici-
pated $6 billion components market
this year—an 11% jump over 1966.
Now widely used in government and
industrial electronic products, mi-
croelectronics will go on penetrating
the consumer electronic field (see p.
33). In fact, it is expected that this
yvear most manufacturers of home
entertainment products will have at
least one integrated circuit in their
product—often more for publicity
purposes than to serve a functional
requirement. = =
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lon engines for spacecraft ready for use

Lighter solar panels and proved designs spur
major advance in propulsion, researchers say

Neil Sclater
East Coast Editor

The use of solar-electric engines
for primary propulsion in space is
both practicable and imminent.

This was the consensus of engi-
neers representing the Govern-
ment and industry at the Ameri-
can Institute of Aeronautics and
Astronautics meeting in Boston.
They based their forecast on re-
cent weight reductions in solar-
cell panels and the favorable
testing of several ion-propulsion
prototype engines. Practical ap-
plication of ion engines may come
this year, some of the engineers
indicated.

Two applications are ultimately
envisioned for ion propulsion: sat-
ellite control and long-range inter-
planetary missions. Ion propul-
sion, in common with other elec-
trical schemes, has the advantage
of providing higher exhaust veloc-
ity, or specific impulse, per unit of
propellant mass than present
chemical propulsion systems offer.

The leading contenders are two
types of ion engines and the resis-
tojet. The electron-bombardment

ion thruster is the most likely can-
didate for interplanetary space-
craft missions, while the contact
ion thruster is best suited for sat-
ellite control. The resistojet, prin-
cipally a competitor for satellite
control, augments chemical pro-
pulsion with electrical energy.

All three of these engines have
been tested successfully in labora-
tories, while the resistojet and the
electron-bombardment engines have
passed tests on operational space-
craft.

Ion propulsion is considered su-
perior to the propulsion furnished
by the resistojet; it offers more
power at less weight.

The bombardment and contact
types of ion engine perform quite
similarly, especially in the 1-to-10-
millipound thrust range, where
most development work has been
done. Engines of both types that
have been developed to date dem-
onstrated about the same reliabili-
ty and lifetime.

“Ton-propulsion systems now
are ready for serious considera-
tion for application to a wide vari-
ety of satellite control and inter-

THERMAL INSULATION

IONIZER HEATER

HEATER

POROUS ROD

IONIZER

ACCELERATING ELECTRODE

ELECTRON NEUTRALIZER

DECELERATING ELECTRODE

LIQUID CESIUM

The contact ion engine, one of two important electrostatic thrusters (the other
is the electron-bombardment type). The essential components of both types
are an ionizer, a high-potential grid, or electrode, and a beam-neutralizing

electron source.
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planetary missions,” George R.
Brewer, manager of the Ion Physz-
ics Dept. at Hughes Research Lab-
oratories, Malibu, Calif., told the
Boston meeting.

“Over the past 10 years we have
seen the results of many careful
studies on space missions involv-
ing electric propulsion. These anal-
yses have shown clearly the ad-
vantages of electric propulsion,
principally in increased payload.”

Another speaker, Marshall P.
Ernstene of Electro-Optical Sys-
tems, Inc., Pasadena, Calif., said:
“Advances in micro-thruster tech-
nology have made satellite control
missions for electric propulsion
quite imminent, while improve-
ments in solar-panel design now
permit the use of electric engines
for primary propulsion.”

Lightweight power needed

The practicality of all electrical
propulsion schemes hinges on the
availability of lightweight power.
The biggest barrier to the use of
any of the schemes has not been
the engines themselves but the
power-generating and condition-
ing equipment.

With current power systems, ion
engines could be used for long-
term attitude control and station
keeping. They could also be used
for deep space missions. Radioiso-
tope devices could be used to sup-
plement the available power.

Solar power using semiconduc-
tor cells for conversion has, ac-
cording to the electrical propul-
sion proponents, made surprising
progress in the last year. Solar
panels capable of providing hun-
dreds of watts are already in
use, and thin-film solar-cell panels
will be able to furnish one kilo-
watt from a 50-pound panel.

Nuclear power bypassed

In summarizing power sources
for all types of electrical propul-
sion, Ernstene told the AIAA
meeting that nuclear and solar en-
ergy were the only sources appro-
priate for electrical propulsion but
that the prospects for solar power
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Crystal Filters

Multi-Channel Real-Time Signal Detection

with Single Channel Driving Power

Contiguous Comb Crystal Filters (Damon's name for a unique
new design) permit direct operation of large numbers of adjacent
frequency channels from a single low power driver. As there
are no padding or isolation losses, drive power requirements are
no greater for multi-channel operation than for single channel.
Miniaturized Contiguous Comb Crystal Filters with reduced active
driving circuitry are now being used in airborne and ground-
based Doppler radar systems where small size and high reli-
ability are essential. A wide range of filters is available with
Chebyshev, Butterworth or Gaussian characteristics for CW

Doppler, FM Doppler, or Pulse Doppler Systems.

Write for Data on Contiguous Comb Crystal Filters

DAMON ENGINEERING, INC.

240 HIGHLAND AVENUE, NEEDHAM HEIGHTS 94, MASS.
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(ion engines, continued)

were so favorable that “it will be
possible to consider solar power
for primary electrical propulsion
over interplanetary distances—an
area once thought to depend exclu-
sively on nuclear power.”

Although Ernstene believes that
isotope thermoelectric or ther-
mionic supplies could furnish pow-
er for satellite control, he says:
“Pure nuclear power remains too
speculative for immediate consid-
eration.”

As in all electrical-propulsion
schemes, ion engines require a
source of electric power, an engine
for converting this power into
thrust, and a power-conditioning
and control system for matching
the power source to the engine.
And as in other rocket-thrust
methods, the propellant is acceler-
ated and ejected.

Satellite control will be an ap-
plication of ion-engine propulsion,
the research engineers say, if long
satellite life is required—at least
a year and perhaps as long as 10
years. Solar cells, even at present,
can handle power requirements
ranging from a few watts to about
300 watts.

Hughes Research Laboratories

Other electrical schemes

Resistojets are the simplest
electrical thrusters. Propellant gas
—hydrogen, ammonia, and nitro-
gen, for example—is heated by
contact with an electrical element,
and the gas is then ejected through
a nozzle.

The resistojet is well-developed
and ready for useful application.
One has already been used for op-
erational control of a VELA satel-
lite. But its prospects are limited
by the physical properties of the
chemical propellants and tempera-
ture problems encountered with the
materials used for engine con-
struction.

The arc jet is another type of
electro-thermal engine, in which an
electric arc heats propellant pass-
ing through it. The engine is cur-
rently of interest as a means of
ionizing gas for plasma engines.

Plasma engines have made rapid
improvements, but their future de-
pends on the development of large
power supplies.

ELECTRONIC DESIGN 1, January 4, 1967



New hp 651B and 652A Test Oscillators:

FLATNESS, STABILITY and ACCURACY

from 10 Hz to 10 MHz
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FREQUENCY STABILITY

* Amplitude stability =0.1%

* Frequency stability =0.02%

® 1% Accurate 90 dB output attenuator

* Two outputs: 200 mW into 5002, 16mW into 600Q

APPLICATIONS: Use the new wide-band, solid-state hp
651B and 652A Test Oscillators for laboratory and pro-
duction applications, in the presence of shock, vibra-
tion or high-frequency radiations. Both models are ideal
for calibration of voltmeters because of accurate at-
tenuator and output monitor.

These oscillators are specifically designed for testing
television amplifiers, audio amplifiers, filter networks,
tuned circuits, telephone and telegraph carrier equip-
ment, and for testing audio and video tape.

PERFORMANCE FEATURES: Oscillator circuitry has hp
precision tuning capacitor and peak detector automatic
gain control to insure a flat output throughout the entire
frequency range. Solid-state, low-impedance circuitry
and a shielded power supply transformer reduce out-
put hum and noise to less than 0.05%.

Output attenuator has a 90 dB range in 10 dB steps,
with a 20 dB coarse and fine concentric amplitude con-
trol for increased resolution in setting output voltage.
Output monitor is calibrated to read volts or dBm into
a matched load.

652A: Specifications of two oscillators are identical ex-
cept that the 652A has the ability to monitor output

ON READER-SERVICE

ELECTRONIC DESIGN 1, January 4, 1967

W12 13 34 15 16 17 18 19 20 21 2

(TIME HOURS)
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Typical Amplitude Stability (+0.1%)

at Mid-Band Frequencies for 17 Hours.
amplitudes within 0.25% over the entire frequency range
of the instrument using
the X20 expanded scale.
Readings on the upper-
most scale of the 652A
are in percent for quick
reading of frequency re-
sponse measurements.

AN 0 RMS.VOLTS
- g

652A Expanded Scale Monitor

For full specifications on the new hp 651B and 652A
Test Oscillators, contact your nearest hp field engineer.
Or, write to Hewlett-Packard, Palo Alto, California
94304, Tel. (415) 326-7000; Europe: 54 Route des
Acacias, Geneva. Price: hp Model 651B Test Oscillator,
$590.00; hp Model 652A Test Oscillator, $725.00.

116A

 PACKARD

An extra measure of quality
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(ion engines, continued)

of Malibu, Calif.,, has designed a
synchronous satellite that uses ion
engines for attitude control and
station keeping. The proposed
Hughes craft is a 1000-pound sat-
ellite with a three-engine system
weighing approximately 50 pounds,
including the solar cells, and requir-
ing about 80 watts of electrical
power.

The ion engines would maintain
north-south and east-west station
keeping, as well as three-axis atti-
tude control.

Two single-linear strip cesium
contact engines of about one-half
millipound thrust—one placed on
the north and one on the south
side of the satellite—and a single
button-type cesium contact engine
with 10 to 20 micropounds thrust

pointing in either the east or
west direction—would maintain
the east-west position of the satel-
lites (see illustration).

The ion strip engines already de-
veloped would operate in alternate
12-hour cycles. They would be ar-
ranged so that the beam could be
deflected to maintain attitude con-
trol about the roll axis while still
providing the north-south station-
keeping forces.

The micro-thruster, also in the
development stage, could be con-
trolled in two directions, to pro-
vide attitude stability around the
pitch and yaw axes while still
maintaining the east-west station.

Brewer believes that ‘radioiso-

nmmm: nuounj%nmmmu-

!
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A proposed synchronous satellite would use ion engines for north-south and
east-west station keeping and for three-axis attitude control. The 1000-pound
Hughes satellite would have a 50-pound propulsion system including solar

cells capable of furnishing about 80 W.

tope heating of the ionizer of the
contact engines will permit a 10-
pound reduction in system weight.
In the last three years NASA
has sponsored programs for the de-
velopment of various ion engines.
The 0.3-to-0.5-millipound linear
strip cesium contact engines have
been developed to the stage where
they are ready for flight. With ex-
isting ion engines, the life expec-
tancy is at least 20,000 hours.

Five-year life envisioned

In the case of a strip engine that
operates at, say, only one-half of
each day, a 20,000-hour life is
equivalent to five years of system
life. On this same basis, the 2000
hours of testing that have already
been performed are equivalent to
six months of satellite life, or
roughly the expected lifetime of
many satellites now in orbit.

Satellite-control ion engines of the cesium contact type
are under development at Hughes. The variable thruster
at left can be deflected in two directions. It produces 0.1
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In summarizing the status of
both ion engines, Brewer said:
“Tests have shown that the thrust-
er life can probably be extended
to as long as 10 years by the use of
improved ionizer technology, so
that we may look forward to as
long as 20 years of system life-
time, if limited only by the thrust-
er.”

The feasibility of 50-pound-per-
kilowatt solar panels, in compari-
son with the 130-pound-per-kilo-
watt panels presently available,
has improved the prospects of
electrical propulsion for inter-
planetary missions.

Prototype propulsion systems
already tested indicate the advan-
tages of ion engine pronpnlsion for
unmanned spacecraft. Both Hughes
and Electro-Optical have life-tested
electron-bombardment engines suc-
cessfully for more than 500 hours.

R WS T LA 1
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“

millipounds of thrust and consumes 33 W. The linear-
strip engine at right produces a thrust of about one-half
millipound with about 100 W input power.
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Westinghouse m

18 gate circuits with 1
to 6 gates per package in a
variety of input arrangements, 3 RS
flip-flops, 2 JK flip-flops, 1 pulse binary
counter, plus diode expanders, and a variety of
interface circuits...all available in dual-in-line pack, flat-
pak,or TO can. For technical data, write Westinghouse Molecular

Electronics Division, RO. Box 7377, Elkridge, Maryland 21227.
Call your Westinghouse Electronic Distributor now.

You can be sure if it's Westinghouse

J-09136
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(ion engines, continued)

A 1.2-kw mercury electron-bom-
bardment thruster system is being
used by Hughes engineers to
evaluate Mars spacecraft engine
concepts. A modular power-condi-
tioning and control subsystem in
the Hughes prototype uses the
sum of many individual low-pow-
er, low-voltage modules to operate
the ion engine and mercury feed
systems. Hughes engineers say
that with this design they have ob-
tained a subsystem that weighs
less, has higher efficiency and is
more reliable than a conventional,
single high-power unit.

The modular sub-system can be
mounted in a plane to radiate heat
directly to space, thus eliminating
heavy radiators. The design also
calls for a high inverter frequency
that permits the use of lightweight
magnetic components and filters.

100 pounds of weight saved

The Hughes modular power-con-
ditioning subsystem has a specific
weight of 25 pounds per kilowatt.

When combined with a 50-pound- .

per-kilowatt solar cell array, a to-
tal propulsion specific weight of 75
pounds per kilowatt results. This
is nearly 100 pounds lighter than
earlier systems.

Hughes engineers estimate that
such a system could loft approxi-
mately 1800 pounds of scientific
payload into orbit around Mars,
with a total solar cell power of
about 50 kW. This payload is near-
ly four times that possible with
present chemical propulsion.

Similarly, Hughes engineers be-
lieve that the use of solar electric
propulsion on a Jupiter fly-by mis-
sion could send 40 pounds of scien-
tific payload into orbit, compared
with 12 pounds for an all chemical
system. In both of these missions,
the researchers say, there would
be significant cost savings with
electrical propulsion.

An important step in developing
the cesium electron-bombardment
engine was achieved last Novem-
ber. A prototype engine ran suc-
cessfully for 341 days in a space-
simulation chamber at the Electro-
Optical Systems laboratory.

NASA has already sponsored a
flight test for evaluating future
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A prototype 1.2-kW electron-bombardment ion engine is being evaluated for

an unmanned Mars fly-by spacecraft. Subsystems include the modular power
conditioner at left and the engine and propellant feed at right.

An ion engine consists of a
positive ion source supplied with
propellant from a feed system, a
set of accelerating electrodes to
eject the ions in a thrust-produc-
ing beam, and a neutralizer to
add electrons to the departing
ions, so the thruster (and space-
craft) remain neutral. Present
ion engines employ either of two
sources :

The electron-bombardment
type permits ions to form in a
low-pressure discharge through
vaporized propellant. The dis-
charge is maintained from a
cathode to a cylindrical anode,
and it is confined by a weak axial
magnetic field. Propellant flows
into the discharge region, and
ions are drawn out through a
screen electrode and accelerated
through electrode apertures. This
engine operates with either cesi-
um or mercury propellant. Cesi-
um automatically forms a very
effective cathode surface.

The contact type generates

lon engines: How they work

ions by the contact of an easily
ionized propellant (cesium) with
a heated refractory metal (tungs-
ten). The cesium evaporates
mostly as ions. The tungsten ion-
izer is actually porous, with cesi-
um feeding through it. Again,
ions are accelerated and ejected
through a set of electrodes.

The neutralizer provides elec-
trons for the ion beam. Neutrali-
zation must be effective to pre-
vent the spacecraft from charg-
ing up and to keep the ion beam
from diverging (“blowing up”)
from its own space charge. Ef-
fective neutralization, fortunate-
ly, requires only that electrons be
made available to the beam in
sufficient quantity for the beam
to take what it needs. Electrons
are supplied either from a hot
filament thermionic emitter or
from a small plasma discharge.
The latter seems to have advan-
taces of efficiency and reliability ;
it need not be located close to the
ion beam.

ion engines for space missions of
long duration. The Lewis Research
Center at Cleveland manages this
Space Electric Rocket Test (SERT)
spacecraft program.

The first SERT flight, in July,
1964, was a sub-orbital one from
Wallops Island, Va. SERT 1 suc-
cessfully tested an . electron-bom-
bardment ion engine for 30 min-
utes. This engine was similiar to
the one recently tested by Electro-
Onptical, except that it used mercu-
ry instead of cesium as a propel-
lant.

A SERT II flight, set for late
1968, will demonstrate the long-
term operation of ion engine sys-
tems for interplanetary propulsion.

These experiments will evaluate
the performance of two electron-
bombardment ion engines over at
least six months. The effects of
electric thrusters on such space-
craft components as solar arrays,
transmitters and receivers also
will be studied. The ion engines,
with mercury propellant and each
with a power imput of 1 kW, will be
fired one at a time = =

ELECTRONIC DESIGN 1, January 4, 1967



Diamond spiraled
Metal Glaze element

Ceramic substrate
Plated-on copper end cap

High-temperature
soldered termination

Tin-lead
electroplated copper leads

New low-cost Metal Glaze resistors for MIL-R-22684

4 times better load-life stability

IRC's new molded Metal Glaze resistors provide stability,
reliability and precision unmatched anywhere for the price.

Tested for over 15 million unit hours, they meet or exceed CAPSULE SPECIFICATIONS

all MIL-R-22684 requirements. Load life stability, for in-

stance, is four times better than MIL allowance. Typical - i

AR is 0.5% after 1000 hours, full load at 70°C. Even at )

higher temperatures, AR is still typically under MIL limits. e s RLO7 RL2O
WATTAGE: Ya W@70°C ¥ W @ 70°C

The Metal Glaze resistance element is extremely rugged. RESISTANCE: 519 thru 150K 2 100 to 470K
It is 100 times thicker than conventional films and is imper-

vious to environmental extremes. The tough, uniform 12;':’?::25; £2%, £5% 2%, £5%
molded body resists solvents and the mechanical abuse of COEFFICIENT:  +200ppm/°C max +200ppm/°C max
automatic machines. e i = ¢
VOLTAGE: 250V max. 350V max.
New IRC molded Metal Glaze resistors are immediately SIZE: 250" x 090" dia. 375" x 138" dia.
available in four forms of packaging to cut your production IRC TYPE: RGO7 RG20
costs. For complete data, prices and samples, write to: ]
IRC, Inc., 401 N. Broad St., Philadelphia, Pa. 19108.
®
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‘ INNOVATIONS »

B WANT THE GREATEST TRIGGER
STABILITY PER DOLLAR? HERE’S
THE SWITCH

It’s General Electric’s Silicon Uni-
lateral Switch—a simply constructed,
plastic encapsulated, integrated circuit
device with a switching voltage that’s
typically eight volts. Trigger voltage
variation is typically less than 0.02%
per degree centigrade. (The SUS’
PNP base-emitter junction and its
zener junction thermally complement
each other.)

Anode t:node
Gate

Gate

Cathode E Cathode

SUS symbol and equivalent circuit

The SUS blocks anode to cathode
current flow up to its switching
voltage, where it goes into a low volt-
age (approximately one volt), high
conduction state. The device also
blocks reverse voltage up to 30 volts.

An unusual bonus feature you get
with the SUS is a gatg lead you can
use to suppress rate effect, trigger
the device, or act as a transient-free
output terminal.

Result: You get a stable, low voltage
switch with a single distinct break-
down characteristic unmatched by any
other device. Test a few for yourself.
Circle number 811 for specifications
and other details on where the SUS
can benefit your circuits.

B HAVING POWER CONTROL
PROBLEMS? G-E CUSTOM
CIRCUIT MODULES ARE THE
SIMPLEST SOLUTION

Did you know that General Electric
has designed, built, and delivered
over 40 distinctly different custom-
made power control circuit modules?
All of them were designed to provide
the customer with exactly the circuit
he needed. Some cost less than $2.00
in quantity.

Here are just a few examples of
how we’ve helped other customers
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Here's just one excellent example
of how you can put the SUS’ unique
characteristics to work. This two-
stage frequency divider (or binary
counter) circujt uses two SUS’ per
stage for precise frequency division.
Assume SUS-1 is on. A negative
going voltage applied through the
trigger capacitor (C:) lowers the volt-
age at the resistor node and turns
SUS-1 off. Immediately, the node
voltage begins to rise back toward
the 15-volt power supply. But, be-
cause of the cross coupling capaci-
tor (Cc), the anode at SUS-2 reaches
its switching voltage first. SUS-2
turns on, keeping SUS-1 off. Since
C: is much smaller than Cc, no
change of state occurs when C; is
returned to its original voltage.

solve their specialty circuit problems.
One customer asked for a temperature
control circuit accurate to =1 degree
centigrade. We designed and built
just the module he needed. Another
now uses G-E molded diode assem-
blies. G.E. has provided several cus-
tomers with special series-universal
motor speed controls, saving them

\
N I / i g 4
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The next negative going voltage
on C; now turns SUS-2 off and SUS-1
on. The gate voltage at SUS-2, mean-
while, is at the zener voltage (Vz)
when SUS-2 is off and is at 0 volts
when SUS-2 is on. As a result, you
get a square waveform at “B” which
can be used to trigger a succeeding
stage.

high development and production
costs. Another came to G.E. for a
temperature control trigger circuit
separate from the power device. In the
bargain, he got more physical design
flexibility in his own end product.

Isn’t there a circuit module we
can design and build for you? Let
General Electric design experience
provide exactly the power control
circuit you need. Circle 812 for further
details.

There are just a few examples of General
Electric’s total electronic capability. For more
information on all G-E semiconductor prod-
ucts, call your G-E engineer/salesman or
distributor. Or write to Section 220-49, Gen-
eral Electric Company, Schenectady, New
York. In C da: C dian G al Electric,
189 Dufferin Street, Toronto, Ontario. Export:
Electronic Components Sales, IGE Export Divi-
sion, 159 Madison Ave., New York, N.Y., U.S.A.

GENERAL B ELECTRIC
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Computer exports help balance ot payments
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Electronics exports booming in 1966

The value of electronic equipment exports
during the first six months of 1966 was $567.3
million, an increase of more than 24% over the
same period of 1965. These recently published
figures showed that there had been a 29 %
increase in the export of computers and allied
equipment, which accounted for nearly a
quarter of the electronic products sold overseas.

Feeling that their faith in the electronics
industry has already been justified, government
officials say that a great deal of hope is pinned
on the industry’s helping to make an appreciable
dent in the U.S. balance of payments deficit.
Washington spokesmen last fall indicated that
permits had been granted for the export of
computers to France in the hope that this
would put a check on a potential French
computer industry and keep the British industry
from filling the French void. Now the Commerce
Dept. Business and Defense Services
Administration has revealed that this is
precisely what happened. The biggest foreign
market for U.S. computers was Continental
Europe, especially the European Economic
Community. The Common Market bought $50.2
million worth of computers, parts and
accessories during the first half of 1966.
Meanwhile, the U.S. exported $21.9 million
worth to Canada, $21.6 million to the U.K. and
$14.5 million to Japan.

The Commerce Dept. and the Treasury are
underlining the fact that computer exports
showed the highest actual dollar value and one
of the highest growth rates. Thus a program to
help manufacturers export computers would be
a ‘“‘worthwhile national effort,” in the words of
an official of the Commerce Dept. Bureau of
International Commerce.

Prospects for electronics exports good

Both the large international companies and
the smaller firms that have sold mostly within
the U.S. are showing an increased interest in
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the export market. The Administration is
giving them every encouragement to sell
high-density, high-priced, high-mark-up
electronic equipment to countries with stable
currencies. A special display at the U.S. Trade
Center in Frankfurt, West Germany, sponsored
by the Commerce Dept. Bureau of International
Commerce, was used by 28 companies to show
document-processing equipment.

One reason why the 28 companies signed up
for the show was a Commerce Dept. survey that
showed that total German imports in 1965 were
worth $17.6 billion, compared with $14.7 billion
the year before. One of the fastest growing and
largest import fields was document-processing
equipment, which accounted for $7.2 billion of
last year’s import figures. The U.S. share of
this market soared to 19.4%, worth $1.4
million in 1965. The Dept. attributes this
market’s rapid growth to a new law that
makes photocopied documents legal for tax and
civil law purposes in West Germany.

The Commerce Dept. is alerting U.S. industry
to the fact that this is an ideal time to go into
the German market, “because it will be only a
few years before German firms will offer
significant competition to U.S. makers of
advanced documentation equipment,” as one
report concludes. The Dept. has singled out
as specific targets for U.S. firms to aim at in
Germany : public and private libraries;
scientific and research institutions; banking
and insurance firms; department stores;
machinery and metalworking companies;
electronic, electrical and appliance firms; and
the automobile and chemical industries.

Export business not all roses

Some of the 28 exhibitors at Frankfurt were
not without qualms, having heard of experiences
“suffered” (as one oceanographic instruments
maker put it) at a similar display in Frankfurt,
sponsored also by the Commerce Dept., of U.S.-
made oceanographic equipment. The Dept. had
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billed the display as a great opportunity for
U.S. manufacturers to take advantage of a
mushrooming market and growing European
interest in commercial fishing and offshore oil
and gas exploration.

Of some 10,000 potential European customers
invited to the display, only about 1000 turned
up. Even then, no sales were reported. One
manufacturer said he had received “four
requests for my catalog.” Such little interest
as was expressed concentrated mostly on
off-the-shelf equipment for the fishing industry.

The main European complaint was the price
tag. U.S. prices and European budgets seem

to be some four to five years apart, according to
most observers. The Europeans were reported
to have complained that U.S. equipment is
overengineered for mundane jobs. A few
European firms were reported to have expressed
interest in the possibility of making leasing
arrangements.

More money expected for pollution control

A well-attended meeting on air pollution
control, held in Washington, D. C., December
12-14 by the Dept. of Health, Education and
Welfare, while it elicited little new information,
indicated widespread grass-roots support for
a stepped-up program to curb all sorts of
pollution. A number of speakers made both
scheduled and unscheduled pleas for more
programs to control water pollution and solid
wastes as well as air pollution. The consensus
of the 3000 delegates ‘was that they were in
effect reviewing the Public Health Service’s
1968 budget right then and there.

Many of the delegates acknowledged, however,
that pellution control programs were already
certain of favorable treatment next fiscal year.
Almost every Democrat in Congress last year
favored large programs, and so did the
Republican leadership. A joint poll by
Congressional Quarterly and the National
Broadcasting Company showed also that
nearly every one of the 47 new GOP lawmakers,
though generally conservative. spoke out in
favor of pollution control programs during their
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election campaigns.

Many of the Public Health Service’s pollution
research programs that are already being
funded relay heavily on electronic equipment.
Electronics’ key role in pollution control is
that of monitoring, warning and activating
control devices. An important position in

the Service’s research efforts is held by
“instrumentation development.” Work already
under way, according to a recent report,
includes “development of air pollution sampling
and control instruments” at Pennsylvania State
University; “developmental support for
network instrumentation and methodology” at
the Public Health Service Taft Center in
Cincinnati; and “development and improvement
of new and existing instruments for air
monitoring” at the Los Angeles County Air
Pollution Control District facility.

Transit proposals to be evaluated

Some order may soon come out of the chaos of
suggestions, proposals and conflicting claims
and counterclaims for a future. high-speed
transportation system for the Northeast
Corridor between Washington, D. C., and
Boston. The Commerce Dept. is on the point
of awarding a $2.9 million contract to TRW
Systems to make an engineering study of all
the proposals and suggest which ones merit
further study or even development. All that
has now to be decided is whether announcement
of the contract will be made over Commerce
Secretary Connor’s signature or that of
Alan S. Boyd, Connor’s deputy in charge of
transportation who will head the new Dept. of
Transportation where the High-Speed Ground
Transportation Office will be situated.

Officials, who will occupy responsible positions
in the new Transportation Dept., say the
contract will once for all clear up speculation
on which system or systems will be approved
and will indicate definite directions for the
whole program to take in its second phase.

TRW has been instructed to use the most
up-to-date methods to analyze the proposed
means of transportation and determine whether
they fulfill seven criteria: highly predictable
arrival times; low door-to-door travel time;
flexibility of location; high safety, comfort and
convenience; low cost for the user; capacity for
evolutionary growth; minimal undesirable
environmental effects.
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NEW SIMPSON

Model 263—in stock for immediate delivery

SIMPSON ELECTRIC COMPANY
5202 W. Kinzie Street, Chicago, Illinois 60644 e Phone: (312) 379-1121
Representatives in Principal Cities See Telephone Yellow Pages
Export Dept.: 400 W. Madison St., Chicago, Ill. 60606 Cable, Simelco
INSTRUMENTS THAT STAY ACCURATE In Canada: Bach-Simpson Ltd., London, Ontario
In India: Ruttonsha-Simpson Private Ltd., Vikhroli, Bombay

WORLD'S LARGEST MANUFACTURERS OF ELECTRONIC TEST EQUIPMENT
ON READER-SERVICE CARD CIRCLE 17
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Core memory stack stores more bits to the inch

A departure from conventional
manufacturing approaches  has
yvielded a rugged core memory for
airborne and space applications.

The memory stack, developed
by Electronic Memories, of Haw-
thorne, Calif., is said to store the
same amount of information as con-
ventional core memories in only
two-thirds the space. It does this
by eliminating the center supports
and stacking 12 bits to the inch,
compared with the usual eight bits
an inch.

The stack is reported to be capa-
ble of withstanding 30 Gs of ran-
dom or sine vibration at tempera-
tures from —55°C to +125°C.

The memory, called Semstack
(Severe Environment Memory Sys-
tem), eliminates buss wire connec-
tions by using etched finger con-
tacts to interconnect the planes.
This technique eliminates half the
solder joints usually required in
memory stacks. The entire stack is
bolted together, to compress the
contacts and increase solder-bond
reliability.

A typical 4096-word, 24-bit stack
with 30-mil cores measures 3 in. by
3 in. by 2 in. and weighs 18 ounces
with mounting hardware. Twenty-
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Core memory stack with built-in heat sink is tested at 125°C.

mil cores are also used.

The all-metal construction pro-
vides a built-in heat sink, which,
according to a company spokesman,
keeps all cores within 10°C of each
other, even under worst-case condi-

temperature
changes. This prevents the possible
information loss caused by outputs
at different voltage levels, resulting
from differences in core tempera-

tions of power or

ture. m =

Computerized vocal tract helps encode speech signals

More efficient methods of encod-
ing speech signals for transmission
over communications lines are ex-
pected to result from experiments
with a controlled, computer-gener-
ated display of the human vocal
tract.

Research along these lines, con-
ducted at Bell Laboratories in Mur-
ray Hill, N. J., may lead to ma-
chines capable of producing intelli-
gible speech from written data, the
experimenters hope.

In the research thus far, an oscil-
loscope displays a simplified model
of the human voecal tract. The mod-
el, which can be manipulated to
stimulate forms corresponding to
the pronunciation of basic sounds,
was derived from X-rays of indi-

32

‘viduals

in the act of producing
these sounds.

By means of switches and manual
controls on the computer console,
the shape of the vocal-tract model

and the corresponding sound can be

varied simultaneously. The vocal
tract pattern represents the posi-
tions of the tongue, lips, palate and
pharyngeal wall.

Thus suppose the researcher
wants to synthesize the word
“Bell.” He strikes the letter B on
the typewriter keyboard, and the
display assumes the corresponding
form—that is, the lips close. The
transition from B to L is then de-
termined by turning the appropri-
ate knobs and checking the chang-
ing tract pattern against an intui-

tive conception of what the pattern
should look like. The computer com-
mits the changing pattern and the
corresponding sounds to memory,
and in the playback both are repro-
duced simultaneously. By repeated
intuitive efforts, in conjunction
with the display, the researcher
eventually forms the desired pat-
tern.

Noting that the vocal-tract model
introduces a subjective element into
speech synthesizing techniques, Dr.
Cecil H. Coker of Bell Laboratories

says: “The present technique is
moving away from reliance on
mathematical integration of set

area functions toward a more intui-
tive approach.” = m
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READOUTS

Breakthrough in EL panel design permits
greater display flexibility

The newest advancement in electro-
luminescent readouts is a panel de-
sign of all-glass construction. Display
designers and users now have a solid-
state readout with higher reliability
than ever before which lends itself
to even greater design flexibility than
previously possible with EL.

Completely engineered by Syl-
vania, this new concept actually
allows both a decrease in readout
character size (to 3%-inch) as well as
increased panel size. This means more
characters per panel are possible than
before in hermetically sealed EL de-
signs.

Designers still get all the inherent
advantages associated with Sylvania
EL readouts: solid-state reliability,
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 ALL-GLASS EL PANEL, FRONT AND REAR VIEWS.

low-power consumption, wide view-
ing angle, light weight, low reflection,
variety of characters, stable perform-
ance, no catastrophic failure, clear
readability and rapid information dis-
play. Performance of the all-glass
units is judged by the same standards
as the metal-glass devices: brightness,
spectral emission, contrast, life, etc.
What does “all-glass” really mean
in this sense? While metal-glass EL
panels use metal contact pins and
metal sealing frames, this new design
concept is completely of glass con-
struction, with the only metal present
being the connector pins. Eliminated
also are conductive rubber contacts.
The user-benefit of this new con-
struction is a higher degree of lamp

reliability for the demanding environ-
mental and operational conditions
encountered in severe aerospace ap-
plications.

The panels are designed to rigid
specifications. The glass contact panel
is molded as a single piece with the
connector pins in place as integral
parts of the panel. Combined with

(continued)
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READOUTS (continued from page 1)
true hermeticity, the result is panels
which perform reliably at extreme
changes in altitude, temperature and
humidity. They are also highly resist-
ant to shocks and vibrations.

In the new construction, the glass
contact panel containing sealed con-
nector pins is ground flat on one side.
The patterned back metallic electrode
is applied to this glass surface. Thus,
each active area becomes an integral
part of its own connector pin, elim-
inating any possibility of registration
problems. An electrical insulating lay-
er is then applied over the back elec-
trode and covered by a phosphor. A
transparent conducting electrode put
over the entire phosphor surface is
the last electrical layer.

To protect the whole assembly, a
glass front panel is placed on the
transparent conductor and sealed to
the contact panel, using a metal-sol-
der technique. For less critical appli-
cations, an epoxy sealant may be used.

This simple construction process
makes it easy to mass produce reli-
able and reproducible devices. The
excellent match of expansion charac-
teristics of faceplate and contact plate
assemblies minimizes stress on the
hermetic seal during temperature var-
iations. Elimination of conductive
rubber contacts provides a significant
improvement in lamp reliability.

Standard all-glass units are avail-
able in 115V and 250 V versions. The
lower operating level is achieved by

appropriate reductions in thickness of
CIRCLE NUMBER 300

the EL and dielectric strata. Initial
brightness is on the order of 25-30 FL
at room temperature and 250 volts,
400 Hz. Spectral emission, contrast,
life and half life are comparable to
that of conventional EL panel design.
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INTEGRATED CIRCUITS

How 4-bit array registers reduce
IC package count, speed storage and transfer

Each of Sylvania’s integrated four-
bit binary register arrays contains the
equivalent of at least 87 discrete com-
ponents and the equivalent of 25 IC
gates used in conventional integrated
circuits. These monolithic digital
functional arrays implement parallel
storage or transfer of four binary bits
every 15 nanoseconds. Here’s how
they work and how they can be used
to build a temporary storage memory
using only five IC packages.

Series SM-60 and SM-70 four-bit
storage registers are for use as high-
speed storage elements in control and
arithmetic sections of digital comput-
ers. The SM-60 series has clocked in-
puts and clocked outputs. Further,
the SM-60 output has wired OR capa-
bility which means outputs can be
tied together to provide the logic OR
function. The SM-70 series is opera-
tionally identical to the SM-60 except
that it has a SUHL type output net-
work and is not clocked with an en-
able signal. This means information
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LOGICAL REPRESENTATION OF ONE SM-60,SM-70 FLIP FLOP

FIGURE |

ENABLE LINE (SM-60 ONLY)

set in the device is available at the
output after a propagation delay of
20 nanoseconds.

Figure 1 shows the logical opera-
tion of one of the four flip-flops in a
storage register. With the data and
clock inputs both at high (Logic “1”),
the output of gate 1 is low (Logic
“0”). This low condition appears at
the input to gate 3 and forces the out-
put of gate 3 to go high. The low out-
put of gate 1 also appears at the input
of gate 2, forcing the output of gate
2 to go high. Thus, both inputs to
gate 4 are in the high condition. This
means output of gate 4 is low. This
low output appears at the input of
gate 3, forcing the output of gate 3
high. The circuit is now latched with
the output high. Once the circuit is
latched, the clock input can be re-
moved without disturbing the flip-
flop.

Where data input is low (Logic
“0”) and clock input is high (Logic
“1”), the circuit latches the flip-flop
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with its output in the low condition.
If the clock input is low, no data is
accepted.

Figure 2 illustrates how to form a
temporary storage register subsystem
with common accumulator. Here, reg-
isters 1 through 4 can be enabled
either separately or jointly. In the lat-
ter case, a logical OR is performed
allowing masking techniques to be
used. The SM-70 gives the accumu-
lator a high fan-out. Only five pack-
ages are required and the number of
external connections are cut to % of
those required when conventional in-
tegrated circuits are used.

The SM-60 and SM-70 series oper-
ate over a temperature range of —55°
to +125°C. Both these monolithic
digital functional arrays are available
in Sylvania’s standard 14-lead dual
in-line plug-in package and the TO-
85 flat pack. They are completely
compatible with the SUHL line of in-
tegrated circuits.

CIRCLE NUMBER 301
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RECTIFIERS

Absorb 1000-watt reverse transients
with Sylvania’s glass devices

Circuit designers are finding that Syl-
vania’s glass rectifiers are better than
other glass rectifiers. In this instance,
the improved characteristics result in
enhanced circuit performance and in-
creased device reliability. Sylvania
has coupled the inherent advantages
of glass encapsulation with superior
device design to make these glass
diodes rugged enough for military ap-
plications. This designed-in depend-
ability also makes this line of glass
units an excellent choice for many
other uses in computer, industrial and
communications equipment. It is the
improvements in device design that
make Sylvanida’s glass silicon rectifier
line stand out from other glass units.

In the improved devices, a large
double diffused junction allows
handling of 1000-watt reverse power
transients while still maintaining the
standard 50-amp forward surge capa-
bility. Sylvania’s first glass rectifiers,
can take outputs of up to 1 amp at
reverse working voltage of 1000 volts
without damage.

Heat dissipation is aided by weld-
ing a solid high conduction power
lead to an oversized heat conduction
stud. This enhances power handling
capability while extending device life
by keeping the unit cooler. The glass
package is electrically neutral and
smaller than many metal rectifiers,
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thus permitting greater stacking and
card densities. With Sylvania’s seal-
ing techniques, the designer gets the
benefits of improved device design
without sacrificing any of the advan-
tages of glass encapsulation. Use of a
glass package means not only im-
proved insulating characteristics but
units that can be hermetically sealed.
Radiflo leakage rate for these de-
vices is less than 1 x 10-1° cc/sec. Low
leak rates extend life and increase re-
liability. The glass body also enhances
the thoroughness of in-process qual-
ity control by allowing visual inspec-
tion during production.

In addition to the ability to handle

(Operating in 60 ~ half wave rectifier circuit
at rated reverse voltage) Lead length = % inch. |
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high reverse pulses, these rectifiers
have low reverse leakage current.
Typical rating is 10 na at 25°C am-
bient and rated reverse voltage. The
high voltage rating and wide temper-
ature operating range (—65°C to
175°C) capability of these units can’t
be matched by ordinary non-hermet-
ically sealed devices.

All units in the Sylvania series are
packaged in the conventional DO-29
outline. They are replacing existing
glass, epoxy or top hat types in appli-
cations which demand higher relia-
bility levels. These devices meet or
exceed all the standard life and de-
sign requirements of MIL-S-19500.

CIRCLE NUMBER 302

ABSOLUTE MAXIMUM RATINGS:
—65°C to + 175°C — Resistive and Inductive Loads — Single Phase, half wave at 60 cps.
Units  1N4383 1N4384 1N4385 1N4585 1N4586
Continuous Reverse Working Voltage, Vg volts 200 400 600 800 1000
RMS Input Voltage, Vems volts 140 280 420 560 710
Average Forward Current, |, amps
é 50°C 1.0 1.0 1.0 1.0 1.0
@ 100°C 1.0 1.0 1.0 0.6 0.6
@ 150°C 03 03 0.3 0.2 0.2
Forward Surge Current, 1 cycle — lg g 50 50 50 50 50
Forward Surge Current, Recurrent, I¢ s amps 6 6 6 6 6
ELECTRICAL CHARACTERISTICS:
Typ. Dynamic Forward Voltage Drop, Ve @ 1.0 amp volts
@ 50°C .56 .56
@ 100°C 52 52 52
Typ. Dynamic Reverse Current, g @ Vg ua @1.0amps
@ 50°C 95 .55
@ 100°C 8 8 8
Typ. Reverse Current, Ir @ Vg and +25°C 10 10 10 10 10
Typical Junction Capacitance —All Types— @ 0 V 80 picofarads
@ 10 V 21 picofarads




MICROWAVE DIODES

Sylania’s chokys can take your designs

through Ka-band...reliably

In last November’s IDEAS, we an-
nounced MQM -packaged Schottky
Barrier diodes that operate at fre-
quencies through X-band. We have
now extended the operating range of
available Schottky Barrier diodes to
include Ku-, K-, and even Ka-band.
These newest diodes are also in the
MQM package, and feature an even
lower junction capacitance than their
L-, S-, and X-band counterparts.

Effective coverage through the Ka-
band (26.5 to 40.0 GHz) is only one
of the outstanding features of Syl-
vania’s Series D-5509 Schottky Bar-
rier mixer diodes. To fully describe
these new devices, one must combine
the operating frequency performance
with the extreme broadband capabil-
ity having good burnout character-
istics, and with an inherently low 1/F
noise characteristic.

To get all this improved perform-
ance in one device means there must
be not only an optimized semicon-
ductor, but also an optimized pack-
age. The performance level of the
D-5509 units shows they have both.

Sylvania’s MQM package is the key
to the broadband capability of these
new units. Measuring only 0.08” x
0.20” overall, this package utilizes a
low dielectric glass body hermetically
sealed to precision mounting pins.
The result is a package capacitance

of only 0.08 pf allowing operation of
a wide frequency spectrum.

In addition to its low capacitance,
the MQM package features precise
axial alignment of the mounting pins
allowing precision design of minia-
ture holders. Easy insertion and posi-
tive RF contact in holders are assured
by a package design which has over
50% of its length devoted to circuit
contact area.

Low junction capacitance of the
diode permits operation in the Ka
region. This low junction capacitance
is the result of the superior alignment
methods used in new Schottky Bar-
rier diode processing techniques. The
process employs epitaxial silicon to
make devices with precisely con-

trolled impurity distribution. In this
improved method, a thin insulating
layer and a relatively thick metallic
contact layer over the barrier are
used. The insulating layer and the su-
perior mask alignment methods com-
bine to produce the precise etching
needed to make barrier regions of
low capacitance. The metallic con-
tact and pinpoint mask alignment
maintain tight registration during
metallization to give a reliable con-
tact without increasing barrier region
capacitance.

The low noise figures exhibited by
the units in the D-5509 series (D-5509
= 10.0 db, D-5509A = 9.0 db, D-
5509C = 8.0 db) result from the low
series resistance of the diode. This
low series resistance is obtained by
keeping the epitaxial layer extremely
thin, on the order of 1 micron. Be-
cause of the low 1/F noise character-
istics of these units, they are ideal for
doppler applications including police
radar, proximity fusing, and traffic
monitoring systems.

SYLVANIA'S SCHOTTKY BARRIER
MIXER DIODES IN MQM PACKAGE
Frequency
Band s&C X Ku K Ka

Sylvania
Series D-5503C D-5506 C D-5507 C D-5508 B D-5509 B

Minimum ONF 6.0db 65db 7.0db 7.5db 8.0db

CIRCLE NUMBER 303



PHOTOCONDUCTORS

Combine lamps and photoconductors
to get the function you need

Perhaps none of Sylvania’s standard
photoconductor-lamp (PL) assemblies
fills your specific circuit requirement.
Perhaps the new units that are com-
ing don’t include one that's just the
right device. What do you do? Look
for Sylvania’s custom PL capability
to get what you need, whether it be
a simple detector unit or a combina-
tion of PL devices in one package.

Custom PL assemblies from Syl-
vania now allow circuit designers to
implement many additional poten-
tial applications of photoconductor-
lamp assemblies. A wide variety of
possible photoconductor and lamp
combinations means special assem-
blies can be designed to meet the
most exacting requirements.

These custom assemblies take de-
signers beyond the standard single-
throw single-pole or double-pole
types. Typical of one such custom de-
sign is an assembly containing two
NE23 neon lamps optically coupled
to three cadmium sulfide photocon-

|

ductors. The photoconductors are en-
closed in a lightproof metal cylinder
and mounted perpendicular to the
neon lamps.

Because Sylvania custom-designs,
the company can offer PL. combina-
tions which more closely match the
impedance level of the circuit they
will be used in. For instance, with
many entertainment manufacturers
now becoming interested in all solid-
state construction, Sylvania can de-
liver PL units that match impedance
levels of solid-state circuits.

Availability of a wide variety of
standard (shown in the table) and
custom units erases limitations on the
applications of PL assemblies. Be-
cause they have the characteristics
of both a switch and a potentiometer
and a response time in the millisec-
ond range, they are unrivaled in many
areas of remote control, low-level
switching or potentiometry.

For example, for minimum hum
pickup, the photoconductor can be

10 MEG

FOR MAXIMUM LIFE OF PL
ASSEMBLY, 60% OF RATED
LAMP VOLTAGE IS THE REC-
OMMENDED OPERATING POINT
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soldered directly into an audio circuit
to be controlled. Control can be
achieved by varying PL lamp voltage
from a remote location. PLs can di-
rectly replace switches and relays in
any application within their power
handling capabilities. Indirectly they
can be used as triggering devices for
higher power components.

Because of their time delay, PL
assemblies are used extensively in the
entertainment field to produce special
musical effects such as tremolo and
vibrato. Also, they may be used to
regulate high voltage in color tele-
vision receivers and for remote vol-
ume control in broadcast studio con-
soles. Industrial applications include
performing AND and OR logic func-
tions and the voltage control of time
delay and frequency in monostable
and astable multivibrators. Used with
silicon controlled rectifiers, they can
provide low-voltage isolated control
for high-voltage loads.

CIRCLE NUMBER 304

PHOTOCONDUCTOR LAMP
Dissipation Light Dark Ascent | Descent Shunt Coupling Rated Rated
Voltage a 9 Resist Resist Time Time Capacitance Capacitance Voltage Current
(Volts)!:2 (MW)! (Ohms)3 | (Megohms)4 | (MS)3:5 (MS)4:6 (pf)? (pf)8 (Volts) (MA)
PL-466E 400 300 38 0.3 55 17 4.944 0.433 6 35—-45
PL-1810C 300 75 800 10.0 75 20 0.550 0.264 10 15—-20
PL-8212E 300 75 700 10.0 55 17 0.960 0.229 12 35—-45
PL-8224C 300 75 1500 10.0 55 17 0.740 (case 0.017 (case 24 15—-20
grounded) grounded)
1.141 (case 1.070 (case
not grounded) not grounded)
PL-1823P 300 7] 2750 10.0 50 12 0.700 (case 0.025 (case 90 (Break- 0.3
grounded) grounded) down), 59
1.030 (case 0.905 (case (Operating)
not grounded) not grounded)

NOTES: 1. Absolute maximum rating system.

2. Measured with photoconductor in complete darkness at a
pulse rate of 120 pps, 50 us duration. Voltage in excess
of rated may damage the photoconductor. Maximum DC voltage
is limited by maximum dissipation and minimum dark

resistance rating.
. Measured at rated lamp voltage.

w

4. Measured 10 seconds after removal of rated lamp voltage.

AMBIENT OPERATING TEMPERATURE RANGE: —40° to -70°C

5. Time to reach 63.2% of illuminated photoconductor
current after application of rated lamp voltage.

6. Time to reach 36.8% of illuminated photoconductor
current after removal of rated lamp voltage.

7. Measured across photoconductor leads (leads

parallel to major axis) at frequency of 456 kc.
8. Measured between photoconductor and lamp leads (photoconductor leads

tied together—Ilamp leads tied together) at frequency of 456 kc.



PRODUCTION MANAGER'S CORNER

How a philosophy breeds IC reliability

As an engineering manager on the
production side of integrated circuits,
I'm necessarily involved in every facet
of IC manufacturing and quality con-
trol. Occasionally, though, I'm asked
to squeeze extra time into the day’s
occupation for, what is to me, an en-
joyable diversion—showing and ex-
plaining our Woburn, Massachusetts,
facilities to people who have a pro-
fessional interest in ICs.

I'd like to comment on a couple of
points that frequently come up in our
discussions. The first is on reliability
through hermeticity, especially as it
relates to the dual in-line plug-in
package. The second point deals with
what we at Sylvania feel is a unique
IC manufacturing philosophy.

The Sylvania dual in-line plug-in
package was designed and con-
structed with the same reliability cri-
teria in mind as the Sylvania flat pack.
It is understood, then, that the cross-
sectional appearance of the dual in-
line package is very similar (except
in size) to the flat pack.

The dual in-line (DIP) features a
kovar bottom sealed to an alumina-
filled glass construction in which the
kovar leads have also been sealed. All
of these seals take advantage of the
technology gained from the kovar-to-
glass seal originally developed for
transistors. This is the classic kovar-
oxide-glass combination. The package
integrity that is achievable with this
technology has been an established
fact for many years.

The high degree of hermeticity that
has become standard in the industry

for such older packages as the TO-18
and TO-5, is now being achieved
with the Sylvania DIP construction.
The one significant difference be-
tween the older transistor metal pack-
ages and the DIP is the fact that the
seal length (a possible leak path) is
much longer than that encountered
in the metal package. If anything,
this would seem to lead to an even
greater hermeticity capability.

The cover of the DIP is made out
of the same material as the body with
the seal being a pyroceram frit. As a
result of the use of these materials,
the Sylvania dual in-line package is
composed of thermally matched seals
throughout its construction.

The integrated circuits manufac-
turing philosophy at Sylvania has al-
ways been to manufacture all circuits
with identical care and a high degree
of workmanship. Therefore, in the
final analysis, Sylvania circuits need
only be graded by their industrial or
military capabilities as determined in
the 100% final test. All Sylvania inte-
grated circuits go through a sequence
of reliability tests during their manu-
facture. These tests are applied after
sealing the package in the following
order.

First, each IC package is subjected
to five cycles of —65°C to +200°C
thermal cycling with fifteen-minute
soak times at each of the temperature
extremes. This test is assurance to
both Sylvania and its customers that
the package will withstand demand-
ing stresses after sealing. Second, all
packages are subjected to a 20,000 G

centrifuge test while they are in the
Y, plane. This test insures that the
wire bonds have also been subjected
to a mechanical stress test. Third, all
packages are bubble-tested in 150°C
glycerine for any leaks that might
have come about as a result of defi-
cient sealing or due to the package
stress tests discussed above. Fourth,
allintegrated circuits are stabilization-
baked at 300°C for 48 to 60 hours.
Fifth, all Sylvania circuits are sub-
jected to the worst-case DC tests at
the temperature extremes guaranteed
and also for all parameters which are
called for on the Sylvania data sheet
or in the customer’s specifications.
The ultimate electrical capability of
each and every integrated circuit is
tested at 75°C, 125°C, —55°C and
0°C for DC parameters. Following
that, every unit is tested for all dy-
namic characteristics at switching.
This is done in Sylvania’s fully auto-
matic test equipment at the rate of
one circuit every two seconds. This
equipment has been dubbed “Mr.
Atomic” Multiple Rapid Automatic
Test Of hjonolithic Integrated Cir-
cuits). It is only as a result of the test
performance in “Mr. Atomic” that any
differentiation between military and
industrial capability is made.

Each lot of integrated circuits is
then held in quarantine for quality
audit of the capability of the lot. Dur-
ing this audit, random samples are
drawn for electrical parameter check
and also for a hermeticity check. The
latter is performed with Sylvania’s
radiflo equipment. This equipment
uses radioactive krypton for a tracer
gas and is the most efficient means
available today for determining the
fine leak rate of hermetically sealed
packages with sensitivity to at least
1x10—12 cc/sec/standard atmosphere.

It is only after the complete circuit
tests and package mechanical and
hermeticity tests described above
have been performed that Sylvania
integrated circuits are shipped to our

/%70141
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CRTs

New high-brightness, high-resolution
tubes customed to your needs

e

High-brightness CRT in Kaiser FLITE-PATH display,

installed in Grumman A6A cockpit.

lution CRT's do you require for your
aerospace equipment? Now, chances
are you can get precisely the right
devices to fulfill this need. You can,
that is, if you consider Sylvania’s new
family of customized high-brightness,
high-resolution CRTs. We've already
made many variations of the basic
unit. Each still retains the superior
performance characteristics of the
basic design. We'll use this same cus-
tom capability to build you a CRT
tailored to meet your specific needs.

Sylvania’s new family of custom

What size high-brightness, high-reso-

high-resolution, high-brightness
CRTs makes possible displays which
are clearly visible even in ambients
of high light levels. Combine this
high-brightness, high-resolution ca-
pability with the ability to stand high
altitudes and you get an ideal aero-
space display device.

Other high-brightness tubes in this
line can enhance quality of displays
used in shipboard command systems,
battlefield surveillance equipment, tv
monitors or just about anywhere con-
ventional CRT displays are washed
out by high reflected or direct am-

SEE OUR
SPECIFICATIONS IN

MICROFILM CATALOG
FILE

bient light.

One important use of this new type
tube has been in fighter aircraft for
Vietnam. In the aircraft, a high-
brightness cockpit display uses an 8”
version of the tube to get an electronic
photograph of the horizon. The pic-
ture the pilot sees is computer-gen-
erated by radar to give him a fix on
the terrain.

Other customized versions of this
tube may be the answer to your dis-
play problems. While usual applica-
tions for this family range from 3” to
8” screens, Sylvania will design and
build tubes to your specific require-
ment.

Typical of these new tubes is type
SC-4649A, with a rectangular screen
having useful dimensions of 434 x 534
inches. Key features of this unit in-
clude a high voltage gun of improved
design and a neck diameter of 0.870
inches. Encapsulated leads insure re-
liable operation at high altitudes.
Typical operating conditions show a
brightness of 1.000 foot-lamberts min-
imum at 225 pa of anode current.

The SC-4649 series uses high volt-
age electrostatic focus and magnetic
deflection with deflection angles of
70 degrees. An aluminized P31 phos-
phor gives a green fluorescence with
a medium short persistence.

In addition to the SC-4649A, other
versions of this series (SC-4649B
through F) are available with various
combinations of faceplates and
bonded shield cover panel.

CIRCLE NUMBER 305

Use Sylvania’s ‘‘Hot Line" in-
quiry service, especially if you
require full particulars on
any item in a hurry. It's easy
and it's free. Circle the reader
service number(s) you're most
interested in; then fill in your
name, title, company and ad-
dress. We'll do the rest and see
you get further information
almost by return mail.

FIRST CLASS
Permit No. 2833

Buffalo, N.Y.
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SYLVANIA ELECTRONIC COMPONENTS GROUP
Sylvania Electric Products Inc. BRI
1100 Main Street T -
Buffalo, New York 14209
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COLOR TELEVISION

Now available for’67 sets,
rectangular 22

Even though most other color tube
manufacturers now use rare earth
phosphors, color bright 85 picture
tubes by Sylvania are still brighter.
This has been true since we first
coupled Sylvania-developed rare
earth phosphors with exclusive phos-
phor dusting and glass panel stabiliz-
ing techniques. It’s still true with the
latest addition to our color picture
tube line.

Availability of production quanti-
ties of Sylvania’s 22” color bright 85
tube gives TV set manufacturers five
different extra bright tubes from
which to choose. Other tubes in the
color bright 85 line include 19” and
25” rectangular types. Sylvania uses

an exclusive dusting process with
each of these types to make them as
much as 15 percent brighter than
units from other manufacturers.

The new 22” tube has minimum
useful screen dimensions of 17.446”
by 13.640”, producing a minimum
projected area of 227 square inches.
Because of new FTClabeling require-
ments, this tube will be used in sets
marketed as 20” units.

Three versions of the tube are
available. The RE-22KP22 is the non-
bonded configuration. Both the
RE-22]JP22 and RE-22L.P22 have an
integral protective window sealed to
the faceplate. They require no sepa-
rate safety glass window. Surface of

{ ﬂﬂlﬂl‘ III'I[llll 5®tube

the protective window of the RE-
22]JP22 is treated to minimize specu-
lar reflection.

All versions are manufactured to
the same high standards which char-
acterize the color bright 85 line. Pre-
stabilization of the tube’s glass face
panel permits near-perfect alignment
between phosphor dots and shadow
mask holes. Cross hair indexed elec-
tron guns provide positive alignment
of the electron beam and the phos-
phor dots. And the mask and the face
panel are aligned automatically by a
computerized process which precisely
establishes optimized relationship.

CIRCLE NUMBER 306

45"
MIN.
FEATURES 4.660: L_ 1.5" MAX.
S \# | sea e
Minimum useful screen dimension 17.446 X 13.640” ‘ :D\
Minimum useful screen area 227 sq. in. m‘mﬂ
Overall length (non-bonded tube) 19.012 =+ .375” 1438" o o ‘
friad
Neck length 6.693 =+ .188” - a2 ks
Weight (approximate) (non-bonded tube) 28 pounds T Jb\l L
5%
Deflection angle (diagonal) 90 degrees |
Maximum anode voltage 20,000V to 27,500V N
Construction Bonded-etched and piis
, unbonded oy
unetched, unbonde | se | :_ng: sl
Phosphor Sylvania rare-earth Europium H A
19012 _
=375
This information in Sylvania Ideas is furnishe
Smm I ! without assuming any obligation
SUBSIDIARY OF GT E
GENERALTELEPHONE & ELECTRONICS &
NEW CAPABILITIES IN: ELECTRONIC TUBES ® SEMICONDUCTORS ® MICROWAVE DEVICES ® SPECIAL COMPONENTS ® DISPLAY DEVICES
NAME \\‘”
TITLE \ ‘
COMPANY i
| Need information in a hurry?
ADDRESS Clip the card and mail it. Be
sure to fill in all information re-
CITY STATE quested. We'll rush you full par-

Circle Numbers Corresponding to Product ltem

300 301
305 306

303 304

[J Please have a Sales Engineer call

ticulars on any item indicated.

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

In television sets first, then ra-
dios, and now phonographs—the use
of integrated circuits in consumer
entertainment products is growing.

Westinghouse Electric Corp. is
the latest entrant. It displayed an
IC portable phonograph as it
opened a products display center in
downtown Pittsburgh. A single sili-
con chip, about the size of a type-
written “o,” performs all the elec-
tronic functions of the new unit.

The development follows an-
nouncements by General Electric,
Philco and H. H. Scott, Inc., of the
use of ICs in home radios. GE and
Philco are putting the circuits in
table radios, and Scott is employing
them in the IF amplifier stage of its
higher-priced FM receivers. Last
year the Radio Corp. of America
put the first IC in a standard televi-
sion set.

The Westinghouse phonograph
has a conventionally sized automat-
ic record changer, but the electronic
functions are performed in an inte-
grated circuit that is 112 mils long
and 85 mils wide.

Two hair-like wires leading into
the chip carry the low-level output
from the cartridge mounted on the
tone arm. Two other wires supply
power from conventional batteries.
A third pair leads out of the IC unit
to drive the phonograph speaker.

“Company development engineers
have been able to combine voltage
amplification and power amplifica-
tion function within this chip,” said
W. C. Fortune, of Westinghouse’s
TV-radio division.

The Westinghouse IC was devel-
oped and manufactured by the com-
pany’s Molecular Electronics Div. in
Elkridge, Md. The chip was incor-
porated into the phonograph at the
TV-radio division in Metuchen, N. J.

It replaces 18 electronic items re-
quired in a conventional phono-
graph with the same general per-
formance requirements, according
to the company. From a functional
viewpoint, it is reported to be
equivalent to 89 transistors, diodes
and resistors in the modification
and amplification of signals. = =
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20 to100.a-no charge

for 1% tracking
or taut-band
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DC.
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Offered only by gl p i

API is the only manufacturer who offers 4=1% tracking and friction-
less taut-band construction as standard specifications for production-
quantity meters, at no extra cost.

Precise tracking is the most useful attribute of a panel meter in
modern electronic applications. Taut-band meters give truer readings,
respond to smaller signals, resist damage from shock or vibration and
do not deteriorate in operation.

Order from Stock

Best of all, API also offers quick delivery from stock of DC panel
meters with the double-header bonus of taut-band plus 1% tracking.

You get all this in the most popular ranges of nine models in API’s
economically priced Stylist and Panelist lines (illustrated). Take your
pick of these full-scale DC ranges:

Microamperes Millivolts
0— 20 0— 5
0— 50 0—10
0—100

(You also get the double header in the 0-25 millivolt range, but it
isn’t stocked.) >

If precise tracking is a real fetish with you, don’t forget that
API can give you 0.5% tracking at reasonable extra cost. No other
manufacturer features this ‘“‘super-calibration™ and backs it up with
catalog prices.

Bulletin 47-A describes all APl panel meters and pyrometers

api INSTRUMENTS CO.

CHESTERLAND, OHI0 44026 (CLEVELAND-216) 423-3131 « TWX: 810-427-2650
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Four-way rise in radio efficiency planned for jet

C-5A system has greater RF power, less inter-
ference, more reliability and easier servicing.

The high-frequency radio system
selected for Lockheed’s C-5A jet
transport combines four major fea-
tures for increased efficiency: direct
coupling of the transceiver to the
antenna, electronic tuning, auto-
matic self-testing and replaceable
solid-state modules. The result, ac-
cording to the engineers who de-
signed it, is a gain in radio-fre-
quency power at the antenna, a re-
duction in interference, an increase
in reliability and easier mainte-
nance.

Designated the AT-440 Couplifier
Transceiver by its designers, Avco
Electronics Div., Evendale, Ohio,
the system will be placed in the tail
of the aircraft and matched directly
to a notch, or shunt, antenna built
into the jet’s vertical stabilizer,
thereby eliminating the transmis-
sion lines that run from the anten-
na to the radio compartment in
most modern aircraft. Radiation
losses from such lines will therefore
not be a problem in the C-5A.

“Along this total path in a typical
system, one-half of the radio-fre-
quency power available from the
transmitter for radiation from the

CONTROL
BOX RECEIVER

EXCITER

ANTENNA
COUPLER
CONTROL

airplane is lost,” says Donald
Busse, an Avco engineer.

Busse explains that in a conven-
tional aircraft radio system it is
necessary to transform the plate
impedance of the last-stage am-
plifier down to 50 ohms, to match
the coaxial cable and its fittings.
The coaxial cable, he says, is “en-
tirely a loss path” out and back to
the antenna feed point, where the
antenna coupler is located.

“The coupler’s purpose is to
transform the 50 ohms’ impedance
of the coaxial cable to the impedance
of the antenna—again a loss de-
vice,” Busse says.

Not content with merely short-
ening the transmission path, Avco
engineers decided to eliminate it al-
together. The antenna coupler was
abolished in one simple transforma-
tion, according to Busse, by the use
of a so-called couplifier plate direct-
ly to the antenna.

Another Avco engineer, Bernard
Beitman, says that the Couplifier
design drastically reduces radio-
frequency radiations within the

airframe that interfere with other

electronic board.

equipment on

COUPLER

Beitman reports that the AT-440
design evolved from previous work
that Avco did on the AN/ARC-123,
a system for the F-111 varia-
ble-wing fighter aircraft.

Binary tuning makes a match

As for tuning, most aircraft ra-
dio systems use automatic electro-
mechanical methods, according to
Beitman. The various adjustments
of the tuning circuit and switches
are made by motor-driven shafts
and gear trains. The -closed-loop
tuning includes servomotors, me-
chanically variable inductances and
precision gearing or sliding con-
tacts. Beitman says that electronic
binary tuning was substituted in
the AT-440 system to eliminate
these complicated methods.

Binary tuning, he explains, uses
vacuum switches, controlled by sol-
id-state logic, to insert or remove in-
ductance units in the transmitter
circuitry. The inductance elements
—called binary because each indue-
tor is twice the value of the pre-
ceeding coil—can be selected to yield
the best combination for optimum
impedance match and RF energy
transfer.

Like a musician adjusting and
trying his instrument, the automat-

RECEIVER
EXCITER

CONTROL
BOX

COUPLIFIER

34

A conventional radio system for the C-5A jet transport (left
top) would have the transmitter in a forward compartment.
Avco’s new system (left) has the transmitter and receiver
coupled to the antenna. A pilot's control box (above in
black) operates both the remote receiver-exciter and the
‘“‘couplifier’” (the gray units above). The system has elec-
tronic binary tuning and self-testing capability.

ON READER-SERVICE CARD CIRCLE 20 »
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Need to satisfy a multitude of circuit demands?
Our connectors give you complete interconnection freedom.

We arranged it that way!

Chances are that a CANNON® Plug
already is available with contact
types and insert arrangements for
your circuit application.

Pick and pack from a wide range of
insert arrangements to meet your
system requirements. .. arrangements
which include:
Minimum-temperature-rise power
contacts. Bussed contacts to provide
greater circuit flexibility. Thermocouple
contacts with contact material which
prevents secondary induced voltages.

Contacts with precious metal surfaces
for low-level current and voltages. ..
dry circuit conditions. Shielded
contacts to reduce RFI. RF coaxial
contacts with good impedance
matching characteristics.

Filter contacts for attenuation of
over 50 db from 100 mhz to 10 ghz.
Printed Circuit contacts designed
for consistent contact pressure on
printed circuit boards. (These include
low-force board insertion systems.)
Microminiature MICROPIN®

contacts with spacings of .050".

Available from ITT Cannon are

connectors meeting military and industry
specifications in solder, erimp, weld or
wire wrap contact designs...all in

various sizes, materials and platings.

For our “Contact Technology” paper,

write ITT Cannon Electric, 3208 Humboldt
Street, Los Angeles, California 90031.
AZdiviRion ot e e
International
Telephone and
Telegraph Corp.

cANNON L' T'T




MICROVOLTMETER
NULL DETECTOR
NANOAMMETER

DC AMPLIFIER

Model 150B

« less than 5 nanovolts input noise

« 0.1 microvolt drift per day

« 100 times full scale zero suppression

« 3 x10-10 ampere to 1 ma f.s. current range

o 0.3 xv to 1 volt f.s. voltage range

« 1 megohm input resistance at 0.3 uv f.s.
« 75 db ac line frequency rejection

« rechargeable-battery and line operation

Here's the reliable way to precisely meet multiple measuring
needs using only a single instrument. It's sensitive, versatile,
portable—built to last under hard, all-purpose use. It will
detect microvolt potentials from high resistance sources,
take ultra-stable measurements from thermocouples and
thermopiles—whether the circuit is grounded or not. It will
do your job dependably—and do it best.

With the Keithley 150B Microvolt- Ammeter, measure
with extreme ease from 0.3 pv f.s. to 1 volt f.s. on 14 over-
lapping ranges. Input resistance varies from 1 megohm on the
0.3 pv range to 100 megohms on the 30 uv and higher ranges.
Resolve signals to 70 nv when measuring from a 10 kilohm
source. Enjoy convenient 100 times f.s. zero suppression
that lets you measure tiny changes in steady state signals. And
save set-up time with 75 db ac line frequency rejection. Can
you ask for—or find—more in a voltmeter- null detector?
Then add 14 ranges for measuring 3 x 10-'° ampere to 10-3
ampere f.s., two recorder outputs for extra flexibility and
you total low level dc versatility you can’t find elsewhere.

The solid-state 150B costs $825, including input leads.
Our detailed technical engineering note costs nothing.
Write for it today.

K EITHI. Y

INSTRUMENTS

12415 Euclid Ave. «

Cleveland, Ohio 44106
EUROPE: 14 Ave. Villardin, 1009 Pully, Suisse
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(efficient radio, continued)

ic circuitry, on frequency command,
inserts inductance elements, turns
on the transmitter for a test and
shuts down the system. It repeats
this action until the optimum match
is obtained. Sensors sample the
match during a 10-millisecond
transmitting cycle and tuning can
be completed within 300 millisec-
onds.

Beitman says that the fault-iso-
lating feature of the communica-
tions system is performed at the re-
ceiver-exciter unit. The built-in se-
lector permits the maintenance
technician to switch around until he
receives a visual signal indicating a
defect in the circuitry. Then, as
part of flight-line maintenance, the
technician can remove the faulty
module package and replace it with
a good unit, thus minimizing air-
craft maintenance time.

The complete AT-440 system, in-
cluding the receiver-exciter, cou-
plifier and control box, weighs less
than 100 pounds and is capable of
1000 watts peak envelope power.
The system can transmit on 280,000
channels, ranging from 2.000 to
29.9999 MHz to 100-Hertz steps.
It can operate in four modes: upper
single sideband, amplitude modulat-
ed, frequency shift keying and con-
tinuous wave.

The C-5A jet, now under develop-
ment, is scheduled for delivery to
the Air Force in 1968. = ®

Electronic eye sets
semiconductor bond

A coherent optical system that
automatically positions a precision
servo to accuracies of plus or minus
one micron is being used in bonding
semiconductor devices.

The electronic eye made by Itek
Corp., Palo Alto, Calif., simultane-
ously scans a semiconductor chip
and a reference photograph. Elec-
trical signals obtained from this
scanning are correlated by circuitry
and converted into error signals.

The new tool can be adapted to
operate up to six inches away from
the semiconductor chip. = =

Win a free trip to Paris. See p. 232.
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Sound movies may
use SiC technique

Within a couple of years, a rela-
tively inexpensive home movie cam-
era may be on the market that will
permit sound tracks to be recorded
on standard black and white or col-
or film. The film would be developed
through normal processes and
played back on any standard sound
projector.

The development that may make
this possible is the silicon carbide
electroluminescent diode—a pn junec-
tion device that emits a needle-
thin beam of light when current is
passed through it.

Though several organizations are
reported to be developing silicon
carbide electroluminescent diodes,
the Norton Co., of Worcester,
Mass., is the first company to an-
nounce that it has found a method
of making silicon carbide diodes
with repeatable characteristics on a
production-line basis.

Dr. Lloyd Martin of Norton’s re-
search division said the diode emits
a beam of light two- to three-thous-
andths of an inch wide at an inten-
sity consistently higher than re-
ported in previous diode experi-
ments. The efficiency of the device,
he said, is about 10-5, or one photon
of light emitted for every 100,000
electrons through the diode.

Dr. Martin said the light color
and the efficiency of the diode are
dependent on the amount of impuri-
ties in the silicon carbide material.

Recording of sound for home
movie use would require a standard
microphone, which converts the
sound waves into an electrical out-
put. The signals are then amplified
and passed through the diode in the
camera. The diode generates the
light beam that “writes” sound on
the film moving through the camera.

The company said that the only
alternative approach for adding
sound to home movies requires a
magnetic strip on the film. This, it
said, could raise film costs by 50 per
cent and would require a spe-
cial projector. Typical professional
sound equipment uses a rather com-
plicated, expensive and delicate sys-
tem of lamps, mirrors and lenses to
put sound on film, Norton said. w =
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- Using Phase to Measure

Time, Distance, Velocity,
Direction, and Frequency.

“Virtually any measurement
that can be made using fre-
quency and time techniques
can be made using phase tech-
niques. Furthermore, phase
techniques provide a high
resolution way of using rela-
tive means to arrive at abso-
lute measurements. For
example, distances between
points can be phase-measured
to within one centimeter by
converting the phase differ-
ence between transmitted and
received signals into an abso-
lute measurement. Using phase
techniques, one frequency can
be compared to another with
accuracies of 0.00005 Hz or
better. Time delays can be
measured down to fractions of
a picosecond.”

James Peghiny
Manager, Electronic Systems

Acton Laboratories manufac-
tures a full line of phase
meters, phase standards, and
envelope delay measuring
equipment, all of which are
available as standard or special
designs. Analog, digital, and
Lissajous outputs are avail-
able. Operating frequencies up
to 500 KHz can be accommo-
dated, with phase ranges up to
360°, and measurement accu-
racies as high as 0.03°. Acton
Laboratories also supplies
Rayspan® filters, which fea-
ture high phase stability for
applications requiring signal
filtering with bandwidths as
low as 1 Hz

Model 329B Analog Phase Meter . . . all
solid state with plug-in modules . . . can
be used to drive digital ratiometers or
recorders.

, T > 7
. TR
i, T e
fevvev s
Model 331 Digital Phase Meter . . . all solid
state . . . can be expanded to include
ratio, AC and DC voltage measurements
. automatic range, polarity, and printer
drivers.

70N0 Primary
Phase Standard
. all solid
state . . . em-
ploys technique
test-reported by
NBS . . . self-
calibrated accu-
racy >>0.03°.

Technical literature available on re-
quest. Our engineers will be happy to
discuss your applications.

TECHNIQUES & INSTRUMENTATION
FOR MEASURING & PROCESSING OF SIGNALS

VAISIIYY LABORATORIES - INC.

Subsidiary of Bowmar Instrument Corporation

@ Main Street * Acton, Massachusetts 01720 (617) 263-7756 (Boston) 542-0w
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This Amphenol 48 Series connec-
tor was one of 1,472 assembled on
Thursday, December 10, 1964.

The “001” says so.

All 48 Series connectors as-
sembled on one day in the same
production run are stamped with a
Specific Control Number, or SCN.

Specify Amphenol

This is our way of giving you com-
plete traceability — from a single
component up to the complete con-
nector, or from the connector back
to a single part.

If any defect is traced to ‘001"
check just the connectors marked
“001”. A real time saver.

Only Amphenol has documented
traceability. Ask your Amphenol
Sales Engineer or write Amphenol
Connector Division, 1830 S. 54th
Ave., Chicago, Illinois 60650.

AMPHENOL

.. . the leading name in cable, connectors, assemblies, RF switches, potentiometers, motors, microelectronics
ON READER-SERVICE CARD CIRCLE 23



here’s a G-E silicone

Laminated layers of mica sheeting are

securely bonded with G-E RTV silicone
. sealant. Ready to use, it bonds to most
materials, forming heat-resistant rubber.

Screws and drilling are eliminated by
adhering identification plates with RTV
adhesive sealant. It won’t harden, soften,
crack or shrink.

40

Insulating

G-E RTV translucent sealant provides
excellent see-thru insulation instantly.
UL-recognized, the sealant also comes
in colors.

Silicone rubber wire and cable insulation
passes UL vertical flame tests and is fre-
quently used in high-voltage circuits.

G-E silicone dielectric greases, ideal heat
transfer media, are easily brushed,
painted, sprayed, dip-coated or applied
directly from tube.

Damping

G-E RTV-7 silicone rubber foams on the
spot to provide mechanical support,
shock and vibration damping, and light
weight electrical insulation.

Sealing

G-E two-part RTV, available in a range of
viscosities, seals filament condenser
plate in dielectric heater. Also protects
against vibration.

G-E RTV is ideal for high temperature
moisture sealing of heating elements. It
withstands temperatures as high as
600°F, as low as —75°F.

ELECTRONIC DESIGN 1, January 4, 1967



design solution for:

Tough, flexible G-E RTV silicone for mold-
making reproduces detail accurately and
minimizes tooling costs.

For prototypes or short-run parts produc-
tion, G-E RTV is an excellent flexible
moldmaking material. And it needs no
release agent.

GENERAL @B

ELECTRONIC DESIGN 1, January 4, 1967

Potting and Encapsulating

Many G-E RTV silicone compounds are
available —all with good strength, out-
standing electrical properties and resist-
ance to temperature extremes.

Impregnation of transformer coils with
G-E RTV provides electrical insulation
and environmental protection at high
temperatures.

G-E RTV provides attractive, protective
packaging for components. Each unit is
encapsulated in a different color RTV for
easy identification.

ON READER-SERVICE CARD CIRCLE 25

Fluids Applicétions

e s

G-E silicone dielectric fluids provide ex-
cellent electrical properties and thermal
stability for many types of components.

Fabricating

G-E silicone elastomers are easily used to
make numerous silicone rubber parts by
standard rubber fabricating techniques.

If you can't find it
here, write for our

Silicone Selector
Guide:

ELECTRIC

Section L1254R, Silicone Products
Dept., General Electric Company,
Waterford, New York 12188.
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Electronic art starts shaping up

Emerging from the realm of gadgetry, the 20th-century
‘enfant terrible’ acquires polish and precision.

Roger Kenneth Field, Microelectronics Editor

After much squawking and creaking, crackling
and groaning, electronic art has finally flowered
into its infancy.

James Seawright, a sculptor with a background
in physics and an interest in electronic music,
exhibited these dazzling and often perplexing
pieces at New York’s Stable Gallery. All of the
sculptures either move or flicker with lights. The
movements and light patterns are part pro-
gramed, part random. A visitor may be dazzled by
a beacon (Searcher) that seems to follow him
round the gallery. But just as he figures that it is
following him, it changes tack and seems to avoid
him. “Simple periodic events get awfully dull,”
says Seawright, “yet I've tried to avoid making a
religion out of pure randomness.” By incorporat-
ing sequential logic into works that respond to
changes in environment, Seawright needles his
audience continuously.

Visitors to the gallery during November were
greeted by a seven-window display that conveyed
a single message: the number eight. The octahe-
dron on the left is the neighbor of two shiny
spheres that look like three-dimensional eights.
Next comes a cut-out eight with a light behind it,
followed by just a plain old eight. Then the pace
changes: a tiny dot in the center of the oscilloscope
face grows into a full-sized eight. The nixie tube
flashes one, two, three . . . up to eight—then it

Four synchronous motors hold these spindly fingers to the top
of their supporting rod. Supplied with 400 Hz ac, the un-
damped armatures tend to stay in synchronization with each
other. A slight breeze that moves one causes the other to start
turning. The delicate sculpture’s title: ‘Tetra’.
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This work hammers home an ‘“‘eight’’. A 60-hertz voltage
is applied to the plates of the oscilloscope; the signal to
the vertical plates is rectified and passed through a low-
pass filter and a phase shift network. The speaker's
audio signal comes from a magnetic-tape loop operating
at one inch per second.

stops. Finally, the little speaker on the right utters
the word ‘“eight” in a deep voice.

In another work, lights of various colors hop
about the ends of a bundle of fibre optic strands.
Elsewhere, patterns of light in matrices move, but
their nonsequential movements thwart any at- ey Al WL Sy NP NN
tempt to decipher rhyme or reason. AN R s ERE

As opposed to the noisy works of foreign artists |
(see ED 1, Jan. 4, 1966, p. 42), Seawright’s in- .
triguing creations are quiet entertainers. Silent,
helical gears mesh silently to drive their mechani-
cal parts. And solid-state switches light neon and
incandescent bulbs without so much as a click to | SR BRI TS RO i it
disturb the still surroundings. “The sound of a ,‘yxikﬁw&"% r‘mg"\" i
switch is important,” says Seawright, “and an P PR Ky R e SRR
artist should acquire a sensitivity to the sound ;
that emanates from his work. In the Tower it is
important to have the light silently travel about
the structure so I used rolling, mechanical switch-
es. But the crisp ticks of reed relays actually add
to the strange sounds that come from the speaker
in the Watcher.”

“Most of my colleagues in electronic art decide
on an effect first,” he explains, “and then build a
machine that achieves that effect. I try to work
with electronics just as an ordinary sculptor
works with stone or bronze. The resulting objects
of art should be beautiful. And, hopefully, they
will entertain and provoke their onlookers.” = =

(continued on p. 44)
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Light leaps about the ‘Tower’ as two mechanical switches in
its base send current to its neon lights. One switch directs a
current through one of its vertical support wires. The other
switch grounds the horizontal levels, one at a time. This was
the first of Seawright's electronic creations.
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The ‘Searcher’ exhibits an intriguing pattern of behavior. A lamp scans the bottom of a bundle of glass fibres. A

Sometimes it seems to have an affinity for light objects, moving set of glass filters color the light before it enters
but when the polarity of its front-mounted, square photo- the fibres. Their visible ends light up in pattern of colors
sensor changes, it suddenly is repulsed by them. that takes weeks to repeat.

-1 9% Bl ; | T e The ‘Watcher’ watches itself. A magnet, driven by a small motor,
N ‘T : activates a group of reed relays that control the lights on the
= square matrix. The scrutinizing beast moves on a motor-driven
mechanical arm toward and from the lights. Photocells that
dangle from it sense the light and trigger fiip-flops, which
control the pitch of an audio oscillator. Its output is heard as
a whine. The mechanical program that moves the scrutinizer
runs 15 minutes; the relays are programed separately. The
over-all cycle repeats every seven months.
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AC metrology will never be the same after
the Fluke 931A, the first true rms differential
voltmeter. Measure the precise rms value of
virtually any waveform within 0.05% from

30 Hz to 50 KHz. Overall frequency response
is 10 Hz to 1 MHz. Range is 0.01 to 1100 volts.

Ten to one crest factor accounts for effects
caused by voltage spikes and pulse trains.
Comes with or without probe. Both line or
combination line/rechargeable battery powered
versions are offered. Base price is $895.

The new Fluke Model 931A True RMS Differential Voltmeter yields accurate rms measurements of any
waveform which previously could be made only by ac to dc comparison with a thermal transfer
standard. Other features include high input impedance, in-line digital
readout (lighted decimal), solid state design, and linear recorder output.
The null meter indicates percent deviation from the dialed voltage.
Ten percent overranging minimizes range changing. FLI I K E :
Battery operation gives ideal isolation from ground loops.

Model 931A meets MIL-SPEC shock and vibration requirements.
For complete information, please call your Fluke Sales Engineer or write.

FLUKE « Box 7428, Seattle, Washington 98133 ¢« Phone: (206) 776-1171 « TWX: (910) 449-2850




Now...design high Q
bandpass filters with
-Radiation IC Amplifiers
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State
of the

monolithic
art

Radiation’s popular line of dielec-
trically isolated diode matrices of-
fers an unusual degree of flexibility.
Only two Radiation RM-17 8 x 5
Matrices, for example, are required
in designing BCD decode networks
for driving decimal decode indica-
tors. Other integrated BCD decod-
ers are limited to one weighted
binary code. However, Radiation
Matrices can be ‘“customized” to
any weighted binary code for deci-
mal conversion.

Typical characteristics for RM-17.
diodes (T, = +25°C):
Forward drop: (1)(7) \\5 g :i » 2%) mﬁ\\
" Reverse breakdown:
60V@Ilg =100 uA
Reverse current:
7nA@Vy =25V
Reverse recovery:
7ns@ly=10mAtoly = 10 mA

Crosspoint capacitance:
19pF@Vry=5Vand f=1MHz
Coupling coefficient: 20 x A.

Our entire line of matrices con-
tain all active devices within a sin-
gle chip. A fusible link in series with
each diode permits unlimited ma-
trix patterns to be formed. And, ma-
trices can be combined to produce
an infinite variety of size configura-
tions.

For further information, refer to
our ELECTRONICS advertisement of
January 23. We'll be glad to send
data sheets which include worst-
case limits, and a copy of our man-
ual, Monolithic Diode Matrix Tech-
nical Information and Applications,
RDM-TO1/A01, Write or call our Mel-
bourne, Florida office.

ON READER-SERVICE CARD CIRCLE 828




v DC VOLTAGE
120 MIN. TO 200 MAX.
(117V AC LINE
RECTIFIED, FILTERED) DRS 107
|
]
+

start here. ‘ .

DTS 410

2N 3053 2N3053

Application of Delco high voltage silicon power transisto
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Start with circuit designs using Delco high voltage
silicon power.

The simple switching regulator in the diagram at
left turns out 200 watts (2 amps) output at efficien-
cies exceeding 85%. And it does it with just one
series element working directly from rectified line
REGULATED OUTPUT voltage: the; new Delco DTS-410 transistor at just
200 WATTS $195 each*®,

10-100V. 2A. Or if you need regulation of 250 volts DC and
REGULATION 400 watts output, the DTS-411 may be your answer.
LESS THAN 0.5% Cost? Just $3.15 each*. And for extra-high voltage
applications, there’s the DTS-423, now priced at
$4.95 each*.

Now combine our new low prices with these
other cost-cutting advantages of Delco high voltage
silicon power transistors: you can reduce the num-
ber and complexity of input, output and filtering
components. This means more compact circuitry,
greater reliability and lower assembly costs.

These NPN silicon transistors are packaged in
a rugged TO-3 case for low thermal resistance. In-
side, they are mounted to withstand mechanical
and thermal shock because of special bonding of
the emitter to base contacts.

There’s no need to be concerned about delivery.
They are available right now in production quanti-
ties. Call us. Or order samples from your Delco
distributor.

For details on the switching regulator circuit ask
for application note number 39.

*Prices shown are for quantities of 1,000 or more.

TYPE Veeo [ i i
Vee=5V Max

DTS-410 200 (Zmo?,:’) 35A 10 @ 2.5A 80W
DTS-411 300V (3n2?r“’) 3.5A 10 @ 2.5A 100w
DTS-423 400V o 3.5A n@2sa | 100w

FIELD  UNION, NEW JERSEY** DETROIT, MICHIGAN SANTA MONICA,CALIFORNIA**

SALES Box 1018 Chestnut Station 57 Harper Avenue 726 Santa Monica Blvd.
(201) 687-3770 (313) 873-6560 (213) 393-1465
OFFICES SYRACUSE, NEW YORK CHICAGO, ILLINOIS** General Sales Office:
1054 James Street 5151 N. Harlem Avenue 700 E. Firmin, Kokomo, Ind.
(315) 472-2668 (312) 775-5411 (317) 459-2175

**Office includes field lab and resident engineer for applications assistance.

e switching regulator.

DELCO RADIO |GM

Division of General Motors, Kokomo, Indiana

MARK OF EXCELLENCE
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When your
wire form costs
start to grow
Art Wire

cuts them
down to size!

Art Wire's high speed, automatic
machines never stop turning out wire
forms. The production economies
made possible by large volume
business mean big savings for you.
We can offer wire forms for less . ..
with guaranteed precision from the
first to the millionth unit.

Any wire form in ferrous, non-ferrous
and precious metals, .005 to .125”
diameter. Upset, swaged, headed,
crimped, flattened, notched and
pierced pins. Terminal leads a
specialty. On-time delivery a must.
Send a part or a blueprint for an
estimate. If you're in a hurry,

phone (201) 621-7272.

We do tube cutting, wire straights
and small metal stamping, too.
Bulletin 501 shows what we can do.
Ask for it.

ART WIRE AND STAMPING CO.
17 Boyden Place, Newark, N. J. 07102.
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NEWS

Computer speeds study of cells

In the interest of gathering data
on the damage to chromosomes
from radiation during space flight,
NASA is funding a program at the
University of Pittsburgh to develop
rapid automatic detection of blood
cells in the process of division
known as mitosis.

Current methods, involving mi-
croscopy, require careful focusing
and minute examination to deter-
mine the number, size and shape of
the chromosomes, and to detect mi-
tosis in a particular cell.

High-speed automatic detection
of mitotic cells will greatly acceler-
ate these operations. In the new
method, coherent light from a gas
laser projects an image of a blood
sample from a moving slide onto a
screen. When the mitotic cell is de-
tected the slide stops, and the cell
pattern on the screen is scanned
through a microscope by a conven-
tional flying-spot scanner. A com-
puter converts this pattern into an
appropriate read-out.

The method of locating the mitot-
ic cell is being developed by the
Perkin-Elmer Corp., under contract
from the University of Pittsburgh,

where the computer-programing
phase of the system is under way.

Location of the mitotic cell by
optical computer methods depends
on the recognition of characteristic
spectral patterns. These comprise
two distinet criteria: the ratio of
light energy in two distinct spatial
frequency bands and the magnitude
of the energy at the higher frequen-
cy.

The image scanner developed at
the University of Pittsburgh con-
sists of a cathode-ray tube function-
ing as a flying-spot scanner, subject
to control by a computer. The scan-
ner first locates the mitotic cell by
recognition of its spectral patterns.
The computer focuses a microscope
on the cell, which is then photo-
graphed. The CRT picks up infor-
mation on the cell, which is stored
in the computer along with the slide
number, date and other information.

The science of genetics may also

-be aided by this method; heredity

research and the detection of latent
Mongolism, sex-organ abnormality
and leukemia will be possible on a
broad basis. m =

A laser beam detects the presence of damaged blood cells. Perkin-Elmer scien-

tist Philip E. Norgren demonstrates a new optical computing system for the
rapid determination of chromosomal damage to radiation.
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CTS Cermet Trimmers ;
+ 100 PPM/°C T.C. Available (Series 185) VL oo

: Series 180%*
1- 1/4R' % I325 X .295 Series 660PC :
ectilinear e
Series 180PC* 3/8” dia., single turn
1-1/4" x .325 x .295
il ; Rectilinear
: g NEWl%arl%s 630 P
ia.

Series 170* Series 171 % Eg single turn
1/2" Square 1/2" Square Series 385% Series 600LT*

IR 2" dia., single turn
11/32" dia., single turn Series 172 locking bushing
1/2" Square

NEW Series 185 I

NEW Series B180 . NEW Series B185 NEW-Series 185 PC ”
1.30 X .378 X .385 1.30 X .378 X .385 1-1/4" x .345 x .290 1- l/% xt_'345 x.290
Rectitinear Rectilinear Rectilinear ectilinear

CTS Wirewound Trimmers
4 3 Infinite Resolution Available. Stability .025%, ( Series IRW) Series 115
{ . 3/4" dia., single turn
e ! Series P115%
Series K350% ) 3/4" dia., single turn

1/2" dia., single turn : Series 112%
knob operated Series 110% 3/4" dia., single turn
3/4" dia., single turn
Series 160
Exclusive Series IRW 1" x .320 x .180
1-1/4" x .325 x .295 Rectilinear
Rectilinear spiral
infinite resolution

Series 350 * 007 " NEW Series 116
1/2" dia., single turn Series XPC110 v, Series 117* 3/4" dia.

3/4" dia., single turn 3/4" dia., single turn _— single turn

CTS Carbon Trimmers
for Lowest Prices

i U1 NEW Series 330 P
1/2* dia.
Series 330 single turn

Series C140% ; ! -
1-1/4” x .325 x .295 Series C140PC* Series220% /% dia ingetun Series U201* Series X201*

ili 1-1/4" x .325 x .295 v " si 19/32” dia., single t 19/32" dia., single turn
Rectilinear Rectilinear T/165 K32 siaghs fue i knot;aobzlrgged 5 knob operated
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DIRECT DRIVE
TORQUE MOTORS IN
POSITIONING SERVO SYSTEMS

The direct drive torque motor used as a
servo actuator is ideally suited for appli-
cations requiring precise angular position-
ing and resolution. Typical of these
applications are drives for celestial tele-
scopes, magnetic tape transports, space
probe solar cell orientation, and precision
metal working and welding operations.
The inherent features that make direct
drive torque motors a logical choice for
such applications are:

high coupling stiffness: the direct drive
torque motor is attached directly to the
load itself — therefore no gears, no
backlash errors, no mechanical resonant
frequency problems.

fast response: since it produces higher
torque for its size than any other electro-
magnetic device, and since its torque is
a direct function of applied current in-
dependent of speed (a function of volt-
age), the torque motor's response is
absolute and instantaneous at all operat-
ing speeds.

high resolution: the same characteristics
that result in fast response from stand
still to maximum operating speeds result
in “locked-on” resolution. The torque
motor is limited only by the sensitivity of
the error sensing circuits that command it.

high torque-to-inertia ratio: a direct drive
motor has the highest practical torque-
to-inertia ratio. To respond to an input
signal, it must overcome only the inertia
of its own, slowly turning rotor and the
driven load. Since it is directly coupled
to the load, it has no gear train. A gear
train increases inertia by a multiple equal
to the square of the gear train ratio,
resulting in sluggish response.

TORQY SAYS:

You too, can be an expert
on direct drive torque mo-
tors! Write or call today for
a new condensed motor se-
lection guide just off
the press. If you're

stuck on a servo
¢ drive problem —call
us. We’ll help solve
it and you can be
a hero.

compact, adaptable design: small, pancake
configuration allows fitting the motor
into minimum spacing around or on the
end of the shaft to be driven. It is ideal
for applications where minimum size,
weight, space are required and only
minimum power is available.

high linearity: torque increases directly
with input current, independent of speed
or angular position. Electromagnetic lin-
earity through zero excitation assures
smooth operation and sensitivity to in-
put signals.

reliability and long life: the basic sim-
plicity and absolute minimum of moving
parts makes a torque motor inherently
reliable. Extensive design and production
experience have put Inland torque motors
in most major defense programs of the
last decade. These include widely ranging
applications under all conditions and en-
vironments from thousands of feet under-
water to years of unattended operatior
in outer space.

Inland Motor Corporation specializes in
direct drive torque motors and servo
subsystems. Having originated most of
the designs available today, Inland makes
available a design library of over 600
torque motor models. Catalog items range
from a small 0.03 Ib-ft motor to those
capable of 3000 Ib-ft of torque. A new
modular unit now in design will produce
over a million Ib-ft. Inland also manu-
factures rotary and solid state amplifiers,
tachometer generators and other units
which give Inland the unique capability
to design and deliver complete direct
drive servo subsystems for positioning,
rate and tensioning applications. Inland’s
experience, production capacity and com-
plete prototype facilities are distinct
advantages to the customer.

&
INLAND MOTOR

CORPORATION
RADFORD. VIRGINIA

703-NE9-3973

suesipiary oF MMOLLMORGEN
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Double-barreled laser
new power champ

A monster, double-barreled laser
is said by its developers to be the
most powerful laser in existence. In
fact, they say, the dual-tube carbon
dioxide laser has twice the output
of any laser previously reported.

More than one kilowatt of con-
tinuous power is said to be emitted
by the device, built by Raytheon
Company’s Research Div.,, Wal-
tham, Mass.

The 1100-watt output is multi-
mode at 10.6 microns; efficiency is
said to be some 15%. The laser is a
flowing gas system using three
gases: nitrogen, carbon dioxide and
helium. The two-inch diameter tubes
are water-cooled.

Raytheon scientists say that the
dual-tube, or folded, configuration
makes a large lasing volume possi-
ble within a small space. The tubes,
more than 30 feet long, are parallel
to each other and optically connect-
ed in series. The unit therefore has
an effective lasing length of more
than 60 feet.

Present experimental applica-
tions for carbon dioxide lasers,
according to Raytheon, include plas-
ma heating, micromachining, trim-
ming, soldering, zone refining, melt-
ing refractory materials, and cutting
plastics and other heat-absorbent
materials. Atmospheric attenua-
tion of the laser’s 10.6-micron
output wavelength is relatively low
compared with other middle and far
infrared wavelengths. The laser can
take advantage of this so-called fa-
vorable atmospheric window for
transmission of the beam. = =

A doubled-barreled Raytheon carbon
dioxide laser is said to be the might-
iest in existence. It produces more
than one kilowatt of output power.

ON READER-SERVICE CARD CIRCLE 201 »>



150.3
le Wire Harnessing
d ble Bundling
ean as This

s NRlacyy awvnd MY
as lasy and Cl

1’re ready to tie.

The Thomas & Betts Co., Inc. « Elizabeth, New Jersey
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TECHNIQUES FOR
FABRICATING
WIRE HARNESSES

With The Thqmas & Betts
TY-RAP System

A number of distinct advantages over other tech-
niques are gained by using the T&B TY-RAP System.
This method, first developed by Thomas & Betts 8 years
ago, is based on the concept of providing maximum in-
tegrity for each individual tie. Today, it has expanded
into a broad practical system covering all phases of
tying, clamping, mounting, identification and prefabri-
cation of harnesses and bundles...even to the point of
mechanizing harness boards.

The main advantages of the TY-RAP System are:

RELIABILITY

Operators, after minimal training time, can produce
ties that are superior to other methods in uniformity of
tightness, in appearance, in strength and in over-all
quality. Easy-to-use automatic tension tools give you
the same quality and tightness in each tie.

COST SAVINGS
T&B TY-RAP cable ties can be applied in half the time
required for string. Because of wider gripping surface,
fewer ties are needed. The TY-RAP System normally
reduces costs by 60%.

INSPECTABILITY

Just a glance is all that's necessary to inspect T&B
TY-RAP cable ties. The quality of the tie is immediately
obvious. There are fewer points of inspection with
T&B TY-RAP cable ties.

{T:B)| THOMAS & BETTS

ENGINEERED |

NEW Mechanized Harness Board allows further cost reductions
and increased production. The board controls the height of
the wire routing nails. It consists of (A) a stationary perforated
metal surface over (B) a wooden backing board which is (C]
carried in a movable metal frame controlled by (D) handles
located on each side. Unlock the handles and the board (anc‘
nails) lower to (E) a preset level. It's an entirely new way ol
harnessing.

Plastic Coated Spring Accommodates Wire Breakouts quickly,
safely and easily. This new T&B TY-RAP harnessing aid can be
used over and over without loss of the protective plastic coating.
Available in varying lengths, the spring is fitted with fasteners
for mounting to board.

Drop MNails and Apply Ties to complete the harness with maxi-
mum convenience. This feature of the T&B TY-RAP harness
board increases the ease and speed of applying and tying the
cable ties. Further speed and convenience is gained with the
new T&B TY-RAP pistol-tool WT-295. One squeeze of the trigger
and the tying is completed.

Position Clamps and Identifying Straps directly on the harness
for further time saving and reliability. As the harness is being
fabricated, the T&B TY-RAP clamp/tie can be installed. It serves
two functions — as a tie and as a clamp. By pre-positioning the
clamp, the installation of the harness in the equipment is made
quicker and easier.




Insert Routing Nails through wiring diagram into perforated
holes and screw down. While routing hardware is necessary
and desirable during the wire layout stage, it is cumbersome
and tends to slow tying operations. The T&B TY-RAP “Pop-Up"
Board eliminates the problem. It allows routing pins to be
adjusted to optimum height for all harnessing operations —
they can be dropped level with the board’s surface for tying.

Routing Wires for a Complex Harness is convenient with the
adjustable nails. With the TY-RAP harness board, the nails can
be set at maximum height when the operator begins or they
can be raised as the bundle increases. T&B TY-RAP harnessing
aids mounted on the board add to routing convenience and
efficiency. A variety of T&B TY-RAP tools, ties, clamps and
harnessing aids allow fabricators to pick and choose the most
efficient ways to simplify their harnessing work.

Set Up Harness Board Aids to suit your present fabrication.
Shown here are smooth, molded, nylon corner posts, plastic
chutes and bundle retainers. These simplify wire routing and
hold harness above board for easy tying. The new T&B TY-RAP
bundle shaper-retainer has a slotted foam center which expands
to accept the wires as they are positioned for harnessing.

Make Visual Inspection of Ties. With T&B TY-RAP cable ties, a
glance is all that is necessary when inspecting — the quality
of the tie is immediately obvious. Since the T&B TY-RAP cable
tie is a molded nylon one-piece tie, there is nothing to come
loose or vibrate. With T&B TY-RAP tooling, every tie is the
ﬁame no matter how many different operators fabricated the
arness.

Form Harness by strategically positioning TY-RAP ties wherever
bundle separates or turns. The new friction grip head allows
T&B TY-RAP cable ties to hold bundle without being completely
tied. The advantage of forming the harness is mainly ease in
handling for increased speed in complete tying.

| am interested in learning how | can reduce costs in my wire
tying and fastening operations. Please send me the following:

[] TY-RAP SYSTEM HANDBOOK AND SAMPLES
[] COST REDUCTION EVALUATION FORMS
[1 T&B SALESMAN

Company.

Address

City State Zip

| am interested in [] HARNESSING [] POINT-TO-POINT WIRING.




Here’s why you get more value with
T&B TY-RAP cable ties

There are two types of TY-RAP cable ties — the twist type
and the self-locking type. Each has the same basic features
as indicated. The twist type is designed for high speed,
large volume tying where production tools are advantageous
for harness making. The self-locking type has a stainless
steel barb molded into the head of the tie. This permits us
to give you the self-locking feature with the advantages of
a one-piece tie. The self-locking type is particularly well
suited for point-to-point wiring — when used with the
WT-199 tool, it is quite practical for harness fabrication.

Contact your T&B TY-RAP specialist for more information.
Ask him to conduct a cost reduction evaluation study for
your wiring and harnessing.

these benefits make Thomas & Betts’ TY-RAP cable ties UNIQUE

Special Environment Materials Although TY-RAP
cable ties, clamps and mounts function well in

adverse conditions, they can be supplied in
special materials to withstand environmental
extremes. Many ties, clamps, and mounts can
be ordered composed of materials such as:
Penton for resistance to corrosive chemicals
such as rocket fuels; Zytel 105 nylon for applica-
tions where ties are continuously exposed to
direct sunlight; and stainless steel for with-
standing temperatures to 1200°F.

Easy to work with — the patented turned up
tail saves time . .. they act as a ‘“handle”
for the operator — they can’t lie flat to the
surface. The tail also orients the tie — you
just continue in the direction of the raised
tail to complete the tie.

EASIER to thread than ever because of improved
| designs. Just slip the tapered tip into the eye
| of the TY-RAP tie and pull through quickly and
easily. Friction grip ridges hold tie in place
~| conveniently for complete tying.

SOLD COAST-TO-COAST THROUGH AUTHORIZED T&B DISTRIBUTORS

FIRST CLASS
PERMIT NO. 2016
ELIZABETH,
NEW JERSEY

BUSINESS REPLY MAIL
NO POSTAGE NECESSARY IF MAILED IN THE UNITED STATES

Fungus inert TY-RAP cable ties withstand a
wide range of climatic conditions. Even in hot
humid climate where fungus grows easily —
the ties are not affected. This is a major im-
provement over other methods where these
adverse conditions cause rotting and breaking.
TY-RAP cable ties of Zytel 101 have self-
extinguishing characteristics. Material meets
MIL-M-20693A. TY-RAP ties meet MIL-S-23190A.

Extended temperature range of the T&B
TY-RAP cable tie permits use from —65°F to
+225°F with short duration exposures to 400°F.
However, usable temperature range is dependent
on required life, temperature, time, cross section
thickness, load applied and environment. Contact
your T&B specialist for application suggestions
above 225°F.

Wide gripping surface provides better gripping
power. You benefit two ways — less ties are
required than with string and protects wire
insulation.

Stipple finish gives the T&B

TY-RAP cable tie a gripping

power found in no other method.
Protects the cable insulation.

Smooth, molded nylon TY-RAP
ties are easy on operator’'s
hands — even after hours of
installing. Smooth corners and
edges mean also that the ties
are stress free.

POSTAGE WILL BE PAID BY

The Thomas & Betts Co., Incorporated
36 Butler Street
Elizabeth, New Jersey

Many Colors Available For appli-
cations where color coding is
required, or where color harmony
is desired, you can choose from
ten colors for ties, clamps, and
mounts.

The Thomas & Betts Co., Inc. < Elizabeth, New Jersey
In Canada, Thomas & Betts Ltd. e Iberville P.Q.

THOMAS & BETTS
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Autopilot test set
‘flies’ jet on land

An autopilot test set that permits
a ground technician figuratively to
fly an aircraft on the ground in all
its automatic flight control modes is
now in production for A-6A mili-
tary aircraft.

The equipment, packaged in three
suitcase-sized units, was developed
by Arma Div. of American Bosch
Arma, Garden City, N. Y.

The compact test set verifies the
closed-loop performance of the air-
craft system by simulating aircraft
motion electromechanically and
checking the autopilot response to
changes such as attitude, altitude
and speed. An Arma spokesman
said the results obtained from
ground testing are virtually as reli-
able as airborne test procedures.

An aircraft technician is able to
verify performance simply by ob-
serving aircraft attitude read-outs
and a single voltmeter which is part
of the test set.

Major simulation in the test is
accomplished by a set of pitch, roll,
heading and altitude integrators
which represent the aircraft mo-
tion. The integrators respond to the
position of the control surfaces just
as the aircraft would in flight.

The simulation represents the
aircraft as an ideal device to be
flown in a zero gravitational field.
The aircraft is considered an ideal
integrator with pitch rate propor-
tional to stabilizer position, roll
rate proportional to aileron posi-
tion, and the heading rate propor-
tional to rudder position and back
angle. Altitude is generated by inte-
grating the vertical velocity. The
integration rates are chosen to ap-
proximate the aircraft flying at a
preselected velocity.

The four integrating servos,
pitech, roll, heading and alti-
tude/Mach and their functional in-
ter-relationships form the core of
the autopilot fest set.

An unusual feature of the test
set, according to Arma, is its ability
to check fully the air navigation
computer in a closed-loop configura-
tion without using aireraft hydrau-
lics, m =
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HIGHEST DENSITY

...and simplified Gating Rules Reduce Costs

The ADC 13-Series features unique function grouping, simpli-
fied gating rules and a 62 pin connector which permits the
highest density per board. This means more functions per
board — fewer boards required — less wiring — less noise
problems — less cost. The 13-Series offers the most economical
logic implementation as well as field proven performance. = The
ADC 13-Series further expands (more than 30 new modules)
the most complete line of logic modules available. = The 100 kc

E

ROCIRCUIT LOGIC MODULES |
- METRLNTS At STl O

- 10 Series, with germanium semi-conduc-
tors, is simple, economical and reliable.
The 1 mc 11-Series using silicon semicon-
ductors, is ideal for high performance
applications and the 11G-Series meets all
applicable MIL/NASA specifications.

ADC offers free logic implementation ser-
vice for competitive evaluation and appli-
cation assistance.

m Write for new short form catalog and
obtain a free logic design handbook.

CanoG&Ga ELECTRONICS CORPORATION

ALC

DIGITAL PRODUCTS DIVISION

20131 Sunburst St., Chatsworth, Calif. 91311, Tel. (213) 341-3010, Twx (910) 494-1214
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One dozen
g00d reasons

for you to
specify AE

Buy from AE, and you never have to settle for a relay
that’s only “marginally” right.

You can choose exactly, from a line that’s broad
enough to give you what you’re after — in weights,
types, dimensions, configurations, mountings.

And you always get the benefit of AE’s experience.
Decades of experience in product design, manufactur-
ing techniques, and methods of quality control.

Want some helpful, detailed design information? Ask
for Catalog 4071: Selection Guide to AE Relays and
Switches. Just drop a line to the Director, Relay Con-

trol Equipment Sales, Automatic Electric, Northlake,
Illinois 60164.

AUTOMATIC ELECTRIC

SUBSIDIARY OF

GENERALTELEPHONE & ELECTRONICS GrElE

Maximum life
and reliability

CLASS B RELAY. Finest quality telephone-type.
Provides hundreds of millions of operations
under all mounting and service conditions —
with unfailing contact reliability. Combines
sensitivity, contact stability, and circuit adapt-
ability. Bifurcated twin-contacts. Long or short
armatures for wide range of practical timing.
Also for quiet AC operation.

Minimum size
and weight

CLASS S RELAY. Miniaturized telephone-type
for aircraft and similar applications. Small
mass, low self-inductance. Provides high con-
tact pressures and absolute contact reliability
under extreme vibration, shock and humidity.

Minimal size,
large contact
capacity

TYPES 40, 44, 80 and 88 ROTARY STEPPING
SWITCHES. Small switches with large, flexible
capacities. Fit almost any DC application. Pro-
vide swift, sure, impulse-controlled response
. . . plus self-interrupted operation that's
smooth and trouble-free. Up to twelve 10- or
11-point levels. Prewired, hermetically sealed
units available.
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High performance,
small size

CLASS E RELAY. A lightweight space-saver
with most of the features of the Class B. Life
exceeds 200 million operations. Industry’s
widest terminal options: taper pin, integral
socket, conventional solder, taper-tab, solder-
less wrap and printed circuit terminals.

Economy and
small size

CLASS Z RELAY. Small and lightweight, but
designed for service where flexibility is most
important. Provides adequate coil volume to
permit slugging for long operate and release
timing. Four types for DC, one for AC, and
two with snap-action contacts.

Maximum capacity—
unusual versatility

TYPE 45 ROTARY STEPPING SWITCH. Larger
capacity: up to twelve 25-point levels, eight
50-point levels. For any DC voltage up to 110,
or 115 volts AC with rectifier. Can be impulse-
controlled or self-interrupted. Available with
normally open or normally closed circuits
(Type 45NC). Also available as prewired, her-
metically sealed units.

Economical
telephone-type

CLASS A RELAY. Sturdy and dependable. Can
be mounted in any position. The original
‘‘workhorse’’ telephone relay — recommended
when the extremely high performance of the
Class B is not mandatory.

Multiple circuit
transfers

CLASS W RELAY. 17, 34 or 51 form C con-
tact-spring combinations. Features low loss in-
sulation, high insulation resistance. Extremely
low inter-spring capacitance. Life in excess of
one billion operations. Gold contacts available
for low-level switching.

High-speed
control

CLASS V MERCURY-WETTED RELAY. For com-
puters, data processing and control equip-
ment. Up to 200 operations per second. No
contact erosion, no bounce. Over 1 billion
operations without change, maintenance or ad-
justment. Can be operated within 30° of ver-
tical. Polarized and nonpolarized versions. 1
pole to 4 pole double throw contact forms.

Premium quality
space-saver

CLASS C RELAY. Incorporates many of the fea-
tures of the Class B relay—but is only half as
wide. Use where quality is a must, but space
is at a premium. Quick- and slow-acting types,
for operation at up to 150 volts DC. Two to
twelve contact springs.

Customized
programming

SERIES OCS RELAY. Compact and low in cost.
For ‘‘packaged’” programming: will follow or
initiate a prescribed series of events at 30
steps per second impulse-controlled — or 65
per second self-interrupted. Much better than
an interlock relay — when you're designing
for shock, vibration or easy field maintenance.

Dry reed switches
for printed
wiring boards

PRINTED CIRCUIT CORREEDS.* Strong, mois-

ture-resistant, compact. Unstressed contact
leads provide firm, positive connections. Glass-
filled plastic bobbins prevent moisture absorp-
tion. Low profiles and magnetic shielding
permit high density within standard PC termi-
nal spacing (multiples of 0.200 inches). Avail-
able with 1, 2, 3 and 5 capsules and magnetic
latching. Contact forms A, B, & C.

*U.S. Patent applied for
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NEW DEUTSCH SYSTEM OBSOLETES

THE TERMINAL JUNCTION

A new system for point to point
wire connection and integration

This newest, most flexible system releases today’s
engineer from the limitations usually associated with
interconnection. One wire or thousands of wires may
be connected by this simple, reliable method that:

Replaces terminal strips and binding posts
Does away with contact damage

Eliminates splices and solder

Uses standard crimp tools

Uses one fail-safe, expendable assembly tool
Uses one fool-proof assembly procedure

Is self-locking

Is modular

Saves weight and space

Connects and disconnects instantly

Protects connections without potting

Meets or exceeds MIL-C-26482 where applicable,
and exceeds most user specifications

The Terminal Junction system is the ultimate in
simplicity.

®m The wire termination is ruggedized so that it can't
bend, break, bind or gall " Jemss=—,

® Crimping the terminal to any wire is done with
standard tools, and provides strong, reliable
termination dfss——— . When inserted in the
modular block, the terminations are interconnected
instantly in a variety of hook-up patterns (Isar——.

= The low-resistance connections are secured by
self-locking retainers that defy vibration, shock
and high pulling loads \{fss——.

System build-up, breadboarding and all processes
where one must patch, bus, splice or feedthru can be
vastly simplified with this flexible, ‘‘people oriented”
system. Its simplicity, combined with total reliability,
makes possible immediate conversion without special
training of assembly personnel...and, with the move
to Terminal Junctions come the benefits of efficiency
and upgraded connections.

The following columns describe how you can save
time, space and circuits. Read on...let your own
ingenuity dictate how you can benefit by using this
revolutionary system.

56

TIME SAVER

The Terminal Junction system eliminates wasted
time and motion in all phases of equipment design,
breadboard, prototype, assembly, checkout and
maintenance.

}

Instant connection (or disconnec-
tion) requires one, fail-safe, ex- :
pendable tool which is small enough $ {
to be stored with wire harnesses. { !

One Terminal Junction module,
with eight wires that have been
connected in a fraction of the time
required by other methods. »—»

*Terminal Junction modules shown are mode
TJ11E-02** which connect wire sizes AWG 20
through AWG 24.
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EXISTING CONNECTION METHODS &

SPACE SAVER

Terminal Junctions occupy a fraction of the space
formerly . needed for an equal connection capacity.
And, there is no limit to the number of modules and
multi-module assemblies that may be used to form
high density interconnection panels and systems.

Typical module and multi-module assemblies for space-saving
connection and integration. Standard units shown will handle
wire sizes AWG 24 through AWG 4. White lines on each module
outline points of common connection.

Sixty four size AWG 20 wires perfect/y connected and fully
protected in a fraction of the space previously needed. Com-
pare the amount of space saved in this case...the terminal
strip handles only 28 wires, and affords them no protection.

rrem——

DEUTSACK REAR RELEASE

GEUTSECH REAR RELEASE

p 4
Q
h
—
2
"]
Q

Use Feedthru Terminal Junctions for all through-connection
applications; use them as high density, lightweight, fully en-
vironmental connectors; or, use multi-module assemblies for
patchboard and through-panel applications.

The JIFFY JUNCTIONZ® /s a fully environmental single
conductor connector. Use it as a replacement for splices or
any one-wire connection problem.

CIRCUIT SAVER

Circuit and equipment failures due to the breakdown
of exposed or poorly protected junctions and splices
are eliminated by Terminal Junctions. All connections
in each module are protected from mechanical dam-
age by solid dielectric material; shorting caused by
moisture and contaminants is prevented by resilient
silicone rubber sealing glands at each wire entry point;
the positive locking retention system resists shock,
vibration and high pulling loads to assure perfect
continuity in each circuit. Dielectric separation be-
tween circuits exceeds military specifications, and
because the tool used for connection and disconnec-
tion is of dielectric material the shorting possibility
normally associated with checkout and maintenance
is reduced to a minimum.

Actual size modules are shown in a multi-module assembly;
typical busing layouts are included (white lines outline com-
mon connection points). Those entry points not occupied by
wires are sealed by plugs to assure complete environmental
immunity.

The Terminal Junction is the newest member of the
performance proven Rear Release Family of Deutsch
connectors and interconnection devices. Using one
type of crimp tooling, one assembly procedure, and
one fail-safe insertion/removal tool, any interconnec-
tion system may be upgraded to modern levels of
efficiency and reliability. For more information about
Terminal Junctions contact your local Deutschman,
or write today; ask for Data File TJ-3.

W W g
IDIBJINSCIEI

ELECTRONIC COMPONENTS DIVISION - Municipal Airport - Bﬂnnlng California
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for Operational Amplifiers,
Instruments and Systems

Miniature
Precision Dual
Power Supply

from 110 vac input to =15 vdc
at 100 ma output in a package 34"
high including power transformer,

The Model MPD 15/100 represents
the first significant step in power
supply miniaturization. This rugged
unit provides 0.02% regulation (no
load to full load),0.005% regulation
against line, complete short circuit
protection and operates in ambients
from —25°C to +65°C. There are
pin connectors for socket or printed
circuit board mounting.

for Operational Amplifiers:

Provides both positive and negative
highly regulated dc voltage required
by most operational amplifiers. The
designer can finally take full advan-
tage of the size reduction in mono-
lithic and hybrid amplifiers.

for Instruments:

Provides high regulation and ca-
pacity for precision requirements.
Compact form eliminates many me-
chanical design problems, allowing
more flexibility in package design.

for Systems:

This Power Supply becomes another
member in the System Designers’
Card Library; making possible sim-
plified system design by supplying
required power to local circuits.

Write for Bulletin MPD 15/100.

PASTORIZA

ELEETRENIES, INE .
385 Elliot St., Newton Upper Falls, Mass. 02164
(617) 332-2131
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NEWS

Iceberg hunters use microwave radiometry

It may come as a surprise to
many that icebergs are microwave
transmitters. But this characteris-
tic of the floating masses of ice is
giving their presence away to
searchers flying in fog, rain and
other conditions of poor visibility.

Now that the northern iceberg
season is approaching—it starts
officially next month—the Coast
Guard is readying its radiometric
search sets for the detection of
these nautical hazards. The type of
set in use is the AN/AAR-33, pro-
duced by Sperry Microwave Elec-
tronics Co., Clearwater, Fla.

Microwave radiometry works be-
caumse all objects emit and reflect
microwave energy. The amount ra-
diated depends on an object’s compo-
sition, temperature and the reflected
energy from its surroundings.

The microwave radiometer de-
tects and identifies objects by meas-
uring this radiated energy. But the
radiation is entirely passive—no

microwave energy is used to “illu-
minate” the object.

“Icebergs appear to radiometers
as hot objects, compared with the
surrounding seawater,” says Rob-
ert Roder, Sperry’s project engi-
neer. “Icebergs are better sources
of microwave energy than water.”
On the other hand, he adds, “ships
have different temperatures than
either icebergs or water, so they
have their own radiometric signa-
tures.”

Roder says that the Coast Guard
system uses an extremely low-noise
receiver aboard an HC-130 trans-
port plane. The receiver compares
the radiation from each object with
a low-level energy souce within the
search set’s radiometer. The dif-
ference between the received sig-
nal and the reference is measured
electronically by equipment cali-
brated in degrees Kelvin.

Microwave radiometry can be op-
erated in all weather conditions. Al-
though there is some signal attenu-
ation due to fog, clouds, rain or
snow, Roder says, the output signa-

1 [ YA

iceberg shows up as a dark shadow on a graphic display (above left) and as
a temperature-analog plot on a recorder (above right) in Sperry’s airborne
microwave radiometric search system. The black dome under the tail of the
Coast Guard HC-130 aircraft contains three parabolic antennas that rotate
perpendicularly to the flight path.
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ﬁat are 400-Volt Silicon Power Transistors

like you doing in a place like this?

SCHMITT TRIGGER PULSE WIDTH MODULATOR

1w

Q@ REGULATED—gp O
60Hz T

VvV

(HIGH

VOLTAGE PRE-

REGUI

SWITCH)

LATOR

MDAS20-4

(400V)  100.F :
SIMPLIFIED REPRESENTATION
OF SERIES PASS,
REFERENCE VOLTAGE,
AND SENSE CIRCUITRY.
MJ423 | (400V)
1N4003 &
p VA

Economical in size and weight, this alisilicon, regulated dc
power supply — 0-100 V, 0-1 A — ulilizes 3 HV siffoon power
switch in the pulse-width modulated switching preregulator. P-W
madulation is accomplished by a Schmitt tri nfer controlied by
MJ431 (400V) msiuttm Voltage across the series pass transistor. Trans-
formerless (with possibie excepticn of Schmitt trigger) circuit
operation is possible if line isolation is not required.

A: Lowering costs and simplifying circuitry.

Right now you can use these three new Motorola 400-volt
silicon power units in virtually all the right places: in
line-operated audio and servo amplifiers, inverters, choppers,
switching and series pass regulators and horizontal and ver-
tical TV outputs!

Advantages? Many. You can reduce the size, cost and
complexity of input, output and filtering components. Plus,
reduce current and keep your circuitry more compact, lighter
and easier to cool. They can also replace similar, limited-
source devices at no increase in cost.

And there’s no “punch-through” (secondary breakdown)
with any of them because Motorola’s triple diffusion process
allows device acceptance of very high voltages even in the
‘most demanding designs.

We've prepared an informative package of technical data
on the broadest line of 200 to 400V silicon power transistors
in the industry — 14 NPN units that let you optimize your
application with a wider choice of packages, current capabili-
ties, voltage/gain characteristics . . . and availability. You'll
also receive an enlightening article on the significant advan-
tages and uses of HV silicon power in modern, high energy
circuitry. Send for it today! Box 955, Phoenix, Arizona 85008.

Evaluation units from your franchised Motorola distributor.

~ whene the priceless ingnediont i cane!

NOW — Select from the Broadest HV Silicon Power Line Available!

vCED 'C

TPE | Vewo | (Sus) | (Max) e f; CASE
miaoo | 325 | 325 | 200ma| X ™N@S0OMA N g p min | 066
Mia20 | 250 | 250 25 min (@ 30 mA, g
MJ421 325 325 100 mA 20V) 30 MHz min | TO-5
,“21338; = %g 0oma| ¥ '“'"1‘(",“”\,)50 ™A | 15 Mz min | To.66
Mi2251 | 225 | 225 25 min (@ 50 mA, .
MJ2252 300 300 500 mA 10V) 10 MHz min | T0-66
N3738 | 205 | 225 40 min (@ 100 mA, 1
N3739 | 300 | 300 3A 10 10 MHz min | 70-66
mi3010 | 200 | 200 20 min (@ 05 A, 5V) :
mizoir | 325 | 325 | 35A | 1omin(@ 2A 5v)| 4MHzmin {03
mia13 | 400 | 325 15min(@ 1A5V)| &MHzmin
Mi423 | 400 | 325 | 10A | 10min(@25A5V)| 5MHzmin [TO3
M43t | 400 | 325 10 min (@ 35A,5V) | 4 MHz min

*For output currents to 300 m/

MOTOROLA

Semiconductors
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/XEHOX 00
coplier/ cyplicator
relies om

XEROX 2400 COPIER/DUPLICATOR

sofcanfyol

uct ‘““down to earth”’

coefficients and resistance values.

VECO's engineering staff is available to assist you in produc
application and circuit design.
Xerox and 2400 Reg. T.M. Xerox Corporation

Write for Catalog MGP681

VECO First in Progress e« First in Service

When Xerox required a dependable, precise and fast-acting
temperature sensing device, they brought a space age prod-

If your products require precise temperature measurement,
control or compensation with FAST RESPONSE it will pay you
to investigate VECO thermistors. VECO supplies a wide range
of standard thermistors in various sizes, shapes, temperature

t

7546

\ECO'

VICTORY ENGINEERING CO

124 Springfield Ave., Springfield, N. J. 078
'~ Tel: 201+ 379-5900 TWX 710-983-440

RP.

>
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NEWS
(Iceberg hunters, continued)

ture of the object remains constant.
This is vital in Coast Guard opera-
tions in the polar regions, where
poor weather is chronic and the
time available for iceberg search is
limited.

According to Roder, an infrared
radiometric system would not be as
effective as the microwave, because
infrared radiation is blocked by
fog, clouds and rain.

The microwave portion of the ra-
diometer is mounted under the tail
of the aircraft. It includes a scan-
ning antenna, stabilized antenna
platform and associated radiometer
components.

A triangular grouping of three
paraboloidal reflectors forms the
antenna system. The antenna speed
of rotation is adjustable over a
range from 3 to 12 scans per second.
Scan speed is set for complete
ground coverage for the altitude
and ground speed of the aircraft.
The width of the scan is approxi-
mately three and a half timeés the
aircraft’s altitude.

Works with plane’s radar

The system works in conjunction
with the aircraft’s radar. The radi-
ometer set maps an area below and
behind the aircraft; the search ra-
dar scans ahead.

The radar detects objects on the
surface of the sea, while the micro-
wave radiometer examines and
identifies the targets as ships or ice-
bergs. Identification is possible be-
cause the radiometer can measure
temperature differentials as slight
as 2°K.

The system includes a commutat-
ed-comparison radiometer with null
balance, automatic gain control and
scan-by-scan automatic calibration.
It is the detected difference signal
that is amplified to produce a volt-
age to drive the system’s recording
mechanism.

Two display devices are used in
the system. A facsimile recorder
displays an instantaneous graphic
map of the area being searched. An
oscillograph simultaneously plots
temperature amplitudes of objects
being scanned. Both displays are
located in the operator’s console
with signal-processing circuits and
controls for remote operation of the
radiometer. m =
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Bring on
your complex,
small, noisy, difficult signals.

We'll give you traces that show them for what they really are.

. phase of servo error with respect ~ reeisely record changes as small as . 1% o
to reference signal of 60 Hz to 5 ‘Hz while maxi- o DC-100 Hz s:gnals by using calibrated zero sup—

mizing ion of quadrature componem:. pressl

See critical variations as small as 10 uV rms from m, Resolve 50 Hz - 100 kHz amb ude information to
strain gages, other AC-excited transducers. 0. ?tZ% of full scale signals from 1 voit to 500
voits

When you need the greatest possible degree of signal-conditioning
precision and operational control, Sanborn 7700 Series oscillographs
with solid-state “8800” plug-ins will give you chart recordings of
maximum resolution and intelligibility.

Seven highly versatile signal conditioners offer unique performance
capabilities: three DC types with a1 uV - 250 V dynamic range, floating
differential input and calibrated zero suppression...an AC-DC Con-
verter with calibrated zero suppression and scale expansion permitting
resolution better than 0.1%, 10 ms response and isolated, 1 meg.
input . . . a phase-sensitive demodulator with calibrated reference
phase shift, 90° calibrated dial with four quadrant selections, and a
frequency range of 60 Hz to 5 kHz. .. a carrier preamp with 2400 Hz
internal transducer excitation supply, calibrated zero suppression, cal.
factor control and conversion gain of 10,000 . . . and a general-purpose
DC preamp particularly useful for 100 mm wide chart recording.

Use any of these “8800" plug-ins in the 7700 thermal writing oscillo-
graph matched to your packaging and channel requirements — 4-, 6-
and 8-channel 7704A, 7706A and 7708A console types . . . 2-channel
7702A system in rack-mount or mobile cart versions . . . single-channel
7701A wide chart (100 mm) portable system. Every one of these ther-
mal writers will give you permanent, rectangular-coordi-
nate recordings whose resolution and accuracy make all
your measurements more useful.

For a new brochure describing the advantages and wide HEWLE TT
choice of Sanborn thermal writing oscillographs, write PACKARD |
Hewlett-Packard Company, Sanborn Division, 175 Wyman SAN BORN
Ziem== Gtreet, Waltham, Mass. 02154. DIVISION

ON READER-SERVICE CARD CIRCLE 38
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NEW

CG Timer:
Range: 50 MLS
to 60 Sec.

SOLID STATE

NEW

Model 88 Timer:
Range: 6 Sec.
to 48 Hrs.

ELECTROMECHANICAL TIMERS |

The Man from E.A.G.L.E. offers virtually unlimited product/performance scope:
from solid state timers such as the CG (above)—created for short, accurate,
highly-repetitive time cycles—to motor-driven electromechanical timers such as
the Model 88 (below)...and everything known to be in between. CG’s qualifica-
tions: compensates for voltage changes; plus into standard octal relay socket;
quality componentry — tantalum timing capacitor; SCR control of 10 amp
output relay; protection against load or output contacts being inadvertently actu-
ated by transients or power cutoff; perfect replacement for pneumatic timers.

Accuracy, economy and reliability are hallmarks of the Eagle line...industry’s
most complete! Put us to the only test that counts, your most demanding time/
count application. Write for the CG Bulletin 158 and the Model 88 Bulletin
1620, Eagle Signal Division, E. W. Bliss Company, 736 Federal Street, Davenport,

lowa 52808.
LT (3¢ EAGLE SIGNAL

A DIVISION OF THE E. W. BLISS COMPANY

62

FOR INFORMATION ON CG TIMER CIRCLE READER SERVICE NUMBER 103
FOR INFORMATION ON MODEL 88 TIMER CIRCLE READER SERVICE NUMBER 104
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YOUR ““MAN FROM E.A.G.L.E.”

Distributors

Burlingame, California
415-697-6244
Glendale, California
213-245-1172
Englewood, Colorado
303-781-0912
Hamden, Connecticut
203-288-9276
Orlando, Florida
305-855-3964
Baltimore, Maryland
301-484-5400
Newton Highlands, Massachusetts
617-969-7140
Minneapolis, Minnesota
612-922-7011
Clifton, New Jersey
201-471-6090
Haddonfield, New Jersey
609-429-1526
Albuquerque, New Mexico
505-265-1020
Albany, New York
518-436-8536
Depew, New York
716-684-5731
Endwell, New York
607-723-8743
Fairborn, Ohio
513-878-2631
Fairview Park, Ohio
216-333-4120
Dallas, Texas
214-363-1526
Houston, Texas
713-649-5756
Seattle, Washington
206-725-7800

Representatives

Scottsdale, Arizona
602-947-4336
Pasadena, California
213-681-4421
Jacksonville, Florida
305-388-7656

Orlando, Florida
305-422-4295
Roswell, Georgia
404-993-6498
Chicago, lllinois
312-775-5300
Chicago lllinois
312-784-7314
Baltimore, Maryland
301-276-1505

INSTANT EAGLE RELAYS .-

Test Them Immediately... | 322255,
Get Production Quantities inTwo Weeks! i yev von
That’s right . . . Eagle challenges you to compare them with any Roc;‘fset-igsﬂfflgork

. 5 v Sk teles, New York
relay on the market. NOW you can get immediate delivery on these %315.685.6172

o Fairfield, Ohio
general-purpose or medium-power relays. Test results prove they’re 216-333-4120

the finest of their kind in the world. Eliminate your relay delivery  Hsrotasfemso "
problems. Call your “Man from E.A.G.L.E.”. . . listed at the right. ~ Palas,Texas _ o

You’ll find he has full details and specifications on Eagle relays. O s

Bellevue, Washington
206-454-5200
m * EAE lE SI "ll Charleston, West Virginia
304-342-2211
ADIVISION OF THE E.W. BLISS COMPANY
736 Federal Street, Davenport, Iowa
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Modular Integrated Circuit

PASTORIZA scrmomes. <

ADC-10;c

TER
ANALOG = DIGITAL CONYER'

A-o-D converter

10 bit parallel binary output
10 microseconds conversion time

Model ADC-10ic is a plug-in Analog-
to-Digital Converter with a 10 volt
input range and contains a Clock,
Reference Supply, Resistor Net-
work and Comparison Amplifier,

Also available

D--A converter

10 bit strobed parallel binary input
1 microsecond settling time
(same size as A-to-D converter)

Model DAC-10:c is a Digital-to-
Analog Converter and contains a
Storage Register and high-speed
Strobe System, Internal Reference
Supply, Resistor Network and out-
put Operational Amplifier.

Variations are available in input
and output ranges, converting
speeds, number of bits, and trig-
gering modes.

Pastoriza also provides compat-
ible Sample-and-Hold and Multi-
plexing Cards and Auxiliary
Readout Equipment with self-con-
tained power supplies to facilitate
matching these units to OEM and
system applications.

Write for A-to-D and D-to-A
Converter literature.

PASTORIZA

ELECTRONICS, INC.

385 Elliot St., Newton Upper Falls, Mass. 02164
(617) 332-2131
ON READER-SERVICE CARD CIRCLE 40
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LETTERS

Diode-laser fog detector

is not a novelty
Sirs:

There is already in use a fog-de-
tecting device similar to that de-
scribed in  your article, “Fog!
Diode laser signals warning” [ED
19, Aug. 16, 1966, p. 44].

As a member of the International
Impulsphysics Association, I have
to test fog-warning devices, wher-
ever they are developed, to evaluate
their reliability for meteorological
service in sea and air navigation. A
device, based on the same principle
as that of Hoffman Electronics
Corp. which you describe, was de-
veloped a few years ago by Impul-
sphysik GmbH, of Hamburg. Its
reliability has since been proven in
use at naval stations and airports in
all climate zones; one of its users is
the U.S. Coast Guard.

The detector, called the Video-
graph, is described in detail in
High-Speed Pulse Technology, Vol.
II, by Frank B. A. Fruengel (New
York: Academic Press). This de-
scribes it as an automatic warning
system that helps to cut manpower
requirements.

The light source of the Video-
graph is a high-intensity pulse lamp
that emits a homogeneous white
light at the peak of the driving
pulse. The set can be adapted to
make use of ultraviolet radiation,
which has advantages in fog fore-
casting. The light of the pulse
beam, partly back-scattered by air
and fog particles, is picked up by a
receiver mounted some 10 inches
above the transmitter.

The receiver can automatically
switch on a fog horn or other warn-
ing system at a predetermined dan-
ger level. If a visibility recorder is
attached to the receiver, a continu-
ous record can be kept of visibility
ranging from 1/16 mile to 10 miles.

The transistorized device con-
sumes less than 5 watts drawn
from a 12-volt battery.

Further references to this system
are:

I. A. Curcio and G. L. Knestrick,
“Correlation of Atmospheric Trans-
mission with Back Scattering,” J.

Optical Soc. Am., LXVIII, No. 10
(October, 1958) ; and
M. H. Borman, “Measurement of
Atmospheric Transmissivity Using
Back-Scattered Light,” J. Optical
Soc. Am., LI, No. 6.
Dr. W. Knuetel
International Impulsphysiks Assn.
Hamburg, Germany.

00000000000

Accuracy is our policy

In “Check design program availa-
bility,” in the report on Computer-
aided Design, ED 23, Oct. 11, 1966,
pp. 54-80, the author has made cor-
rections to a number of design pro-
grams on pp. 78-79 that he attrib-
uted to the wrong companies.

The source of the Code-Mandex,
Spade, Dee and Sycate programs is
Autonetics, 3370 Miraloma Ave.,
Anaheim, Calif. (contact: R. S.
Miles), not Bell Telephone Labora-
tories as printed.

The source of the Gate Assign-
ment, Load, Logic Diagram, Timing
Analysis, Module Assignment and
Path Routing programs is General
Electric, P. O. Box 2500, Daytona
Beach, Fla. (contact: E. W. Bur-
dette), not Bendix Corp. as printed.

The source of the ASAP program
is NASA, Greenbelt Space Flight
Center, Greenbelt, Md. (contact:
Roger Cliff), not IBM as printed.

The source of the ECAP and Pre-
dict programs is IBM at Western
Regional Offices, 3424 Wilshire
Blvd.,, Los Angeles, Calif. 90005
(contact: Howard Tyson) not at
Greenbelt Space Flight Center, Md.,
as printed.

In the listing on p. 77, there is an
error in the address of Autonetics,
which is at 3370 Miraloma Ave.
(not Miraland Ave), Anaheim,
Calif.

In ED’s Signal Generator Refer-
ence Issue (ED 27, Nov. 29, 1966),
the products of CMC/Rutherford
Div. were referred to wrongly. For
information on all products listed
under Rutherford Electronics, write
to CMC/Rutherford, 12973 Bradley
Ave., San Fernando, Calif.
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We have 47 Semiconductor Application Notes
that tell you how to apply Integrated Circuits
in all tes o equipment.

),

IC APPLICATION NOTE INDEX
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CURRENT-
MODE

LOGIC
SYSTEMS

MECL IC Line Driver

Designing Integrated Serial Counters
Designing Integrated Clocked Counters
Noise Margins of MECL ICs

Design of Monostable Multivibrators
Using MECL ICs

MECL IC Schmitt Triggers

The MECL Line of Digital ICs

Decade Counters Using

MECL J-K Flip-Flops

AN

265

266
274
277

Choosing Very High-Speed ICs
(ECL and T2L)

MECL IC Flip-Flops

MECL IC Shift Registers
Overshoot and Ringing in
High-Speed Digital Systems

Using Shift Registers as
Pulse Delay Networks

MECL 70 MHz J-K Flip-Flop

o .
RESISTOR-
TRANSISTOR
LOGIC
SYSTEMS

MRTL Family of ICs

Using Motorola Milliwatt MRTL
IC Family

Decade Counters Using MRTL ICs
Choosing MRTL Integrated

Logic Circuits

An Analysis of MRTL
Integrated Logic

Using MRTL IC Flip-Flops
MRTL IC Shift Registers
Setup and Release Times
in the MRTL J-K Flip-Flop

o .
DIODE-
TRANSISTOR
LOGIC
SYSTEMS

Variable Threshold Logic Family
Using Motorola MDTL Line ICs

Decade Counters Using MDTL ICs

Choosing DTL Integrated
Logic Circuits

O V.
GENERAL

DIGITAL
APPLICATIONS

IC Reliability

An Integrated Core Memory
Sense Amplifier

Comparison of Seven Digital
IC Logic Lines

Examining Ultra High-Speed

IC System Inter-Connections
Nanosecond Pulse Handling

Techniques

[V

OPERATIONAL
AMPLIFIERS

High-Performance Integrated
Operational Amplifiers

A High--Voltage Monolithic
Operational Amplifier

Monostable Multivibrator Design
Using An IC Operational Amplifier
Transistor Logarithmic Conversion
Using An Integrated Operational
Amplifier

More Value Out of Integrated
Operational Amplifier Data Sheets
Audio Power Generation Using

IC Operational Amplifiers

Useful Frequency Range Extension
for MC1530 Operational Amplifiers

O VL

RF-IF
AMPLIFIERS

Application of Micro-Electronics
to IF Amplifiers

Tuned Amplifier Design With An
Emitter-Coupled Integrated

RF Amplifier

An IC RF-IF Amplifier

Using ICs in a Stagger Tuned
I-F Strip

O Vi
GENERAL

LINEAR
APPLICATIONS

IC Reliability

An Integrated Harmonic Mixer
Audio Power Applications Using ICs
Designing-In Integrated

Differential Amplifiers

Cascade Noise Figure

for IC Transistors

Breadboard Techniques for Low
E IC Feedback Amplif

Fr p S

They’ll help you learn how to use IC’s in a Hurry! Send for them.

To receive the application notes in the Groups in which you are interested,
write on your company letterhead indicating “Group 1, Group 2, etc.” to
Motorola Semiconductor Products Inc., Technical Information Center, Box
955, Phoenix, Arizona 85001. We’ll have them in the mail to you right away.

MOTOROLA

Semiconductors

~ whene the priceless ingrediont & care!

ON READER-SERVICE CARD CIRCLE 41
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5 Watts

35% efficiency...5dB gain!

TRW breaks the Gigahertz barrier
with this new family of Ultra High
Frequency communication transis-
tors! They are the finest broad-band
transistors you can buy—the only
power transistors capable of 1 GHz
operation in simple, straight
through circuits.
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As doublers or triplers they'll reach
3 GHz with cool efficiency. In the
600 to 700 MHz range their gain and
efficiency is phenomenal!

And there's more—you get this
remarkable performance from a 28
volt power source...35% efficiency
and 5dB gain!

ON READER-SERVICE CARD CIRCLE 42

Contact any TRW distributor or
TRW Semiconductors Inc., 14520
Aviation Blvd., Lawndale, Calif.
90260. Phone: 213-679-4561. TWX
910-3256-6206. TRW Semiconductors
is a subsidiary of TRW INC.

TRW
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EDITORIAL

- Don’t make them throw
= all those bugs away

There is a distinct possibility that electronic eavesdropping
devices could some day be widely misused. Present Congressional
investigation of the area, which will probably lead to legislation, is
thus worthwhile.

But the present attitude of the courts toward any sort of eaves-
dropping seems to us to be defeating one of the few good uses for
this evolving class of devices. Not only are courts refusing any sort
of bug-gathered data as evidence, they are also suggesting that an
investigation based on leads gathered by bugging may be inadmissi-
ble. Since lawbreakers seldom keep careful records of their illicit
activities for the convenience of investigators, this attitude seems to
be a remarkable boon for them.

Take the case of a Brooklyn man who, the Justice Dept. contends,
did not bother to pay taxes or file returns for the years 1956
through 1960. It seems that several clues and some evidence were
uncovered by means of bugs planted at a ‘“place of business” that
the FBI believed was being used for criminal activities. Since the
bugs were planted “by means of trespass,” the three-year conviction
and $12,500 fine against the man are likely to be reversed by the
Supreme Court. The Justice Dept. has ordered a thorough review of
all cases being prepared so that no others run into such a snag.

We chatted by phone with a local FBI agent to see what effect the
latest move against bugging is having. He said that the area was so
sensitive that he could not even discuss it. When asked whether
agents in the field could obtain a warrant when it appeared that
bugging was needed to pursue an investigation, he said, “If some-
one’s life was in danger, we would contact our office in Washington
for permission, and they would have to contact the Justice Depart-
ment.” Otherwise, bugging was out of the question, he explained.

Evidently editorials in the daily press have helped to induce this
degree of caution in our crime-fighting agencies. The Justice Dept.
is under criticism just for the fact that it has to check to see if any
of its cases include bug-gathered evidence. More red tape will prob-
ably be the result of this pressure, and initiative in the field will be
further stifled. The legality of any bugging by law-enforcement

-agencies is in question, while fingerpointing rather than rational

discussion is the official reaction.

What is needed is a clear set of guidelines for the use of bugging
devices in investigations, and a streamlined procedure for getting
warrants to place them. Proper restrictions can protect the public,
we believe, while freeing law-enforcement agencies to make intelli-
gent use of new technology.

What we seem to be doing, in the honest interest of protecting civil
liberties, is creating a framework within which crime can operate
unmolested. Meanwhile the agents responsible for combating crime
will undoubtedly react to the latest public outery by throwing many
of their latest gadgets back in the drawer. ROBERT HAAVIND
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Look what you can get

OFF-THE-SHELF from
Union Carbide Distributors

THE FIRST LOW COST
FET TYPE OP AMPS

! ! Low-Profile Package:

0.4 inches for
] P.C. Board
Mounting

No Plastic — All Metal
and Hermetically Sealed
Mil Grade Components
Throughout

FET Transistor in
Front End For
Low Input Current
& Impedance
H7010A OPERATIONAL AMPLIFIER: $45
e Very Low Input Current (40 pA typ.) Avoids Drift Problems
e Front-end with FET devices provides Input Impedance of 10" ©
¢ Immediately Available Off-the-Shelf from Union Carbide Electronics Distributors

APPLICATIONS EIGHT FET TYPES AVAILABLE
Infrared Sensors o Open Max
p Temp Band Input  Rated :
Amp Range Iéoa?g Width 5"(”2 V%':ﬁ?eCurrent Output Zrli?
PH Sensors Type °C 4B MHz WN/ec PA L V/mA
Piezo-Electric Transducers H7010A $45.
H7o10B —25t085 95 30 105 x50 40 +10/%2 50,
lonization Gauges i iihx
ki Hro0A —40t0100 95 30 108 =25 40 x10/z2 &
EEG and EKG Pre-Amplifiers i
H7030A 77.50
Analog Integrators H70o30B 4010100 67 .30 106 225 40 220/x6  go5
Electrometric Type Voltage H7000 110.
yp 9 oA, ~05fol26: 9025 for &25 4D E10/22 oo

Followers

“A” Pkg.— 1.5 x 1.5 x 0.4 inches, “B’’ Pkg.— 1.8 x 1.2 x 0.6 inches, No Letter Suffix
Sample and Hold w3 —1% x 1% x % inches. For complete specifications write for catalog listing the
(e.g. charge amplifier) entire line of operational amplifiers available from UCE.

UNION

CARBIDE

ELECTRONICS

Union Carbide Electronics /365 Middlefield Road/Mountain View, California 94040/(415) 961-3300

ON READER-SERVICE CARD CIRCLE 43
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Technology

The world of the year 2000 is glimpsed in Filters combined in parallel suppress unwanted
a special six-part predictive report. Page 70 frequencies, don’t attenuate output. Page 114

Simple arithmetic is all there is to analyzing required for direct conversion of resistance
the modified Colpitts oscillator circuit that is changes to frequency variations. Page 108

Also in this section:

ICs in process controls yield circuit stability at lower cost than before. Page 118
The Monte Carlo technique keeps antenna errors within tolerable limits. Page 124

Surrealistic circuits achieve nothing with no trouble at all. Page 130
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Electronics in the
World of Tomorrow




A glimpse into the future shows a society profoundly
affected by electronics and related téchnology.

Edited by Frank Egan, Technical Editor

Ever wonder what the world will be like 30 or
40 years from now ? Most of us have at one time or
another. But our musings on the future are usually
limited to areas in which we have either special
interest or special competence. Thus the auto-
mobile buff wonders what cars of the future will be
like, the nuclear physicist speculates about new
particles, and women ponder how long hemlines
will be. Engineers, for their part, may well ask
themselves how far electronics and related tech-
nology will have progressed and what their impact
will be at the turn of the century and afterwards.

ELECTRONIC DESIGN thought these questions pro-
vocative enough to warrant an attempt at answers.
To provide them, we sought out experts who were
‘not only eminently knowledgeable in a given area
but also willing to prognosticate far into the future.

Looking ahead technically takes courage because
it is so much easier to throw darts than it is to ven-
ture educated guesses. We feel that the engineers
who speculate on the future in this report have
tended toward the carefully reasoned prediction
rather than the way-out guess. It is not hard at all
to believe that digital watches are on the way. And
predictive medicine is already beginning to become
important although the full impact of electronic
measurements of body functions has not yet been
felt.

The most forward-looking suggestion we found
is in the concept of ultra-robots so smart that man
seems a dullard by comparison. At the MIT Lab
where this prediction was made a mechanical com-
puter-controlled hand easily snatches a thrown ball
from the air. So the author’s musing can not be dis-
missed perfunctorily. The reader only has to look
into predictions of the past to see how well events
have borne out the accuracy of many of them.

Jules Verne, for example, was the kind of thinker
who looked boldly ahead. His forecasts were often
quite accurate, probably because they were based
on his keen interest in engineering and scientific
subjects in general. At the time of his writings the
technical community was heatedly discussing
whether man would eventually choose lighter-than-
air or heavier-than-air craft for the coming era of
flight. Verne sided with the heavier school and time
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has proved him right. Although we have yet to
develop a single vehicle versatile enough to operate
in the air, on land and sea, and even under the sea,
engineers and inventors have gone far toward
achieving many of Verne’s prophesies. More re-
markable still, they have pushed many concepts be-
yond what Verne dared dream. The vision of a
vehicle flashing down a highway at 60 miles an
hour was enough to set the reader of his day to
snickering.

Despite the accuracy of much prognostication
based on sound engineering projections, engineers
and scientists today still hesitate to predict future
developments. Yet, with the even greater stress on
technology in general, and electronics in particular,
it seems clear that great discoveries are in the
offing. Of course, no one man’s predictions can be
100 per cent accurate. Some of Verne’s explana-
tions of how his envisioned craft would operate
were way off the mark. Nevertheless, with hind-
sight it is clear that his ideas about the rate of
technical development were over-modest.

Similar disparities can be anticipated in rea-
soned estimates made today. Advances will prob-
ably be made at a far faster pace than most of us
allow. One has only to consider the state of space
exploration just 10 or 15 years ago.

With this in mind, ELECTRONIC DESIGN’S con-
tributors graciously agreed to put the ideas gleaned
from their crystal balls into the articles of this
report. It should be noted that their predictions are
their own—and not necessarily those of the compa-
nies or organizations with which they are associ-
ated. It should also be understood that, unlike death
and taxes, technological advancement can be capri-
cious and significantly affected by factors ranging
from the sociological to the political.

With these reservations, project yourself into the
21st century for a view of the world of tomorrow.

The Cover

Scenes from the General Motors Futurama exhibit
at the 1964-1965 New York World's Fair. Photo-
graphs of these and other Futurama scenes were fur-
nished by General Motors Corp.
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A modern Rip van Winkle wakes up in the year
2000. When he looks at his watch to see what time
it is, he finds that the reliable timepiece has
stopped. As our sleepy subject wanders about
looking for the correct time, he is astonished by
the strange sights he sees about him. Everything
seems different—particularly the watches worn
by those he stops to question.

What our van Winkle does not know is that,
while he slept away the last third of the 20th
century, watchmakers have kept pace with com-
temporary technology. Utilizing developments in
electronics, radioisotope power sources and new
materials, they have built a wide variety of time-
pieces specifically designed to suit the wearer’s
occupation. Some watches have been designed for
space travelers, others are suited for men working
and living under the sea, and a further range fits
the needs of those engaged in more mundane
pursuits.

Probably the most significant aspect of the new

i COUNTING e
OSCILLATOR > DIViIDING | —®——  DISPLAY
CIRCUITS

POWER
CELL

(@) SELF-SYNCHRONIZING ELECTRONIC WATCH

Internal regulation is provided in the self-powered, self-
synchronizing all-electronic watch by a highly stable elec-
tronic oscillator (a). In the self-powered, externally syn-
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| A Myriad of Precision Watches
for Land, Sea and Air

Donald K. Sites, Director of Research,
Hamilton Watch Co., Lancaster, Pa.

watches is the large number that are electric or
electronic. Some of these are refinements of the
old (1967 era) electric watches possessing their
own energy source and regulating signal. Others
contain their own energy sources but are regu-
lated by an external signal source. And still a
third type is powered by an external source as
well as regulated by external signals.

A watch for every need

The most common type of watch Rip finds in the
year 2000 is the self-powered, external-signal
type, which may be either electromechanical or
all-electronic. While these are of the same general
type, many varieties exist to reflect the wearer’s
individuality. One of the most evident differences
is in the read-out: Some use digital read-out of one
sort or another; others use the conventional face
and hands. The digital-read-out types are relative-
ly new, and are the outcome of a government-

COUNTING TTME
EXTERNAL AND
SYNCHRONIZING= — — — DIS PLAY
SIGNAL 1  oivioiNG —r
CIRCUITS
POWER
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CE

@ EXTERNALLY-SYNCHRONIZED ELECTRONIC WATCH

chronized type (b), world-wide standard time signals
transmitted from communications satellites are used to
provide regulation.
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sponsored program to develop extremely low-
energy electroluminescent panels in a package
small enough for use in watches. Such watches are
favored by young people, who have been associat-
ed with digital equipment since kindergarten.
Older people still cling to the familiar round face,
which market research people say will be gone in
another decade.

The external regulating signal for the watches
is transmitted from communications satellites,
which provide a standard time signal to all parts
of the world. This signal serves to detent the
mechanism of electromechanical watches, keeping
them synchronized. Electronic watches compare
the external synchronizing signal with their own
internal signal and adjust themselves accordingly.

A special accessory for doctors, lawyers and
businessmen is operated in conjunction with the
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external synchronizing signal. This is in the form
of coded paging signals generated at the watch in
response to a side-band signal transmitted with
the synchronizing signal. People with these spe-
cial watches can always be reached by their office
regardless of where they are in the world.

For the past few years, Rip learns, a govern-
ment agency has been investigating the feasibility
of using electronic watches for census purposes.
One of the possible approaches being looked into
involves watches having Gunn-effect devices built
into them. These would transmit coded microwave
signals that would be picked up by a network of
regional receivers having directional antennas.
The entire system would be tied into a central
computer, which would provide the necessary
counting and data analysis. The ultimate aim
would be to provide a day-by-day census, as well
as data on population shifts as they occur.

Travelers in the year 2000 cover long distances.
In 1967, the average business trip may have
required a watch adjustment for one time zone or
so. In 2000 it is commonplace for a traveler to
cross many time zones, involving a watch adjust-
ment for each. However, such adjustments have
been simplified by a movable bezel on the watch.
In fact, the familiar crown and stem are no longer
needed on watches in the new century. Rip finds
that few shops advertise “Watches Repaired,” for
the sign refers only to old-fashioned watches of
the Sixties’ vintage, some of which are still in use.
Contemporary watches are completely sealed. The

Extremely accurate timekeeping is possible for everyone
through satellite-transmitted standard time signals. The
satellites beam the signals world-wide, allowing them to
synchronize all electronic or electromechanical watches
capable of receiving and processing them.

Conventional face will still be used on some watches of
the future. Besides giving the local time, this mockup of
a futuristic watch presents a numerical display of the
month, the day and Greenwich time. By the year 2000
such numerical displays might be in the form of electro-
luminescent panels. The button at the upper right of the
watch sets a built-in alarm.
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development, a few years ago, of solid lubricants
and the use of self-lubricating parts eliminate the
need for regular cleaning and lubrication. The
new lubricants have very slight attraction for
dust particles; furthermore, improved seals vir-
tually eliminate dust in electromechanical watch-
es. The newer, all-electronic watches, employing
solid-state devices and digital read-out, are potted
at the factory and never require service during a
wearer’s lifetime.

The old self-winding watch has its electronic
counterpart in the 21st century. This is the ther-
mal-powered watch. Such watches use solid-state
devices that convert the body heat of the wearer
into power to run the watch.

A different breed of watch has been developed
for people who live and work in undersea colonies
or are engaged in undersea mining operations.
These people cannot use the externally synchro-
nized watches, so instead they wear self-powered,
self-regulating watches.

Undersea watches have different requirements

Many of their watches are refinements of the
electromechanical watch of 1967. Still employed
are the basic principles for generating a time base
by transistor control of either an electronic tuning
fork or an electrical-balance hairspring oscillator.

Digital readout will be common in timepieces of the fu-
ture, since it allows more information to be displayed
in the same space. Advances in numerical display devices
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There the similarity ends, for many improvements
and innovations have been incorporated.

Significant strides have been made in water-
proofing these watches for greater depths and
water pressures. Like the watches mentioned
earlier, these have benefited from the development
of improved sealing techniques. There is scant
need ever to open the watch because it employs the
new solid lubricants and some of its parts are
made of improved nylon.

The stem has been removed from these watches
to lessen the chance of leakage at this point.
Despite this design change, the watches still gain
or lose less than one second a day—more than
adequate for long-term service underwater, for
the most it can be off in a month is less than one
minute. To correct this error, the watch can be
taken to the colony’s calibration office, where it is
placed in an electronic machine that compares it
against a standard and generates a polarized field
that causes the watch’s mechanism to be advanced
or retarded, as necessary.

Another advance important to these undersea
watches has been the improvements made in
power cells. Even though the power-cell packages
are smaller now than they were forty years ago,
the discovery of improved materials and the use of
radioactive isotopes for the power cells have great-

fully practical. Such advances will be toward small de-
vices of very low operating power.
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ly extended their service life.

Space watches are most sophisticated

The most advanced of all watches in the year
2000 are those carried by space travelers. Since
these cannot be dependent on anything from
Earth, they are of the self-powered, self-regu-
lating variety. Precision of the highest order is
required in these watches, since they are relied on
for such operations as rendezvous with orbiting
space platforms.

All space watches provide multiple read-outs—
Earth time, outer-space time, and a calendar.
Some models also provide an elapsed-time indica-
tor. Although a few models still have conventional
. faces, the majority have digital read-outs in
keeping with other information displays aboard
spacecraft. These numerical-display read-outs are
similar to 20th-century Nixie tubes, but require
only a fraction of the space and power needed by
these earlier devices.

The success of these electronic space watches is
due to the development of an ultrastable frequen-
cy generator in a subminiature package. This is as
accurate as the best quartz crystal of forty years
ago, and makes use of the latest techniques in
picocircuitry. The result is an electronic package
the size of a 1967 watch movement but containing

ECHANICAL

OSCILLATOR s »| COUNTING
Cm'gégT AND TIME
(BALANCE [ELECTRICAL| SYSTEM 22’;2::‘; ey
WHEEL) 3

POWER
CELL

(9) PRESENT-DAY ELECTRIC WATCH

(BALANCE WHEEL, TUNING FORK,ETC.)
| |EE°“AN'°“_ COUNTING
OSCILLATOR, INDEXING AND e

TIME
DIVIDING DISPLAY
GEARING
ELECTRICAL
FEEDBACK
CONTROL
CIRCUIT
POWER

CELL

(®) PRESENT-DAY ELECTRONIC WATCH

Power cell replaces mechanically wound spring in present-
day electric watch (a). Electronic watches of today use
electrical feedback to control the frequency of the oscilla-
tor (b). The indexing section of the watches converts the
mechanical output of the oscillator into discrete, countable
quantities that appear in the time display.
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all circuits from oscillator to read-out. It is inter-
esting that these electronic watches draw no more
power than the earlier electric watches, and thus
enjoy a long service life from their power source.

Power cells are of two types, radioactive isotope
power cells and rechargeable batteries. The iso-
tope cells are fused to the circuitry at the factory
to minimize the dry-circuit resistance and permit
the entire package to receive a protective shield.
Such watches can be thrown away once the cell
loses its power.

Yet even for space applications the mechanical
watch has not disappeared completely. The space-
ships now in use have radiation shields that enable
them to travel through belts of harmful radiation
without danger to their passengers. Occasionally,
however, space debris damages this shield, and a
crew member must don a special suit and go
outside to make repairs. Like early scuba divers,
he wears a mechanical watch to tell him how long
he has been outside the ship. Mechanical watches
are used for this purpose because they are less
readily affected by radiation than electronic
watches.

The challenge ahead

Returning once again to 1967, let’s look at what
must be done if these prophecies are to become
realities. We find a considerable, although not
insurmountable, challenge presented to electronic
component manufacturers.

The prime prerequiste for development of an
all-electronic watch is a highly stable subminia-
ture oscillator. Present-day electronic oscillators
are not stable enough for use in a watch, and
quartz crystals with temperature-stable ovens are
too bulky.

Refinement of present solid-state devices and
the development of new devices will also be
needed. Electronic watches require absolute-zero
leakage in the off condition of the device. In this
respect, the most promising device at the moment
is the field-effect transistor. However, at today’s
rate of progress, it is quite possible that in the
next 35 years there will be some completely new
devices.

Probably the greatest challenge is to the manu-
facturers of power cells, since these lag behind
the development of devices employing them.
Today’s most efficient electric watch requires
approximately 50 milliwatt-hours per year and
has a useful battery life of two years. Unless the
electronic industry evolves new devices consuming
less power, battery manufacturers must develop a
cell capable of delivering this power for a much
longer period of time. One final need is for a
numerical read-out device that will operate on
very low power and be housed in an extremely
compact package. = =
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The role of prophet in an era of immense tech-
nological change is not an enviable one, particu-
larly in the field of medicine and health, where
every day discoveries are made and new tech-
niques are developed that may drastically alter the
shape of the future. Indeed, some of the most
exciting future developments will grow from
discoveries yet to be made, and will have implica-
tions that even the wisest scientists can scarcely
imagine now.

Nevertheless, recent developments point to
some clear trends that enable us to predict the
state of the health sciences some thirty years from
now with a fair degree of certainty.

Preventive maintenance key to health

In the year 2000, the emphasis of medicine is
increasingly on the maintenance of health and
prevention of disease. With new instrumental
techniques and data-handling capabilities, physi-
cians are able to predict degenerative conditions
developing in a patient and, in many cases, pre-
scribe preventive measures to forestall or amelior-
ate his illness.

Periodic visits to “predictive health centers”
are as common for the average person as routine
visits to the family doctor were in 1967. In less
time—and for less money—than it used to take
for a fairly superficial physical examination,
people can now undergo comprehensive and dy-
namic biochemical, physiological and behavioral
testing to obtain a complete ‘“health profile” of
themselves. Not only does this ‘“multiphasic
screening” give the physician a complete picture
of a person’s health at that moment, but it also
allows him to anticipate disease by telling how
well the body’s defense mechanisms are working.

Increased sophistication in health measure-
ment has been accompanied by successes in pre-
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Diseases Fought Before
and After They Occur

Curtis E. Miller, M.D., Director of Medical Research,
Beckman Instruments, Inc., Fullerton, Calif.

vention of acute illnesses with vaccines. Use of
these has also substantially reduced the chronic
diseases that are aftereffects of acute illnesses. A
vaccine to prevent rheumatic fever, for instance,
has also wiped out the rheumatic heart disease
that often followed in its wake. Moreover, many
chronic illnesses of the 1960s have been con-
quered by better understanding and control of
such environmental factors as air pollution.

Replacement parts extend life

Another achievement of medical science is the
increasing refinement and use of artificial organs
and organ transplants. Many people now lead
perfectly normal, active lives with an artificial
kidney, heart, or even a lung. Various forms of
artificial eye are effectively eliminating the threat
of blindness ; these use electronic devices to gather
visible light and transmit impulses through the
optic nerves to the brain.

Advanced as these developments may be, how-
ever, there will come a time when even the most
sophisticated artificial organs will be obsolete,
because the need for them will no longer exist.
Just as the iron lung all but disappeared because
of polio vaccine, so will the need for artificial
organs be obviated by the conquest of other degen-
erative diseases. In short, when we can keep our
organs healthy, we will not have to replace them.

Hospitals reflect technological change

Hospitals are dramatically different from those
of 1967. Arrangement and design of the buildings
themselves reflect the changing nature of hospital
care. Out-patient facilities are extensive as a
result of the faster cures effected by contemporary
procedures and drugs. The need for long stays
in the hospital is vanishing.

In-patients are segregated in wings according
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Displays over an operating
table give surgeons and an-
esthetist a continuous and
instantaneous reading of
their patient's condition
throughout an operation. Mi-
crominiature electrodes and
transducers keep a constant
check on such vital factors
as pulse rate, respiration
rate, blood pressure, body
temperature and brain waves.

Medical technologist sits at
the console of a master com-
puter that monitors, analyzes
and compares the flow of
physiological data from a pa-
tient in an adjoining opera-
ting theater.
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A nurse keeps close watch on up to 24 sick persons
at once at this central console which continuously moni-

to the degree of care required, rather than the
type of disease. Entire sections of the hospital are
devoted to specialized treatment. One such special-
ty building houses hyperbaric oxygen chambers;
another radioisotope sources and linear accelera-
tors, which have replaced X-ray techniques for
radiation therapy; a third accommodates the
hospital’s computer and data-handling complex.

All manner of sophisticated instrumentation
is in evidence throughout the hospital, from the
operating room to the clinical laboratory, from the
nurse’s station to the bedside. The surgeon re-
ceives continuous information about the exact
condition of a patient on the operating table.
Microminiature electrodes and transducers trans-
mit a constant stream of critical data in real time
from the patient to the computer and back to the
operating room.

In the recovery room, instruments monitor the
patient’s condition all the time, recording and
analyzing any changes, no matter how small. In
the hospital’s clinical laboratory, banks of auto-
mated analytical instruments perform rapid,
precise biochemical and pathological tests, print-
ing out the data in digital form, as well as present-
ing it directly to the computer for analysis and
storage.

Each day when the doctor arrives at the hospi-
tal, he goes first of all to one of several time-
shared computer consoles. Here he obtains up-to-
the-minute data on the condition of each of his
patients, views the results of tests he ordered the
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tors and records physiological data from all her patients
simultaneously, even when each bed is in a separate room.

day before, orders new tests, or changes the medi-
cations he had prescribed earlier. Only then does
he see his patients themselves.

The computer is no stranger to the physician.
He had several courses in computer theory and
programing before entering medical school. In
medical school itself he spent many hours with
analog, digital, and hybrid computers in “medical
computer games,” performing diagnoses of simu-
lated ailments. From the outset of his intern days,
he has grown to rely on the computer as a virtual-
ly infinite store of information to aid his decision-
making.

Medical data banks, spread all over the world
and interconnected with each other, are capable of
comparing one medical history with untold num-
bers of similar cases as an aid to diagnosis. Hard-
learned lessons on rare diseases are not forgotten.

Both physicians and patients benefit

Concern was expressed at one time that the
rush toward instrumentation and automation in
medicine would lead to dehumanizing the relation-
ship between physician and patient, that a doc-
tor’s warm reassurance would be replaced by the
cold, impersonal efficiency of the machine. This
has not been the case.

None of the changes has displaced the physi-
cian. Rather, they allow him to spend more of his
time in analysis, evaluation and judgment in the
diagnosis and treatment of his patients. The new
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An unborn baby’s heart beat and brain waves are recorded
continuously during the mother’s labor and delivery on

techniques give him more precise information
than he ever had before. Electronic data-
processing frees him from the routine detail that
formerly occupied his time without truly exploiting
his talents.

The patient also reaps many benefits from the
advances in medical electronics. To begin with, the
likelihood of his ever having to be in a hospital has
been reduced many times over by attention to
predictive health and predictive medicine. If he
should need surgery or have to enter the hospital
for specialized treatment or tests, his stay is short-
er and more pleasant than once was the case.

While all these changes have been taking place
during the past three decades—changes that have
directly affected the patient-physician interface—
advanced biochemical research has also produced
dramatic results. Here, too, electronics has played
a vital role in helping scientists to break the
genetic code and unlock the secrets of life.

The use of computers and computer models has
led to breakthroughs in understanding the body’s
immunological systems, and has provided the final
step toward conquest of diseases ranging from the
common cold to malignant cancers. Molecular
biologists can design and synthesize new genes to
inject into the defective cells of diseased organs,
and can alter the structure of genes to eliminate
hereditary defects and congenital disease. They
have been unscrambling the electrochemical
formulas of the brain and its thought and memory
processes, and ultimately will be able to alter the

ELECTRONIC DESIGN 1, January 4, 1967

this complete biomedical monitoring and display unit, a
forerunner of tomorrow’s systems.

maze of experiences that a person stores there.

What is the role of electronics?

To make the medical achievements just de-
scribed possible, science needs new instruments of
greater sensitivity and specificity, with more speed
and ease of operation. The opportunity for design-
ers and makers of electronic instruments, systems
and components to contribute to medical science
clearly exists. Indeed, electronics’ participation is
essential. There are two important factors, how-
ever, that are not so readily apparent.

The first is that an instrument, no matter how
sophisticated, is not a substitute for the skill of
the scientist, whether he be a physician with a
surgical laser, a pathologist with a spectrophoto-
meter, or a biologist with an ultracentrifuge.
Instruments merely extend man’s senses and
capabilities; they do not create new ones.

The second—and perhaps more important
factor, as far as industry is concerned—is that a
manufacturer’s capabilities in electronics, chemis-
try or optics are not the sole prerequisites for
service to medical science. The measurement
scientist must understand the needs and goals of
the physician, and be responsive to them. He must
be willing to submit his work to critical evaluation
more lengthy and more costly than for any other
customer. And he must be willing to bear as much
moral and legal responsibility for the implications
of advances in medical science as he expects of the

user of his products. = =
(Report continued on p. 82)
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Automata are already doing such things as run-
ning chemical experiments, operating machines
and aiming missiles. By the year 2000, however,
we can expect man to be dealing with “intelligent”
automata with far more remarkable characteris-
tics. '

Intelligent automata may be defined as mobile
computers that are interfaced with sensors cap-
able of measuring the computer’s physical inter-
action with its outside world. They are capable of
simulating not only man’s intelligence, but even
his sensations. This last point bears discussion.
Turing has discussed computers’ potential for sim-
ulating man’s intelligence. But we suggest further
that automata will be .capable of perceiving the
world through specific transducers that can match,
perhaps even excel, man’s own. These sensors will
send coded information in the form of pulses sep-
arated only in time to a central processor. This
parallels the human sensing process. Thus man
and automata can agree, say, on seeing red, hear-
ing sounds, sensing acceleration—even feeling
pain with the automaton simulating pain by ab-
threshold signal detectors—so long as they have
similar sensors. What tasks might such creatures
perform?

Early applications by the year 2000

The first applications for intelligent automata
are likely to be in work which is hazardous for
man, such as planetary exploration, deep-sea cable
repair and radioactive material manipulation.
Such types may be fairly common by 2000.

The next step will be the development of more
intelligent automata for more skilled work. These
may be associated with the operation of a great
variety of instruments. By the year 2000, intelli-
gent automata may have the ability to read thou-
sands of books to man’s one and, with built-in
photomultipliers, IR, UV, and radar instruments,
they may have optical sensitivity over practically
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A Vil the Machines
Eventually Outwit Man?

William S. Jarnagin, Project MAC,
Massachusetts Institute of Technology, Boston

the entire electromagnetic spectrum. Instrument-
coupled automata may also by that time be able to
detect the merest traces of any gas or chemical by
a combination of mass spectrometry and neutron
bombardment that would enable them to interpret
the consequent radiation of the trace.

Moreover, microelectronic (lithographic or even
holographic) and molecular engineering techniques
may have reached the stage where the large in-
struments of 1967 can be reduced almost to the
vanishing point, making it practical to integrate a
wide range of sensors into an automaton.

Automata vs antiautomata

If war is inevitable in the future, then there
is no theoretical reason why the whole gamut of
hazardous military tasks should not be turned
over to automata, from piloting aircraft and driv-
ing tanks to foot-soldiering. Furthermore, the
machines could probably be programed to face
destruction more willingly than people; desertion
and mutiny might be nonexistent, and the automa-
ta could battle nonstop day and night.

In addition to automata soldiers, microelectron-
ic spies could be fabricated in the form of small
creatures. With microinstruments integrated with
microcomputers, their volumes and masses could
be minute. Fuel cells with higher efficiency than
organic energy mechanisms would enable an arti-
ficial “insect” or “bird” to fly hundreds of kilo-
meters over a given terrain. Programed instruc-
tions could then direct the microinstrumented spy
to enter the headquarters of the opposition and re-
turn with information.

Border-patrol automata could be equipped to
identify persons bent on violence. Such an autom-
aton might conduct an accelerated psychoanaly-
sis by asking certain key questions that would be
reacted to reflexively, with or without words. (It
was Freud, after all, who claimed that he learned
a great deal just by the way a person approached
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and knocked on his door.) Enough is known al-
ready to identify with relative assurance people
intent on violence. A perceptive automaton might
even take an electroencephalogram from a dis-
tance. With built-in magnetometers, UV, IR,
radar and perhaps X-ray apparatus, the automa-
ton could also quickly spot weapons or explosives
on passing people.

Many of these capabilities would be equally
useful for crime control.

By the time this degree of capability has been
achieved, nations may have to develop antirobots.
Conceivably a standoff might result comparable to
the nuclear stalemate of the 1960s.

Safeguards may be required

If man positively refuses to trust intelligent
automata, he is likely to try to restrict their physi-
cal strength, mobility, communication (with each
other), and their access to destructive weapons.
How long any of these restrictions may remain
effective is hard to say.

The first intelligent automata may have tamper-
proof “genetic rules” built into them to the effect
that man shall not be willfully harmed. This safe-
guard may be incorporated in self-reproducing
models, with strict provision for isolating or de-
stroying any mutated version that lacks this char-
acteristic. How long it may take intelligent auto-
mata to outsmart these efforts remains to be seen.

Other safeguards might be to make it illegal for
programers to write socially destructive programs
and to regulate automata owmers, much as we
presently regulate owners of other potentially
dangerous devices like guns, explosives and autos.

Automata workers supersede humans

Neither serious threats to people nor great risks
of economic upheaval are necessarily inevitable in
the development of intelligent automata. Their
initial use in performing tasks that are hazardous
or toilsome for men will alter public reaction to
them; the fast dumb slave of man will be seen to
be not so dumb.

As machines are constructed with progressively
more intelligence, personal-aide machines may
come into popular use. Microelectronic machines
of this nature could be worn like hearing aids to
give their owners good counsel.

Once the usefulness of automata has come to be
generally appreciated, automata could gradually
take the place of skilled and unskilled workers. To
make the economic transition easier, legislation
may require that management pay the displaced
workers as usual for a certain number of months
or years; meanwhile, management could recover
the cost of the automata by exploiting their 24-
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hour-per-day work capacity.

Gradually, people would be placed on perpetual
vacation. Life’s basic needs, in goods or money,
could be provided by a work force of automata.
Energy from the ocean’s supply of deuterium
might be obtained by intelligent machines in
sufficient quantity to supply the world; similarly,
intelligent farm machines could produce a nation’s
foodstuffs.

This scheme differs from some persons’ image
of utopia. It leaves many problems still unre-
solved. By what system of values, for instance,
would man live? Thinking machines might com-
pute an optimum way of feeding, clothing, shelter-
ing, educating and entertaining millions of people,
but this might take no account of personal idiosyn-
cracy. To what extent, then, might man have to
relinquish some of his individuality ?

Time and education alone should solve some of
the problems, however. Children could grow up as
accustomed to thinking machines as they have
been already to television, cars, aircraft and the
machine world.

Ultraintelligent automata—desirable or not?

One of the world’s major problems in the next
millennium may be man’s control of extremely
intelligent automata. An automaton thinking at
the speed of light and processing, say 10'5 bits
per second would have to wait 10'* seconds, or
some 30,000 years, for man to process the same
information at 10° bits per second. Automata
capable of that speed—if fully conscious and able
to make subtle inferences—could find people
unbearably restrictive. Even if they did mot have
means to destroy man, they might choose not to
communicate with him.

Man, for his part, might then wonder whether
or not he should share his energy resources and
living space with such uncooperative and, in
effect, useless machines, and might threaten to
destroy those that steadfastly refuse to report
their findings to him. But, so much astuter than
he, the ultraintelligent machines would have
already thought of that and, after earning their
keep and being in existence for a while, would
probably persuade him to leave them alone as
entities in their own right.

How will automata be developed?

These projections have a solid grounding in fact
and are extrapolated from work and investiga-
tions that are presently in progress. A detailed
discussion of such work is beyond the scope of this
article, but a brief mention of some of the areas
of research and their significance can be given.

The development of intelligent automata is
based on the identification of rules. Directly
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related work is currently being pursued in two
major areas: artificial intelligence and bionics.
Many published works in these fields indicate that
certain characteristics of intelligence long thought
to be uniquely peculiar to human beings can be
simulated by computer.

Today quasi-intelligent automata can be pro-
gramed to use artificial intelligence to attack
difficult problems in various ways. One of these is
by analogical reasoning. They substitute a sim-
plified version for the difficult problem, solve the
analogous problem, noting the steps taken, and
then apply the steps to solving the main problem.

Another technique is the use of subgoals. In this
case the automaton restates the difficult problem
as a set of subproblems, notes the relationship
between the parts, solves the subproblems, and
combines the results to form a. solution to the
difficult problem. (This is how it plays chess.)

Bionics is another approach

A second approach to the development of intelli-
gent automata is through bionics, where electronic
devices are modeled after neurophysiological
counterparts. An example is the information-
processing system currently under development at
MIT’s Instrumentation Laboratory. This is large-
ly based on the reticular formation of human
nerves and the retina of a frog. This system,
sponsored by NASA, is planned for use in explor-
ing Mars in the 1970s. It is to perform certain
experiments, radio back its results to earth, and
make local decisions in keeping with its program.*

Other bionic appreaches include the simulation
of neural nets. Here, too, the problem is: by what
rules can events in the outside world be coded,
stored, switched, and so on? Ironically, once the
rules are described, they can be programed into a
computer.

Efforts have been made to try to trick bulk
material into exhibiting, by selective reinforce-
ment, some semblance of intelligence. Metallic
dendrites have been grown in various media, and
metallic whiskers have been grown selectively in
electronic circuitry to effect self-repair of compo-
nents. But it must be stated categorically that,
unless these materials contain the basic ingredi-
ents of formal logic (AND and NOR elements)
and a means for storage (delay lines and memo-
ry), the system will remain deficient by whichever
of these basic elements it lacks initially. Further-
more, these ingredients, as with neurons, must be
made to function according to definite rules.

Similarly, perceptrons and related perceiving
machines will have little chance of becoming

*See “Electronic frog eyes may search for life on Mars,”
ELECTRONIC DESIGN, XIV, No. 24 (Oct. 25, 1966), 17-24.
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Cerebral cortex
Cochlea
Balance sensor ..
Optical sensors
Sense of smell

Temperature sensors
Vocal apparatus
Energy mechanisms
Reticular formation
Bronchial

Sense of pain
Self-repairing cells

Chemical sensors ...
Rotational muscles .
Flexors & extensors

Skeleton, bone
Elbows, single ...
Sense of touch

Man vs Machine

Microphone
Gyro & accelerometer

Speaker & display tube

Abthreshold signal sensors

.Chromatograph
.Electric motors

.Elbows, multiple/arm

Microelectronic computer
Vidicon TV, IR, UV. ..

Mass spectrometer
Thermometers & thermistors
Fuel cell

Control center
None

Self-repairing components
Fuel pump

Opposing hydraulic rams

Metal rods & casing

Pressure & strain gauges,
time domain reflectometer
& compressible RF cable
(closed radar unit with
computer looking at echo)

generally useful unless they are extended to in-
clude basic logic and storage elements as well as
the essential rules to function by.

To solve difficult problems, automata will not
generally search all possibilities. Time and storage
limitations require that searches be restricted.
(There are more possible moves in a chess game
than there are particles in the universe.) Further-
more, randomness appears to be unnecessary,
since some sort of plausible rule (criterion) can
always be suggested, even if not ideal. Noting the
effectiveness of various rules and applying them by
the subgoal method should enable the automata to
steer in a favorable direction.

Furthermore, in a self-modifying system it is
important that even its rules can be changed by
rules. Otherwise the result may be gross random-
ness, or irrevocable divergence.

The main point is that intelligent automata will
probably follow from improved computer pro-
graming and from well-defined bionic models.
Bionics researchers have the advantage of known
working models (man) from which they may
obtain clues. They cannot expect success by put-
ting things together the way nature did—it may
take equally long. Looking at the answers and
making intelligent guesses, however, may enable
them to determine the rules before the century is
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out. Computer scientists, working on artificial
intelligence, have working models of their own;
namely, a number of successful quasi-intelligent
programs. It remains to be seen which appoach
first yields rules by which automata can make
logical inferences and communicate in a language
as complex as man’s. = =
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Design engineers may dream a lot—but seldom
with company encouragement. Yet this was the
opportunity given to Honeywell’s systems and re-
search engineers, early in 1966.

At that time, a movie company, Polaris Indus-
tries, contacted Honeywell Systems and Research
Div. for technical assistance on a movie entitled
“2001: A Space Odyssey.” This assistance was to
take the form of developing ideas, working with
an artist on drawings for a spacecraft of 35 years
hence, and furnishing dialogue and action.

What made this assignment particularly in-
triguing was the fact that Honeywell was asked to
assume that all technical impediments to its
futuristic ideas would be overcome. With this in
mind, engineers peered ahead to the year 2000 and
came up with spacecraft displays, an astronaut’s
maneuvering unit for extravehicular work, and an
attaché case for the space-traveling executive.

Computerized displays help astronauts in 2000

As a result of industry-wide efforts over the
past 35 years toward integrated informational
displays, pictorial and predictor displays now
provide spacecraft pilots with information in
immediately useful form. When the spacecraft
power supply is functioning normally, the display
gives periodic assurance of this fact; but should
there be only marginal operation or a failure, the
display shows the faulty element as nearly isolat-
ed as possible and indicates with block diagrams
or schematics how to repair it or select a back-up.

The spaceships’ command center is dominated
by a computer-derived display complex which is
controlled by voice or a light pen and makes wide
use of color. It is placed at arm’s length from the

88

Space Travel Made Easy
with Novel Displays

W. E. Drissel, Principal Systems Analyst, Systems and
Research Div., Honeywell, Inc., Minneapolis

pilots (Fig. 1) and nearly fills their field of view.

An automatic control phase, including plane
change and gross catch-up, is used for rendezvous
with an orbiting space station. During this phase,
the display shows the position of the station and
such things as how long before a velocity correc-
tion will be necessary, what the spaceship’s atti-
tude is, what the crew should be doing, what
thrust is being developed, and how much fuel
remains.

This phase is followed by a manual rendezvous
phase using the spacecraft radar. At this stage the
display shows the relative positions of the space-
craft and the space station, and if conditions are
not correct for rendezvous, the pilots see a mean-
ingful error vector. The colored arrow in Fig. 2 is
the error vector; Fig. 3 shows the display after the
pilot has driven the error vector to zero.

This display continues until the target is within
a predetermined range. Now the display switches
to a high-resolution color television picture of the
target. Human beings are nowadays so good at
docking that they usually handle it all themselves.
The two small lights at the center of the docking
display (Fig. 4) are ranging lights. The cross
hairs are positioned by the computer, so that the
display follows the pilots’ maneuvers almost
instantaneously.

Events are displayed as checklist

Before every scheduled event, the pilots see an
automatically displayed checklist. What the com-
puter will do is listed in one category, the crew’s
tasks are in another. The computer performs a
complete self-check first. This includes instruc-
tions to the pilots to assist it whenever necessary

ELECTRONIC DESIGN 1, January 4, 1967
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by voice or with the light pen. As each automatic
check is completed, that item on the checklist
turns green. The background of the checklist
display remains suffused with pale green as long
as all tests are passed. Any tests which check out
as marginal but not dangerous gleam yellow.
Should a parameter be dangerously out of range,
it shines red.

Display indicates other conditions

When an out-of-tolerance condition occurs—for
instance, when a velocity correction is required—
and an appropriate section of the display panel
changes to yellow, it indicates to one of the pilots
that his participation is required to correct the
condition. Information on what corrective action
he must take is displayed at the same time. With
this guidance, the crew can easily modify the out-
of-tolerance condition, again either by voice or
with a light pen. The voice controllers which
convert the crew’s oral commands into electrical
inputs to the computer have a speech-recognition
capability sufficient for any commands that might
be given.

If there is a countdown prior to any of the
preplanned mission sequences, the countdown is
also displayed along with any simultaneous, auto-
matic checks.

Novel attitude display used

Apart from the main display panel and the
information it shows, the pilots’ main object of
interest is the attitude indicator. It indicates the
attitude of the spacecraft with respect to a set of
reference axes, with the map of yaw and pitch
projected on a plane instead of a ball.

This technique was the outcome of simulation
studies at Honeywell many years ago. They
showed that test pilots had trouble maneuvering
from a position on the “front” side of the ball to
one at the “back.” The pilots found difficulty in
determining which way to start a maneuver or
how to apply corrections once started. Therefore,
an engineer conceived a display (Fig. 5) that
shows “all attitudes at once,” in this manner:

(a) Lines of constant pitch are shown horizon-
tally and lines of constant yaw vertically;

(b) The opening on the ring shows roll attitude;

(c) The location of the ring’s center shows the
pitch and yaw attitude; and

(d) The dashed line depicts the predicted
changes in attitude which would result from
present attitude rates.

During limit cycling, the dashed line waves
back and forth as the spacecraft reaches the
attitude limits and the control jets pulse. If the
flight requires a particular attitude, a light spot
appears at the desired attitude. If manual control
of attitude is required, the arrow gives the pilot
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an indication of the direction of required accelera-
tion to accomplish the needed change. If automatic
control is required, the fuel optimal-attitude
control can be computed in advance and executed
on command. The display then shows the pre-
dicted control path so that the pilot can monitor
the maneuver.

Recreational and training displays included

The tedium inherent in long interplanetary
flights is combated with a variety of recreation.
The computer, for example, is able to store each
crew member’s favorite books, new books on his
favorite subjects and his favorite games.

Machine-played games are of such sophisticated
design that they can challenge each man at his
level of ability and offer him a predetermined
chance of winning. Automated bridge games for 1,
2, 3 or 4 players are available on the spaceship.
The machine deals the cards and keeps track of
play. For convenience, the dummy is read from a
scope rather than using magnets or other contrap-
tions to prevent the weightless cards from floating
all over the cabin. The machine keeps score and
fills in for any missing players. Similar arrange-
ments enable the crew to play chess, checkers,
poker, gin rummy and a number of other games.

Long space flights are also an opportunity for
intensive study. A 1-2-year flight is ample time
to prepare for a master’s or doctor’s degree.
Futhermore, the complexity of the spacecraft
means that the crew must constantly review
procedures, schematics and instructional texts.
Manual skills like spacecraft maneuvering, emer-

4. Docking is carried out manually by the astronauts. A
high-resolution color TV picture of the target is displayed
during docking.
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gency operations, donning and doffing of pressure
suits and extravehicular maintenance, have to be
practiced periodically. The computer and display
keep tabs on these practice sessions and make
comparisons with past performance or norms.

Extravehicular work in shirt sleeves

For work outside of the spacecraft, the astro-
naut gets into a maneuvering unit like that shown
in Fig. 6. The two wing-like structures on the unit
permit a nearly complete range of natural arm
motions.

Inside the unit, the astronaut is in a shirt-
sleeves environment. This is felt to be necessary
for any significant amount of extravehicular work
because the strength that he requires to flex a
pressure suit represents a large fraction of the
total force that he can deliver over an extended
length of time.

A complex of bioforce sensors is attached to the
astronaut’s arms and hands. The forces generated
by the manipulators are fed back against these
force sensors to give him the sensation of feeling.
He can vary the gain of each loop as he works, to
minimize the work load or maximize his ‘“feel.”
Since his hands are occupied by the force sensors,
he controls his attitude and translational position
by voice. The voice controller also is the means for
changing the gains of the bioforce sensors. If, for
example, the astronaut feels that the work re-
quires extra grip forces from his right hand, he
commands: “Right grip times two,” and the voice
controller doubles the gain of the right-grip bio-
force sensors.

The structure located on the midline of the
maneuvering unit is a device for keeping the unit
in position at the work site. Past studies showed
that it consumes too much fuel to use thrusters to
counteract tool forces. The spacecraft, therefore,
has exterior attachment points from which every
point on the hull can be reached.

What will all this require?

Back to 1967 and contemporary reality. What is
needed to make the foregoing prophecies come
true? The display that was dreamed up uses more
saturated colors than can be found in the gamut
of today’s three-color systems; a four- to six-color
system would be necessary. If the display were a
six-color oscilloscope, considerable improvement
over today’s capability would be required in align-
ment and deposition of phosphors. The panel
might perhaps be a flat electroluminescent panel.
If so, a fine-grained display structure, with ad-
dressible elements is required. The data rate to
drive such a display far exceeds the present capac-
ity of computer communication channels. Even if
the display unit contained its own memory and
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5. All attitudes are shown at once on the attitude display.
The display uses a map of yaw and pitch projected on a
plane instead of on a ball.

6. Astronaut uses his voice to control the attitude and
translational position of the maneuvering unit. His hands
are occupied by force sensors which give him the sensa-
tion of feel as he operates the manipulators.
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communication, present-day computers could not
load the memory fast enough.

The computer is in many respects merely an
extension of today’s computers, albeit with an
enormous memory and an increase in speed.
Perhaps the only way at present to visualize a
display capable of meeting all the requirements
described is to imagine several autonomous com-
puters with shared memory. Maybe by 2000, there
will be a self-organizing multiprocessor. Such a
device would decide when more or fewer proces-
sors were needed “on line” and then switch in-
struction registers, arithmetic units, and so forth
on or off.

The 2000 computer would necessitate a very
elaborate signal-conditioning interface to perform
all the tests of equipment status. The fact that
many different functions would be performed at
once indicates a need for a large, versatile inter-
rupt and input/output system.

Finally, the spacecraft computer, like the at-
taché-case computer (see box), would be under
“systems” control at all times. For this reason, the
requirements for software would be extremely de-
manding. The software programs would be exceed-
ingly large, with a multitude of very important
but seldom used emergency loops. Perhaps by
2000, it will be possible to generate software di-
rectly from an English-language requirements doc-
ument,

The astronaut’s maneuvering unit would re-
quire sensitive, accurate and light bioforce sen-
sors, which would have to be easy to doff and don.
Investigations currently in progress into the
reliable sensing of myoelectric potentials may lead
to the required breakthrough.

The maneuvering unit is equipped with a voice
controller. Studies at Honeywell have indicated
that this is the best way to control such a unit’s
attitude and position, because the astronaut’s
hands would be occupied. Some devices already
exist today that would serve as a voice controller
if the vocabulary were small enough. Power
requirements are high for some of these devices,
though, and all need to have their size reduced and
recognition-accuracy and versatility improved.

All these technical advances are relatively
simple compared with the task of building the
attaché case. This involves a display, telecommuni-
cations system, computer with interchangeable
storage, and a line printer—all compressed into
0.75 cubic feet, weighing less than 25 pounds and
self-powered. = =

Acknowdgement:
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Electronics galore in attache’ case

The space-traveling executive in 2000 has
available a revolutionary attaché case (right),
though because of its high cost it is used by
few people. Its principal features are:
Display.

Telecommunications system.
Computer.

Microstorage files.

Control keyboard and line printer.

The display is computer-derived, in color,
and viewable in daylight. The display carries
TV pictures derived from the case’s telecom-
munications system, as well as the contents
of the microstorage file. As the owner dic-
tates notes to be entered into the file or typed
out in letter format, the display shows the
words spoken so far. Editing is accomplished
with a light pen, by voice or through key-
board instructions.

The telecommunications system includes a
telephone handset and dial for voice commu-
nication, a TV camera, an automatic “line-
finder” which scans the eletromagnetic
spectrum for an open channel and changes
frequencies during transmission, a scrambler
for message security, and a link to the
computer to provide automatic transmission
of large blocks of data. The TV camera can
operate either cabled to the attaché case or
through a microwave or laser link.

The computer employs a highly developed
system program, for it is under system
control at all times. There are no source or
object programs from outside. Because the
computer is primarily concerned with data
handling, both it and its programs lean
heavily toward list processors, high-speed
search routines and editing programs.

The microstorage files are very high-densi-
ty, random-access units that can easily be
plugged in and unplugged.

The keyboard, light pen and handset
microphone allow user and computer to
communicate. The line printer is a high-
speed photographic wunit driven by the
computer. = =

I —— GG

Attache case is crammed with electronics to make
the executive a true space-age traveler. Despite

its conventional size, the case contains a

color display, a telecommunications system, a
computer with interchangeable storage units and a
line printer. The user can communicate with the
computer by means of the printer keyboard, a light
pen, or a handset microphone.
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Do creatures like man dwell elsewhere in the
universe? Or for that matter, does any form of
extraterrestrial intelligence exist? At present, of
course, no one knows. Nevertheless, a forthcom-
ing motion picture based on extrapolations of to-
day’s science and technology describes a manned
voyage to the outer solar system to search for clues
to the possibility of such life.

The Cinerama film, “2001: A Space Odyssey,” is
produced and directed by Stanley Kubrick. Tech-
nical authenticity has been sought through the
cooperation and assistance of NASA, many uni-
versities, observatories and research institutes, as
well as industrial organizations in the United
States, the United Kingdom and France. As a
result, many of the electronic systems evolved in
concept for the film represent today’s best think-
ing on the make-up of future space vehicles.

Six space vehicles introduced

During the development of the film six major
space vehicles are introduced, the Orion IIT Earth-
orbit transport, Space Station V in orbit around
the Earth, the Aries 1B orbit-lunar shuttle, the
translunar Rocket Bus, the huge Discovery inter-
planetary spaceship, and its small space pod, an
auxiliary one-man reconnaissance, maintenance,
and local exploration craft. Each of these vehicles
was designed with extreme care, and in all cases
full-scale interiors were constructed as well as ex-
terior models. Attention was given to the design
rationale and functioning of each component and
assembly, down to the logical labeling of an indi-
vidual button and the presentation of plausible
operating and other data.

In Space Station V, for example, a visionphone,
designed with the close cooperation of communi-
cations systems researchers at the Bell Telephone
Laboratories in Murray Hill, N. J., is used for
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Voyage to dupiter,
21st-Century Style

Frederick I. Ordway, 11, Scientific Consultant
to the film “2001: A Space Odyssey.”

personal communication. By the year 2000, it is
assumed that several large space stations will
have been placed into orbit and are available to
scientists and other specialists from all over the
world. They arrive by shuttle carriers, check into
their accommodations, and live more or less as one
does in a hotel on Earth.

The visionphone contains informational and
normal operational instructions. To check a num-
ber, one presses the information request button
and then composes on the alphabetical panel the
first two letters of the continent—for example,
EU for Europe; next the name of the major politi-
cal subdivision ; then the city and town; and final-
ly, the name of the individual or organization.
Everything is displayed on an illuminated screen
in front of the caller as it is requested, and is fol-
lowed almost instantaneously, by the appropriate
section of the local directory with the name sought
indicated by yellow shading. Once the number is
located, the information channel is deactivated.

When making the call itself, appropriate but-
tons can be depressed to select a vision or a nonvi-
sion connection. There is provision for both one-
way and two-way vision. The person being called
can override a request for two-way vision. When
the screen indicates “ready to call,” the number is
composed on the touchtone panel. When the words
“channel open” appear on the screen, conversation
can start; at the end of conversation, a “channel
closed” announcement together with the cost of
the call—mormally chargeable by credit card—
appears.

The principal exposure of electronic equipment
devised for the movie is aboard the Discovery.
Most of the action takes place in the command
module, where the actual piloting takes place. in
the centrifuge, where ecrew members enjoy partial
gravity and spend most of their time, and the pod
bay, which houses the three small space pods.
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All propulsion controls, designed with the assist-
ance of GE’s Valley Forge Space Technology
Center, Honeywell, and the UK Atomic Energy
Authority, are located in the command module.
The nuclear reactor control panel displays infor-
mation on such parameters as turbine, compres-
sor, heat exchanger, secondary circulatory and
radiator liquid-helium storage, magnetohydro-
dynamics and recuperator performance, and pres-
sures and temperatures at various stations. For
simplicity, all station indicators are calibrated by
“hi,” “operational,” and “off” positions.

The engines, called Cavradyne, are based on
assumed years of research and development during
the 1980s of gaseous-core nuclear reactors and
high-temperature ionized gases, or plasmas.
Theory is presumed to have shown that gaseous
uranium 235 could be made critical in a cavity re-
actor only several feet in diameter if the uranium
atomic density were kept high, and if temperatures
were maintained at a minimum of 20,000°F.

In the Cavradyne system, the temperature of
the reactor is not directly limited by the capabili-
ties of solid materials, since the central cavity is
surrounded by a thick graphite wall that “moder-
ates” the neutrons, reflecting most of them back
into the cavity. Wall cooling is assured by circulat-
ing the hydrogen propellant prior to its being
heated. Fissionable fuel energy is transferred to
the propellant by radiation through a specially
designed container. The container was one of the
most difficult components to develop of the entire
Cavradyne system. Among other things, it had to
be transparent, rigid, and coolable, characteristics
that were only solved after a long and costly re-

search and development cycle.

This propulsion system makes possible a one-
year trans-Jupiter trajectory, following a 40,000
foot-per-second launching velocity from Earth
orbit. During transit time, the Discovery main-
tains nearly continuous communication with
Earth, including voice contact at regular intervals
with the mission control center. Account is always
taken of the elapsed time for electromagnetic
waves crossing space between spaceship and
Earth (4.4 minutes at Mars’ orbit, 35 minutes at
Jupiter’s orbit, for example).

Scientific information transmitted

In addition to routine vehicle and computer out-
put data, special information can be transmitted
from the Discovery, particularly that resulting
from scientific experiments en route. These might
include micrometeorite density as a function of
distance from the Earth (especially in the ast-
eroid belt) ; location and study of asteroids hereto-
fore undiscovered; and, at the Jupiter target,
probing of the planet and its moons. There is a
complete on-board astronomical observatory,
designed with the cooperation of the Royal Green-
wich Observatory, England, as well as instru-
ments aboard to determine the population density
and distribution of bodies from dust size upwards,
albedo and thermal flux detectors, and the like.

The astronomical observatory offers direct
readout of declination and right ascension, az-
imuth rate increment, slewing rate, filter select,
magnitude settings, scope selection, and gross and
vernier setting controls. On command, displays

The Plot Thickens

In the film “2001—A Space Odyssey,” the
first proof of the existence of extraterrestrial
intelligence comes about, not by the detection
of electromagnetic or optical signals, but by
the discovery on the Moon (shortly after the
beginning of the 21st century) of an artefact
purposely buried some 3 to 4 million years
ago by an extrasolar expedition. During the
course of routine astrogeological surface and
subsurface surveying, a small area of high
magnetism is discovered in Tycho, a promi-
nent lunar southern-hemisphere crater the
walls of which rise 12,000 feet above the
floor. In due course, the crater is probed and
excavated, uncovering the artefact which, on
exposure to sunlight, releases an intense
burst of radio energy, directionally beamed
toward the planet Jupiter in the outer solar
system. It then becomes, and remains, inert.

After careful investigation and analysis,
the inescapable conclusion arises that the

artefact is some sort of alarm system, placed
on the Moon by an extrasolar expedition in
expectation that when life evolves to a
sufficient level on Earth, lunar flight inevita-
bly must come about. Later survey crews
would eventually discover, and unearth, the
artefact—which is exactly what happens. As
a result of the burst of energy, it is assumed
that the extrasolar society is informed that
Homo sapiens has reached a characteristic
intellectual, technological and scientific
threshold, and presumably is ready for an
initial contact.

The principal body of the film involves a
manned exploratory expedition into the outer
solar system to attempt to uncover some
clues that will lead to the contact. No civiliza-
tion in the outer solar system is expected,
but it is felt that somewhere in the vicinity of
Jupiter the answer to the mystery of the
lunar artefact may be found. And so the
stage is set for the unfolding of the story.
Release is planned for about Easter, 1967.
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are given of such elements as the differential
coordinates of a given satellite in, say, the Jovian
system. If an individual asteroid or moon is to be
probed, or a comet investigated by a small lander,
the Schlumberger-designed geophysical console is
called into use. Thus, it might be desirable, in a
noninterference scientific investigation, to place a
probe on a small asteroid to determine the nature
of the subsurface and work out the microscopic
structure.

The Schlumberger equipment aboard the Dis-
covery permits a wide variety of surface and
subsurface experimentation to take place. Since
subsurface structure could be extremely impor-
tant in the spaceship’s investigatory program, a
drill is incorporated into a surface lander. Con-
trols on the console include a depth selector, drill-
ing rate selector, equipment calibration, recording
and error analysis controls, and various screen
-and gauge indications of subsurface characteris-
tics, formation type, formation content, well
horizontal cross section, caliper (symmetrical
curve representing a vertical cross section of a
hole being drilled), sonde “up” and sonde “down,”
“recording,” etc. Diagnostic information is initial-
ly displayed as it is fed from the computer.

Life-support systems included

So far, no mention has been given of electronics
as applied to Discovery’s life-support system and
to medical monitoring of the astronauts’ health.
The Jupiter mission is so planned that of the five
crew members aboard, two are conscious during
the trip and three (needed only for scientific
research at the end of the mission) are placed in
hibernation in accordance with techniques worked
out in consultation with medical authorities in the
United States and the United Kingdom. Each of
the hibernating astronauts is individually moni-
tored with respect to numerous physiological
functions.

The conscious astronauts undergo regular,
automated check-ups in the medical section, with
results displayed visually and recorded. Normally,
diagnosis of deficiencies is given directly on a
read-out screen, and medication or other treat-
ment prescribed. This entire section is located in
the centrifuge, close to the hibernaculums.

The final space vehicle aboard which electronics
play a decisive role is the one-man space pod,
housed in Discovery’s pod bay. Development took
place with the support of Hawker-Siddeley Dy-
namics, Ltd., England, who assigned both struc-
tural-design and electronics specialists to the task.
Some of the systems incorporated in to the space
pod include:

m Television: Eight fixed cameras ensure all-
round TV coverage. For such precise maneuvers
as docking or selecting a landing site on a small
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world, the field of view can be narrowed and
oriented.

m Mechanical hand controls: Each pod has two
such controls, or manipulators, with appropriate
tool selection.

- m “Flying” controls: Manual controls are
necessary both as stand-by and for local, intricate
maneuvers. Two hand control sticks, each with
two degrees of freedom and fitted with twist
grips, provide the necessary control about six
axes. Analog information is presented for atti-
tude, heating rate and distance. These can be
referred to local ground (for landing, take-off,
ete.), course (which enables the pilot to face
forward, head up, on any preselected course), or
parent ship (for docking, local maneuvers, etc.).
A variation in full-scale rate can be applied by the
control sticks, allowing the full stick movement to
result in any proportion of full vernier motor
thrust, so giving a “fine” control for local maneu-
vers. The parent ship Discovery can override all
local pod controls and take over in an emergency.

» Main propulsion controls: These are rather
conventional. The “fire” control is normally com-
puter-controlled. Most buttons serve as warning
lights, glowing red when a given parameter ex-
ceeds preset limits. j

m Proximity detector: A directional safety
system is incorporated, working from the main
communication antennas, which gives an audible
warning when the pod approaches a solid object.
It also detects the approach of a solid object, the
speed of which is too high to be counteracted by
the vernier thrust settings on the control system.
In this event, full reverse thrust is applied, over-
riding the manual control setting. The system
depends on frequency-modulated transmission,
and under safe conditions results in a low, soft
background signal considered necessary in order
to provide a continuous check on this important
safety system. If the speed of approach to an
object becomes dangerous compared with the
distance from it, the tone would become louder
and higher pitched and, if unchecked, would end
in a shrill naise accompanied by automatic reverse
thrust.

Other pod elements include a computer connect-
ed to the main HAL 9000 computer aboard Dis-
covery; magnetic “locator” devices to affix the pod
to the hull of the parent ship during maintenance;
searchlights; power systems; environmental
controls, and communications. Maneuvering pro-
pulsion is ensured by a solid propellant which
sublimes at a constant pressure; such a system
appears reliable, has no mechanical valves, and
lasts for long periods of time. Main propulsion
employs storable liquids, used only on landing and
taking off from an asteroid or small moon, or for

" emergencies when full thrust is needed quickly. = =

(Report continued on p. 102)
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20 options make the new NLS X-1 a family of
DVMs in one compact package. Choose the
exact instrument you need today. . . change it
to meet your needs tomorrow.

Now in 4- & 5-digit models.

Turn the page for details.




Meet all your needs with the
versatile NLS X-1

For years you’ve been using the “closest” solution to
your measuring needs. Now you can get the exact
instrument you require. Both the 4-digit and 5-digit
versions offer a variety of accessories to give you max-
imum flexibility in matching the X-1 to your specific
application . . . no matter what it may be.

Eliminate first reading error

You can forget about “first reading error” with the fast
X-1. Digitizing time is just 6 ms, and settling time
with polarity change is about 20 ms. You see the read-
ing instantaneously and correctly — the first time it
appears. This makes the NLS X-1 the perfect instru-
ment for systems.

Performance packaging

The X-1 is packaged to improve performance, sim-
plify maintenance and extend its useful life. Top-
loading double drawers contain the analog to digital
converter and input accessory modules. The power
supply module is easily accessible at the rear of the
instrument.

Easy access to plug-in boards and the use of repetitive
boards and parts throughout the instrument minimizes
the need for spare components and makes rarely re-
quired maintenance simple and economical.

Design your own DVM

Accessory modules are readily adaptable to a wide
variety of function combinations. Choose any of these
accessories for your X-1:

AC-DC converter: Low cost 50 Hz to 10K Hz;
High frequency 50 Hz to 100K Hz; AC
reference units for AC ratio measurements

Ohms converter: Five-digit ranges from 1.19999
to 11999.9 K; Four-digit ranges from
1.1999 to 11999 K

Preamp: Five-digit ranges from 119.999 to 1199.99
millivolts full scale; Four-digit ranges from
119.99 to 1199.9 millivolts full scale

Ratio: Plug-in cards for +/+ and —/+ ratios; —/—
and +/— ratios available without addi-
tional plug-in cards

More to come

Special accessories to be added to the X-1 line will
further increase its versatility. Adding functions
merely requires insertion of additional or substitute
circuit boards.
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Check these features

The many special features of the X-1 are based on
NLS’s more than a decade of experience in DVM
development and manufacturing (starting with the
world’s first DVM in 1952). Also taken into account
were surveys of the preferences of engineers, purchas-
ing agents and service specialists. In the X-1 you’ll find:

Circuitry: All solid state for reliability

Common mode rejection: 120 db unfiltered at
60 Hz

A / D conversion: All electronic successive approx-
imation scan logic

Resolution: One digit

Methods of control: Range selection—automatic,
manual and remote; Polarity selection — automatic,
manual and remote; Start command — internal, ex-
ternal and manual; Function selection (multi-function
models) — manual and remote; Filter selection (multi-
function models) — manual and remote.

Response times: Input buffer response time —
10ms; Digitizing time —6ms; Time required for relays
to operate — 7ms; Time to select fixed range remotely
(operating time of range transfer relay plus operating
time of range selection relay) — 10ms; Time required
for each automatic range change — 30ms; Time re-
quired for each automatic polarity change — 30ms

Input resistance: 10v range — 10,000 megohms;
100v and 1000v ranges — 10 megohms (input resist-
ance is constant except when input is overloaded)

Input connections: DVM with DC Function —
Inputs consist of sense hi, sense lo and guard; DVM
with DC & Ratio Function — Inputs consist of sense
hi, sense lo, guard and ref. in; DVM with Multi-
Functions — Inputs consist of sense hi, sense lo and
guard for DC volts, MV and AC volts; Inputs consist
of sense hi, sense lo, guard and ref. in for ratio; In-
puts consist of sense hi, sense lo, guard, current ()
and current (—) for ohms

Floating input: Because input signal leads are not
connected to the outer chassis of the X-1, signal-to-
chassis potentials up to 500 volts are tolerable. Float-
ing input adds to the instrument’s versatility by per-
mitting it to measure voltage sources which could not
be accurately measured by a non-isolated meter.

Output connection options: Output data—BCD
contact closures for isolated output, BCD voltage level
if isolation not required; Digital output command —
contact closure for isolation, voltage level if isolation
not required

Power requirements: 115/230VAC, 50-60CPS
Readout: NLS high intensity system

Packaging: Rugged, compact case with handles for
portable use, and optional rack-mounting hardware

Weight: Approximately 50 Ibs

See next page for details



Let’s get specific

Basic instruments

ITEM PRICE DESCRIPTION
5-Digit Single range 0-11.9999V, positive polarity; Not expandable with ranges or
$1485 :
Voltmeter functions; Accuracy: £(0.005% reading +0.001% full scale)*
5-Digit Auto ranging 0-11.9999V, 0-119.999V & 0-1000.00 VDC; Auto polarity;
ottt 2450 Expandable with functions; Accuracy: *(0.005% reading +0.001% full
oltmeter scale) *
4-Digit Auto ranging 0-11.999, 0-119.99 and 0-1000.0 VDC; Auto polarity;
Voltmet 1650 Expandable with functions; Accuracy: *(0.01% reading +0.01% full
oltmeter scale) *
° . Ranges shown are those for the 5-digit DVM. For the 4-digit model delete
Accessorles NOTE: the least significant digit.
ITEM PRICE DESCRIPTION
50Hz to 10KHz; Ranges 1.19999, 11.9999, 119.999, 500.00 VAC; Ac-
AC Converter $650 curacy: +(0.1% reading +0.05% full scale)*
50Hz to 100KHz; Ranges 1.19999,]11.9999, 119.999, 500.00 VAC; Ac-
curacy: *£(0.1% reading +0.05% full scale) —50Hz to 10KHz*, =(0.3%
AC Converter 950 reading +0.10% full scale)—10KHz to 30KHz*, % (0.5% reading +0.10%
full scale) — 30KHz to 100KHz* (150 VAC maximum input)
Ranges: 1.19999, 11.9999, l]1l9.99|9, l1 199.99, 1199%9+Kﬂ; ,;ccuracy:
+(0.01% reading +0.001% full scale) lowest 3 ranges*, =(0.03% reading
Ohms Converter 600 +0.001% full scale) on 1199.99 K range,* +(0.01% reading +0.001%
full scale) on 11999.9 KQ range*
Ranges: 119.999, 1199.99 MVDC; Accuracy: *+(0.01% reading +0.01%
Pre Amp 500 full scale); Chopper stabilized, solid state
Ratio 150 Ranges: 1.19999:1, 11.9999:1, 99.999:1, —10.0V £5.0% reference only
Function Switching 150 Required when AC, ohms or pre-amplifier accessory is added to an expand-
Assembly able instrument
: . Specify: High speed — 36.5 DB at 60 Hz, 170 MS settling time to 0.01%;
Active Filter 200 Low speed — 76 DB at 60 Hz, 750 MS settling time to 0.01%
Remot; Trigger 550 BCD 1-2-4-8 contact closures — range, function, polarity, filter, data and
and Printout print
Remote Trigger 350 BCD 1-2-4-8 voltage level; logic 1 =0V, O =—13V; range, function,
and Printout polarity, filter, data and print
No readout in meter — includes wired 10-foot cable and connector with
Remote Readout 350 provisions on voltmeter. Not available with remote trigger and printout
option
Front Panel 50
Power Switch

*At ASA Referenced Conditions

Take a closer look Originator of the Digital Voltmeter
Tell us about your particular needs and let us prove @ I'IOII-liI'IeaI" systems’ inc.

how the NLS X-1 can do the job better for you.

Fill out the card, or write directly to NLS, Dept. 900,

Del Mar, Calif. 92014.

DEL MAR, CALIFORNIA PHONE: (714) 755-1134

Prices F.0.B. Del Mar, Calif. Slightly higher outside continental U. S. Prices and specifications subject to change without notice.




Do you have to
“pide herd” on drifting
oscillators?

« « - and need to check
frequency periodically,
monitor regularly, or
adjust to a standard?

iouinc onsinincy
) by

Time & Frequency Instruments by

Then the TRACOR direct-reading
Model 527B Frequency Difference
Meter is just what you need. It
determines instantly—with an
accuracy of 10™° — the fractional fre-
quency difference between two stable
oscillators.

It includes most of the features of its
“big brother”, the 527A, but costs
much less. You read directly on a
zero-center front-panel meter frac-
tional frequency difference in parts
per 10", 10°, 10° or 10". The meter
movement continuously follows your
oscillator adjustment — provides
instantaneous reading of oscillator
correction.

You may change the input frequen-
cies without switching ......frequen-
cies of the two input signals need not
be the same. The 527B accepts in-
puts of 100 kHz, 1.0 MHz, 2.5 MHz
and 5.0 MHz; it is ideally suited for
rating crystal oscillators. The 5278,
when used with your counter, will
allow you to measure differences of
parts in 10"

The Model 527B
sells for $2,250.
For more informa-
tion on this ad-
vanced-technology
product, please write or
call: TRACOR, INC. 6500
Tracor Lane, Austin, Texas 78721
AC 512 926-2800.

RACOR

TFA-1466
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The vrole of electronics in oceanography is
expanding at a rapid pace, as electronics itself
evolves and becomes more sophisticated, and as
international interest in the riches of the oceans
and how to exploit them grows.* The continua-
tion of this expansion is likely to have had a
profound influence on man and the world about
him by the 21st century.

If we consider the tremendous advances that
have been made over the past three decades or so,
and assume that comparable progress and change
will take place during the rest of this century, the
outlook for the year 2000 is both encouraging and
exciting. Imagine yourself, then, living in the
world of 2000, and see what the alliance of elec-
tronics and oceanography has wrought.

An ever-growing network of satellites and
cables has crisscrossed the oceans for years.
Nowadays, stable, midocean, moored stations also
provide line-of-sight relay microwave communica-
tions wherever practical.

Navigation and communication aids abound

Ships and aircraft orient themselves as a mat-
ter of routine by means of signals transmitted
from multiple navigational satellites and anchored
buoys. These methods make it possible to navigate
anywhere in the world two orders of magnitude
more accurately than was possible in 1967. Acous-
tic markers and transmitters on the ocean floor
are commonplace; they, too, are used for navi-
gation and station-keeping, particularly by sub-
mersibles. A number of oceanographic vessels op-
erate largely below the surface and many research
ships carry small submarine work boats that are

*See “Electronics and the Sea”. ELECTRONIC DESIGN,
XIV, No. 29 (Dec. 20, 1966), pp. 34-52.
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The Wild, Mighty Oceans—
Tamed at Last

employed in conjunction with their surface work
boats.

Good navigation for submersibles engaged in
scientific and survey work has in fact become
relatively foolproof. In addition to fixed bottom
beacons, they regularly use Doppler and inertial
dead-reckoning systems. Similar equipment is also
installed on their accompanying surface craft.
Special computers supply convenient read-outs,
data points and vehicle control inputs.

Advanced sonar equipment enables shipboard
passengers to watch a TV-like image of the ocean
beneath them much as aircraft travelers can gaze
at the ground. Many liner routes pass by ocean
research stations, moored or drifting, manned or
unmanned, which are scattered throughout the
world’s seas. They are used for a wide variety of
observations, some of immediate application,
others aimed at a long-term understanding of the
properties of the oceans.

Below the surface, great improvements have
been made in viewing techniques. A combination
of multibeam or acoustic-imaging systems now
gives submariners high-quality TV-type pictures
of their immediate environment, even in turbid
waters. These presentations, however, are degrad-
ed at longer ranges or when only simpler types of
equipment are in use. Long-range medium-resolu-
tion scanning sonar is widely used to explore and
map vast areas of ocean floor, to observe marine
life in the deeps, and to locate sites for intensive
scientific or engineering investigations.

The many underwater sound systems employed
have justified the development and use of elabo-
rate electronic signal processors. As a result of the
difficulties in multipath sound transmission at
long ranges or over rough bottom, and because of
the frequent need to operate in narrow band-
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widths, extensive use is made of real-time elec-
tronic correlators, bandwidth-compression and
other advanced signal-recovery techniques. Trans-
mission is kept highly directional to maintain
privacy and eliminate cross-talk. Since the sonic
spectrum under the sea is much narrower than
that for surface radio communication, specific fre-
quencies have been allocated for work, navigation,
distress and other uses.

Weather is predicted and controlled

A world weather watch, and a start on a world
fish watch, have been under way for a number of
years. Advances in geophysical knowledge and
observational capabilities have made it possible to
forecast the weather for huge areas of the world
at once and further ahead than was formerly the
case. Small-scale weather control under favorable
circumstances has become practical in the wake of
tests that, for political reasons, were performed at
sea.

Serious evaluation studies are being made of
the possibility of inducing large-scale climatic
changes by such means as controlling the flow of
the currents through the Bering Strait or by
large-scale pumping of warm or cold water in an
effort to modify local weather. Every such step
toward this sort of environmental control, how-
ever, involves setting up international systems for
the collection, transmission, reduction and analysis
of data. Immense computer studies have to precede
implementation of these undertakings because
their effects will affect the interests of many na-
tions.

Oceans’ resources are exploited

Foods derived from the seas are supplying
much more of the world’s protein requirements
than in 1967. Electronic devices of steadily in-
creasing sophistication are being tested and used
for detecting, tracking, branding, catching, sorting
and preserving fish. Young fish and turtles and
similar small organisms are raised in the equiva-
lent of greenhouses or in biochemical factories and
pastured at sea. Shellfish farms are commonplace
on coastlines. Farther out, fish are herded about
the open ocean. Pasture areas surrounded with
electronic, sonic or similar fences have been set up
to confine valuable species or exclude predators
without affecting the natural sources of food for
the fish.

A worldwide search for maritime minerals and
chemicals has been launched. Equipment largely
electronic in nature is used to further the explora-

Advances in electronic control and communications equip-
ment will make today’s cumbersome diving techniques
obsolete.
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U.S. Navy’s monster buoy is thé Vforerunner of tomorrow’s
unattended buoys that will automatically measure and

tion for undersea oil and gas deposits. Electronics
also has its part to play in the desalinization of sea
water,.which with the increasing availability of
inexpensive power from fusion reactors is becom-
ing a valuable source of fresh water for a multi-
tude of purposes.

Many of these activities involve the use of
specialized surface and subsurface vehicles as well
as underwater complexes of workshops, laborato-
ries, power houses, dormitories and recreational
areas for submarine workers.

Structures erected under the oceans are made of
materials selected for their pressure and corrosion
resistance. Advantage is taken of the buoyancy of
structural parts to reduce the effective weight of
building materials and permit the construction of
very much larger building complexes than are
practical on land. A parallel can be drawn with
nature where it is the buoyancy of whales and
similar marine creatures that has enabled them
to evolve so much larger than land animals. In
1967 most ocean structures were only partially
resistant to corrosion and biological fouling, and
many moorings and light structures were suscep-
tible to direct attack by sea creatures. Electrical
and electronic techniques are now extensively
used to reduce these problems.
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transmit data on the ocean’s properties. Contractor for
the monster buoy is the Convair Div. of General Dynamics.

Specialized electronic equipment controls and
positions divers and equipment during the erec-
tion of underwater structures and makes possible
the necessary signaling, communication and life-
support systems.

But chemistry and electrochemistry are the
two most promising areas of ocean engineering.
For millions of years residue from the land masses
has been dissolved and lost to man in the oceans.
Now the combination of cheap nuclear power and
advanced electrochemistry is beginning to allow
commercial retrieval of a wide assortment of
materials and chemicals from the sea, even though
they are in extremely weak solution.

Electrical power is of vital importance

Power for the myriad of equipment in the oceans
is drawn from batteries, horizontal and vertical
power transmission lines from the shore or from
special surface craft, nuclear reactors or fuel cells.
Research into means of powering electric automo-
biles has furnished many of the batteries for small
submersibles and numerous instruments. The
steady reduction in the costs of nuclear reactors
has made them attractive power sources, but for
unmanned devices, open to theft or accidental loss,
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Oceanographic research ships serve as test beds for an
ever-increasing variety of electronic equipment that will

nuclear-powered equipment poses serious safety
and political risks.

One of the more daring ideas for generating
power from the sea that is under investigation is
to separate the Red Sea from the Indian Ocean by
an immense hydroelectric dam and thereby create
a giant evaporating basin.

The world’s power requirements, however, are
already being met in a small way by harnessing a
fraction of the energy of the tides and currents,
and also by utilizing the heat flow between ocean
strata of differing temperatures. In low latitudes,
the upper layers of the sea have a year-round
temperature gradient with a vertical difference of
10°C in a few hundred meters. A heat engine has
been developed to take advantage of this gradient.
It contains a suitable working fluid which is
vaporized by the heat source, and then releases
energy to a low-pressure vapor engine before it is
condensed at a heat sink placed at a greater
depth. The temperature gradient across the
world’s winter ice pack is many times greater
than that of the ocean strata and offers similar
possibilities for power generation.

The world’s oceans, lakes and waterways afford
important and extensive recreational facilities.
Family pleasure craft rely more and more on

ELECTRONIC DESIGN 1, January 4, 1967

ultimately have the capability of the types described.
Shown here is the research ship R/V Anton Bruun.

electronic aids for navigation, communication, fish
finding and entertainment. Amateur scuba diving
is a growing sport that depends increasingly on
electronic support for communication, safety and
navigation. Shallow-water submersibles carry
diving enthusiasts to and from their diving sites.
Sightseeing submersibles take tourists on trips to
undersea attractions.

Electronic advances will pave the way

The foregoing predictions assume that elec-
tronics will progress significantly in concept,
versatility and reliability over the next genera-
tion. Microelectronics will answer size problems.
Pressure problems will largely be overcome by
flooded pressure-compensated electronic units and
lightweight standardized pressure cases for mini-
aturized components. Small digital and analog
computers will be developed to present sensor
information in immediately usable form.

Finally, development and general use of such
devices as communications satellites, electric
automobiles, extremely stable amplifiers and flat-
screen television will contribute to the develop-
ment of the equipment that will be needed in the
exploitation of the oceans. m» =
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It used to be
a nagging pain

figuring out

how much
resistor precision
to buy.




Then Corning changed the rules.

The new CORNING® C-style Resistors handle
precision, semi-precision and general

purpose applications. What could be easier?
They offer precision stability and

reliability at far less than precision prices.

100 ppm TC. 1, 2 and 5% tolerances. Performance require-
ments of both MIL-R-22684B and MIL-R-10509F, Char. D.

New C-Style Resistors come with 1/10, 1/8, 1/4,
1/2 watt ratings, in the 10 ohm to 499K range.
Samples and complete data for the asking.
Meanwhile, we’re looking for more

changes that will improve resistors.

That’s how we’ve earned our qualifications

for exceptional stability and for reliability.
That’s how our line of glass tin oxide film
resistors has grown to be one of the most extensive.
Including precision, high reliability, low power,
high power and water cooled types.

Corning Glass Works, 3901 Electronics Drive,
Raleigh, North Carolina.

CORNING
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Resistance-to-frequency conversion
can be made directly by modification of a Colpitts
oscillator. A simple analysis is developed.

A single transistor circuit in a modified Col-
pitts oscillator configuration can be used to con-
vert resistance changes directly into frequency
variations.

In many applications (thermistor temperature
sensors, photocell light intensity monitoring, strain
gauges, etc.) sensors capable of changing their
resistance in response to the physical variable in
question are used. The output of such sensors is
usually AM; that is, resistance changes cause
variations of the applied voltage. To reduce the in-
fluence of the transmitting channel, it is in many
cases more convenient to transmit such changes
to a central processor in terms of frequency rather
than voltage amplitude. For this, intermediate
voltage-to-frequency converters (voltage controlled
oscillators—VCOs) are required.

The techniques described in this article can be
used to design oscillators that are resistance-sen-
sitive and thus eliminate the need for VCOs.

The basic oscillator circuit is analyzed by a
powerful technique that avoids complicated loop
equations. This approach also gives insight into
the parameters that determine oscillation frequen-
cy. An expression for frequency vs resistance is
developed, and experimental data are compared
with the theoretical results.

Active and passive components are separate

For the purposes of the analysis, the circuit of
Fig. 1a may be considered to consist of two parts
—active (transistor) and passive (all other com-
ponents). Thus an equivalent circuit (Fig. 1b) can
be used for the analysis. The following equations
may then be written:

V1 = Ry T+ Rz Uy (1)
1o = hs i1+h22 V. (2)

These equations completely characterize the tran-
sistor. A set of hybrid parameter equations for the
associated passive network can also be written.

Gordon Silverman, Electronic Engineer, Rockefeller Uni-
versity, New York.
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These will be characterized by a set of H param-
eters and must include the fact that the sense of
some of the variables relative to the transistor
network has been reversed. Thus:

) :H11i1’+H12(—v2) (3)
2.’ = H,, i1’+H22(_Uz) (4)
Since i’ = 4, and 4’ = 1,, Eqs. 8 and 4 may be
substituted into Eqs. 1 and 2, with like terms
equated. In treating each portion of the complete
network, it is not necessary to consider the inter-
action between the passive and active networks;
that is, each set of hybrid parameters may be
treated independently. Substituting gives:
—H; 6+ H v, = Byt + by, Vay (5)
Hg 0y — Has V3 — RHay by 4 Bags Vs (6)

S RI LI R
> 680 68 1LH

cl
c2 “T> 0.001uF

/I + 1.5
= VoLTS

o

o
b=

b
1

c3 - S R2
0.01 1F > 1k

74 il

TRANSISTOR '
Vi | CHARACTERIZED BY | V2
| h PARAMETERS |

I PASSIVE CIRCUIT
/] CHARACTERIZED BY v2
H PARAMETERS ¥

®

1. Variable frequency oscillator uses only one transistor
(a). Note that if R = 0 the circuit becomes a standard
Colpitts .oscillator. The mathematical model of the circuit
using hybrid parameters is shown in (b).
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Collecting terms in Eqgs. 5 and 6 yields:
(b + Hi1)i + (hye — Hyp)v, = 0, (7)
sy — He)in -+ (Hag + Hen)v, = 0 (8)

In an oscillator, the current 7, and voltage v, must
have non-zero values, for there must be some volt-
age or current present in the circuit if oscillation
is maintained. In Eqs. 7 and &, 7, and v. could both
be zero (the trivial solution), but this cannot be
the case if there is oscillation present. Eqs. 7 and
8 must therefore be a set of dependent equations.
This latter condition allows both 4, and v, to be
non-zero and at the same time provides an ap-
propriate solution to both equations. The depend-
ence condition produces the following relation
among the constants:

(h11+H11) (hrz—le) oL
(h21_H21) (h22+H22) o

This becomes: :

(hu+Hyy) (hoet+Hs,) — (hsy—H,,) (hi:—H1,) =0

(9)
In Eq. 9 the real and the imaginary parts can
be set equal to zero separately. Letting the imagi-
nary part equal zero yields the frequency at which
oscillation takes place, and equating the real part
with zero yields the gain requirements for the
circuit. Only the imaginary part of Eq. 9 will be
dealt with since the circuit gain is usually set
well above the minimum requirement and is thus

0.

of lesser consequence.

Table I shows the derivation of the H parame-
ters for the frequency selective network of Fig. 1a.
This network consists of L,, R, C,, and C,. The
table includes the parameter definitions, equivalent
circuits obtained when these definitions are ap-
plied, exact evaluations and the final parameter
values with the approximations that X, > X, (in
order not to disturb the tank circuit) and X, > R
(which should be satisfied over a range of opera-
tion so that X, provides the proper phase shift
of the tank current).

For example, H,, is the ratio of v, and 7, when
the output is shorted. The remaining circuit (as
viewed from the v, side) then consists of the
parallel combination of C,, and of R in series with
C,. The ratio is thus the input impedance of the
resultant circuit. When the approximations are
applied, the final value of H,, is R — jX,. The
remainder of the table follows in a similar manner.

To proceed now with the analysis: these hybrid
parameter values are substituted into Eq. 9:

: a7l 1
(h, + R - jX,) [hgz +]<—X2 % )]
X R A
— [l + T B 5 - ) = 0.

Since it is the frequency of oscillation that is of
interest, only imaginary terms of this equation

Parameters for frequency-selective network

Parameter Equivalent Circuit Evaluation Approximation Final Parameter Value
' ) AR
3 1 R Xy (R-jX)) 2 :
Hy=— | w=0 v, 2~ K = R-jX;
i l c R—le—jXZ X, > R
il—. T 2
v l : | R-iX, X > X X, ]
le:— |1:0 b & e = y A :—+j—
v | e ;:L | R-iX;-i%, X, > R Ky v
’ Xo 30K
I2 R R-iX, % ; %R
LA i Lo S i Tkt
h i gl L R-iX;-i%; Xe s R kM
Al 2
’ ¥ : | 1 1 X > X% /4 1
sz — Il =0 Az Va = J—i_ + R h = X_ 2 X_
‘V — . - -
2 4 o l 8 L 1A1T1%9 Yo o R 2 L
1
@ di i X
G el
Definition of parameters used in the analysis is demonstrated by the equivalent circuits ! | _1 0
(column 2) for various conditions (column 1). Analysis of each equivalent circuit using v ‘{R L wC,
standard network theory results in the expressions of column 3. Simplifying the assump- ‘ gif “ce 1 :
tions of column 4 results in the final parameter values in terms of the circuit components e b L 3 ol = X_
(column 5). 4]
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are collected. Multiplying out the factors and col-
lecting the j terms:

1 1

(h” + R) (—Y: o X,

SRR R
'[—( =1+X—Q)X’._T+"X_._,< *sz)]“ '

Making the substitutions X;,=1/wC;, X,=1/wC,,
and X, =wL leads to:

Lo

wC

1
0)02 (h“ + R) —E(IZ,“-F R) -

1

9

c C,
4 (hm . —-) @CR = wC.R (h.m 5 ) =

C, C,
or
@fCy (hea BRI = h”—;-g = % + w?h,, C,R
1
a?Oshle 0 C 2R
15 —C:—I = WICRh T T—l =0.

The final expression thus becomes:

2 L eSO
Sl

1

1
[C._,(h” ol ) Ceeh COR =S G R (2 2 ) ]

(10)

The frequency of oscillation as a function of R
predicted by this equation can be compared with
the experimental results. This is done by substi-
tuting the values for C,, C., and L of Fig. 1a and
by using the following values for the transistor
(common-base configuration):

h,, = 150,

ke, = 0.6X108,
hy = —0.978,
hiz = 5X104

When these substitutions are made and it is noted
that:

he/Ci< <(hi,+R) /L,
and
bz € << <102,

the following is obtained:

w? = (R+150)/68[10'¢/(15,000+22.2R)]. (11)
The plot of the above equation appears as the
theoretical curve in Fig. 2.

Theory compared with experiment

Equation 10 gives the frequency of oscillation
(actually w?) of the modified Colpitts in terms of
the circuit parameters. Notice that when R = 0 it
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2.7
- w—l
T
25|
>
(&)

4
Y23
[}
w
= EXPERIMENTAL

2.1 THEORETICAL ===

o
e | ] | I I I |
o 25 50 75 100 125 150 175 200
R (OHMS)

2. A plot of frequency vs resistance shows good agreement
between theoretical and experimental curves. Note that
for higher values of R the error will increase.

reduces to:
w® = (hll/L+h:l/Cl)1/C.. hn
= (1/LC:)+(h::/h11 C,C,),

which agrees with the ordinary Colpitts analysis.

For most applications, the following approxima-
tions are valid in Eq. 10: £../C.< < (h,,+R)/L
and h,, C, E is much smaller than the terms from
which it is subtracted. Consequently, h../C, and
h,,» C, R may be neglected. This is true because the
frequency of oscillation is approximately the fre-
quency to which the tank is tuned. The most criti-
cal parameter of Eq. 10 is 4.

For the grounded-base configuration the input
impedance is a function of the operating point
(hiy ~ K/I, where I, is the emitter current). Thus,
the circuit should be designed for a high degree
of emitter current stability. In this instance this
was made more difficult by the fact that the cir-
cuit was designed to operate at a low current level
to conserve power. This produced a relatively high
input impedance and a resultant high rate of
change of input impedance with emitter current.
The rate of change of input impedance is given
by dhq/dl, = k/L.2; for small I this is: arlarge
number. The input impedance is the impedance of
the base-emitter junction, which is essentially the
impedance of a forward-biased diode. Using the
ideal-diode equation and differentiating i with re-
spect to v shows that the impedance can be repre-
sented by 26/I,, where I, is the emitter current in
milliamperes. In the present case this would be
about 26 ohms.

For silicon transistors such as the one used in
the circuit of Fig. 1a, however, the problem is
more complicated. Silicon devices do not conform
to the ideal-diode equation. In addition, the
“ohmic” resistances of material far removed from
the junction, which is governed by the ideal-diode
equation, cannot be neglected. It is common for
silicon devices to have input impedances of about
75 ohms for 1 milliampere of emitter current.
Since the aim was to conserve power, operation
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was at an emitter current of about 0.5 milliampere.
Input impedance is inversely proportional to the
emitter current, so that for this case it was some
150 ohms.

For higher tank circuit resistances, the error
becomes excessive (as can be seen by extending the
curve of Fig. 2), culminating in an error of 11%
at 1500 ohms. This happens at frequencies high
above the tank’s resonant point because of an ap-
proximation used in deriving the expression for
frequency of oscillation. The assumption was that
X, is less than R. But at 3 MHz, for example, X,
is less than R, so that the assumption is invalid. At
2 MHz, by contrast, X, is at least 40 times as great
as R, which meets the assumption quite well.

The circuit discussed above was designed for a
biomedical application where the resistance was a
thermistor sensing the temperature of small an-
imals. Simplicity, small size, and low power con-
sumption were the major requirements of the cir-
cuit.

There are several other uses that can be made
of the device. The resistor can be a photocell and
the frequency variations will then be proportional
to the incident light intensity. Since the resist-
ance cannot be very large, the photocell may be
“biased” by a steady light source to keep it at some
desired level.

Another application may be in a low-impedance
microphone where the circuit can provide short-
range voice communication. For this purpose the
power output would have to be increased by aug-
menting the supply voltage and changing the bias-
ing arrangement so that the oscillator would op-
erate at a high power level. It would still, however,
retain its small size, which is one of the attractive
features of this simple circuit.

Still other applications would be in strain
gauges, resistive pressure sensors, or, in general,
any place where it is desirable for a frequency-
modulated output to be obtained from a resistively
variable sensor.

An important aspect of the described technique
is the simplicity of the analysis. Thus, the stand-
ard passive network analysis was used in spite of
the presence of an active element (transistor).
This approach, as was demonstrated in the accom-
panying curves, resulted in a very accurate circuit
performance description. Simplifications on the
basis of valid assumption led to a straightforward
expression for the output frequency as a function
of the tank resistor. Obviously, this technique may
be used in many similar situations. = =
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Who Makes & Delivers
Metal Film Resistors
In 20 Days ??7??7??

PYROFILM

PME-50 Metal Film Resistors

e Rating: 1/20 Watt e Tolerance:.1% to 1%
e Ohms:10to 1M e Temp. Coef: T-9, T-2, T-0
e Size: .060” x .150”

PYROFILM RESISTOR

COMPANY, INC.

3 SADDLE ROAD <« CEDAR KNOLLS, NEW JERSEY - 201-539-7110
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name because it pinched!

SPECIAL INSTRUMENTATION TO TEST MOTOR OIiL ADDITIVES

Monsanto helps solve problems
of more than 50 industries with
a broad mix of 1,000 products.

MONSANTO COUNTER/TIMER 1020

Are electronic test and measurement in-
struments chemicals? Hardly! That’s one
of the reasons the name pinched.

Yet we’re offering you versatile, top-
quality instruments featuring advanced
microcircuitry today.

Last year we produced 43 basic new
products of all kinds. New patents came
in at the rate of one for every day of the
year. We invested $70 million on research,
development, engineering and basic pat-
ent work last year, too, and the same
level and quality of innovative techno-
logical effort assure you of the best in test
and measuring instrumentation.

So just call us “Monsanto.” And call on
us when you’re seeking electronic instru-
ments to help solve your problems.

May we tell you more? Write Monsanto,
Electronics Technical Center, 620 Passaic
Avenue, West Caldwell, New Jersey 07006.
Or telephone: (201) 228-3800.

Monsanto

®
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Take a fresh look at filters: This approach
to filter design for mixers and harmonic generators
yields simple and lossless structures.

Ever notice how discussions of mixers and fre-
quency multipliers usually end by stating that
“unwanted frequencies can be suppressed by filter-
ing” ? Sounds easy. Yet, final designs often end up
with some rather complex composite resonant
filter networks. Usually the complexity is unneces-
sary. In addition, a good deal of useful power is
wasted.

Here is an answer to the problem. It’s a simple
design approach in which filters can be combined
in parallel to suppress any number of unwanted
frequencies without attenuation of the desired
output.

The basic circuit is shown in Fig. 1. To deter-
mine the values of its components, assume that it
is connected in series with a constant-current gen-
erator. The voltage drop across the filter will be
directly proportional to the filter’s impedance.
Thus the poles and zeros of the impedance deter-
mine the frequencies that will be selected and re-
jected, respectively. In this instance, the design
will be for a single pole, w,, since only one fre-
quency should appear at the output. The pole is
located between two zeros, w1 and w2. Arbitrarily,
let:

w2 > wp, > wl. (1)
It can be seen from the circuit that the two zeros

are located at:
wl = (L1C1)-%, (2)

and

w2 = (L2€2)2, (3)
At the pole frequency, the parallel combination
of C, and the effective capacitance of branch 2
will be assigned an arbitrary value, C,. Then the

effective inductance of branch 1 must resonate
with C, at w,. Hence:

w, L1 —1/0,C1 =1/w,C,. (4)

Frank W. Noble, Electronic Engineer, Laboratory of Tech-
nical Development, National Heart Institute, Bethesda, Md.
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Substituting the value of L1 from Eq. 2 and solv-
ing for C1 yields:

Cl =Chl(wy/w1)2—1] . (5)
Solve for L1 by substituting Eq. 5 into Eq. 2:
L1 =1/C,(w,2—w1?). (6)

Now we know that the effective capacitance of
branch 2 at the frequency w, must be C,—C,. Thus:

(1/w,C2) —w, L2 = 1/0,(C,—Cy).  (7)

Substitute the value of L2 from Eq. 3 and solve
for C2:

C2 = (Cp,—Cy) [1— (wp/w2)*]. (8)
Solve for L2 by substituting Eq. 8 into Eq. 3:
L2 = 1/(C,—C,) (022—wp?). (9)

There are three useful degenerate forms of this
circuit, depending on the values of the zeros and
poles:

(1) If w1 = 0 and w2 = o, We obtain an or-

Breadboard model of composite filter, tested by author
Noble, is designed for a 20-MHz flow meter.
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dinary parallel resonant circuit, as shown in Fig.
2a. Here L1 = 1/C, »,* and C2 = C,.

(2) If w, > w1 > 0 and w2 = w, the circuit in
Fig. 2b is the outcome, where C1 and L1 are
given by Eqs. 5 and 6, respectively.

(3) If w1 = 0 and © > w2 > w, we obtain the
circuit in Fig. 2¢, where:

Ll =3 /Gy e7,
L2 = 1/C (02’ wy?),
C2 = Cpl[1— (wp/02)2].

Under certain conditions further simplifications
are possible. For example, C, in Fig. 1 is not re-
quired, provided that the external circuit has zero
net reactance at w, and the designer is willing to
adjust all components to exact values. But the
external circuit is usually capacitive, which will
automatically set a lower limit for C,. And setting
all components to exact values is an unnecessary
nuisance which can be avoided by the inclusion of
a sufficiently large C,. It is then possible to set
C1 and C2 approximately, adjusting the zero at
wl with L1 and the zero at w2 with L2. The pole
at o, is then adjusted by varying C,.

Some provision must be made to supply dc to
the active device. This can be done by shunt-feed-
ing with a resistor, with an RF choke or with the
circuit of Fig. 2a. The resistor must be large
enough to prevent an appreciable reduction in the
pole impedance; but if it is too large, it will
usually produce an excessive dc drop. If a choke
is preferred, its reactance can be canceled by C,.
The combination of the choke and C, will, however,
occupy about the same space and cost more than
the parallel resonant circuit of Fig. 2a. This circuit
has the additional advantage of being adjustable
to supply either a capacitive or an inductive re-
actance at w,. This feature may be very useful in
composite filters.

A composite filter is a parallel combination of
these circuits. Any number of filters having the
same values of w, may be thus connected. The
composite filter will have a pole at w, and all the
zeros of the individual filters. Other poles will
appear, but since these do not occur at frequencies
which must be suppressed, they will cause no harm
unless noise is a consideration.

The first filter should preferably be of the form
of Fig. 2a to provide a dc path and a variable
reactance of either sign. Then filters of the form
of Fig. 1, but where C, = 0, would be designed to
suppress pairs of undesired frequencies on oppo-
site sides of w,. Finally, filters of the type of Fig.
2b or Fig. 2¢ would be designed to suppress the
remaining spurious frequencies.

The final circuit may be simplified by substitu-
tion of a single equivalent capacitance or induct-
ance in place of two or more similar components
which occur in parallel. = =
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Co[e-u2] Eo-cy] [w3-wh)
a&cv
TC|:CD [(.‘u‘j_ll’)-ﬂ TC::[cp-Cv] [ -(3—:)2]
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1. Simple filter replaces a cascade of resonant circuits at
the output of mixers and frequency multipliers. It ef-
fectively suppresses unwanted pairs of frequencies at the
opposite sides of the selected frequency, w,.
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2. Degenerate forms of the circuit in Fig. 1 are useful
in composite filters, in conjunction with Fig. 1. The or-
dinary parallel resonant circuit (a) should be the first
section, to provide a dc path for the active element and
a variable reactance of either sign. Frequencies not sup-
pressed by Fig. 1 may be eliminated with either (b) or (c).
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a premium-grade, universal
OPERATIONAL AMPLIFIER

SO stable thatit...

¥ Maintains 3 pv/Volt with
unregulated power supplies
from + 8to + 25 volts

“|s capable of replacing over 70%
of all op amp typesinuse today.

“Provides anew degree
of freedom from offset and
common-mode errors.



the Nexus
ultra-stable

USL-1

An unprecedented breakthrough
in operational amplifier technology

The USL-1 is a designer’s dream . . . a high-per-
formance operational amplifier which can operate
from almost any existing power source, and which
provides stability and common mode rejection or-
ders of magnitude better than any prior state-of-
the-art amplifier.

Because this new unit provides virtual immunity
from input power variations, it can be operated
from dry or wet batteries, automobile or aircraft
electrical systems, digital equipment and compu-
ter power supplies, or any other convenient source
of power providing between —8 and —25 Volts
and +8 and +25 Volts. It is not even necessary
that the two input voltages track each other.

The USL-1 is so nearly universal in application
that it could readily replace over 70% of the op-
erational amplifiers currently in use . .. and do a
better job. It frees the designer from the power
supply restrictions normally imposed by conven-
tional amplifiers, and offers him greatly improved
performance in many applications. For example,
because of its extremely high common mode re-
jection, it functions more accurately than other op
amps when used as a voltage follower, subtractor,
non-inverting amplifier, etc.

The USL-1 is a premium, encapsulated unit, in-
corporating high-reliability military-type compo-
nents and all-silicon semiconductors. A lower-cost
commercial version (ESL-1) is also available for
shipment. The latter, developed for use in less de-
manding applications, also uses all-silicon semi-
conductors, and provides specifications which are
.extraordinary compared with conventional units.

USL-1 & ESL-1 TYPICAL SPECIFICATIONS

Supply voltage (USL-1) . . . . . . . ., ==8to==25volts
Supply voltage (ESL-1) . . ., . . . . . =8to=16volts
Output voltage & (USL-1) =20 volts from =25 V supply
common-mode voltage . . =10 volts from =15 V supply

= 3 volts from == 8 V supply
Output current . . « . . . . . . ==5mAatanysupply

voltage within range

Overload protection . . . . . Fullyprotected against short-
circuits, overload, overdrive

Common-mode rejection . . . « . . . . . . . 130dB
Input impedance . . . . . . . . . . . 0.3megohm
Power supply rejection . . . . . . . 3uV/Volt (0.3 na/V)
Gain (into 10K load) (USL-1) . . . . . . . . . 100,000
Gain (into 10K load) (ESL-1) . . . . . . . . . 50,000
Temperature coefficient (USL-1) . . . . . . . . 3uV/°C
Temperature coefficient (ESL-1) . . . . . . . . 10gxV/°C
Slewing rate P R et R e s S T TR
Common-mode stability . . . . . . . 3uV/Volt(0.3na/V)
Case size . . . . . . . . 2.02”()x1.14” (w)x0.62” (h)
PRICO TUSET) © o v 4 s e e e N e e N5 (140)
PricR (ESESY) o ¢ v » 9 e a posl wimis aialt e B99{19)

Send today for full details on this exciting new
operational amplifier

NEXUS

RESEARCH LABORATORY, INC.

480 Neponset Street, Canton, Mass. 02021 —TEL: (817) 828-8000—TWX (617) 828-1022

Prices F.0.B. Canton, Massachusetts.
Prices slightly higher outside North America.
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Use integrated circuits in process controls
to achieve circuit stability and sophistication at
lower costs than previously possible.

In proportional control systems, off-the-shelf
integrated circuits have the advantage of lower
drift or higher set-point stability than can be ob-
tained from magnetic amplifiers or thyratrons.
Two IC operational amplifiers, a passive lag net-
work and an SCR can be combined into a compact
time-proportional control system with an adjust-
able nonlinear output response. This latter ar-
rangement simplifies the task of compensating for
the inherent nonlinearities in a particular indus-
trial process.

A conventional proportional control—a posi-
tion servo, for example—produced an output that
is a linear function of the difference between the
input and the reference, or set-point, signal. Fig-
ure 1 demonstrates this relationship with all vari-
ables expressed as percentages of full-scale values,
as usual in control theory. If the input signal is
defined as the controlled variable, [,.;, and .., is
the reference, or set, point and X, is the propor-
tional band, output V becomes:

V == (Ia('f_Is(’I)/Xp-

Control designers frequently object to using pro-
portional controllers and turn instead to time-
proportional controllers. Since time-proportional
controls use simple ON/OFF actuators, like a
relay or magnetic switch, these control systems
are far simpler, cheaper, and more reliable. Elimi-
nation of the costly servo amplifiers that are re-
quired in straight proportional controllers is a
particular saving.

In a time-proportional control (see Fig. 2), the
proportional output is fed to a threshold detector
that converts the signal into a square wave. The
duty cycle (§) of the detector, is a function of its
input signal, V, and varies from 0% to 100%. The
relationship is:

3 = T(;,\v/(T().\'+ T()l-‘l")y
where

T,y = time that actuator is ON,
Torr = time that actuator is OFF.

Roland E. Best, Systems Project Engineer, Sandoz, Ltd.,
Basel, Switzerland.
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The output voltage of the detector is either +FE or
0 volts. The actuator is defined as ON when the
output is at +E volts and OFF when it is at 0 volts.
The operation of the threshold detector is best ex-
plained by reference to Fig. 3. Assume that input
signal V exceeds voltage E., present at capacitor
C. The threshold detector then flips into the high
state. C starts to charge with a time constant
T, = Ri1C towards +FE volts. As soon as E, ex-
ceeds V by the amount H, the hysteresis of the
detector, the output swings back to the low state.
Now C discharges, with time constant 7. = R2C,
toward ground potential. When E . again equals V,
the threshold detector switches into the high state,
and the cycle repeats until V goes to 0 volt and
the duty cycle is reduced to 0%. Values of T,y
and 7Trr are calculated (0 = V = E — H) to be:

Tov=T:In [(V_E)/(V*E-FH)],
Torr = T, 1n [(V+H)/V]
The duty cycle, §, is given by:

In[(V-E)/(V-E+H)]
In[(V-E)/(V-E+H)]1+T.m[(V+H)/V]/T,

Note the ratio 7./T, in this equation. The conven-
tional proportional controller, shown in Fig. 1, is
described by only a single curve, but in the time-
proportional control, a set of curves is obtained.
These curves, shown in Fig. 4, are a function of
the ratio 7,/T.. In this example, H is equal to
0.2 E. Though the §-curve is nearly linear when
T,/T. = 1, a wide choice of nonlinear curves can
be obtained if 7',/T. is altered.

Nonlinear controllers offer distinct advantages
over the more conventional linear ones. First,
many processes are inherently nonlinear; for ex-
ample, in waste-water pH-neutralization, the pH
value of the effluent is a nonlinear function of the
flow rate of the neutralizing ingredient. The over-
all transfer function of such systems may be lin-
earized by selection of a suitable nonlinear 8-curve.
Secondly, the dynamic response of a control system
is dependent on the limits of the §-curve. When
T./T. is high, the controller sensitivity, ds8/dV,
is at a maximum at the set point. As the deviation
from the set point increases, however, the sensi-
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tivity is reduced. With this high ratio, a control
system has fast dynamic response, but tends to
overshoot and become unstable. For low values of
T,/T., the reverse is true. The controller is most
sensitive at the upper end of the proportional band,
and least sensitive at the set point. While the re-
sponse is slower in this system, the danger of
overshoot is less. The designer must select the
8-curve that gives optimum controller perform-
ance in a specific application.

In designing time-proportional controllers, note
that the switching action can introduce extraneous
signals into the control system. To minimize this
interference, the operating frequency is selected in
the region where the gain of the process transfer
function is at its lowest. Since the switching fre-
quency is a function of the deviation signal, V, it
is not constant. A reasonable approximation can be
obtained, however, by calculation of the operating
frequency at the middle of the proportional band:

1
In= T ATy M BT/ E—)]

IC duet drives SCR switch

An effective time-proportional control can be
designed and built with just two integrated op-
erational amplifiers. The circuit is shown in Fig. 5.

The first operational amplifier produces an out-
put voltage that is a function of the variance be-
tween the input current and the set-point current.
The set-point switches adjust one “set” current
flowing from the —15-volt reference into the sum-
ming node. The proportional-band switches ad-
just the amount of feedback current flowing from
the output of the operational amplifier, and make
the output proportional to 1/X,. The input current
(Lc¢) level determines, for any particular applica-
tion, the resistor values in these switching net-
works.

The second operational amplifier is the threshold

A |_PROPORTIONAL
BAND (Xp)
100%
s
=
2
=
3
(o]
4
& |
o
o
=
=
8
0%
CONTROLLED
Iser 100% VARIABLE
L ACT

1. The output of a proportional control, such as a posi-
tion servo, varies linearly with input signal deviation. To
operate properly, expensive and inherently unreliable
servo amplifiers are often required.
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detector. The hysteresis, H, is about 1.4 volts and
is set by the positive feedback path. The output of
the amplifier is either at a positive or at a nega-
tive saturation level. When the output is negative,
CR3 is cut off and the plus input is approxi-
mately equal to V. When the output is positive,
CR3 conducts and the plus input becomes 1.4 volts
more positive than V, because of the drop through
CR/ and CR5. Since E is 6.2 volts, as determined
by the Zener voltage of CR6, H is approximately
equal to 0.2 E. The duty cycle varies continuously
from 0% to 100%, as voltage V changes from 0
volt to 4.8 volts (K —H). Time constants T, and
T. are varied by adjustment of R1 and R2 in the
negative feedback loop. The 8§-curves measured
with this circuit agree perfectly with the calculated
curves (Fig. 3). The operational amplifier output
switches a silicon-controlled switch that is oper-
ating as an SCR. This latter drives a heavy-duty
relay which in turn activates the process control
actuator. In many cases it is possible to drive the
actuator directly with an SCR.

Adding one IC yields rate control

In many processes, simple proportional or time-
proportional control is not sufficient. More complex
controls are needed like proportional-plus-integral
(PI) control and proportional-plus-integral-plus-
derivative (PID), or rate, control. With these
controls, the input voltage to the threshold detec-
tor, V (see Fig. 4), no longer follows a linear
relationship, but is described instead by:

V(8) = [aet—1Lset) / X,] (1+1/8T), for PI,
and

V(&) = [{Lgoi—Lees) /Xp) (1 +8Le +1/sT;),
for PID,

where
s = complex frequency,

; = integral time constant, and

Td

=
l

derivative time constant.

Il

THRESHOLD
DETECTOR

SWITCH
<E V- ON -} ACTUATOR!
0 ViOFF !

2. Proportional amplifier output is fed to a detector,
where it is converted to a variable-width pulse. This pulse
controls a solid-state switch that, in turn, activates the
actuating relay.

119



VOLTS
‘ THRESHOLD
= DETECTOR OUTPUT
1 _H
Ef— o
-
o
, —
i

veH _ //”

I
2
S

INPUT /

VOLTAGE

B-EES, =S
le—Ton —pla—Torr—p!

PROPORTIONAL BAND Xp

100%—

80%

60% -

DUTY CYCLE (§)

40% —

20%

>

o INPUT VOLTAGE (V)

3. Since the detector output is a switched signal, it
introduces noise spikes in the system. To prevent this
interference, the pulse, at a 509% duty cycle, should have
a frequency outside the pass-band of the op-amp.

Thus the output of a PID controller is equal
to the sum of a proportional, an integral, and a
derivative function of the control deviation. The
integral portion is used to cancel the finite steady-
state control error inherent in proportional con-
trollers. By derivative action, the settling times
of the regulating system are reduced.

The simple controller described in Fig. 5 can
be converted into a PID controller by insertion of
an additional operational amplifier (see Fig. 6),
with the correct transfer function, between the
first and second amplifier. The circuit yields the
transfer function:

4. Different ratios of charge-discharge times alter con-
troller linearity. Adjusting R1 and R2 in the charging and
discharging circuits alters any nonlinear input and makes
it almost perfectly linear.

Wi(s) = — [(Ta/Ts)=t1 1 /sT:)=+8T5],
where
T, =R, C, and
T; =R;C.

Time constants 7'; and 7', are each adjusted inde-
pendently, by potentiometers R; and R; over the
range from 0 to 1000 seconds. In most cases Ty/T;
is approximately 0.25, and the constant term in
the transfer function becomes approximately 1.25
instead of 1, as specified in the equation. However,
this error only affects the proporfional band, re-

o——0

MAIN T0
s POWER o o ACTUATOR
ING4
. DIAL_PROPORTIONAL 3.9k e RELAY KI
(0)
BAND X, (%) oy 24V, 50mA
IN645 IN206 I
CR4 CR5
INPUT
FROM SENSOR = 3N84
OR PREAVP ACT T WA IN2069
¥ Iser :
24 Vac
TENS =
220pF
5t ~DIAL SET POINT (%)
E
e
|0RS 202 402 80

R g 2R¢ 4RQ BR.

5. Time-proportional control uses binary-coded switching
to select the reference signal (l..,) and the proportional
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CR6
IN4735
(6.2V) ZENER

band (X,). Parallel switch combinations can be added to
provide even finer: control.
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6. Single op-amp circuit adds integrating and

differentiating functions to the time-proportional control
in Fig. 5. Both the integrating and differentiating time
constants can be varied from O to 1000 seconds by
adjustment of R, and R,, respectively.

ducing it by a factor of 1.25, and can be corrected
by adjusting the proportional band with the selec-
tor switches.

Since extremely large integrator time constants
are often encountered in process control, bipolar
operational amplifiers, with their relatively high
input current and input current temperature co-
efficients (0.5 A and 2 nA/°C at 25°C, respective-
ly), could not be used directly. Instead, a FET
source-follower reduces the offset current at the
summing junction to less than 0.1 nA at 25°C.
This current doubles for every 10°C increase in
ambient temperature. By adjustment of R3 so
that the FET drain current is equal to I,g, the
FET operates with no voltage offset when Vs = 0.
The differentiating network (R; C) includes re-
sistor R4. Since pure differentiators are prone to
instability, they are usually modified by compen-
sating elements. = =
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If you thought
our "Compact” was
great @ $17.50...

look what we have
for *9:

It's our new TCD filter. And for the money, it's the finest filter
around. Bandwidth @ 6 db is 8 kc (minimum); at 60 db—20 kc
(maximum). Transformer input provides a DC path and an
input impedance of 40 K ohms, suitable for transistor and
vacuum tube circuits. We designed it specifically for CB,
mobile, aircraft and marine radios . . . put it in a package that's
less than .6 cu. in. The following specs are for our standard
model (but say the word and we’ll custom design to your
special requirements) :

#TCD-4-8D20A B/W @ 27°C Impedance
Insertion Loss: 5db max.| Center Freq.| max. @ 60db In Out
Temp. Stability : less @ 6db 20 kc max. 40 15
than 800 cps variation 455 = 1kc K ohms | K ohms
—20 to +60°C. 8kc min.

*For orders of 100 to 499. Complete TCD Prices:1-24 — $15ea;
25-99 — $12 ea.; 100-499 — $9 ea.; 500-1999 — $7.50 ea.;
2000-4999 — $6.50 ea. (Prices subject to change without
notice.)

Send order or request for free Technical Brochure to:
Piezoelectric Division, Clevite Corporation, 232 Forbes Road,

Bedford, Ohio 44014. c I_Ev l T E
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Any knob will turn the equipment on...
What you need is a knob to turn the user on!

You're an electronic designer, right?
And the things you do have to be func-

tional and economical and practical —but

beautiful, right?
So, okay, you know the problem.

The company comes up with a new gim-
mick to revolutionize the electronic industry
and they give it toyou to package. You sweat

over it for weeks; squeezing out the fat;
streamlining; building in clean, modern lines.

And, whenyou arefinished, it is functional,
economical and practical—but beautiful.

So you build it.
And what is it that the user (and buyer)
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sees first, last and most often?

The knobs. If they don’t turn him on, the
whole design leaves him cold.

Kurz-Kasch knobs turn on all sorts of elec-
| tronic devices produced by 3000 original
2 equipment manufacturers. They also turn on
users and designers. They’re functional and
economical and practical—but beautiful.

Write for the free 1967 Kurz-Kasch De-
signer Catalog and see what we mean.

STANDARD OWQ

nobs
- @

® . e

Kurz-Kasch, Inc.

Standard Parts Division
Dayton, Ohio 45401

KURZ - KASCH, INC.

FRACARD FARTS UVEON & M) ot Pt & GATION, T 3401
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Tell us your precision switch problem. ..
Is it reliability ?

Special characteristics?

Cost-to-quality ratio?

Delivery?

Potter & Brumfield’s experience in producing top rated contact pressures, gaps, materials, terminations or per-
electromechanical relays (more than a third of a century) formance characteristics. Any combination of these can be
provides an exceptional background for the design and designed and produced to your exact specifications.
manufacture of precision switches. COST-TO-QUALITY RATIO A plant designed exclusively
RELIABILITY Vibration, acceleration, shock, humidity, for switch production enables us to take advantage of all
electrical life and many other factors are tested as standard modern production techniques to provide top quality crafts-
procedure. Certification of tests is supplied on request. manship at competitive prices.

SPECIAL CHARACTERISTICS A well staffed engineering DELIVERY We can make next day shipment on most basic
department is at your service for almost limitless modifica- switches. Your local authorized P&B switch distributor has
tions, including configuration of actuators, operating force, them on his shelf for immediate delivery at factory prices.

POTTERsBRUMFIELD

Division of American Machine & Foundry Company, Princeton, Ind. 47570
Export: AMF International, 261 Madison Avenue, New York, N.Y. 10016

Better check out this big new source
for precision switches! ;s
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Check antennas before building them.
The Monte Carlo technique ensures that construction
and performance errors stay within allowed limits.

For the antenna designer, the Monte Carlo
technique is a perfect tool for predicting an anten-
na’s performance. Using this technique, he does
not have to be an expert in statistics or probabili-
ty to foresee expected degradations in perform-
ance and to estimate tolerable construction and
measurement errors. Knowing these factors, he
can save production time and manufacturing costs.

One integral is all the math needed

The Monte Carlo method involves the selection
of random numbers which permits a mathematical
simulation of random events. The statistical basis
for the Monte Carlo technique is the assumption
that the frequency of the error variations from
the specified design values follows a known dis-
tribution. This frequency distribution can be
obtained by plotting the distribution of a large
number of measurements, or else by assuming
that the variation follows a known distribution
such as the normal, or Gaussian, frequency dis-
tribution (Fig. 1). The equation that describes
this distribution is:

f = (exp—u?/2)/(2m) /% (1)
where

f = error frequency,

u = (x—m) /o=standard variate or normal-
ized error deviation with respect to the
standard deviation,

z = value of parameter under consideration,

m = specified design value of same parameter,

o = standard deviation.

With the assumption that such errors follow the
normal frequency distribution, 99.7% of the error
will not exceed +3¢, 95.5% will not exceed —+2¢
and 68.3% will not exceed —+o.

The cumulative frequency distribution associat-
ed with the known frequency distribution is
defined as the normalized summation, or integral,

B. M. Bowman, Senior Engineering Specialist, F. E.
Fischer, Senior Development Engineer, Electromagnetics,
Goodyear Aerospace Corp., Akron, Ohio.
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of the number of error variations from minus
infinity to some fixed error variation. The magni-
tude of the cumulative frequency distribution is
assumed to take on values of the selected random
numbers, R. In the case where the normal dis-
tribution is assumed for the frequency function,
the cumulative distribution is given by:

(z-m) /0

R = [ [(exp—u?/2)/(2m)"*]du. (2)

A numerical value of x may be established for
each of the random numbers by assigning a fixed
value to o.

These values of x are then used to simulate the
actual performance instead of m.

Four steps to practical results

The application of the Monte Carlo technique
may be systematized as follows:

1. Obtain an equation or empirical data that
expresses the performance characteristics as a
function of the parameter values. Determine the
design values of the parameters that will give the

I | | il

PROBABILITY DENSITY (f)

| |
=3 =2 = 0 +| +2 +3

NORMALIZED STANDARD VARIATE (u)
f+— 68.3% OF AREA —> |
95.5% OF AREA
99.7% OF AREA
1. With a normal error frequency distribution, 99.79%, of
the error will not exceed =3¢, 99.5% will not exceed

*+25 and 68.3% will not exceed *g.
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+3

+2

Table 1. Design parameters

U=(X-m)/o
N\

e
7 -

1

=3

000! 0005 0.99 0.998

005 0.0 0.50 0.95
0.999
CUMULATIVE FREQUENCY DISTRIBUTION OR RANDOM NUMBER, R

2. The normalized error depends linearly on the cumula-
tive frequency distribution. Here a normal distribution
such as shown in Fig. 1 is assumed.

desired characteristics.

2. Evaluate the cumulative frequency distribu-
tions versus parameter fluctuation for the param-
eters under consideration.

3. Select a random number for each of the
factors that is expected to vary from its assigned
design value.

4. Determine the actual parameter values by
applying the random numbers to the cumulative
frequency distribution. Then substitute the re-
sulting values in the relationship for the perform-
ance characteristics established in Step 1.

It is obvious from these steps that the Monte
Carlo technique is confined to problems where
there is a direct relationship, either theoretical or
empirical, between the performance characteris-
tics and the parameters that are being varied. For
example, the far-field radiation pattern of a slot-
ted waveguide array can be readily computed if
the relative amplitude and phase parameters of
the elements are known. The Monte Carlo tech-
nique could be used to evaluate the effects of
various electrical tolerances on the radiation
pattern for the case where the acceptance of a

given array is based on whether the measured

amplitude and phase of each element are within
certain specified limits.

However, if this technique were to be used to
evaluate the effects of various manufacturing
tolerances on the far-field radiation pattern, these
amplitude and phase parameters would have to be
expressed in terms of factors such as waveguide
tolerances, slot-length tolerances, slot-width
tolerances and slot-spacing tolerances. While
reasonable estimates of these structural tolerances
can usually be made, it is often difficult to trans-
late them directly into the antenna perfermance
characteristics.

How to get numerical values

The cumulative frequency distribution, which

ELECTRONIC DESIGN 1, January 4, 1967

Element no. Amplitude (a;) Phase (¢,)
1 1.000 0.00
2 1.694 8.48
3 1.388 33:53
4 1.723 72.83
5 1.180 99.81
6 0.574 19.21
7/ 0.916 58.66
S 0.780 125.05
9 0.634 47.46

10 0.740 38.00

describes the variation of the actual parameter
values around the design:values, can be presented
in tabular form.! A more convenient way is to plot
it on standard probability paper.

The cumulative frequency distribution versus
the parameter values, x, can be obtained from
measured data, or by assuming that the error
deviations are normally distributed. This assump-
tion is reasonable for many cases.

A plot of the cumulative normal frequency
distribution vs the standard variate, (x — m) /o,
is a straight-line plot on probability paper, as
shown in Fig. 2. The design value, m, is specified
by the required performance. The standard devia-
tion, ¢, may be selected by making the maximum
deviation equal to 8¢, or by determining the rms
deviation and calling this o.

The random numbers that denote the magni-
tude of the cumulative frequency distribution
should be selected from a table of random num-
bers in a systematic manner. Systematic selection
means that only sequential numbers in the rows
or in the columns, or only sequential numbers in
the corners of the subgroupings, or some other
regular combination of elements are chosen. Since
the cumulative frequency distribution is a normal-
ized function, its magnitude ranges from 0 to 1,
which specifies the range of the random numbers.

Phased array illustrates method

As an example of an application of this tech-
nique, consider the problem of determining the
effects of randomly varying amplitude and phase
on the far-field radiation pattern of an antenna
array.

Assume that a 10-element array is designed and
a suitable set of driving coefficients has been
selected. A sketch of this linear array
configuration is shown in Fig. 3. The chosen set of
coefficients is shown in Table 1. The far-field
radiation pattern for isotropic elements is:
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Table 2. Actual amplitude values

Element Random Error (dB) ‘ Error ‘ Modified
number numbers U= (Xai“ai)/fra (xai—ai) ratio amplitudes
1 0.49 0 | 0 | 1.00 ' 1.000
2 0.31 —-0.5 —0.05 0.994 ‘ 1.684
3 0.97 1.9 0.19 1.02 1.415
4 0.45 =0 —0.01 1 0.999 1.721
S 0.80 0.9 0.09 101 1.192
6 .57 0.2 0.02 1.02 0.585
7 0.47 =01 —0.01 0.999 ‘ 0.915
8 0.01 —2'3 —0.23 0.974 0.760
9 0.47 =071 —0.01 0.999 0.633
10 0.00 —3.0 —0.30 0.966 0.715
E = |A,+A.Z+AZ*+ ... +AZ°+AZ°, (3) § = viewing aspect from the line of the
where array.
E = far-field magnitude, The calculated pattern for a d/A» of 0.5000 is

A, = A,, exp jbn, shown by the solid curve in Fig. 3.

A,, = amplitude of field, Since the errors are assumed to be normally
¢, = fixed phase of each element, distributed, the next step in this analysis is to
Z = exp [j(2md/\)cos 6], postulate the spread, or standard deviation, of the
d = spacing between elements, variations for each parameter.

A = wavelength, Although error variations could also occur in

THEORETICAL PATTERN (NO ERROR)
= === g=0.dB AMPLITUDE, I1° PHASE
e = 0 =0.2dB AMPLITUDE , 2° PHASE
o= o «= 0 =0,3dB AMPLITUDE, 3° PHASE

6=90°

1 T

A A
—4-20 8 9
Lg 20 “39g...0 @

Lo [heded heded

—+-24

RELATIVE POWER (dB)
|

l | | | | |

(¢] 10 20 30 40 50 60

ELEVATION ANGLE (DEG.)

3. Far-field patterns for a 10-element array illustrate ex- The errors calculated in the text yield about 0.4 dB dif-
pected deviations from error-free performance (solid line). ference (dashed line).
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Table 3. Actual phase values

Modified

Element | Random |u=(x,-¢;) |Error (deg.) phases
number [numbers /e U=y -dh)| (x¢,)
1 0:57 0:2 0.2 0.2

2 0.16 —1.0 10 7.48

3 0.83 1.0 1.0 34.53

4 0.04 =157 =157 71.13

5 0.58 0.2 0.2 99.61

6 0.23 —0.7 =0:7 18.51

7/ 0.89 152 1.2 59.86

8 0.20 —0.8 —-0.8 124.25

9 0.78 0.8 0.8 48.26

10 025 —0:7 —0:7. 37.30

d/A, the only parameters that will be considered
are the amplitudes and phases of the elements. As
the errors cannot be smaller than our ability to
measure them, the minimum standard deviation
for each parameter is set equal to the standard de-
viation of typical measurement errors. Based on
specifications for test equipment and on experi-
ence with RF measurement, a rms (or standard
deviation) error of 0.10 dB in amplitude and 1.00
degree in phase is achievable without much
difficulty.

Now typical amplitude and phase errors are
determined for each element by selecting random
numbers from a table of random numbers. The
selected random numbers for the amplitude and
phase coefficients are listed in the second column
of Tables 2 and 3.

The third column of the tables, denoted (x—m)/
o, represents the ratio of the parameter error
(x—m) to the standard deviation, ¢, for each
random number. These may be read off from Fig. 2.

The error column is given by the product of
(x—m)/oc and o. Recall that the standard de-
viation for the amplitude was 0.1 dB, and for
the phase, 1.0 degree. Since the amplitudes were
assumed to vary statistically in terms of dB, the
amplitude error was converted to a ratio and then
multiplied by the coefficient, to obtain the modified
value.

The modified amplitudes and phases yield a new
pattern (dashed line in Fig. 3) which can then be
compared with the theoretical pattern.

The curve in Fig. 3 shows that the postulated
errors would probably result in maximum pattern
variations of about 0.4 dB. The procedure is re-
peated with different sets of random numbers to
simulate typical pattern variations, as shown by
the dashed lines in Fig. 3. m =

Reference:

1. Reference Data for Radio Engineers (4th ed,; New
York: International Telephone & Telegraph Corp.), p.
BT
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EMI/RFI SHIELDED ENCLOSURES
... EIA CABINET MOUNTED
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60 STANDARD
ENCLOSURE
SIZES AVAILABLE . ..

By-pass your EMI/RFI packaging problems by select-
ing from ten standard front panel sizes, each quickly
available in six enclosure depths, from 12” to 27”.

These sixty standard EIA shielded and vented en-
closures are provided with removable top and bottom
covers, front and rear panels. Every shielded en-
closure features standard EMI/RFI-tight vents. All
cover and panel seams are EMI/RFI gasketed. Captive
fasteners and screws are included, properly spaced
to insure effective shielding. The standard enciosures
readily accommodate slides for drawer installation. Call
or write today for data sheets, parts information and
EMI/RFI shielding effectiveness reports . . save
valuable time in your design and procurement activities.

West

427 Olive Street

Santa Barbara, Calif. 93101
(805) 963-2214

Dermody Street
Cranford, N. J. 07016
(201) 272-5500

Technical Wire Products, Inc.
129 Dermody St., Cranford, N. J. 07016

Yes, I'm interested in your new EMI/RFI Shielded EIA
Rack Mounted Enclosures. Please send me data sheets, parts
information and effectiveness reports via Air Mail.

Name Title

Company

Street
City

State
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And some 200 devices at points
in between.

A full line of control. That’s
how General Electric handles
your design job or application
problems.

Devices that can start, stop,
switch, sense, count, indicate
—all from a single source.

But that's not all. We're de-
veloping more. That's what
makes us the “Leader in Con-
trol.” And we intend to keep it
that way.

A look at some G-E innova-
tions is proof of that. Read on
and see:

Operating arms for CR115G
Limit Switches give over 10,000
variations / CR115H Limit
Switches with eight operating
heads for critical-space, high-
speed applications / Sensing
heads for Proximity Limit
Switches / Vane-operated Limit
Switches for detection of re-
petitive motion without con-
tact / New Thumbwheel
Switches with up to 24-unit
assemblies / Miniature Oil-
tight Push Buttons with 21
different operators / Magnetic
Motor Starters in seven sizes,
open or in nine NEMA en-
closures /| Terminal Boards for
most applications / Small CR-
120H Relays with maximum
mounting flexibility / New ele-

ments for Transistorized Static
Control / Mounting track for
High-fidelity Relays |/ Printed-
circuit Reed Switch Relays now
make over 500 forms available
| Pole adders give you up to 12
circuits with one 300-volt In-
dustrial Relay /| New Solid-
state Power Relays for ex-

3

New General Electric Fluidic Elements

tremely rapid cycling opera-
tions where fidelity is vital /
New Motor Starting Switches
for use where overload protec-
tion is not needed |/ Pilot
Lights with unbreakable
Lexan* lenses /| Punch Press

Push Button forms / Small
Reversing Drum Switches with
up to 12 circuits.

Plus, a line of all-new fluidic
elements. This is a recent in-
novation in control operation
which uses the interacting flow
of a liquid or gas to create
logic systems that sense and
control machines or processes.

If you're interested in seeing
what else is new in control,
just contact your nearby G-E
Sales Office or Distributor. Or
write to General Electric Com-
pany, Section 811-90, Schenec-
tady, N.Y. 12305.

* Trademark of General Electric Company

GENERAL PURPOSE
CONTROL DEPARTMENT,
BLOOMINGTON, ILLINOIS

LEADER IN CONTROL

GENERAL
ELECTRIC

ON READER-SERVICE CARD CIRCLE 60
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These circuits create more problems
than they solve, if they are used very skillfully.
Start by omitting them from your next design.

The following collection of novel circuits is
designed especially to cheer design engineers who
have problems. You can be sure they won't work.
But unlike your own unworkable circuits, these
may at least be good for a smile. Most of them
contain features that, as yet, remain largely
uninvented. Some unfamiliar symbols are used
occasionally, and rightly so; electronics is rapidly
running out of good symbols, and it seems essen-
tial to grab some of the few remaining ones before
they are all used up. Although these circuits are
presented as an antidote to design drudgery, they
may inspire equally off beat, but workable ideas. So
hold on to your guffaws and read on!

Asymmetric drominal: a biagonal electron shooter

Note the lack of any bias source in this clever
flip-flop-zip-zap-whammo circuit. Power is ob-
tained from a simple but seldom tapped source—
the air. Air is always ionized, either positively or
negatively. Much work has been done recently on
the effects of this on human activity (people seem
to work better with high negative-ion concentra-
tions), but so far most designers have overlooked
this free source of bias. One arrow tip of this
circuit is picking up ions from the air; a special
coating of material provides an excellent imped-
ance match to the air’s high dielectric constant.
Assume this is happening at the left arrow. Then,
Q. is cut off. Meanwhile, Q. is saturated, and
emits a steady stream of electrons from the right
arrow for whatever purpose the designer may
have in mind.

Triggering occurs each time a signal of any
type is applied through unipolar resistor R, or
R., depending on which transistor is cut off at
that moment.

This circuit, like people, works best on days
with high negative-ion concentrations. It has been
used on occasion, with some success, to prod
sleepy technicians.

Minority-carrier vacuum amplifier: a panacea

Here’s an ideal combination in which a partially
semiconductive device is grid-controlled in a small
tube envelope. Operation of this device asymptoti-
cally approaches that of a voltage- or current-

Bert Pearl, Bell and Howell, Chicago.
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amplifier. It makes no difference what you’re used
to designing, any old tube circuit will work just
fine with this device thrown between some cou-
pling capacitors. But the amazing part is that the
same thing goes for any familiar transistor ampli-
fying circuit.

The split-level collector-plate acts somewhat
like the familiar screen grid in a pentode. Design-
ers who so wish can bring a lead out to give some
control of the collector current, or voltage, or
whatever. But this is inessential unless the design-
er is particularly fussy. The operation under these
conditions should be obvious to even the most
casual observer.

Recent tests suggest that even field-effect men
can make use of this versatile hybrid without
learning a single new thing.

Symmetrical quadral: a high powered FLOP

At first glance, you might confuse this
configuration with the classic power amplifier.
However, should you proceed beyond the rather
trivial analysis of its dc equivalent, you will dis-
cover certain startling characteristics which

. combine to produce a true FLOP.

With components connected as shown (intelli-
gently approximated values, of course), the out-
put of 7', (tube, transistor, or what have you) will
decay to zero in the interval from t = 0- to ¢t =
0+. It should therefore be clear that this circuit is
a true FLOP.

Bifurcated trumlobe: a hot non-vacuum device

No attempt at exhaustive analysis of this cir-
cuit will be attempted here. It is hoped, rather,
that the reader will be sufficiently intrigued by the
unique characteristics of the devices employed to
attempt a qualitative analysis on his own. Such
effort will enhance his ability to deal with circuits
of even greater complexity.

It is sufficient for our immediate purpose to
note that the interesting arrangement of the
vacuum diodes (i.e., anode and cathode in an
evacuated glass envelope circa 1940) has absolute-
ly no effect on the voltage appearing across the
resistance, regardless of the value of the resist-
ance. The less familiar devices shown connected to
the triodes represent a significant and highly
classified advance beyond the frontiers of technol-
ogy. To work, they must be immersed in gin.
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Full-wave zenar: a real ripple-remover

Cardioid inputs to this circuit are coupled to the
base of the vacuistor (vacuum transistor) and,
when a sufficient level is reached, the vacuistor
will conduct, causing the tangentially controlled
switch to close. At this point, the full cardioid
input is applied to the zenar devices, which, in
keeping with their not too well-known character-
istics, cease to conduct, thereby completely elimi-
nating ripple from the output of this novel circuit

Multi-coupled tetracomer: an 8.3-phase shiphter

Occasionally the designer needs an odd-phase
combination. Seldom has an odder combination
been achieved than in this multibranched circuit.
The unusual intermingling of turns between the
inductors leads to fractional splitting of ordinary
sine waves fed into the network. Before they are

emitted at other junctions, phases are split,
differentiated, operated on and generally recon-
structed. An ordinary 3-phase signal fed in will
give a total of 8.3 phases emitted from the various
terminals.

This could prove useful, say, for a damaged
motor which no longer runs synchronously on a
simple 3-phase signal; or it could provide an
interesting test signal for checking malfunctions
in digital computers, or for inducing malfunctions
so that the checking procedure itself could be
checked.

If you can think up an idea for a humorous
electronics article, send it to Roger Kenneth Field,
ELECTRONIC DESIGN, 850 Third Ave., New York
City 10022. The best articles will be published and
their authors will be paid at the standard ELEC-
TRONIC DESIGN rate. A touch of humor can make
the design week brighter. = =
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MIL-T-713 LAGING TAPE isn't
right for every harness job!

- GUDEBROD sells plenty of it (Gudelace 18)
e — DU Makes 172 other™ tapes too!

-

« Tapes for high temperatures,
burnproof tapes, tapes for
uter space and vacuum use.

Tapes for heavy cabling and for
small units, color coded tapes.

o They all tie tight.
Ask about them.

*And they all exceed MIL-T performance requirements

Saturn rocket inertial guidance stabilized platform produced at The Bendix
Corporation’s Eclipse-Pioneer Division. Wiring laced with Gudebrod Tape.

With every advancement in electronic technology, for every new

electronic application there is need to review your harnessing practices GUDEBROD CABLE-LACER

and materials. If your harness department is struggling to make-do The first hand tool engineered for wire harnessing.
with the lacing tape they have always used—they may be wasting time Handle holds bobbins, feeds tape as needed,

and money as well as heading for rejects. Gudebrod has pioneered in grips tape for knotting. Speeds, eases

producing special tapes—for particular applications, and to meet harnessing. Pays for Rk

customer’s specifications. Available at Gudebrod is a stock of 173 itself in time saving. P

types of lacing tape—and a wealth of harnessing information. Why ! /

not consult with Gudebrod! \

Area Code 215, WA 2-1122

G UDEBROD BROS. SILK €O., INC.

FOUNDED IN 1870
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s
12 SOUTH 12th STREET, PHILADELPHIA, PENNSYLVANIA 19107
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DESIGNERS 1985

THE DESIGNER: Raymond Loewy/William Snaith, Inc.
THE DESIGN: Teaching Flotilla

THE TRACING MEDIUM: Bruning Five Hundred
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THE DESIGNER: There is scarcely an aspect
of design in which the Loewy/Snaith touch

has not figured prominently during the last
thirty years. The firm is internationally known
for its concepts of automotive designs,

product development, specialized architecture,
packaging and corporate identification.

THE DESIGN: Heli-lifted classrooms may be
transported to every corner of the earth by 1985.
Underdeveloped peoples may be schooled by
carefully planned curricula beamed out from a
computerized master teaching center.

The lessons would be projected in 3-D to provide
realistic simulation. Transmittal would ride
laser beams, relayed by satellite. A second
teaching unit would receive 2-D transmission

via television signal. The helicopter

lift idea opens the most backward areas

to advanced education techniques.

THE TRACING MEDIUM: Bruning Five Hundred.
By 1985 there will undoubtedly be

improvements in this fine tracing paper

as a logical result of Bruning’s endless program

of product development. One thing will

not change: the superb quality of Bruning

Five Hundred for its time. That quality

will be uniform, sheet after sheet,

roll after roll, year after year.

Have you tried it yet? No? Then you're living
in the past. Call your Bruning man for a sample
of Five Hundred. And if you'd like additional
copies of the Teaching Flotilla design

and others included in this series, simply write
Designers 1985, Charles Bruning Company,

1800 W. Central Road, Mt. Prospect, Ill. 60058.

ot Brunlng

Division of Addressograph Multigraph Corp.
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If your answer is yes, and you
mean it, you may be surprised
to learn you're a rare animal.
You're also the kind of profes-
sional engineer who belongs at
Sprague Electric.

A professional is more than some-
one who gets paid. He’s a man
who does his best, all the time.
Even when no one is watching
him.

At Sprague we recognize the
value of professionals, which is
probably why our engineering
turnover rate is about the lowest
in the industry.

As the nation’s largest, fastest
growing manufacturer of elec-
tronic components, we're looking
for more professionals to join
us. We have 25 plants in the
U. S. (including a new 130,000
sq. ft. microelectronics facility in
Worcester, Mass.) and we have
opportunities in nearly every one
of them.

In fact, we have more opportuni-
ties than we can sensibly squeeze
into one advertisement. So if you
don’t see your particular quali-
fications in the following list, call
or write to us anyway. We may
both be pleasantly surprised.

ELECTRICAL/

ELECTRONIC ENGINEERS
Solid State Circuit Product De-
velopment ° Digital Circuit De-
sign * Pulse Forming Networks *
Component Test Equipment De-
sign °* Integrated Circuit Design
* Component Q. C. * Linear Cir-
cuits Design * Microcircuits De-
velopment * Manufacturing
Engineering °* Interference Con-
trol * Instrumentation * Miniature
High Voltage Fabrication * Regu-
lator Design * Semiconductor
Test * Semiconductor Reliability
* Product Marketing * Magnetic
Components Design * Electrical
Standards Engineering * QAR
Engineering * Integrated Circuits
* Production Engineering °

CHEMISTS/PHYSICISTS/
CHEMICAL ENGINEERS

Paper, Film, Ceramic, Electrolytic
or Tantalum Capacitor Develop-
ment * Microcircuit Product and
Process Development ° Organic
Finishes and Molding Compounds
* Hybrid Microcircuit Process
Formulation °* Electronic Com-
ponent Process Development °
Pilot Plant Supervision ° Evap-
oration Techniques °® Materials
Processing Engineering °

IF WE
GAVE YOU
YOUR HEAD,
WOULD YOU
WORK
IT OFF?

MECHANICAL/
INDUSTRIAL ENGINEERS

Automatic and Semi-Automatic
Manufacturing Equipment De-
sign * MIL SPEC Electronics As-
sembly Production ° Materials,
Methods and Processes Engineer-
ing * Machine Design ¢ Produc-
tion Control (Manager) * QAR
Engineering * Capacitor Produc-
tion Equipment Planning *

At this point you can either an-
swer this advertisement immedi-
ately or file it away for future
reference. We’ll have opportuni-
ties available at Sprague Electric
next month. And next year, too.
However, by then you may be
reporting to the man who an-
swers this ad now.

For prompt consideration of your
qualifications, forward your re-
sume to Mr. John Miller, Cor-
porate Manager Recruitment and
Staffing, 1025 Marshall Street,
North Adams, Massachusetts
02147. An equal opportunity
employer.

SPRAGUE

THE MARK OF RELIABILITY
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CAREER INQUIRY - confidential

Respond to the career opportunities advertised in this issue. Fill out and send us this handy resume.
Electronic Design will do the rest — neatly typed copies of this form will be mailed to the companies of
your choice, indicated by the circled Career Inquiry Numbers at the bottom of this page.

Name Home Phone
Home Address (Street) : City lState : ZIP Code
! | |
Age U.S. Citizen Security Clearance
_I Yes I—l No

Prime Experience

Secondary Experience

Desired Salary

Availability Date

Employment History — present and previous employers

Company

City, State

Dates

to

to

to

Title

Specialty

Education — indicate major if degree is not self-explanatory

Degree

College

City, State

Dates

to

to

to

Additional Training — non-degree, industry, military, etc.

Professional Societies

Published Articles

Career Inquiry Numbers:

900 901 902 903

810 S .92 93

904 905 906 907

914 915 916 917

908 909

918 919

ELECTRONIC DESIGN
850 Third Avenue
New York, New York 10022



From the outside, it’s hard to tell the impact of
General Electric’s role on the Apollo program

Data Systems Engineers

Development, evalvation, and specification of requirements for
hardware and software data systems. BS Engineering or
Physics; experience should be in information systems fields.

Programming Analysts

Analysis of program requirements for on-line data systems.

Evaluation of candidate data system equipment from appli-

cation and programming flexibility point of view. BS Engi-
The high-speed automated systems we're neering, Physics, or Math; experience in computer programming,

. ek o . simulation, or test data system design.
developing for Apollo will simulate entire

Digital Systems Designers
Logic design for airborne and ground support equipment and
systems. BSEE; experience in logic design and/or integrated

equipments before they're built, put partial
systems through their paces and measure their

performance against rigorous acceptance circuits.
criteria, and check out every possible operational Reliability Engineers
aspect of the astronauts’ spacecraft before Perform failure mode and effect analysis, critically number

iy . determination, and generate corrective action lists and pre-
the mission begins. : <

ferred paits tests. Tests for electrical launch systems equip-
ment. BSEE; 1 year experience in test, design, or analysis of
electrical equipment or systems. Direct reliability experience

the job openings shown to the right: not necessary.
APOLLO SUPPORT DEPT.

If you would like to be one of the insiders, check

For further information, please send a brief outline of your

experience and education (a resume is fine), to: Mr. F. G. G E N E R A L @ E I.E c T B I c

LaMotte, Sect. 1142-B, Apollo Support Dept., General Electric
Co., P. O. Box 2500, Daytona Beach, Florida 32015. An equal opportunity employer, m/f
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NASA TECH BRIEFS

Switch solenoids with
75% power efficiency

Problem: Design a circuit
having high power efficiency
when operating solenoid valves.

Solution: A variable duty cy-
cle pulser provides low-level
holding currents once a high-lev-
el current has actuated the sole-
noid valves.

A one-shot pulser supplies the
initial energizing current. To
obtain the holding current for
the solenoid valve, a variable
duty-cycle pulser turns the pow-
er switch on and off. The pulse
duration and frequency may be
adjusted to regulate and main-
tain the holding current. Diode
CR, serves a dual purpose: It
suppresses the induced voltage
surge when the solenoid valves
are de-energized, and it circu-
lates the decaying coil current
back through the coil. This
makes the decay time independ-
ent of other circuit parameters.
Thus, the duty cycle is de-
creased, increasing the efficiency
of the circuit.

The variable duty-cycle pulser
consists of a bistable multivibra-
tor, symmetrically emitter-trig-
gered by a unijunction relaxa-
tion oscillator. The time con-
stant between pulses is deter-
mined primarily by the time
constant Ciw(Ry + R3): Phe
time constant of the pulse is de-
termined primarily by: C, [R; °
(R, + R,)] /(R: + R, + Rj).

The output of the multivibrator
is capacitively coupled, through
an emitter follower, to a two-
stage current amplifier.

The one-shot pulser consists
of a unijunction oscillator that
triggers a silicon-controlled rec-
tifier, which, in turn, operates a
transistor switch. This switch
saturates the two-stage current
amplifier until the silicon-con-
trolled rectifier conducts. The
time for the initial pulse to cause
switching is determined by the
time constant (C. R,).

The power switch consists of
the two-stage current amplifier.
The voltage regulator is a simple
shunt zener diode whose output
is filtered by a capacitor.

The circuit operated two 8.7-
ohm, 0.18-henry solenoid valves
simultaneously, while the valves
were under an equivalent pneu-
matic pressure of 220 psia. It
had an efficiency of 77%. A min-
imum holding current of 0.3 A
was necessary to keep the sole-
noid valves held in. The pulse
duration was set to 0.53 ms, and
time between pulses was set to
2.6 ms, which yielded a holding
current of 0.5 A.

For further information, con-
tact: Technology  Utilization
Officer, Manned Spacecraft Cen-
ten P 0. 'Box 1537, Houston,
Tex., 77001." Refer to: B66-
10034.
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Down.
On the ground.
The place for new electronics
advances is Lockheed.

Whatever environment you now
work in—land, sea, or space—look
into opportunities at [Lockheed. Take
Agena and Poseidon for example.
Major technical expansion is under
way. And both Agena and Poseidon
share the need for new concepts and
major technical advances. [J Typ-
ical Agena assignments include:
digital communication systems for
data transmission and command,
digital and analog flight control
systems, optical and infrared sen-
sors, solar power panels, and power
conditioning. (] Poseidon's require-
ments range from weapon effects
on electronics to the design and use
of state-of-the-art test checkout
equipment. [] Undersea, LLockheed
is active in deep submersibles and
ocean mining. Now under way —
the Navy's DSRV and Lockheed's
Deep Quest research vehicle. (] On
land: unique land vehicle systems,
information systems for states and
hospitals, and many others. [J
Write Mr. R. C. Birdsall, Profes-
sional Employment Manager, P.O.
Box 504, Sunnyvale, California, or,
call collect (408) 743-2200, until
midnight Pacific Coast Time. An
equal opportunity employer.

LOCKHEED

MISSILES & SPACE COMPANY

A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION

ON CAREER-INQUIRY FORM CIRCLE 903
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IDEAS FOR DESIGN

An electronic pad transmits

hand-written messages

An electronic pad to transmit hand-written
messages that can be displayed on an X-Y plotter
or other X-Y displays, or the screen of a storage
oscilloscope has been developed and a patent
(South African Patent Application No. 66/4934)
has been applied for.

The device (Fig. 1a) consists basically of two
strips of plastic “conductive” tape (10 cm x 5 ¢cm
x 0.02 e¢m, manufactured by Hagaplast AB, An-
derstorp, Sweden), metal plate underneath the
strips, and an insulating support plate. The tape
strips are crisscrossed giving about 5 cm?® of
useful writing area and are separated by thin
spacers to prevent their touching each other. Nine

VOTE! Circle the Reader-Service-Card number corresponding to
what you think is the best Idea-for-Design in this issue.

SEND US YOUR IDEAS FOR DESIGN. Submit your IFD describing
a new or important circuit or design technique, the clever use of a
new component, or a cost-saving design tip to our ldeas-for-Design
editor. If your idea is published, you will receive $20 and become
eligible for an additional $30 (awarded for the best-of-issue ldea)
and the grand prize of $1000 for the Idea of the Year.
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1. Electronic pad for handwritten messages (a) is built
with two strips of conductive tape. With addition of two
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volts dc are applied to each strip (separate sources
are used in Fig. 1b) by means of metal clamps
fastened to the insulating plate. The 5 em x 5 ¢m
metal plate under the tape crossover provides the
common ground. The zero for both X and Y axes
is set by the individual X and Y potentiometers.
The resistivity of the “conductive” tape is about 3
kQ/em>.

The operation of the device is as follows: When
the tapes are pressed down with a pen (an ordi-
nary ball point, for instance) they make contact
with each other and the metal plate. The resulting
voltages between the center arms of the poten-
tiometers and the common ground (metal plate)
will uniquely define the contact point in the X-Y
coordinates.

A photograph (Fig. 2) illustrates this technique
applied to writing on the screen of a storage oscil-
loscope.

One can envision many applications where such
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potentiometers and two 9-volt batteries (b) the system
becomes operational.
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Cusfomer
Report:

1680-A Triples Output

Cardwell Condenser Corporation
uses the Type 1680-A Automatic
Capacitance Bridge Assembly to
test variable air capacitors by
checking them at more than five
points across the dial. The 1680-A
is not only more accurate than the
bridge it replaced, but the
remarkable speed with which it
measures has tripled output and
eliminated the need to hire
additional test personnel.
Government inspectors find this
bridge thoroughly acceptable.

The 1680-A automatically selects
C and D (or G) ranges, then
balances and displays measure-
ments in digital form showing
decimal point and units of
measurement. Measurement takes

Photo courtesy of Cardwell Condenser Corporation

only 0.5 second at 1 kHz under
worst conditions. Basic accuracy
is 0.1% of reading for C and G,
19 4-0.001 of reading for D.
Measurement range is 0.01 pF to
1000 uF. The bridge provides BCD
output; completely automated
systems can be supplied. Price of
1680-A: $4975 in U.S.A.

For complete information, write
General Radio Company, 22 Baker
Avenue, W. Concord, Mass.01781;
telephone: (617) 369-4400;

TWX: 710 347-1051.

GENERAL RADIO



IDEAS FOR DESIGN

2. Message is ‘‘clear and loud” and will follow a speedy
hand as can be seen from the above oscillograph.

a device could be used. Plant-to-plant messages
(telephone or radio), invoices, signatures, stock
exchange sales reporting, to mention a few.

A. G. Engelter, Solid State Electronics Div.,
National Research Institute for Mathematical
Sciences, Pretoria, Republic of South Africa.

VOTE FOR 110

Low noise is achieved
in wide-band amplifier

Minimum noise figure is achieved in a wide-
band amplifier by use of reactive degenerative
feedback to make the circuit input resistance
equal to the source resistance. The resulting
common-base amplifier also has a large dynamic
range, stabilized gain and low input vswr.

The use of degenerative feedback reduces stage
gain and makes it relatively independent of tran-
sistor parameter variations. With lower gain per
stage, linear amplification of higher signal levels
is possible.

The basic idea is illustrated in Fig. 1 in which
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1. Basic RF configuration for a common-base amplifier
featuring low noise and wide bandwidth.
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2. Practical circuit with 15-MHz band centered at 22 MHz.

biasing and bypassing details have been omitted
for clarity. The desired center frequency is ob-
tained by resonating transformer inductance L1
with the capacitors C,, + C2 in series with C1I1.
Also resonated at the center frequency are the
transformer’s secondary inductance, L2, and C3.
The capacitor C1 is then adjusted so that the
impedance looking into the terminals z-z is equal
to the optimum generator resistance, R, for a
minimum noise figure.

Basically, the circuit operation is as follows:

A fraction of the output voltage from collector
to ground appears across capacitor C7 from base
to ground. This voltage is in series with the gener-
ator voltage and tends to reduce the generator
current, resulting in increased input impedance.
The emitter-to-base voltage is reduced due to the
canceling effect of the voltage across C1, thus
reducing the over-all gain of the amplifier. Thus,
the degenerative feedback voltage across C1 raises
the normally low input resistance of the common-
base amplifier to a value equal to the optimum
source resistance for the lowest noise figure.

Analysis results in the following approximate
formulas:

R,.~kaR, (1)
G=~a/k (2)

where R,. = input resistance looking into z-z;
k=voltage feedback ratio (ratio of voltage across
C1 to voltage from collector to ground); a=tran-
sistor collector-to-emitter current ratio; R.=col-
lector-to-ground-referred load resistance, and G=
power gain from terminals z-z to load R;.

These approximations ensure that G is much

ELECTRONIC DESIGN 1, January 4, 1967
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3. Linearity (a) and power gain and input vswr vs fre-
quency curves (b) show performance achieved in the re-
sulting circuit.

smaller than the gain without feedback. The above
equations are for the center frequency. Analysis
shows that input impedance of the circuit, as a
function of frequency, is the same as it would be if
the output circuit (transformed to the value of R,,)
were applied at the input terminals z-z. Feedback
also makes the circuit gain, G, a less sensitive
frequency function. In addition, the 3-dB band-
width of G is increased by the ratio of gain-with-
out-feedback to gain-with-feedback.

An amplifier circuit, designed and successfully
applied at Bendix, used the theory described above
and had the following parameters:

Gain: 10-13 dB

Noise figure: Less than 6 dB
Dynamic range: Linear to —5 dBm
Input impedance: 50 Q

Center frequency : 22 MHz

Bandwidth : Greater than 15 MHz

(flat bandpass 20 to 24
MHz)
Figure 2 shows the schematic circuit diagram
of a transistor amplifier stage having the required
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characteristics. Performance is illustrated by Fig.
3a (linearity) and Fig. 3b (power gain and input
vswr vs frequency).

A. I. Sinsky, Design Engineer, Govermment
Products, Bendixz Radio Div., The Bendix Corp.,
Baltimore.

VOTE FOR 111

Noise measurements on ICs:
dynamic tests — yes; dc — no

When integrated circuits are tested by dc meth-
ods, a meaningful evaluation of the IC noise
behavior cannot be made. Such key measurements
as noise feedthrough and noise immunity may be
accurately determined only by dynamic testing.

IC users should avoid de tests even as a “rough”
index of the noise behavior, lest a perfectly good
device be needlessly rejected as having too little
noise immunity. Dc means may fail the IC whereas
a dynamic measurement would indicate a passing
noise immunity for the very same circuit.

When a dc signal (step function) is applied to
the gate of the IC (Fig. 1a), internal stray capaci-
tances in the gate will become charged and the out-
put will hold at some finite level. This output does
not reflect the true noise feedthrough, because it
resembles a step, rather than the pulse waveform
which is representative of the noise quantity.

When a dynamic pulse is applied to the input
(Fig. 1b) the stray capacitance is not permitted to
retain a charge; a spike appears at the output.
This spike is really a differentiated version of the
input and represents circuit filtering action on the
noise.

The noise immunity characteristic of ICs is

INPUT
o—— anD o
OVOLTS GATE OUTPUT
o (DC STEP)
DC STEP
INPUT ‘
Pl o_/\_v_
aNp OUTPUT
DYNAMIC GATE
PULSE | (DIFFERENTIATED)

1. Noise feedthrough in ICs measured by dc testing (a)
is not adequately determined; it must be established by
dynamic pulse means (b) so that output truly reflects
filtering action of the circuit.
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When
reliability
is the rule

...specify (Chhanawnd

THE JOHANSON
2950 SERIES
VARIABLE AIR CAPACITORS
(ILLUSTRATED)

SPECIFICATIONS:

gllxlE’ACéTA?CE RANGE: ...0.8 —10.0 pf.
WITHSTANDING VOLTAGE: Rating 250 vdc
Breakdown > 500 vdc

O S e e > 2000 @ 100 mc

TEMPERATURE

COEFFICIENT . . dotodiaon s 0 == 20 ppm/°C

INSULATION RESISTANCE: > lt)d6 megohms @

500

ROTATIONAL LIFE: ...... > 800 revolutions
rotor screw

THERMAL SHOCK: ...... 65°C to 4-125°C

SHOCKe: oolotio e sinoomi 50 g’s 11 millisec.

VIBRATION: (oo ovsvins 15 g’s 10-2000 cps

Complete data available on request.

The Complete Johanson line includes variable
air ca?amtors ranging from .1-1 pf to 6.0 —
\(325 pf. also high- rehablllty and non-magnetic
ypes.

HIGH Q, HIGH FREQUENCY
VARIABLE AIR CAPACITORS

An extra margin of reliability is built into Johanson Miniature
Variable Air Capacitors.

This versatile series provides, in miniature size, excep-
tionally high Q, superior ruggedness for protection against
shock and vibration, —55°C to +125°C operating temperia-
ture range, protection against fungus, salt spray and hu-
midity . . . plus all the other construction and performance
features that have made Johanson capacitors the industry
standard for excellence.

No compromise is made in materials, design or workman-
ship assuring, in all cases, the finest perforinance available
for the price.

Test Johanson capacitors yourself — under your worst-
case test conditions.

Write Today for Complete Catalog, Prices.

Features 570° Solder
Prevents distorticn. Not affected by
conventional soldering temperatures.

MANUFACTURING CORPORATION
400 Rockaway Valley Road, Boonton, N. J. 07005
Phone (201) 334-2676
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INCREASING

NOISE IMMUNITY

>
INPUT PULSE-WIDTH INCREASING

2. Noise immunity in ICs increases with decreasing pulse
widths in the input signal.

such that it increases with decreasing pulse
widths (Fig. 2). Thus if another IC stage is con-
nected as the “load” for the gate stage mentioned
above, the gate under dc stimulus passes a wider
output pulse to the load stage’s input than if a
dynamic stimulus were used. With the dc test, the
noise immunity of the second stage and noise
feedthrough appear to be high enough to ‘“fail”
(reject) both ICs. Yet the same measurements
conducted dynamically truly indicate the ICs’
suitability (passing grade).
Dug Roy, Engineer, Industrial Products Group,
Texas Instruments Inc., Houston.
VOTE FOR 112

Low drain SCS forms
relaxation oscillator

One silicon-controlled switch, a capacitor, and
two resistors are all that are required to build a
relaxation oscillator.

In the circuit (see schematic), CR1 is assumed
to be OFF. As the capacitor charges through R1,

+20V
R
82k R2
e 2.2k Vil
AN —o
CRI
3nNB4

cl o.os;zrT

1. Key to the operation of the relaxation oscillator is the
value of R1. Its value must be high enough to keep the
ON current of the SCS below its holding current.
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V. increases; when it is a half a volt greater than
V., the SCS fires and discharges the capacitor. R1
is large enough to limit the current to less than
the required holding current of the SCS. Once the
capacitor is discharged, the SCS blocks and the
capacitor begins to charge again. The frequency
of the oscillator has been varied from 200 Hz to 20
kHz by alteration of the threshold potential of V,.
This circuit is particularly useful in portable
devices where the battery life is of prime consid-
eration. It is superior in this application to a more
obvious relaxation oscillator using a unijunction
transistor, which requires some stand-by current.
W. R. Harden, Electronic Engineer, Chesapeake

Systems Corp., Cockeysville, Md.
VOTE FOR 113

Put transistor in cryostat
to pump GaAs laser diodes

Pumping a cryogenically cooled gallium-arse-
nide laser diode with an outside generator can
prove troublesome. But here is an idea that may
solve your problem. Silicon transistors, operating
in the avalanche mode, are not affected by cryo-
genic temperatures; so they may be placed inside
the cryostat and coupled directly to the laser
diode.
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